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MOLECULAR EPIDEMIOLOGY

Molecular genotyping of Candida species with
special respect to Candida (Torulopsis) glabrata
strains by arbitrarily primed PCR

K. BECKER, D. BADEHORN, S. DEIWICK, G. PETERS and W. FEGELER

Institute of Medical Microbiology, University of Minster, 48149 Mt inster, Germany

A set of 46 epidemiologically related or unrelated Candida (Torulopsis) glabrata isolates
from four different medical centres in Germany and Hungary, and the type strain of
this species, were genetically typed by arbitrarily primed PCR (AP-PCR). The resulting
band patterns of C. glabrata strains were compared with those of other species of the
genus Candida including C. albicans, C. guilliermondii, C. kefyr, C. parapsilosis, C.
tropicalis and C. krusei. After preliminary trials of various reaction parameters and
control experiments to test the reproducibility of this method, it was found that
consistently reproducible amplification patterns were obtained only when rigorously
optimised and standardised reaction conditions were employed. Discriminatory abilities
were studied with 29 generated 10-mer oligonucleotides of different G+C content.
Typing of clinical isolates with the optimised AP-PCR protocol was then performed with
the primer 50-1, with a G4C content of 50%. Sufficiently discriminatory polymorph-
isms were observed among the band patterns of the Candida species included. The gel
electrophoresis patterns of each species showed an adequate similarity. Variations in
minor bands were characteristic for comparison at the isolate level. Only three AP-PCR
genotypes were identified among the clinical isolates of C. glabrata tested. Two of these
genotypes were closely related and appeared to be widespread within German and
Hungarian isolates. The third genotype of C. glabrata showed a distinct band pattern.
With optimised, validated and standardised assay conditions, the feasibility, sensitivity
and rapidity of AP-PCR may offer a discriminatory method for genotyping of yeasts in

epidemiological studies, as well as in the control of nosocomial infections.

Introduction

In recent years, distinct shifts in the distribution of
Candida species isolated from nosocomial infections
have been reported. Although C. albicans remains the
most frequent cause of fungaemia and haematogen-
ously disseminated candidiasis, an increasing number
of hospital-acquired infections due to C. (Torulopsis)
glabrata and other ‘non-albicans’ Candida spp. is
being observed [1-5]. C. glabrata currently ranks
second or third in frequency among Candida spp., is
associated with an equally high mortality rate and is
innately resistant to antifungal agents, specifically the
azoles [4, 6, 7].

Despite its increasing importance as an emerging

Received 12 July 1999; revised version received 27 Oct.
1999; accepted 18 Nov. 1999.

Corresponding author: Dr K. Becker (e-mail: kbecker@uni-
muenster.de).

nosocomial pathogen, little is known about the epi-
demiology and geographical distribution of C. glabrata
compared to other Candida spp. [3-5, 8] In recent
years, traditional methods of phenotyping have been
mostly replaced by, or used in conjunction with,
molecular methods [9]. AP-PCR [10, 11] belongs to a
recent generation of genotyping methods in which
short oligonucleotides with randomly chosen sequences
are used in a modification of classical PCR protocols.
Such arbitrary primers generate a set of amplicons of
varying number and size, providing the basis for typing
pathogen isolates. This technique is methodologically
easier, less time-consuming and more cost-effective
than the older genomic typing methods, particularly
pulsed-field gel electrophoresis (PFGE). However, a
limitation of AP-PCR has been the observation that the
low-stringency conditions of this PCR-based method
may result in poor reproducibility of typing results
[12].

The objectives of the present study were to apply and
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optimise an AP-PCR protocol for reproducible and
convenient typing and confirmation of the species
identity of C. glabrata isolates, and also to employ
these optimised conditions for molecular evaluation of
C. glabrata clinical isolates from several European
centres.

