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The increased incidence  of systemic mycoses 
caused by Candida species in hospitalised patients is an 
important cause of morbidity and mortality worldwide, es-
pecially in critically ill patients (Warnock 2007, Mimica 
et al. 2009, Ruan  &  Hsueh  2009). In this context, im-
munocompromised individuals and patients subjected to 
broad-spectrum antibiotics, using prostheses and access 
devices and experiencing prolonged stays in intensive 
care units are predisposed to Candida infections (Sand-
ven 2000, Pfaller & Diekema 2004, 2007, Fridkin et al. 
2006). More than 200 species of Candida have been de-
scribed, but approximately 90% of human invasive fungal 
infections are caused by only five species: Candida albi-
cans, Candida tropicalis, Candida parapsilosis, Candida 
glabrata and Candida krusei (Pfaller & Diekema 2004).

C. tropicalis is the second or third most abundant spe-
cies of Candida non-albicans. This organism has been iso-
lated in patients with cancer, particularly leukaemia, more 

frequently (Cantón et al. 2001, Colombo & Guimarães 
2003). C. tropicalis is more invasive in relation to C. albi-
cans and it is estimated that 50-60% of patients with pre-
disposing conditions develop invasive candidiasis when 
they are colonised by this species (Cantón et al. 2001).

When tested against the azoles, some species of the 
genus Candida, mainly C. albicans and C. tropicalis, 
may  express  a trailing phenomenon, which is defined 
as a susceptible minimum inhibitory concentration 
(MIC) after 24 h of incubation with azole antifungal 
agents, but a resistant MIC after 48 h of exposure (Re-
vankar et al. 1998, Arthington-Skaggs et al. 2000). As a 
consequence, the trailing phenotype results in a misin-
terpretation of the susceptibility profile for these drugs, 
reflecting a possible treatment failure. With this propose 
in mind, some studies have  examined  the methods to 
minimise the trailing effect and changes in the National 
Committee on Clinical Laboratory Standards/Clini-
cal and Laboratory Standards Institute (NCCLS/CLSI) 
methodology, such as a more acid pH, addition of glu-
cose to the medium and a cut-off criterion for the read-
ing time have been proposed (Anaissie et al. 1996, Ro-
driguez-Tudela et al. 1996, Tornatore et al. 1997, Marr et 
al. 1999). Mechanisms have been proposed to explain the 
trailing effect, including the altered regulation of genes 
mediating resistance and virulence (Lee et al. 2004).
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We assessed fluconazole susceptibility in 52 Candida tropicalis clinical strains using seven antifungal suscepti-
bility methods, including broth microdilution (BMD) [standard M27 A3 (with neutral and acid pH), ATB Fungus 3, 
Vitek 2 system and flow cytometric analysis] and agar-based methods (disk diffusion and E-test). Trailing growth, 
detection of cell-associated secreted aspartic proteases (Saps) and morphological and ultrastructural traits of these 
clinical strains were also examined. The ranges of fluconazole 24 h-minimum inhibitory concentration (MIC) values 
were similar among all methods. The essential agreement among the methods used for MIC determinations was excel-
lent and all methods categorised all strains as susceptible, except for one strain that showed a minor error. The pres-
ence of the trailing effect was assessed by six methods. Trailing positivity was observed for 86.5-100% of the strains. 
The exception was the BMD-Ac method where trailing growth was not observed. Morphological and ultrastructural 
alterations were detected in C. tropicalis trailing cells, including mitochondrial swelling and cell walls with irregular 
shapes. We tested the production of Saps in 13 C. tropicalis strains expressing trailing growth through flow cytometry. 
Our results showed that all of the C. tropicalis strains up-regulated surface Sap expression after 24 h or 48 h of ex-
posure to fluconazole, which was not observed in untreated yeast strains. We concluded that C. tropicalis strains ex-
pressing trailing growth presented some particular features on both biological and ultrastructural levels.
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Pathogenic species of Candida spp produce many 
potential virulence factors and among them, the secreted 
aspartic proteases (Saps) have attracted the attention of 
many investigators (Naglik et al. 2003). A direct correla-
tion exists between the virulence of these yeast strains 
and the secretion of Saps; consequently, these enzymes 
are becoming attractive targets for therapeutic drug de-
sign (Braga-Silva & Santos 2011). Ten different Saps, 
encoded by the SAP gene family, were described in C. 
albicans (Naglik et al. 2003) and four SAP genes were 
found in C. tropicalis (Zaugg et al. 2001). Moreover, im-
munological studies suggest the existence of common 
and specific antigenic domains among the Saps of these 
two clinically important Candida species (Odds 1985). 
At least in C. albicans, Saps participate in numerous fac-
ets of basic biological processes and directly participate 
in several interactions between fungal cells and host 
structures (Naglik et al. 2003). 

