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Abstract The emergence of antifungal resistance
among Cryptococcus neoformans isolates is a matter
of great concern. The Clinical and Laboratory Stan-
dards Institute (CLSI) broth microdilution reference
method (BMD) for antifungal susceptibility testing of
C. neoformans is tedious and time-consuming. Con-
sequently, there is a greater need for a reproducible in
vitro susceptibility testing method for use in clinical
microbiology laboratories. By random amplified poly-
morphic DNA analysis, the 62 Indian clinical isolates
were characterized as Cryptococcus neoformans var.
grubii. We evaluated the susceptibilities of these
isolates for amphotericin B (AMB) and fluconazole
(FLC) by two commercial techniques, i.e., Vitek 2 and
E-test against the CLSI M27-A3 BMD. The essential
agreement (EA) between the Vitek 2 and E-test with
the reference procedure for FLC was similar (82.2%).
For AMB, EA of 92 and 76% was obtained with E-test
and Vitek 2. Excellent categorical agreement (CA)
(98.3% and 100% by Vitek 2 and E-test, respectively)
was obtained for AMB. The CA for FLC was 81 and
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77.4% by Vitek 2 and E-test. We conclude that both
E-test and Vitek 2 system have acceptable levels of
accuracy for susceptibility testing of both the drugs.
Both of them could identify fluconazole-resistant
strains. Vitek 2 could be used for testing susceptibility
of voriconazole and 5-flucytosine also at the same
time.
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Introduction

There has been a dramatic rise in the incidence of
cryptococcal infections during the past three decades,
with the advent of acquired immunodeficiency syn-
drome (AIDS) pandemic [1]. Incidence among immu-
nocompetent patients has also reportedly risen over
recent years [2]. Even after the introduction of highly
active anti-retroviral therapy (HAART), cryptococcal
meningitis remains the most common life-threatening
fungal infection among AIDS patients with reported
mortality rate of 2.5-15% [3]. Emergence of fluco-
nazole resistance during long-term therapy has been
reported in several cases of AIDS-associated crypto-
coccal meningitis [4]. Along with it, recent reports
of expression of heteroresistance to fluconazole dem-
onstrated in few clinical isolates of Cryptococcus
neoformans invite the risk of therapeutic failure and
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relapse which is inevitably fatal [5]. Reports of
treatment failure attributable to the development of
amphotericin B resistance by C. neoformans further
necessitate validating simple alternative antifungal
susceptibility testing methods for use in clinical
microbiology laboratories [6, 7].

The standard document of reference procedures for
antifungal susceptibility testing of yeasts and molds is
available from the CLSI and the European Committee
on Antimicrobial Susceptibility Testing (EUCAST).
There are difference between the two methods in
inoculum, test medium, microtitre wells, end-point
reading, and breakpoints [7]. The Vitek 2 antifungal
susceptibility test system (BioMe'rieux, Hazelwood,
France) is a fully automated commercial system that
determines yeast growth spectrophotometrically and
thus enables simultaneous fungal identification and
MIC determination. E-test (BioMe'rieux, Hazelwood,
France), an agar-based predefined concentration gra-
dient method for determining the MICs of various
agents, is also available for antifungal susceptibility
testing [7, 8]. Earlier studies, which have evaluated
VITEK 2 or E-test with CLSI and the EUCAST, have
shown them to be reliable techniques to determine
antifungal susceptibility testing of yeast species and
more rapid and easier alternative for clinical labora-
tories than the procedures developed by either the
CLSI or the EUCAST. Although these two commer-
cial systems have been extensively studied for various
Candida spp., there are few reports of performance
of these systems for antifungal susceptibility testing of
C. neoformans [7, 9, 10].

The purpose of the present study was to do the
molecular characterization of the clinical isolates of
Cryptococcus from India and to evaluate the two
commercial techniques, Vitek 2 and E-test, for anti-
fungal susceptibility testing against those isolates
by comparing the results with the CLSI reference
procedures.

Materials and Methods

Isolates

A total of 62 clinical isolates of C. neoformans were
included (12 from HIV-positive patients and 50 from

non-HIV patients). Out of 62 isolates, 57 were isolates
from cerebrospinal fluid (CSF), 3 were from tracheal
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aspirate, and 1 each were isolated from blood and
sputum, respectively. Isolates from CSF were inclu-
sive of nine serial isolates of the same patient
from different clinical episodes of meningitis. All
the isolates in the study were obtained from immuno-
suppressed patients. C. neoformans ATCC 14116,
Candida parapsilosis ATCC 22019, and Candida
Krusei ATCC 6258 were also included as control
strains.