Materials and methods
Yeast strains and growth

In all, 47 clinical isolates of C. glabrata and the type
strain of the species, ATCC 2001, were studied. Six of
these isolates were from one patient with a putative C.
glabrata endocarditis (four blood cultures and two
isolates from abscess material) at the University
Hospital, Miinster. A further 40 clinical isolates (from
blood cultures, catheter, urine or vaginal swabs) from
individual patients were examined: 15 from the
University Hospital, Miinster, Germany; 10 from the
University Hospital, Budapest, Hungary; 10 from the
University Hospital, Wiirzburg, Germany; and 5 from
the University Hospital (Charité), Berlin, Germany. The
isolates were identified as C. glabrata by the API32C
identification system for yeasts (bioMérieux, Marcy-
I’Etoile, France) and confirmed by standard taxonomic
procedures [13, 14]. All strains were maintained on
Kimmig agar plates. A total of 10 type or reference
strains of C. albicans (ATCC 36801, ATCC 44374), C.
guilliermondii (ATCC 90877), C. kefyr (Y0601), C.
parapsilosis (ATCC 22019, YO0501), C. tropicalis
(ATCC 90874, ATCC 28707) and C. krusei (ATCC
6258, ATCC 90878) was analysed to determine
differences in the banding patterns of several yeast
species. All Candida strains were cultivated and tested
in their anamorphic form.

DNA extraction

Nucleic acid (NA) extracts were prepared from 10 ml
of an 18-h culture in yeast extract-peptone-glucose
(YPD) broth (yeast extract, Difco, 1%; polypeptone,
Merck, Darmstadt, Germany, 2%; D-glucose 2%) with
shaking at 37°C. Yeast cells were pelleted by
centrifugation at 5000 g for 10 min, resuspended in
600 ul of sorbitol buffer (1 M sorbitol, 100 mm EDTA,
14 mM f(-mercaptoethanol) with Lyticase (Sigma)
200 U, and incubated at 30°C for 0.5 h. Spheroplasts
were centrifuged at 5000 g for 5 min and resuspended
in 180 ul of ATL buffer (Qiagen, Hilden, Germany).
Subsequently, NA preparations were extracted with the
QIAamp™ Tissue Kit (Qiagen) following the manufac-
turer’s recommendations. NA samples were eluted with
distilled water and adjusted to a final concentration of
1 ug/ml according to Ajgo values.

Optimisation of the PCR amplification

For primer evaluation, 29 arbitrary 10-mer oligonucleo-
tides (Table 1) with a G+C content of 30-90%,

Table 1. Base sequences and G+C content of the
arbitrary 10-mer oligonucleotide primers

Oligonucleotide sequence G+C content

Primer (5'-3") (%)
AP30-1 CAG ATA TGA T 30
AP30-2 CTG ATA TGA A 30
AP40-1 CCG ATA TGA T 40
AP40-2 TGG AAT TAC G 40
GAT TCA GAC C 50
AP50-2 ACG GGT TCA A 50
AP50-3 TCG CTA ATC C 50
AP50-4 GCC GTC AAA T 50
AP50-5 ACA TCG CAA C 50
AP50-6 CCT TAC GGA A 50
AP50-7 GAC GGA TTA G 50
AP50-8 GGA TTA CCT G 50
AP50-9 CAT GCA TTC G 50
AP50-10 AAA CGC TCA C 50
AP50-11 CCA AGG TTA C 50
AP50-12 GGG ATT CCT T 50
AP50-13 CGA TTA AGG G 50
AP50-14 GTA CCT GTC A 50
AP50-15 GCC CAA ATT G 50
AP50-16 CAA GCC ATT G 50
AP50-17 GCC ATT CAA G 50
AP60-1 GGT TCA CCA G 60
AP60-2 CCG GTC TAA G 60
AP70-1 CCG GTC TGA G 70
AP70-2 CCG GTC CAA G 70
AP80-1 CCG GTC TCG G 80
AP80-2 CCG CTC GGA C 80
AP90-1 CCG GCC TCG G 90
AP90-2 CCG GAC GCG C 90