In the present study we have aimed to character-
ise  the trailing growth of 52 C. tropicalis clinical iso-
lates using different antifungal susceptibility methods. 
In addition, the expression of surface Saps and the mor-
phological/ultrastructural alterations in these strains 
were also reported.

SUBJECTS, Materials and methods

Patients and strains - Of a total of 52 C. tropicalis 
clinical strains isolated from patients in three medical 
centres in the city of Rio de Janeiro, Brazil, 29 (55.7%) 
were from blood, eight (15.3%) from urine, five (9%) 
from faeces, three (6%) from skin material, three (6%) 
from secretion, two (4%) from sterile fluid, one (2%) 
from bronchoalveolar lavage and one (2%) from lymph 
node aspirate. Strains were isolated and identified by 
conventional methods and the identification was con-
firmed using the Vitek® 2 system (bioMérieux, Inc, 
France). Isolates were stored at -70ºC in Sabouraud dex-
trose broth with 20% glycerol and at room temperature 
in sterile distilled water (Lee et al. 2004).

Susceptibility testing - Testing of the susceptibility of 
C. tropicalis isolates to fluconazole and trailing growth 
characterisation were performed using seven methods. 
Three of these methods were standardised by CLSI [broth 
microdilution  (BMD) tests in accordance with 
M27  A3  guideline  at  neutral pH  (BMD-N)  and 
acid pH (BMD-Ac)] (CLSI 2008) and NCCLS [disk dif-
fusion test (DT) according to the M44-A guideline] (NC-
CLS 2004). The other four methods  included commer-
cial systems [ATB® Fungus 3 (ATBF3) (bioMérieux, Inc, 
France), Vitek 2 and E-test method (AB Biodisk, Solna, 
Sweden)] and  the flow cytometric analysis (Ramani et 
al. 1997, Ramani & Chaturvedi 2000).

Inoculums - A suspension of five colonies, from up to 
48 h-old cultures grown at 35ºC on Sabouraud dextrose 
agar, was prepared in 5 mL of sterile saline (0.85% NaCl). 
The cell density was standardised with a spectrophotom-
eter, where diluent was added to the yeast suspension un-
til it matched the value of a 0.5 McFarland standard at a  
530 nm wavelength (1 x 106-5 x 106 yeast cells/mL). This 
standardised inoculum was used in the following methods: 

BMD-N and BMD-Ac, disk diffusion, E-test and flow cy-
tometric analysis. For the ATBF3 and Vitek 2 methods, 
the inoculum was adjusted to 3-6 x 106 yeasts/mL.

CLSI reference procedure (M27-A3 guideline): 
BMD-N and BMD-Ac - Serial two-fold dilutions of 
fluconazole were prepared in Roswell Park Memorial 
Institute (RPMI)-1640 medium with L-glutamine and 
without bicarbonate (Sigma Chemical Co). The final 
concentrations of fluconazole ranged from 0.25-256 μg/
mL and the pH value was adjusted to neutral (with a  
165 mM morpholinepropanesulfonic acid buffer) or acid 
(pH 5.0, with HCl). A 100 µL aliquot of each drug dilu-
tion was dispensed into 96-well flat-bottom microdilu-
tion trays that were sealed and stored frozen at -70ºC 
until use. The standardised suspension was diluted 1:50 
and then 1:20 in RPMI with L-glutamine and without so-
dium bicarbonate, resulting in 1 x 103-5 x 103 cells/mL. 
A 100 µL aliquot of the final suspension was put into 
each well of the microdilution plate and the plates were 
incubated at 35ºC for 48 h. As a  viability,  purity  and 
concentration of  inoculum control,  aliquots (10 µL)  
of each suspension were inoculated on Sabouraud dex-
trose agar and incubated for 48 h  at  35ºC. Endpoints 
were determined by visual reading. Before reading, 
the microdilution trays were agitated and the MIC was 
computed as the lowest concentration of fluconazole to 
cause at least 50% inhibition of growth relative to that of 
the drug-free control. The trailing growth was consid-
ered when a reduced but persistent growth of the strain 
was detected in high concentrations of fluconazole.