Variety Differentiation

In our laboratory, we used canavanine—glycine—bro-
mthymol blue (CGB) agar, which determines the use
of glycine as a carbon source for variety differentiation
as recommended by Kwon-Chung et al. [11]. A color
change from light yellow green to cobalt blue was
considered a positive result for the CGB test, indicat-
ing C. neoformans var. gattii (serotype B/C); other-
wise, no color change was considered a negative
result, indicating C. neoformans (serotype A/D).

Molecular Characterization

Random amplified polymorphic DNA (RAPD) anal-
ysis was the DNA typing technique done for the molec-
ular characterization of the isolates of C. neoformans.

(a) DNA extraction was done by following method
of Franzot et al. [12].

(b) PCR high-molecular-weight DNA  from
C. neoformans strains were subjected to PCR
amplification, and analysis was done using the
oligonucleotide minisatellite core sequence of
wild-type M13 phage (5GAGGGTGGCGG
TTCT3’) and (GACA), primers (Meyer et al.
[13]. The reactions were performed in a final
volume of 50 pl with 30 ng of high-molecular-
weight genomic cryptococcal DNA, 0.01 ng
primers, 5U Taq polymerase, 10 mM Tris—Hcl,
pH 8.3, 50 mM Kcl, 1.5 mM MgCl,, 0.02 mM
each of GTP, CTP, ATP, and TTP. The ampli-
fication was performed for 40 cycles in a
Eppendorf thermal cycler with predwelling at
94°C for 5 min, denaturation at 94°C for 1 min,
annealing at 52°C for 1 min, extension at 72°C
for 1 min, and a final extension cycle at 72°C for
10 min. The amplification products were sepa-
rated on 1.4% agarose gel stained by ethidium
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bromide at a concentration of 10 mg/ml stock to
a final concentration of 0.1 pg/ml in 1x
TBE(Tri-Borate EDTA) for 72 h at 3 V/cm and
observed under UV light.

Antifungal Susceptibility Testing
Broth Microdilution Method

In vitro susceptibility of C. neoformans isolates to
fluconazole and amphotericin B was tested using the
standard broth microdilution method as recommended
by the CLSI M27-A3 protocol [14]. Fluconazole
and amphotericin B were obtained as powders from
Himedia Laboratories Pvt. Ltd., Mumbai. Stock
solutions of amphotericin B and fluconazole were
prepared using dimethyl sulphoxide and sterile dis-
tilled water, respectively. Stock solutions were diluted
with RPMI 1640 (RPMI tissue culture medium
supplemented with glutamine) (Himedia Laboratories
Pvt. Ltd., Mumbai) with 2% glucose, buffered to pH
7.0 with 0.156 M 3-N-morpholinopropane-sulphonic
acid (MOPS; Sisco Research Laboratories Pvt Ltd
Mumbai). The final concentrations were 0.12—-64 mg/1
for fluconazole and 0.03—16 mg/1 for amphotericin B.
The final inoculum concentration ranged from
0.5 x 10’ to 2.5 x 10” for CLSI broth microdilution
method. Testing was performed in 96-well round-
bottomed microtitre plates, and the plates were
incubated at 35°C for 48-72 h. The MICs of fluco-
nazole were read as the lowest concentration of the
agent, which inhibited growth by 50%. For ampho-
tericin B, the MIC was the lowest concentration of
drug that completely inhibited growth.

E-test Method

Fluconazole and amphotericin B E-test strips were
purchased from BioMe'rieux (BioMe'rieux, Hazel-
wood, France). The concentration gradient for fluco-
nazole ranged from 0.16 to 256 pg/ml and that for
amphotericin B ranged from 0.002 to 32 pg/ml [E-test
package insert]. The strips were stored at —20°C until
use. The agar formulation used was RPMI 1640
(Himedia Laboratories Pvt. Ltd., Mumbai), supple-
mented with 1.5 agar and 2% glucose, and buffered
with MOPS [15]. A plate of 90 mm diameter