obtained from MWG Biotech (Ebersberg, Germany)
were tested. First, preliminary trials with different
annealing temperatures (30, 32.5, 35, 37.5 and 40°C),
cycle numbers (20, 25, 30, 35, 40), different units (1.0,
1.5, 2.0, 2.5, 3.0) and brands of DNA polymerases (7ag
DNA Polymerase, Boehringer, Mannheim, Germany;
PrimeZyme™, Biometra, Géttingen, Germany; Ampli-
Tag™ and AmpliTag Gold™ DNA Polymerase, Applied
Biosystems, Foster City, CA, USA; BioTherm DNA
Polymerase, GeneCraft, Miinster, Germany) and with
various concentrations of MgCl, (1.0, 1.5, 2.0, 2.5, 3.0,
3.5, 40mM) were performed to define the most
suitable oligonucleotides. Prolonged ramping times
between the annealing and the extension temperature
(3, 5, 7, 9min) were tested as described previously
[15].

AP-PCR

Amplification reactions were performed in 100 ul of a
PCR mixture containing 100 uM (each) dATP, dCTP,
dGTP and dTTP. The master mix contained 10 mm
Tris-HC1 (pH 8.3), 50mM KCI, 1.5 mMmMgCl,,
50 pmol primer and 2.5U DNA polymerase. The
amplification was performed in an automated thermo-
cycler with a hot bonnet (Hybaid, Teddington). The
thermal cycling conditions were 30 cycles of denatura-
tion at 94°C for 1 min (2min for the first cycle),
annealing at 35°C and polymerisation at 72°C for
2 min. Amplified products (10 ul) were resolved by
agarose 2% gel electrophoresis at 150 V for 1.5 h. The



gel was stained with ethidium bromide, exposed to UV
light (254 nm) to visualise the amplified products and
photographed (665 P/N, Polaroid, Cambridge, MA,
USA).

The following working definitions were used for
interpretation of the gel electrophoresis patterns. A
major band was present if the amplicon produced a
clearly visible and reproducible band that could be
used for genotyping. In contrast, minor bands were
diffuse, blurred and sometimes unreproducible bands of
inferior quality and application for typing purposes. An
AP-PCR genotype was deduced from the gel electro-
phoresis pattern of major bands observed in more than
one isolate. AP-PCR subtypes were closely similar to
this genotype, but differed in size or intensity in one or
more minor bands.

Results
Choice of the primer

First, the discriminatory power of 29 random primers
(Table 1) of different G4C content was assessed by
studying a limited set of epidemiologically unrelated
isolates from four different medical centres and the
type strain of C. glabrata. The presence of c. 10 or
more separate, reproducible bands of sufficient inten-
sity was used as the major criterion for primer
selection and for determination of optimum conditions.
It appeared that primers with a G4C content of 40—
50% provided acceptable discrimination. Among these,
the AP primer 50-1 showed the maximum discrimina-
tory power. When the lengths of the DNA fragments
and the number of bands were investigated, this
particular primer was observed to generate more than
eight amplicons ranging from 300bp to c¢. 3000-—
4000 bp. In contrast, the majority of other primers
generated fewer amplicons or smaller size values, or
both. Subsequently, all 46 clinical isolates and the
reference strains of the different Candida spp. were
typed with 50-1 primer from the same batch, as in
preliminary tests different primer batches resulted in
differences in amplification patterns. All strains were
typable by AP-PCR.

Optimisation of AP-PCR

As test parameters such as the concentration of MgCl,,
DNA concentration, primer concentration, polymerase
type or thermal cycler profile are critical factors in
producing informative patterns, the optimum conditions
for the AP-PCR were determined. On the basis of these
preliminary experiments (data not shown), the opti-
mised and standardised amplification protocol em-
ployed MgCl, at a concentration of 1.5 mM. Lower
concentrations reduced the numbers of bands that could
be discriminated. Optimal results were found with
50 pM primer and 2.5 U DNA polymerase (Boehringer,
Mannheim). The use of alternative DNA polymerases
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showed no advantages in this AP-PCR, yet changes of
batches affected the banding patterns, resulting in
minor differences in the number and size of amplified
bands. As it is known that T7ag polymerases are
frequently contaminated with bacterial DNA [16, 17],
this could be the reason for this effect. To study this
phenomenon, several batches and brands were tested in
control reaction tubes without C. glabrata DNA
template. Sometimes, minor bands were still observed.