Disk diffusion and E-test methods - The two methods 
were performed on Mueller-Hinton agar plates supple-
mented with 2% glucose and 0.5 mg of methylene blue 
(GMB agar). For each isolate, two plates were inoculated 
by dipping two sterile cotton swabs into the standardised 
inoculum and evenly streaking the entire surface of the 
GMB agar in three directions, with a 60º angle between 
them. After drying for 15 min, one fluconazole E-test 
strip and one 25 µg fluconazole disk (Cecon, Ltd, São 
Paulo, Brazil) were applied to the medium. The plates 
were incubated at 35ºC and were read after 24 h and 48 h.  
The MIC was read as the lowest concentrations pro-
ducing an 80% reduction in growth. In the E-test, the 
values of MIC were read at the point where the ellipse 
of the inhibition zone intersected the strip. The residual 
growth of yeast strains from the boundary of  the inhi-
bition zone, pointing towards the E-test strip, was con-
sidered  to be trailing growth. In the DT, the inhibition 
zone diameter was measured to the nearest mm at a point 
where there was a prominent reduction of growth (80%). 
The CLSI inhibition zone diameter for fluconazole 
[susceptible (≥ 19 mm), S-DD (15-18 mm) and resistant  
(≤ 14 mm)] was used to categorise the disk diffusion 
results (NCCLS 2004). The yeast strains that showed a 
boundary of residual growth towards the disk of flucon-
azole were considered to exhibit trailing growth. 

ATBF3 - An ATBF3 strip is composed of 32 wells that 
include a growth control and five antifungal drugs at differ-
ent concentrations: 5-flucytosine from 4-16 µg/mL (log2 
dilutions), amphotericin B from 0.5-16 µg/mL, fluconazole  
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from 1-128 µg/mL, itraconazole from 0.125-4 µg/mL and 
voriconazole from 0.06-8 µg/mL. The ATBF3 test was 
performed according to the manufacturer’s instructions. 
The strips were read either visually or automatically by the 
mini Api® instrument (bioMérieux, Inc, France) at 24-48 
h for Candida species. MICs for azoles and 5-flucytosine 
were determined according to the following criteria: no 
reduction or a slight reduction in turbidity (scores 4 and 
3) was considered to be “no inhibition”, while a prominent 
decrease to no growth (scores 2-0) corresponded to “inhi-
bition”. Only samples that remained optically clear were 
considered to be susceptible to amphotericin B (Torres-
Rodríguez & Alvarado-Ramírez 2007).

Vitek 2 system - Susceptibility testing with the Vitek  
2 system (AST-YST card) was performed according to the 
manufacturer’s instructions. From each strain, the stan-
dardised inoculum was placed in a Vitek 2 cassette, along 
with a sterile polystyrene test tube and a Vitek 2 card con-
taining serial two-fold dilutions of fluconazole (1-64 µg/
mL) and voriconazole (0.125-8 µg/mL). After the loaded 
cassettes were placed in the Vitek 2 instrument, the cards 
were filled with the diluted yeast suspensions, incubated 
for 24 h and read automatically. The MIC results were in-
terpreted as described by the M27-A3 guideline.

Flow cytometric assay - This method was performed 
as previously described (Ramani et al. 1997). Briefly,  
0.1 mL aliquots of the standardised yeast suspension 
were mixed with 0.1 mL of serial two-fold dilutions of 
fluconazole in 12 by 75-mm tubes (Falcon 2054, Becton 
Dickinson, Lincoln Park, NJ, USA). The growth control 
received 0.1 mL of the drug diluent (RPMI-1640 me-
dium) without fluconazole. All of the tubes were incu-
bated without agitation at 35ºC for 4 h. Then, each dilu-
tion was shaken gently and 200 µL of 25 mM sodium 
desoxycholate and 4 µL of 1% propidium iodide (Sigma) 
were added to each dilution, after which the tubes were 
carefully mixed again. Flow cytometry was performed 
on a FACS calibur cytometer (Becton Dickinson) on a 
sample volume of 75 µL with a flow rate of 10 µL/min. 
Cytometer parameters were as follows: forward scat-
ter (linear gain 3.73), side scatter (gain 2.0), side scatter 
photomultiplier tubes (270 V) and log red fluorescence 
(FL2) 457 V log. Each flow cytometric susceptibility 
test analysed 10,000 yeast cells. MIC was computed as 
the lowest fluconazole concentration that resulted in a 
50% increase in the mean channel fluorescence as com-
pared to the growth control (Ramani et al. 1997, Ramani 
& Chaturvedi 2000, Chaturvedi et al. 2004). The results 
were analysed using the WinMDI 2.8 program for fluo-
rescence intensity and dispersion of microorganisms.