containing RPMI 1640 and 2% glucose with 1.5%
agar to a depth of 4.0 mm was used. The inoculated
suspensions of C. neoformans isolates in 0.85% saline
were matched with the turbidity of no. 1 McFarland
standard by adjusting to the appropriate turbidity via a
spectrophotometer (530 nm wavelength). The agar
surface was inoculated using a non-toxic sterile swab.
After the excess moisture was absorbed into the agar
and the surface was completely dry, E-test strip was
applied to each plate. The plates were incubated at
35°C and read at 48-72 h. The MIC was read, where
the border of the elliptical inhibition zone intersected
the scale on the antifungal strip. The fluconazole MICs
were read at the lowest concentration at which the
border of the elliptical inhibition zone intersected the
scale on the strip. The amphotericin B MICs were read
at the point at which a zone of almost complete
inhibition intersected the strip. Illustrations for the
interpretation of the results, as provided by the
manufacturer, were consulted [E-test package insert].

Vitek 2

Susceptibility testing with the Vitek 2 system was
performed according to the manufacturer’s instruc-
tions. Briefly, the inoculum suspensions were prepared
from 48-h-old cultures of C. neoformans and adjusted
to a turbidity equivalent to 2 McFarland units. This
suspension was placed into the provided Vitek 2
cassette along with a sterile polystyrene test tube and a
yeast susceptibility test card [AST-YSO1, Ref 22108].
The drug concentrations in the AST-YSOl yeast
susceptibility test card ranged from 0.25 to 16 pg/ml
for amphotericin B, from 1 to 64 pg/ml for fluconaz-
ole, from 0.125 to 16 pg/ml for voriconazole, and
from 1 to 64 pg/ml for 5-flucytosine. The loaded
cassettes were then placed into Vitek 2 instrument.
MIC end-points were determined spectrophoto-
metrically by automated equipments. The results were
expressed as MICs in pg/ml.

Analysis of Results

Comparison between the test methods (E-test vs. CLSI
M27-A3 and Vitek 2 card test vs. CLSI M27-A3) was
made on the basis of the MIC results and categorical
results. CLSI M27-A3 was referred for MIC interpre-
tative guidelines [14]. For fluconazole, C. neoformans
isolates with MIC <8 pg/ml were considered

@ Springer



430

Mycopathologia (2012) 173:427-433

sensitive, those with MIC 16-32 pg/ml were consid-
ered susceptible dose dependent (SDD), and isolates
with MIC >64 pg/ml were considered resistant [14].
Although the interpretative breakpoints for amphoter-
icin B have not been defined by the CLSI, it has been
suggested that isolates for which MICs are >1 pg/ml
are considered as resistant [15].

As the E-test strips have a continuous gradient of
concentration, the MICs in between twofold dilutions
were raised to the closest upper twofold dilution value
[16]. The essential agreement (EA) between the
methods was defined when the MIC results were
within a two dilution ranges. Categorical agreement
(CA) was defined when the two methods agreed with
respect to the MIC categories.

Very major errors were defined when the isolate
was resistant by the reference method but susceptible
by the other method. Major errors occurred when the
isolate was susceptible by the reference method but
resistant by the other method, and minor errors were
identified when the isolate identified by one of the
methods was susceptible or resistant and by the other
method was susceptible dose dependent.

The reproducibility of Vitek 2 was evaluated by
testing 11 of the 62 isolates at least twice on different
days. Reproducibility was defined when MIC results
were within a plus or minus two dilution ranges
[10].

Results

All the 62 isolates could not change the yellow color of
CGB medium, indicating that they were C. neofor-
mans (serotype A/D). By RAPD analyses, all the
isolates examined were VNI (C. neo var. grubii,
serotype A). The RAPD fingerprinting pattern was
similar in sequential isolates from a patient. Both
primary and relapse isolates of another patient also
showed similar fingerprinting patterns.

The in vitro susceptibilities of the isolates of C. neo
var. grubii to FLC and AMB were determined. The
MIC values were same in 3 sequential isolates of 1
patient with one log2 dilution decrease in the first
isolate. In 2 other patients, there was no difference in
MIC values of 1st isolate and the relapse isolate.