An increase in cycle numbers (>30) did not substan-
tially improve the discrimination power. In contrast,
higher cycle numbers could result in a background of
non-specific and non-reproducible minor bands. Redu-
cing the number of cycles to below 30 yielded results
varying in number and intensity of amplicons. Anneal-
ing temperatures ranging from 30 to 40°C were tested,
and an intermediate temperature of 35°C was chosen as
the optimum temperature. Higher temperatures resulted
in increased differences in band intensities and de-
creasing numbers of reproducible and utilisable bands.
In contrast, lower annealing temperatures generated
more multiple, diffuse bands (‘background’). For
ramping times, 7-min ramps enhanced the number
and yield of the amplified bands [15].

Reproducibility of AP-PCR

Several control experiments were done to test the
reproducibility of the AP-PCR method. When duplicate
cultures were grown and extracted DNA was used
simultaneously for AP-PCR, the patterns from both
cultures of the same isolate were indistinguishable.
Also, the patterns obtained were not affected by testing
the same DNA extraction at different positions in the
thermal cycler. When prolonged ramp times were used,
the same samples placed on different thermal cyclers
resulted in the same band pattern. When the same
DNA preparation from a given isolate was used on
different days, the amplification bands yielded the same
pattern, but sometimes different intensities.

AP-PCR patterns

After optimisation of AP-PCR procedures, the AP-PCR
generated distinct patterns for the seven yeast species
tested (Fig. 1). The banding patterns were much more
similar for the profiles derived from strains of the same
species than were the banding patterns from other yeast
species.

Three distinct major profiles were observed for the 47
clinical isolates and the type strain of C. glabrata,
these were designated genotypes A, B and C. Fig. 2
shows some representative AP-PCR banding patterns of
C. glabrata. The profiles of the genotypes A and B
appeared to be closely related. Both these genotypes
shared similar major (2.0, 0.3 kb) and minor (2.7, 2.4,
1.7, 1.1, 0.9, 0.5kb) bands, but also differed sig-
nificantly and reproducibly in a few bands (1.4, 0.45,
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Fig. 1. Agarose gel electrophoresis of AP-PCR of Candida reference strains. Lane M, DNA molecular size marker,
combined 100-bp/1-kb DNA ladder (New England Biolabs, Beverly, MA, USA); 1 and 2, C. albicans; 3 and 4, C.
parapsilosis; 5 and 6, C. tropicalis; 7 and 8, C. krusei; 9 and 10, C. glabrata; 11, C. guilliermondii; 12, C. kefyr.

0.4 kb) (Fig. 3). Furthermore, subtypes slightly differ-
ent in the number, size, or intensity of a few
amplification bands were observed. Genotype C showed
a more obvious distinct banding pattern (similar to
differences found at species level). This genotype
shared only two major bands (2.0, 0.3 kb) and a 3.0-kb
minor band with strains of genotypes A and B,
respectively. Overall, these bands may represent the
C. glabrata species-specific banding pattern.

Genotypes A and B with their subtypes were observed
in more than one medical centre. Genotype A occurred
in one isolate from a Hungarian patient as well as in
isolates from Wiirzburg and Miinster. The second
widespread AP-PCR pattern, genotype B, was found
in all the German centres studied. Representatives of
both genotypes A and B were detected in the
Hungarian isolates. The results of the geographically
widespread patterns A and B were confirmed by the
use of other random primers that produced good results
(AP 40-1, AP 50-4). The more distinct genotype C
was identified only in two isolates from Wiirzburg
(Table 2).