Analysis and interpretation of results - Both on-scale 
and off-scale results obtained by all the methods were in-
cluded in the analysis. The off-scale MICs were convert-
ed to the next highest or lowest concentration. The MIC 
values were considered to be in essential agreement (EA) 
between the two methods when they were within two 
dilutions. Categorical agreement (CA) was assigned to 
Candida spp susceptibility testing results that fell within 
the same interpretive categories. Results were analysed 
based on the interpretive breakpoints for fluconazole 

[susceptible (S), ≤ 8 µg/mL; susceptible dose dependent 
(SDD), 16-32 µg/mL; resistant (R), ≥ 64 µg/mL]. CA was 
assigned when both methods classified the susceptibili-
ties of the isolates within the same interpretive categories 
(S, SDD or R). Discrepancies were considered “major” 
if an isolate classified as S by the reference method was 
classified as R by the commercial method and “very ma-
jor” if an isolate classified as R by the reference method 
was classified as S by the commercial method. Errors 
were considered “minor” when there were discrepancies 
between the two methods in classifying SDD isolates as 
S or R or classifying S and R isolates as SDD.

Light and transmission electron microscopy analy-
ses - In this set of experiments, the trailing positive C. 
tropicalis strain,  135, was used to investigate possible 
morphological alterations induced by fluconazole when 
compared to cells grown in its absence by both light mi-
croscopy and transmission electron microscopy.

For light microscopy analyses, aliquots of all dilu-
tions of the BMD-N method, after a 24-h incubation, 
were placed on slides, stained by the Gram method 
and examined under a light microscope  (Olympus, Ja-
pan) with a magnification of 1000x. For ultrastructural 
analyses, untreated and fluconazole-treated cells were 
fixed in a solution containing 2.5% glutaraldehyde and 
4% freshly prepared formaldehyde in a 100 mM cacody-
late buffer (pH 7.2) for 1 h and washed three times in the 
same buffer. Then, the yeast strains were post-fixed in 
a 100 mM cacodylate buffer (7.2 pH) containing 1% os-
mium tetroxide, 0.8% potassium ferrocyanide and 5 mM  
CaCl2 for 2 h. After that, the yeast strains were dehydrat-
ed in an ethanol-graded series and critical point-dried 
with CO2. The specimens were coated with 3 nm of gold 
in a Balzers apparatus and ultrathin sections were ob-
served in a Jeol 1200 EX transmission electron micro-
scope at 80 kV (Cunha et al. 2005).

Detection of Sap - Thirteen trailing-positive C. tropi-
calis strains were randomly chosen from among the 52 
strains isolated in this work. The strains were grown in 
RPMI-1640 medium, with and without 128 µg/mL of 
fluconazole, for 24 and 48 h at 37ºC. All cultures were 
centrifuged to obtain concentrated cells, the yeast strains 
were washed in phosphate buffered saline (PBS) and 
a standardised inoculum (5 x 106 cells) was prepared. 
The suspensions used for these experiments were fixed 
at 4ºC in 4% paraformaldehyde in PBS (pH 7.2) for 20 
min, followed by extensive washing in the same buffer. 
These fixed cells maintained their morphological integ-
rity, as indicated by light microscope observation. They 
were incubated for 1 h at 25ºC with a 1:250 dilution of 
rabbit anti-Sap1-3 antibody (kindly provided by Dr Nina 
Agabian, University of California, San Francisco, CA, 
USA) and then incubated for an additional hour with a 
1:200 dilution of fluorescein-isothiocyanate-labelled 
goat anti-rabbit IgG. For flow cytometric analysis, these 
cells were examined in an EPICS ELITE flow cytometer 
(Coulter Electronics, USA) equipped with a 15-mW ar-
gon laser emitting at 488 nm. Untreated cells and those 
treated only with the anti-Sap and secondary antibody 
were used as controls. Each experimental population 
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was then mapped by using a two-parameter histogram 
of forward-angle light scatter versus side scatter. The 
mapped population (n = 10,000) was then analysed for 
log green fluorescence by using a single-parameter his-
togram (Braga-Silva et al. 2009).

