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Abstract: Fungal infections caused by Candida tropicalis are increasing throughout the globe particularly in
developing countries. Most of these infections are now resistant to azoles which lead to very high morbidity
and mortality. In this study,15 strains of Candida tropicalis were isolated from blood, urine and sputum
samples(5 each) collected from patients admitted in intensive care units of different hospitals. Their growth
patterns and antifungal susceptibility tests were studied by standard methods and their morphology was
observed by scanning electron microscopy. The study confirms high prevalence of Candida tropicalis
infection in this part of the world and the findings also indicated high resistance of this fungus to azoles
(54%,out of 15 strains,8 were resistant to fluconazole) and to some extent to amphotericin B(14%,out of 15
strains,2 were resistant to amphotericin B). Some changes in biological characteristics of Candida tropicalis
according to their source of infection were also observed in this study. Growth rate of Candida tropicalis
isolated from blood was found more when compared to Candida tropicalis isolated from urine and sputum.
Electron microscopic morphological appearance was also distinctive according to their source of isolation. This
study delineates significant drug resistance of Candida tropicalis along with their biological variations
depending on their source of isolation.

Key words: Candidemia  Susceptibility  Electron microscopy  Nosocomial infections

INTRODUCTION noticed that in tropical countries, Candida tropicalis

Candida tropicalis is the most prevalent fungal urine and sputum[3].In India, there is also a gradual
species isolated from clinical materials at present in increase of candidemic patients due to Candida
developing countries particularly in India. tropicalis infection. Infection due to azole resistant

Most of them are fluconazole resistant leading to Candida has been estimated to be between 21 to 32% in
very high morbidity and mortality rates [1]. A significant symptomatic patients and up to 14% in asymptomatic
change in the incidence of different types of Candida patients[4].
infections was observed during the last several years. If we follow the reports of fluconazole resistance
Candida albicans infection rate was gradually decreased along a time scale, we may be surprised to see how
while incidence of Candida tropicalis infection was quickly Candida became resistant and now the
gradually increased in patients particularly in those who fluconazole resistant Candida tropicalis strains are
were admitted in intensive care units (ICUs) [2]. It has frequent in patients infected with HIV and neonatal
been observed that 15 years back, non-albicans species patients [5]. They are also frequently isolated from
were responsible for only 15 % infections in ICU but this immunocompromised individuals, patients enduring
abruptly rose to 60 % in last five years. It has also been chemotherapy and those with organ transplants [6, 7].

isolates more prevalent in clinical materials like blood,
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Long term azole drug use may be an important factor in The antifungal stock solutions were made of the
the development of fluconazole resistance. Thus, rampant standard powder of Amphotericin B with potency of 750
use of antifungal drugs in the recent past should have mcg/mg and Fluconazole with potency of 980 mcg/mg
some impact which leads to this changing pattern of obtained from Himedia, India. The inoculum suspensions
incidence of Candida species [8]. were prepared as instructed in M27-A2,  NCCLS,  USA

The National Nosocomial Infection Surveillance [12, 13]. A Final concentration of Amphotericin B diluted
System (NNIS) USA, in 1994, formulated a standardized with DMSO was 0.0313-16 mcg/mL and that of
reporting system to monitor hospital acquired infections fluconazole, diluted with sterile water was 0.0313-64
for the guidance of medical practitioners to prevent and mcg/mL. The inoculated broth containing different
minimize the occurrence of fungal infection in critically ill concentrations of antifungal agents in micro wells were
patients [9]. incubated at 35°C and MIC endpoints were determined

(So,  this  study  was  aimed  to  find out any after 24/48 hrs. The medium used in this test was RPMI
distinctive growth patterns and other biological 1640 (Himedia, India). Two types of MICs were
characters of C. tropicalis isolated from different clinical spectrophotometrically determined in this study, MIC
materials). (MIC that inhibits 50% of the study strain growth) and

MATERIALS AND METHODS growth).Fluconazole MICs for Candida spp. isolates are

In this study, we have selected 345 nosocomial cases M 27 fluconazole MIC of more than 4.0 mcg/mL is
and from these patients blood,urine and sputum samples obtained for a Candida spp. isolate,then that isolate is
were collected following NNIS guidelines. Protocols called likely to be resistant to fluconazole. But in case of
surveillance components which are followed in the amphotericin B, MICs of isolates are usually tightly
National Nosocomial Infection Surveillance System clustered between 0.25 and 1.0 mcg/mL and if an M 27
(NNIS) USA, was followed in a modified way, which amphotericin B MIC of more than 1 mcg/mL is obtained
mainly included hospitalwide, intensive care unit, high- for a Candida spp. isolate, then that isolate is likely
risk nursery and surgical patients data. Detailed resistant to Amphotericin B [14].
information including demographic characteristics,
infections and related risk factors, Candida spp. And Electron Microscopy
their antifungal susceptibilities and outcome, is collected Block Preparation for Electron Microscopy: Candida
on each infected patient. spp. were cultured on Sabouraud dextrose agar at 37°C for