The C. glabrata type strain ATCC 90030 showed a
banding pattern that belonged to genotype B. The
amplification patterns for the six isolates from the
patient with endocarditis were identical and belonged
to genotype A. Intervals between recovery of the first
isolate and recovery of the subsequent isolates from
this patient were 2 and 5 months, respectively.

Discussion

This report describes the successful application of AP-
PCR to the genomic typing of C. glabrata. Technical
aspects of feasibility and rapidity in assay perform-
ance have made AP-PCR an increasingly popular tool
for the epidemiological evaluation of infections. AP-
PCR has been used in various epidemiological studies
for genomic fingerprinting of several bacterial patho-
gens and to a limited extent to the analysis of
pathogenic yeasts, including C. glabrata [18-21].
However, the applicability of AP-PCR is hampered
by the facts that variations in amplicon patterns
between isolates may be caused by assay conditions
such as stringency, and under non-optimal conditions
amplicon pattern similarity may be due to a small
number of amplified PCR products [22,23]. There-
fore, the strategies used in the present study for assay
optimisation have focused on reproducibility and high
discriminatory power in investigating C. glabrata
isolates.

As summarised previously [22], modifications of
MgCl, concentration, DNA concentration, primer
concentration, number of cycles, polymerase type,
annealing temperature, or batch-to-batch variations of
assay components such as polymerases changed the
amplification pattern in this AP-PCR assay and had to
be optimised. An increase in the number of cycles, as
well as elevation of the annealing temperatures had a
direct effect on the discriminatory power and reprodu-
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Fig. 2. Agarose gel electrophoresis patterns demonstrating the three different genotypes (A, B, C) and examples of their
subtypes of AP-PCR-amplified products of clinical C. glabrata strains. Lane M, DNA molecular size marker, combined
100-bp/1-kb DNA ladder (New England Biolabs); 1-3, amplicons of genotype A; 4—6, amplicons of genotype B; 7,
amplicon of genotype C.

Mol. wt of AP-PCR-derived banding pattern (kb)

Genotype
3.0 2.7 24 2.0 1.7 1.4 1.3 1.1 1.0 0.9 08 075 07 055 05 045 04 3.0
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Fig. 3. Schematic representation of C. glabrata banding pattern of the three genotypes with examples of their subtypes.
For a better graphical view, the lanes were arranged by counterclockwise rotation of 90°. |, |, major bands; |, minor
bands; ||, double bands; O C. glabrata species-specific banding pattern; | C. glabrata type-specific banding pattern.

batch-to-batch differences, is pertinent to obtain
reproducible results. In the present study, the use of

cibility in this test system. Inter-assay variability of
pipetting volume, enzyme activity or temperature

profile fluctuations may all result in amplification
pattern variation in low-stringency AP-PCR protocols.
Thus, constancy of all assay parameters, particularly of

prolonged ramp time intervals extended the PCR
procedure, but is a simple and practical way to improve
the typing efficiency.
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Table 2. Distribution of C. glabrata genotypes in Ger-
man and Hungarian medical centres

Number of isolates of genotype

Medical centre A B C
Berlin, Germany - 5 -
Budapest, Hungary 1 9 -
Miinster, Germany 1* 11 -
Wiirzburg, Germany 5 3 2
Total 17 28 2

*Number includes the six clonal identical isolates from a patient
with endocarditis.

As observed in diagnostic amplification with highly
conserved regions as primer target, e.g., 16S rDNA,
commercially available brands of Tag polymerases are
contaminated with bacterial DNA [16, 17]. In the case
of PCR with arbitrary primers, this exogenous DNA
contamination may represent a serious problem. This
was demonstrated in the control experiments in the
absence of C. glabrata DNA template, when minor
bands were observed. An excess of target DNA over
contaminating DNA and the use of DNA inactivating
agents for assay reagents may ensure that the target
DNA will be amplified preferentially [24].