Results and Discussion

In this  study,  the majority  of the 52 C. tropicalis 
strains were isolated from clinical specimens collected 
from invasive  infections, mainly blood (55%) and ster-
ile fluids (24%), such as ascite and pleural effusions. 
Whereas, strains from noninvasive lesions were mainly 
isolated from urine (15%) and secretions (6%). The ma-
jor invasive potential of C. tropicalis in relation to other 
species of Candida, particularly C. albicans, has been 
previously reported (Colombo & Guimarães 2003). 

Susceptibility tests - We tested the susceptibility to flu-
conazole and the phenotypic expression of trailing growth 
for 52  C. tropicalis strains using the  standard BMD-N 
method and six other methods for comparison (Table 
I). Data are shown as MIC ranges and the MIC50% and 
MIC90%, except for the M44-A method, where the area of 
the inhibition zone (mm) around the disk was considered.

The BMD-N method and most of the other methods 
could have a trailing effect so great as to make an iso-
late that appears susceptible after 24 h of incubation ap-
pear resistant after 48 h. Therefore, it is recommended 
that the test readings be conducted at 24 and 48 h for 
the azoles to avoid the interference of this effect on the 
outcome of the test and to determine the category of 
susceptibility. In this work, the BMD-N and BMD-Ac 

methods and the E-test were read at 24 and 48 h. ATBF3 
was also examined after two incubation periods, but 
only the reading at 24 h was considered, while the flow 
cytometric, disk diffusion and Vitek 2 methods were 
read at 4 h, 24 h and up to 24 h, respectively.

The  ranges  of  the  24 h-MIC results  were  simi-
lar among all methods. However, the readings were dis-
crepant at 48 h compared to those at 24 h, particularly 
for the BMD-N and ATBF3 methods. No significant dif-
ferences were noted for the BMD-Ac and E-test meth-
ods. The discrepancies reflect the presence of the trail-
ing  end.  MIC50%  and  MIC90%  for  fluconazole,  as 
determined by six methods, were clearly concordant 
and ranged from < 1 µg/mL-2 µg/mL (MIC50%) and < 
1-4 µg/mL (MIC90%) (Table I).

The EA among all methods used for determining the 
MIC was excellent when compared with the BMD-N 
method, showing values  of  98.1%  for  flow  cytome-
try,  96.1%  for  Vitek 2 and ATBF3 and 92.3% for the 
BMD-Ac method. However,  the E-test, which showed 
an EA of 80.8%, was an exception. Thirteen discrepan-
cies were noted between the MIC values of each strain 
for each method tested in relation to BMD-N, including 
10 with the E-test, four with the BMD-Ac, two with the 
ATBF3 and two with the Vitek 2. Of the discrepancies 
noted, the MIC values obtained by the BMD-N were al-
ways lower than those obtained by the other methods. 
Similar EA results for testing various methods against the 
standard method excluding the E-test have been report-
ed in the literature (Pfaller et al. 2007, Torres-Rodríguez 
& Alvarado-Ramírez 2007, Cuenca-Estrella et al. 2010).  

TABLE I
Susceptibility of 52 Candida tropicalis isolates to fluconazole and expression 

of trailing growth as determined by seven different methods

Method
Incubation time

(h)

MIC (µg/mL)g

Trailingh

(%)
EAi

(%)Range MIC50% MIC90%

BMD-Na 24 0.125-2.0 0.5 1.0 - -
48 2.0-≥ 128 0.5 2.0 98.08 100

BMD-Aca 24 0.25-4.0 1.0 2.0 - -
48 0.25-16.0 1.0 2.0 - 92.31

ATBF3b 24 ≤ 1.0-16.0 ≤ 1.0 2.0 - -
48 ≤ 1.0-≥ 128 - - 86.5 96.15

Vitek 2c 24 ≤ 1.0-4.0 ≤ 1.0 ≤ 1.0 100 96.15
Flow cytometryd 4 0.125-2.0 0.5 1.0 100 98.08
E-teste 24 0.5-4.0 1.5 3.0 - -

48 1.0-6.0 2.0 4.0 94.2 86.54
Disk diffusion M44-Af 24 36-19 27 21 96.15 100

a: standardised by Clinical and Laboratory Standards Institute [broth microdilution (BMD) tests in accordance with M27 A3 guide-
line at neutral pH (BMD-N) and acid pH (BMD-Ac)] (CLSI 2008); b: ATB-Fungus 3 (ATBF3) (bioMérieux, Inc, France); c: Vitek 2 
(bioMérieux, Inc, France); d: flow cytometry [as recommended by Ramani et al. (1997)]; e: E-test (AB Biodisk , Solna, Sweden); f: 
standardised by National Committee on Clinical Laboratory Standards (NCCLS 2004) (size of inhibition zone in mm); g: 50% and 
90% minimal inhibitory concentrations (MICs) at which 50% and 90% of the isolates tested are inhibited, respectively; h: percent-
age of strains expressing trailing effect after 48 h of incubation in the presence of fluconazole; i: EA: essential agreement.
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Previous studies also found similar EA results between 
E-test and BMD-N methods (Matar et al. 2003, Cuenca-
Estrella et al. 2010). The results from the M44-A method 
were consistent with the categorisation of the strains as 
susceptible, in agreement with the other methods tested.