Culture and Identification System: Cultures of blood growths. The blocks were then immersed in 3%
samples collected from 120 patients were done in phosphate-buffered glutaraldehyde (pH 7.0) for 24 hrs at
automated blood culture system (Becton Dickinson, BD, 20 °C. After fixation, they were washed quickly in four
BACTEC 9050) in MYCO/F-Lytic bottles. The routine changes of deionized water and then quenched in liquid
fungal cultures of the collected clinical materials (115 urine Freon cooled in liquid nitrogen to approximately-155°C
and 110 sputum samples) were done on Sabouraud and freeze dried for 24 hrs at 20 °C [15]. All the blocks
dextrose agar and incubated at 37°C for 48-72 hrs. All the were cemented onto aluminum stubs with an adhesive
isolates were stored in cryogenic vials at -70°C as such as epoxy resin. These were coated first with carbon
described elsewhere [10]. To identify the species, several and then with gold to a thickness of 30 nm. The
tests like germ-tube test, colonial study on corn meal agar specimens were examined in a JEOL,Stereo scan
(CMA) with 1% Tween 80/trypan blue, carbohydrate instrument  (Model  JEM-100S)  with  accelerating  voltage
assimilation and fermentation tests were done [11]. of 10kV.

Antifungal Susceptibility Testing: The antifungal Growth Patterns of Fungal Strain: Fifteen strains of
susceptibility of Candida tropicalis isolates against Candida tropicalis originally isolated from blood, sputum
fluconazole and amphotericin-B was done by and urine,five from each of these types of clinical
microdilution method [12]. An international Candida materials,were used in this study. All the strains were
tropicalis. An international Candida tropicalis control inoculated in sabouraud dextrose broth and incubated
strain (ATCC-750) was included in the study. overnight at 37°C. Next day, Sabouraud dextrose broth

50

MIC (MIC that inhibits 90% of the study strain90

usually tightly clustered between 1.0-4.0 mcg/ml and if an

60 hrs and then the blocks were cut from the agar with
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was taken in each well of a blank microtitre plate and 10 µl It was found that out of 15 Candida tropicalis
of overnight broth culture of each culture strain was isolates, 8 (54%) were fluconazole resistant and 2(14%)
added. Optical densities were measured at 620 nm were amphotericin B resistant (Table 2). Most of the
wavelength in Micronaut automated system, utilizing isolates from blood were fluconazole resistant (Figure 2).
Multiskan Ex, (Finland) for 300 minutes with 30 minutes
intervals, incubating the plate at 37°C in between the Scanning Electron Microscope Morphology: In general,
readings. colonies of Candida tropicalis were oval shaped large

The statistical analysis was done on the basis of bodies. The outer coating was thin and thinnest near the
different results obtained from growth pattern studies of apex of the colonies. The organisms within the colonies
Candida isolates from blood, sputum and urine. The were smooth and rounded and many were interconnected
Mean, Standard deviation, Standard error of Mean were by processes of different thickness. In all the three
calculated in the data sets of different types of variables. varieties of isolates of Candida tropicalis according to
As in this method paired data were obtained, so “paired their sources, few cells were interconnected in the vicinity
t tests” of every possible combination were analyzed. of bud and birth scars. By the fibrillar structures
Statistical analysis was calculated using Graph Pad and throughout these Candida colonies, a well developed
Vassar software. meshwork had been formed. In the colonies, the

RESULTS formed a thick surface coat over the superficial

After analysis of the data, it was found that intensive distribution was correlated with the cell degeneration.
care unit patients were more prone to Candida tropicalis Well defined cytoplasmic organelles were found in viable
infection (Figure 1).When isolates of Candida tropicalis cells which are of various sizes. When, morphology of C.
was compared among many different sources of clinical tropicalis isolated from the different clinical materials has
materials, it was seen that Candida tropicalis species been studied (Table 2), it was found that (Fig. 3b& 3c)
were isolated more from urine and sputum than from blood isolates from blood and urine were smaller in size, round
(Table 1). to  oval  in shape  and  their colonies were very compact.

comparatively large total amount of intercellular matrix

organisms.This material was cytoplasmic debris and its

Table 1: Prevalence of Candida spp. Isolated from different clinical materials
No. of different types of isolates
-------------------------------------------------------------------------------------------

Name of sample No. of sample No. of isolates(%) C.tropicalis (%) C.albicans (%) C.glabrata (%)
Blood 120 10 (8.33) 5 (50) 3 (30) 2 (20)
Urine 115 13 (11.30) 5 (38.5) 5 (38.5) 3 (23)
Sputum 110 12 (10.90) 5 (41.60) 4 (33.40) 3 (25)
All samples 345 35 (10.15) 15 (42.85) 12 (34.40) 8 (22.85)

Table 2: In vitro susceptibility of the15 Candida tropicalis isolates to amphotericin B and fluconazole
Amphotericin B Fluconazole
----------------------------------------------------------------------------- --------------------------------------------------------------------------