The selection of an appropriate random primer is of
great importance for optimisation of the discriminatory
power of AP-PCR analysis and, optimally, primer
composition is individualised for each species [25].
Not every arbitrary oligonucleotide produced a useful
banding pattern. The present study tested several 10-
mer primers with G+C contents varying from 30 to
90%. Oligonucleotides containing a G+C content of
50% were found to be optimal in defining differences
among C. glabrata strains. It was suggested that the
discriminatory power of AP-PCR methods could be
increased by using more than one primer [26]. In
preliminary experiments (data not shown) it was
observed that only a little additional information (one
or two minor bands, partly inconstant) was gained
when two primers were used.

The AP-PCR protocol specifically adapted and opti-
mised for C. glabrata strains was used to evaluate a
representative set of 47 clinical strains from four
Central European centres. So far, the rare studies
applying molecular methods to the typing of C.
glabrata isolates have all been limited to outbreaks.
Lee et al. [27] used a restriction enzyme analysis
(REA) to investigate a hospital outbreak. Khattak et al.
[28] examined PFGE for this purpose and Arif et al.
[21] compared various genotyping methods.

In the present study, only three genotypes were
identified in clinical C. glabrata isolates. Surprisingly,
strains representing two of these genotypes appear to
be widespread in Germany and Hungary. Schonian et

al. reported a predominant pattern of C. glabrata
among patients from several departments of a hospital
and from different geographic origins [29]. Recently,
Xu et al. showed a lack of genetic differentiation
between two geographically diverse samples of C.
albicans from the USA and Brazil [30]. Another recent
search for genetic isolation failed to detect differences
among Asian, North American and European isolates
of C. albicans [31]. The reason for these concordant
observations of widespread prevalent genotypes among
epidemiologically unrelated yeast strains is still un-
known. Redkar et al. [32] described a type of C.
rugosa isolates to be predominant in burn patients,
consistent with the theory that pathogenic isolates of
this yeast species have emerged and persisted because
of extensive use of topical nystatin [33]. It is known
that the prophylactic use of ketoconazole in neutro-
penic patients may result in the emergence of a higher
prevalence of C. glabrata among surveillance cultures
[5]. Despite some published contradictory results, the
increase of C. glabrata, especially in neutropenic
patients prophylactically treated with fluconazole, has
been widely recognised and attributed to selection in
immunocompromised patients [3,34-36]. Moreover,
some C. glabrata clones may have a slower evolution
rate, resulting in a reduced diversity among isolates.

In contrast to the relatively similar AP-PCR pattern of
the C. glabrata genotypes A and B, an almost
completely distinct genotype C — sharing only two
common major bands with the other C. glabrata
genotypes — was observed in the present study.
Phenotypically similar but genetically distinct organ-
isms that may be masquerading as one species have
been described among C. parapsilosis and C. (T)
haemulonii isolates [37]. Further epidemiological
investigations to study the micro-evolution of this
species by (i) comparing the AP-PCR results with other
molecular methods of typing, (ii) determination of the
sequences of AP-PCR-generated products and (iii)
including additional isolates from multiple centres are
necessary to examine these phenomenona.

In summary, discriminative and reproducible AP-PCR
band patterns were obtained from C. glabrata strains
with a strictly standardised test protocol that included
prolonged ramp times. This AP-PCR method appears
to be a simple and reliable technique for typing large
numbers of yeast isolates and may provide a substitute
for more expensive molecular typing methods such as
PFGE for comparing C. glabrata isolates in global
epidemiological studies, as well as for typing purposes
in infection control. This tool may also contribute to
the understanding of intra-species diversity and clonal
predominances.

We are indebted to D. Harmsen (Wiirzburg), H. Schulze (Miinster),
H-J. Tietz (Berlin) and 1. Térok (Budapest) for providing C. glabrata
strains and M. Schulte and B. Schuhen for expert technical assistance.
We are grateful to M. Herrmann for critical reading of the
manuscript.



References

1.

20.

. Taylor JW, Geiser DM, Burt

Wingard JR. Importance of Candida species other than C.
albicans as pathogens in oncology patients. Clin Infect Dis
1995; 20: 115-125.