Despite of the discrepancies described, all methods 
identified all strains as susceptible to fluconazole, ex-
cept for one strain that was SDD for the ATBF3 method 
and sensitive to other methods. Thus, although no major 
or very major error was defined, one minor error was de-
fined. Table II shows the percentages of correlation be-
tween the different methods, in relation to EA. BMD-Ac 
and ATBF3 methods showed correlation values greater 
than 98% compared to three of the five other methods 
tested. Vitek 2 showed 100% correlation with BMD-Ac 
and flow cytometry, which suggests less of an influence 
on reading due to trailing growth, which has also been 
shown by other authors (Ramani & Chaturvedi 2000, 
Borghi et al. 2010).  The lowest correlation rates were 
observed between flow cytometry and other methods, 
which is consistent with other previously reported results 
(Pfaller et al. 2007, Lee et al. 2009, Cuenca-Estrella et al. 
2010). The presence of the trailing effect was assessed 
for all strains in relation to the seven methods tested (Ta-
ble I). Percentages of the positivity of the strains ranging 
from 86.5-100% were detected for all methods, except 
for the BMD-Ac method, where trailing growth was not 
observed. This result agrees with the data of Marr et al. 
(1999). However, a previous study showed lower values ​​
for the presence of the trailing effect in C. tropicalis 
strains (Arthington-Skaggs et al. 2002).  Ramani and 
Chaturvedi (2000) did not detect trailing growth in an-
tifungal susceptibility testing performed using the flow 
cytometry method and suggested that the short incuba-
tion time was insufficient for the expression of this phe-
nomenon. However, in our study we found a significant 
percentage of viable cells after 4 h, even at high concen-
trations of the antifungal agent, and we considered these 
cells to represent trailing cells. 

Morphological and ultrastructural changes - Several 
cellular and molecular mechanisms possibly responsible 
for trailing growth in Candida spp have been described 
(Lee et al. 2004, Vandeputte at al. 2005). Fluconazole, 
which is known to inhibit cell growth by disruption of 
sterol biosynthesis, increased cell size due to an appar-
ently high porosity level of the cell wall. In consequence, 
these cells disintegrated, perhaps due to increased turgor 
pressure (Ramani & Chaturvedi 2000). Herein, we used 
two different approaches to analyse the morphological al-
terations in C. tropicalis (strain 135) after treatment with 
fluconazole: (i) staining yeast cells using the Gram meth-
od (Fig. 1) and (ii) visualisation of general ultrastructural 
alterations by transmission electron microscopy (Fig. 2). 
Light microscopy revealed that in the presence of flucon-
azole (8 µg/mL and 128 µg/mL) several cells showed an 
altered morphology, such as increased size with greater 
dye uptake. Furthermore, the number of yeasts contain-
ing buds and cells showing incomplete cell division was 
increased after exposure to fluconazole compared to the 
fluconazole-untreated cells (Fig. 1). The increase in cell 
size had already been suggested by studies using flow 
cytometry (Ramani et al. 1997) and implies that the 
azoles may significantly affect the outer cell envelope 
(Belanger et al. 1997). The fluconazole-treated cells, 
even when grown at a higher concentration (128 µg/mL), 
were viable and able to grow on Sabouraud dextrose agar 
similarly to the control cells. Studies suggest that in the 
presence of fluconazole, C. albicans cells up-regulate 
the transcription of genes encoding the azole drug target, 
lanosterol demethylase (ERG 11), the target terbinafine, 
squalene epoxidase (ERG 1) or the azole and terbinafine 
efflux transporters (CDR1, CDR2 and MDR1) (Smith & 
Edlind 2002).  These same mechanisms and also point 
mutations in the ERG11 gene have been implicated as 
mechanisms of fluconazole resistance in C. albicans 
(Sanglard & Odds 2002).  Therefore, trailing isolates, 
although susceptible to fluconazole, are capable of ex-
pressing the same molecular mechanisms as SDD and R 