In vitro susceptibility testing of 62 clinical isolates
was done by the three methods, i.e., CLSI M27-A3, E-
test, and Vitek 2 system. The MIC range and MICy,
(the MICs at which 90% of the isolates tested were
inhibited for each drug) recorded at 72 h for the two
drugs tested by three methods are given in Table 1. For
FLC, MICy, determined by E-test and CLSI was
similar, but the MICy, determined by Vitek 2 (8 pg/
ml) was less in comparison. The MIC range of E-test
and Vitek 2 was more when compared to CLSI
method. For AMB, there was difference of only one
dilution in MICyq by E-test (0.25 pg/ml) and Vitek 2
(1 pg/ml) when compared with CLSI (0.5 pg/ml)
method.

The percentage MICs by different categories for the
two drugs as determined by the three methods are
given in Table 2. The overall percentage of sensitive
and SDD strains determined by CLSI and E-test was
almost similar, but Vitek 2 determined more sensitive
and less SDD strains when compared to CLSI method.
Both E-test and Vitek 2 were able to detect a
fluconazole-resistant strain of a HIV patient, showing
MIC of >256 and >64 pg/ml, respectively. By CLSI
method, also, a higher MIC of 16 pg/ml was detected
for this strain. For AMB, the categorical MICs were
similar for the three methods except in one strain that
showed a little higher MIC (2 pg/ml) by Vitek 2
system on repeat testing.

Table 3 shows the essential agreement and the
categorical agreement along with the categorical
errors when the two tests were compared with the
CLSI reference method. The essential agreements by
the two tests were similar (82.2%) for FLC, but the
categorical agreement of Vitek 2 with CLSI was

Table 1 Summary of MIC range and MICy, values as determined by CLSI M27-A3, E-test, and Vitek 2 test at 72 h

Drug MIC (pg/ml)

CLSI microdilution E-test Vitek 2

MICy, Range MICy, Range MICy, Range
Fluconazole 16 0.25-32 16 1->256 8 <l->64
Amphotericin B 0.5 0.06-0.5 0.25 0.047-0.38 1 <0.25-2
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Table 2 Percentage MICs by category for 62 cryptococcal isolates as determined by the three methods CLSI microdilution, E-test,

and Vitek 2 system

Drug Percentage MICs by category (no. isolates)

CLSI microdilution E-test Vitek 2

S SDD R S SDD R S SDD R
Fluconazole 79.03 (49)  20.96 (13) 75.8 (47) 225 (14) 1.61 (1) 90.3 (56) 8.06 (5) 1.61 (1)
Amphotericin B 100 (62) 100 (62) 98.38 (61) 1.61 (1)

S, sensitive; R, resistant; SDD, susceptible dose dependent

Table 3 Percentage of categorical errors and the agreements of E-test and Vitek 2 compared to the CLSI reference method

Drug E-test No (%) EA  Vitek 2 No (%) EA
(%) of category errors (no. isolates) (%) of category errors (no. isolates)
Minor ME VME No error CA Minor ME VME  No error CA
FLC 22.6 (14) 77.4 (48) 82.2 (51) 19.3 (12) 80.7 (50) 82.2 (51)
AMB 100 (62) 91.9 (57) 1.61 (1) 98.39 (61) 75.8 (47)

FLC, fluconazole; AMB, amphotericin B; ME, major error; VME, very major error; CA, categorical agreement; EA, essential

agreement

slightly higher (80.7%) when compared to E-test
(77.4%) with CLSI. No very major error or major error
occurred but minor errors by E-test were slightly more
(22.5%) when compared to Vitek 2 test (19.3%). Both
CA (100%) and EA (91.9%) of E-test were higher for
AMB when compared to the Vitek 2 system, which
detected CA (98.39%) and EA (75.8%), respectively.

The Vitek 2 system provided the antifungal data for
all the four drugs within a mean time of 24.25 h.
Almost all the isolates were sensitive to voriconazole
with MIC <0.12 pg/ml. Among all isolates, five were
analyzed as intermediate with MICs (8-16 pg/ml) to
5-flucytosine, and rest of all were sensitive with MIC
<4 ng/ml. The intralaboratory reproducibility of
Vitek 2 system for the four agents was 100% for
voriconazole, 90.9% for fluconazole and 5-flucyto-
sine, and 63.6% for amphotericin B.

Discussion

Cryptococcus neoformans is a most important oppor-
tunistic fungal pathogen that causes localized and/or
disseminated life-threatening infection in humans. All
the patients included in our study were infected with
serotype A (C.neo var. grubii) by RAPD method,

which is similar to the predominant serotype earlier
isolated in India by Jain et al. [17] and in most
countries by Mitchell and Perfect [18].This is also
consistent with reports that C.neo var. grubii is
prevalent among immunosuppressed and healthy
patients that are afflicted with cryptococcosis [19].