. Odds FC. Epidemiological shifts in opportunistic and nosoco-

mial Candida infections: mycological aspects. Int J Antimicrob
Agents 1996; 6: 141-144.

. Ellis ME, Clink H, Ernst P et al. Controlled study of

fluconazole in the prevention of fungal infections in neutro-
penic patients with haematological malignancies and bone
marrow transplant recipients. Eur J Clin Microbiol Infect Dis
1994; 13: 3—11.

. Wingard JR, Merz WG, Rinaldi MG, Miller CB, Karp JE,

Saral R. Association of Torulopsis glabrata infections with
fluconazole prophylaxis in neutropenic bone marrow transplant
patients. Antimicrob Agents Chemother 1993; 37: 1847-1849.

. Shepp DH, Klosterman A, Siegel MS, Meyers JD. Comparative

trial of ketoconazole and nystatin for prevention of fungal
infection in neutropenic patients treated in a protective
environment. J Infect Dis 1985; 152: 1257—1263.

. Fraser VI, Jones M, Dunkel J, Storfer S, Medoff G, Dunagan

WC. Candidemia in a tertiary care hospital: epidemiology, risk
factors, and predictors of mortality. Clin Infect Dis 1992; 15:
414-421.

. Wingard JR. Infections due to resistant Candida species in

patients with cancer who are receiving chemotherapy. Clin
Infect Dis 1994; 19 Suppl 1: S49-S53.

. Fidel PLJ, Vazquez JA, Sobel JD. Candida glabrata: review of

epidemiology, pathogenesis, and clinical disease with compari-
son to C. albicans. Clin Microbiol Rev 1999; 12: 80-96.

. Pfaller MA. Epidemiological typing methods for mycoses. Clin

Infect Dis 1992; 14 Suppl 1: S4-S10.

. Welsh J, McClelland M. Fingerprinting genomes using PCR

with arbitrary primers. Nucleic Acids Res 1990; 18: 7213—
7218.

. Williams JGK, Kubelik AR, Livak KJ, Rafalski JA, Tingey SV.

DNA polymorphisms amplified by arbitrary primers are useful
as genetic markers. Nucleic Acids Res 1990; 18: 6531-6535.
A, Koufopanou V. The
evolutionary biology and population genetics underlying fungal
strain typing. Clin Microbiol Rev 1999; 12: 126—146.

. Barnett JA, Payne RW, Yarrow D. Yeasts, characteristics and

identification. Cambridge, Cambridge University Press. 1983.

. Kurtzman CP, Fell JW. The yeasts, a taxonomic study, 4th edn.

Amsterdam, Elsevier. 1998.

. Ellinghaus P, Badehorn D, Blumer R, Becker K, Seedorf U.

Increased efficiency of arbitrarily primed PCR by prolonged
ramp times. Biotechniques 1999; 26: 626—630.

. Bottger EC. Frequent contamination of Taq polymerase with

DNA [letter]. Clin Chem 1990; 36: 1258—1259.

. Rand KH, Houck H. Taq polymerase contains bacterial DNA

of unknown origin. Mol Cell Probes 1990; 4: 445-450.

. Robert F, Lebreton F, Bougnoux ME e al. Use of random

amplified polymorphic DNA as a typing method for Candida
albicans in epidemiological surveillance of a burn unit. J Clin
Microbiol 1995; 33: 2366-2371.

. Bingen EH, Weber M, Derelle J et al. Arbitrarily primed

polymerase chain reaction as a rapid method to differentiate
crossed from independent Pseudomonas cepacia infections in
cystic fibrosis patients. J Clin Microbiol 1993; 31: 2589-2593.
Woods JP, Kersulyte D, Goldman WE, Berg DE. Fast DNA
isolation from Histoplasma capsulatum: methodology for
arbitrary primer polymerase chain reaction-based epidemio-
logical and clinical studies. J Clin Microbiol 1993; 31: 463—464.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

GENOTYPING OF C. GLABRATA BY AP-PCR 581
Arif S, Barkham T, Power EG, Howell SA. Techniques for
investigation of an apparent outbreak of infections with
Candida glabrata. J Clin Microbiol 1996; 34: 2205-2209.
Tyler KD, Wang G, Tyler SD, Johnson WM. Factors affecting
reliability and reproducibility of amplification-based DNA
fingerprinting of representative bacterial pathogens. J Clin
Microbiol 1997; 35: 339-346.