TABLE II
Essential agreement rates between results given by six antifungal susceptibility tests

Methods

Agreement (%)f

BMD-N BMD-Ac Vitek 2 E-test ATBF3
Flow 

cytometry

BMD-Na 100 92.3 96.1 80.8 96.1 98.1
BMD-Aca 92.3 100 100 100 98.1 88.5
Vitek 2b 96.1 100 100 96.1 98.1 100
E-testc 80.8 100 96.1 100 98.1 84.6
ATBF3d 96.1 98.1 98.1 98.1 100 94.2
Flow cytometrye 98.1 88.5 100 84.6 94.2 100

a: standardised  by  Clinical and Laboratory Standards Institute  [broth microdilution  (BMD) tests in accordance with 
M27 A3 guideline at neutral pH (BMD-N) and acid pH (BMD-Ac)] (CLSI 2008); b: Vitek 2 (bioMérieux, Inc, France); c: E-test 
(AB Biodisk , Solna, Sweden); d: ATB-Fungus 3 (ATBF3) (bioMérieux, Inc, France); e: flow cytometry [as recommended by 
Ramani et al. (1997)]; f: +/- one or two doubling concentrations. 
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isolates in the presence of fluconazole, but regulate them 
differently (Lee et al. 2004). In C. tropicalis, azole resis-
tance mechanisms have been studied less, but the over-
expression of the CtERG11 gene (not the CtMDR1 gene 
associated with a missense mutation in this gene) seemed 
to be responsible for the acquired azole resistance in a 
resistant clinical isolate of C. tropicalis (Vandeputte et al. 
2005). However, the presence of trailing growth would 
have no greater significance in vivo because these strains 
were susceptible to the same concentrations of flucon-
azole used for susceptible strains (Arthington-Skaggs et 
al. 2000, Ostrosky-Zeichner et al. 2003).

The possible effect of trailing growth on ultrastructur-
al changes in C. tropicalis was evaluated by transmission 
electron microscopy of yeast strains grown in concen-
trations of fluconazole above the MIC (Fig. 2). Electron 
micrographs of untreated C. tropicalis showed well-pre-
served yeast cells, presenting a compact cell wall (average 
thickness of 0.13 µm), a plasma membrane (with normal 
shape) and homogeneous cytoplasm (Fig. 2A and in the 
inset). However, yeast strains grown  in the presence of  
8 µg/mL of fluconazole and expressing trailing phenom-
enon showed important alterations, including mitochon-
drial swelling and a cell wall with an irregular shape and 
presenting wall thicknesses ranging from 0.14-0.28 µm 
(Fig. 2B).  The highest concentration of fluconazole  
(128 µg/mL) induced more pronounced changes in the 

cytoplasm, such as the accumulation of several vacu-
oles and mitochondrial swelling. In addition, the cell 
wall showed an irregular shape and thicknesses ranging 
from 0.22-0.50 μm. Detachment and degradation of the 
cytoplasmic membrane was also evident (Fig. 2C). Previ-
ous works reported that Candida spp treated with azole 
agents or a synthetic arylquinucline derivate, exhibiting 
antifungal activity, presented similar ultrastructural al-
terations when examined under transmission electron 
microscopy (Belanger et al. 1997, Ishida et al. 2011).

Sap expression in trailing strains of C. tropicalis - A 
positive correlation between protease activity and anti-
fungal susceptibility was already reported for C. albi-
cans. In this sense, the C. albicans isolates from the hu-
man immunodeficiency virus-positive group that were 
characterised by higher levels of protease activity were 
also less susceptible to the widely used azole antifungal 
agents, ketoconazole and fluconazole (Ollert et al. 1995). 
C. albicans strains exposed to subinhibitory concentra-
tions of antifungals belonging to the azole, echinocan-
din and pyrimidine analogue classes showed elevated 
activity of Sap2 in the culture filtrates (Wu et al. 2000, 
Ripeau et al. 2002). In addition, the expression of SAP2 
and activity of the secreted Sap2 gene product was up-
regulated in fluconazole-exposed yeast cells (Copping 
et al. 2005). In fact, Navarathna et al. (2005) showed 
that the virulence of C. albicans strains increases upon 
exposure to subinhibitory concentrations of fluconazole 
in animal experiments. Recently, Mores et al. (2011) de-
scribed that biofilms of C. albicans challenged by sub-
MICs of fluconazole tend to secrete higher quantities of 
Sap compared to non-treated cells. 