There was no significant difference in MIC values
of serial isolates obtained from the same patient. This
is similar to a surveillance study, where no significant
shift in MICs of AMB for C. neoformans has been
determined when serial isolates of C. neoformans were
obtained from patients in a span of 6 years despite the
widespread use of antifungal agents in persons with
AIDS by Brandt et al. [20]. Both the primary and
relapse isolate of patients showed similar fingerprint-
ing patterns revealing persistence of the same strain
despite antifungal therapy as has been found earlier by
Brandt et al. [21] and Spitzeret et al. [22].

The use of antifungal agents particularly in long-
term suppressive regimens has raised concern about
the development of drug resistance in C. neoformans.
Although the resistance is rare among clinical isolates
of C. neoformans but has been reported by Pfaller et al.
[23] and Franzot and Hamdan [24], in our study,
we have documented absence of resistance among
C. neoformans isolates from India, which is consistent
with earlier data published by Klepser and Pfaller [25].
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The objective of the present study was to validate
the performance of two commercially available
systems for antifungal susceptibility testing in our
laboratory before implementing the test systems for
clinical use. In this study by CLSI M27-A3 method,
none of the C. neoformans isolates were resistant to
amphotericin B and fluconazole. Our MICy, of FLC is
higher than other studies [10, 26] but similar to a study
by Datta et al. [27] and for AMB is similar to a
study by Gonzalez Cejudo et al. [10] but lower than a
study by Capoor et al. [26].

The MICqy and MIC range of fluconazole and
amphotericin B by E-test are almost similar to the
previous studies, but our study had similar CA for
amphotericin B and 77.4% for fluconazole, contrary to
the study by Capoor et al. which had reported almost
similar CA of E-test with CLSI reference method for
both the drugs [26].

In our study, the EA between E-test and CLSI
method for fluconazole was 81.1%, which is similar to
that obtained by Aller et al. but lower than that
reported by Colombo et al. (96%) and higher than that
reported by Espinel-Ingroff et al. (70%) [16, 28, 29].
The EA between E-test and CLSI method for ampho-
tericin B was very low in previously published studies
[16]. In a study by Aller et al., amphotericin B had the
lowest agreement (8.1% when tested on antibiotic
medium 3, 13.5% on RPMI) [16]. Similar findings
(5% essential agreement) were reported by Dias et al.
[30]. However, we found very good essential agree-
ment (92%) between E-test and CLSI method for
AMB.

Our MICy, (8 pg/ml) and MIC range (<1->64 ng/
ml) for FLC obtained by Vitek 2 system were slightly
higher than the study by Gonzalez Cejudo et al.
(MICoqq 4 pg/ml, MIC range (<1->32 pg/ml); how-
ever, MICy, and MIC range for AMB were compa-
rable in both studies [10]. Our CA was almost similar
for AMB (98.4%) but less for FLC (80.7%) when
compared to a study by Gonzalez Cejudo et al. [10].
Regarding the CA between the Vitek 2 and reference
procedures, there were no very major errors, and most
errors detected were minor errors (for fluconazole).
Only one major error was detected for amphotericin B.
This occurred due to one isolate that showed slightly
higher MIC (2 pg/ml) by Vitek 2. In Vitek 2, MICs of
all four antifungal agents amphotericin B, fluconazole,
voriconazole, and 5-flucytosine were obtained simul-
taneously for all isolates in this study. Voriconazole
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susceptibility could be tested in only 13.5% isolates in
a study by Cejudo et al. [10].

There are not many published reports that have
evaluated E-test along with Vitek 2 system with CLSI
for Cryptococcus isolates except a recent report by
Cuenca-Estrella et al., which compared these methods
for in vitro detection of antifungal resistance in yeast
isolates [7]. This is one of the first studies that have
compared E-test, Vitek 2 system with CLSI against
Cryptococcus isolates. Despite our slightly lower
levels of concordance in MIC results for fluconazole
by Vitek 2 system, we conclude that both E-test and
Vitek 2 system have acceptable levels of accuracy for
susceptibility testing of FLC and AMB. Both of them
were able to identify fluconazole-resistant strains.
Vitek 2 could be used for testing susceptibility of
5-flucytosine and voriconazole also at the same
time.
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