Ellsworth DL, Rittenhouse KD, Honeycutt RL. Artifactual
variation in randomly amplified polymorphic DNA banding
patterns. Biotechniques 1993; 14: 214-217.

Meier A, Persing DH, Finken M, Bottger EC. Elimination of
contaminating DNA within polymerase chain reaction reagents:
implications for a general approach to detection of uncultured
pathogens. J Clin Microbiol 1993; 31: 646—652.
Caetano-Anollés G, Bassam BJ, Gresshoff PM. Primer-template
interactions during DNA amplification fingerprinting with
single arbitrary oligonucleotides. Mol Gen Genet 1992; 23S5:
157-165.

Welsh J, McClelland M. Genomic fingerprinting using
arbitrarily primed PCR and a matrix of pairwise combinations
of primers. Nucleic Acids Res 1991; 19: 5275-5279.

Lee W, Burnie JP, Matthews RC, Oppenheim B, Damani NN.
Hospital outbreaks with yeasts. J Hosp Infect 1991; 18 Suppl
A: 237-249.

Khattak MN, Burnie JP, Matthews RC, Oppenheim B.
Clamped homogeneous electric field gel electrophoresis typing
of Torulopsis glabrata isolates causing nosocomial infections.
J Clin Microbiol 1992; 30: 2211-2215.

Schénian G, Tietz H-J, Thanos M, Griser Y. [Application of
molecular biological methods for daignosis and epidemiology
of human fungal infections.] Anwendung molekularbiologischer
Methoden fiir Diagnostik und Epidemiologie humaner Pilzin-
fektionen. Mycoses 1996; 39 Suppl 1: 73-80.

Xu J, Vilgalys R, Mitchell TG. Lack of genetic differentiation
between two geographically diverse samples of Candida
albicans isolated from patients infected with human immuno-
deficiency virus. J Bacteriol 1999; 181: 1369—1373.
Clemons KV, Feroze F, Holmberg K, Stevens DA. Comparative
analysis of genetic variability among Candida albicans isolates
from different geographic locales by three genotypic methods.
J Clin Microbiol 1997; 35: 1332-1336.

Redkar RJ, Dubé MP, McCleskey FK, Rinaldi MG, Del
Vecchio V. DNA fingerprinting of Candida rugosa via
repetitive sequence-based PCR. J Clin Microbiol 1996; 34:
1677-1681.

Dubé MP, Heseltine PNR, Rinaldi MG, Evans S, Zawacki B.
Fungemia and colonization with nystatin-resistant Candida
rugosa in a burn unit. Clin Infect Dis 1994; 18: 77-82.
Kunova A, Trupl J, Spanik S et al. Candida glabrata, Candida
krusei, non-albicans Candida spp., and other fungal organisms
in a sixty-bed national cancer center in 1989-1993: no
association with the use of fluconazole. Chemotherapy 1995;
41: 39-44.

Chandrasekar PH, Gatny CM and the Bone Marrow Trans-
plantation Team. The effect of fluconazole prophylaxis on
fungal colonization in neutropenic cancer patients. J Anti-
microb Chemother 1994; 33: 309-318.

Coste T, Barale T, Reboux G et al. Prophylaxie antifungique
par fluconazole: son influence sur 1’augmentation de la
fréquence d’isolement de Candida glabrata. Bull Soc Fr
Mycol Méd 1990; 19: 151-154.

Lehmann PF, Lin D, Lasker BA. Genotypic identification and
characterization of species and strains within the genus
Candida by using random amplified polymorphic DNA.
J Clin Microbiol 1992; 30: 3249-3254.