Sample No. of Isolates Range (mcg/mL) MIC  (mcg/mL) Mean MIC  (mcg/mL) Range (mcg/mL) MIC  (mcg/mL) Mean MIC  (mcg/mL)90 90 90 90

Blood Blood 1 0.5-2.0 0.50 0.84 1.0-4.0 2.0 3.86
Blood 2 0.60 8.0
Blood 3 2.0 1.30
Blood 4 0.50 4.0
Blood 5 0.50 4.0

Sputum Sputum 1 0.5-2.0 0.25 0.82 1.0-4.0 4.0 3.88
Sputum 2 2.0 2.0
Sputum 3 0.75 8.0
Sputum 4 0.50 4.0
Sputum 5 0.60 1.40

Urine Urine 1 0.5-2.0 0.75 0.81 1.0-4.0 2.0 3.82
Urine 2 0.50 2.0
Urine 3 1.25 4.0
Urine 4 0.75 8.0
Urine 5 0.80 3.10
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Fig. 1: Distribution of Candida tropicalis isolated from the different hospital wards

Fig. 2: Distribution of MIC  of amphotericin-B and fluconazole for C. tropicalis isolated from different clinical materials90

Fig. 3 a: Scanning electron microscopic picture of C. tropicalis isolates from sputum.
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Fig. 3 b: Scanning electron microscopic picture of C. tropicalis isolates from urine.

Fig. 3 c: Scanning electron microscopic picture of C. tropicalis isolates from blood.

On the other hand, isolates from sputum (Fig. 3a) were Growth patterns in micronaut system showed rapid
larger, slightly irregular in shape and they were not so growth of strains isolated from blood in comparison to
compact. strains isolated from sputum and urine. It was found that

In   the   study   of   regarding   the   growth   patterns although stationary phase of growth was almost of same
of     the       isolates      obtained       from     different duration in all the isolates from different clinical materials
clinical  materials,  the  mean  values  of  the  optical but the exponential phase was significantly increased in
densities  for  each  group  are given in Table 3, Table 4 the C. tropicalis strains isolated from blood culture, in
and Fig. 5. comparison to the strains isolated from sputum and urine

In the study of the growth patterns of the isolates which were almost of similar pattern. All these findings
obtained from different clinical materials, the mean values may indicate that C. tropicalis isolated from blood is more
of the  optical  densities  for  each  group  are  given  in virulent than those isolated from sputum and  urine
Table 3&4. (Figure 4).
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Table 3: Comparison between Candida tropicalis isolates of different clinical materials
Characters Isolates from Blood Isolates from Urine Isolates from Sputum
Range of thickness (µm) 2.96-3.05 2.90-3.02 2.85-2.95
Range of length (µm) 3.60-3.66 3.42-3.55 3.64-3.70
Shape Round to oval Round to oval Irregular and oval

Table 4: Optical density(OD) values at 620 nm of broth culture of Candida tropicalis isolates from blood, sputum and urine
'optical density' for blood, sputum and urine samples
-----------------------------------------------------------------------------------------------------------------------------------------------

Time Blood samples (n=5) Sputum samples (n=5) Urine samples (n=5)
30 min 0.049 0.056 0.051
1 hour 0.050 0.056 0.051
1.30 hour 0.052 0.058 0.053
2 hour 0.054 0.061 0.054
2.30 hour 0.057 0.065 0.056
3 hours 0.061 0.072 0.059
3.30 hours 0.070 0.079 0.065
4 hour 0.080 0.087 0.071
4.30 hour 0.094 0.092 0.079
5 hour 0.118 0.104 0.095
5.30 hour 0.147 0.119 0.116

Table 5: Significant differences between growths of C. tropicalis isolated from the different clinical materials
Ratio between initial absorbance (620nm) of growths of C. tropicalis with final absorbance after 300 minutes
Clinical materials Mean±SD±SEM “t” value of differences between blood and others
Blood 2.93±1.076±0.179
Sputum 2.07±1.063±0.177 3.44, P value significant at 0.01 level
Urine 2.26±0.321±0.053 3.72, P value significant at 0.01 level
SD - Standard deviation, SEM - Standard error of Mean

Fig. 4: Growth patterns of Candida tropicalis isolated from different clinical materials

Growth  pattern   in   micronaut   system   showed similar   pattern.   All   these   findings   may   indicate  that
rapid  growth  of  strains isolated from blood in C. tropicalis isolated from blood is more virulent that from
comparison  to  strains  isolated  from sputum. It was sputum and urine.
found that although stationary phase of growth was
almost of same duration in all the isolates from different DISCUSSION
clinical materials but the exponential phase was
significantly increased in the Candida tropicalis strain In this study, mean MIC  values of amphotericin-B
isolated from blood culture, in comparison to the strains were   0.84,    0.82    and    0.81   mcg/mL   for  isolates  of
isolated from sputum and urine which were almost of C.   tropicalis   blood,   sputum   and   urine,  respectively.

90
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Similarly, MIC values of fluconazole were 3.86, 3.88 and isolated from blood were highly virulent than those90

3.82 mcg/mL for isolates from blood, sputum and urine, isolated from other clinical materials [21].
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