TABLE III
Expression of cell-associated aspartic proteases  

by Candida tropicalis strains as determined  
by flow cytometric assaya

Strains

Fluorescenceb (%) Rate

24 h 48 h 48/24

57 44.30 ± 3.68 21.33 ± 2.60 0.48
135 13.20 ± 1.27 9.65 ± 0.31 0.73
152 10.65 ± 0.97 11.66 ± 0.21 1.09
153 1.67 ± 0.01 8.40 ± 0.10 5.03
252 11.53 ± 0.11 18.37 ± 1.17 1.59
257 9.85 ± 0.35 22.42 ± 0.29 2.28
264 8.03 ± 0.01 30.67 ± 2.12 3.82
277 4.09 ± 0.05 15.87 ± 0.91 3.88
750 19.54 ± 0.26 37.55 ± 3.18 1.92
1048 8.30 ± 0.01 10.77 ± 0.59 1.30
1053 7.03 ± 0.65 4.33 ± 0.21 0.62
1063 14.06 ± 1.48 8.82 ± 1.37 0.63
1067 26.70 ± 0.29 36.20 ± 4.55 1.36

a: according to Braga-Silva et al. (2009); b: 24 h and 48 h incu-
bation time of the culture.

Fig. 1: smears of Candida tropicalis strain 135 grown in the absence 
(control) or in the presence  of different concentrations of flucon-
azole. The slides were  stained by Gram procedure and were exam-
ined under a light microscope with a magnification of 1000x.

Fig. 2: electron micrographs showing the effect of fluconazole on the 
ultrastructure of Candida tropicalis strain 135. A: yeast cells grown 
in the absence of fluconazole presented a well-conserved morphol-
ogy, with a distinct cell wall (cw) and preserved cytoplasmic mem-
brane (cm). The inset in shows a higher magnification of these two 
critical structures; B: yeasts cells exposed to fluconazole (8 µg/mL) 
presented irregular cytoplasmic membrane, distended cw and swol-
len of mitochondria (m); C: yeasts cells incubated with fluconazole at  
128 µg/mL showed ruptures in the cytoplasmic membrane, cw en-
largement and vacuolization (v).
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With this task in mind, we assessed the production 
of Saps in 13 C. tropicalis strains, expressing trailing 
growth, through flow cytometry. The fluorescence 
intensity obtained with cells grown in the presence 
of fluconazole for 24 h or 48 h was compared to that 
obtained with control cells (cultured in the absence of 
antifungal) after staining with antibodies raised against 
Sap1-3 from C. albicans (Table III). Our results showed 
that all the C. tropicalis strains after exposure to flucon-
azole up-regulated on surface Sap expression, in relation 
to untreated yeast strains. In this context, yeast strains 
treated with fluconazole for 24 h had levels of surface 
Saps 1.67-44.3-fold higher than control cells (p < 0.05). 
Similarly, yeast strains under fluconazole pressure for 
48 h presented 4.33-37.55-fold higher Sap levels in rela-
tion to untreated yeast strains (p < 0.05) (Table II). In 
addition, the majority of the strains (69.2%) showed an 
increased expression of Saps after 48 h of exposure to 
fluconazole when compared to a 24 h exposure. The sig-
nificance of these findings in relation to C. tropicalis 
virulence in the presence of fluconazole in vivo is not 
clear, but experiments in vivo with C. albicans showed 
that Sap production may contribute to the pathogenesis 
of inflammatory mucosal lesions in a model of vaginal 
candidiasis (De Bernardis et al. 1999). Thus, the role of 
Saps of C. tropicalis in the pathogenicity of invasive or 
superficial infections caused by this species needs to be 
investigated. We demonstrated that even in the presence 
of high concentrations of fluconazole, C. tropicalis still 
produced significant levels of Saps, suggesting a pos-
sible role in the virulence characteristics of this species. 

Taken together,  our  results  show that C. tropicalis 
strains isolated from invasive and noninvasive infections 
were susceptible to fluconazole and all methods of anti-
fungal susceptibility tested showed similar performance. 
Moreover, the strains of C. tropicalis had a high level of 
trailing growth and  this phenomenon may have an in-
fluence on biological and structural properties of yeast 
cells. However, despite these  physiological  and  struc-
tural alterations, several cells within the population 
maintained their  viability  and were  able  to multiply 
and produce, which are factors possibly involved in the 
pathogenesis of C. tropicalis.
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