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ABSTRACT 

 

Background: Candida spp. are the normal flora of human skin and mucosa and there is an increasing 

incidence of candida infections among hospitalized patients mostly the immune-suppressed 
individuals. Candida albicans predominantly cause candidiasis responsible for about 60-80% of 

infections. Emergence of non-albicans species in increasing numbers as potential pathogens has been 

noted during last decades. Species level identification of Candida spp. is clinically important due to 
the fact that they differ in virulence and antifungal susceptibility. Rapid identification of Candida spp. 

can also help with early management of antifungal therapy. Not much study have been done about the 

C. albicans and NAC infections from Bihar, so we aimed this study to know the prevalence and anti-
fungal susceptibility of fungal isolates from ICU patients. 

Methods: This prospective analytical study was conducted in the department of microbiology of 

Jawahar Lal Nehru Medical College and Hospital, Bhagalpur during the period of June 2017 to June 

2018 to evaluate anti-fungal susceptibility of fungal isolates from 100 patients admitted in different 
ICUs. 

Results: A total of100 samples were received from different ICUs during the study period, of which 

25 (25%) were positive for fungal growth. The prevalence of Candida and NAC isolates are 20 % and 
5 % respectively. 

Conclusion: We conclude that the Candida spp. are an important opportunistic pathogen in ICU 

settings over the 1 year study period and constant monitoring of the changing epidemiology and 
resistance pattern of Candida species is needed to guide the clinicians. 
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INTRODUCTION 

Candida spp. are human commensal 

that belong to the category of yeast like 

fungus and can behave like opportunistic 

pathogen if there are lowering of local or 

systemic host resistance. 
[1] 

Candida spp. are 

the normal flora of human skin and mucosa, 

but have been reported more frequently as 

pathogen due to risk factors such as 

excessive consumption of a broad spectrum 

antibiotic, underlying malignant diseases, 

HIV infection, organ transplantation, 

prolonged hospital stay, and exposure to 

invasive procedures. 
[2,3] 

Candida albicans 

predominantly cause candidiasis, 

responsible for about 60-80% of infections. 

Emergence of non-albicans species in 

increasing numbers as potential pathogens 

has been noted during last decades. 
[4, 5]
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Candida spp. can cause a variety of 

infections including systemic infections like 

blood stream infections (BSIs) and 

disseminated candidiasis. Studies show that 

Candida ranks fourth in the United States 

and seventh in Europe as a causative agent 

of Blood Stream Infections. 
[6, 7]

 Only few 

studies from India have reported candidemia 

rates (6-18%) and increase in isolation of 

non-albicans Candida (NAC) from BSIs. 
[8-

11] 
Candidemia increases mortality rate by 

20-49% 
[12, 13] 

and nosocomial candidiasis 

are associated with crude mortality rate of 

over 60%, while the attributable mortality 

rate may be as high as 49%. 
[14, 15] 

The genus 

Candida is consists of more than 17 

different Candida spp. those are responsible 

for different human infections. However, 

more than 90% of invasive infections are 

caused by Candida albicans, Candida 

glabrata, Candida parapsilosis, Candida 

tropicalis, and Candida krusei. 
[16, 17]

 

Recovery of yeasts from normally 

sterile body fluids (blood, cerebrospinal 

fluid, etc), recovery from patients whose 

defenses were compromised from chronic 

diseases and repeated recovery from 

multiple specimens certainly indicates 

infection with the yeasts. 
[17] 

Antifungal 

agents available for the treatment of 

systemic and invasive candidiasis are 

restricted to polyenes, allylamines, azoles, 

and the recently developed echinocandin 

class of molecules. Characterization to 

species level helps to identify those strains 

which might be intrinsically resistant to 

some antifungal agents. 
[18] 

Incidence of 

antifungal resistance among Candida spp. is 

increasing over the past decade. 
[19, 20] 

Species level identification of 

Candida spp. is clinically important due to 

the fact that they differ in virulence and 

antifungal susceptibility. 
[21] 

Rapid 

identification of Candida spp. can also help 

with early management of antifungal 

therapy. Not much study have been done 

about the C. albicans and NAC infections 

from Bihar, so we aimed this study to know 

the prevalence and anti-fungal susceptibility 

of fungal isolates from ICU patients. 

MATERIALS AND METHODS 

Study design- This prospective study was 

conducted in the department of 

microbiology of Jawahar Lal Nehru Medical 

College and Hospital, Bhagalpur during the 

period of June 2017 to June 2018. 

Study Population and sample size- A 

sample size of 100 was considered for this 

study and were collected from patients 

admitted in different ICUs with intravenous 

therapy, chronic respiratory tract infections 

including tuberculosis, patients with post-

surgery, sepsis, dialysis, PUO on long term 

therapy. The associated condition like HIV 

was seen in 18 cases and diabetes mellitus 

in 25 patients. 

Sample- Urine, Blood, Sputum, Pus, 

Wound swab, Corneal ulcer, Throat swabs 

and Stool sample from patients with 

antibiotic associated diarrhea were included 

in the study. The specimens showing 

Candida isolation in two consecutive 

samples were included in the study. 

Isolation and Identification- 

Gram’s stain was performed from direct 

samples and inoculated on Sabouraud 

dextrose agar, incubated at 37°C for 24 

hours. The yeast like colony growth on 

culture showing budding yeast cells in 

Gram’s staining method were confirmed as 

Candida by negative urease test. 

Germ-tube test was performed on all urease 

negative yeast isolates for presumptive 

identification of C. albicans. C. albicans 

was further identified and differentiated 

from C. dubliniensis by growth at 45°C and 

chlamydospore formation on cornmeal agar 

(incubated at 30°C for 2-5 days and studied 

microscopically for the presence of 

pseudohyphae, chlamydospores & 

blastospores). 
[22] 

Acid & gas production in 

sugar fermentation testsusing Glucose, 

Maltose, Sucrose and Lactose in 2% 

concentration with Andred’s indicator and 

Durham’s tube were noted. 
[23] 

 

Inoculated chromogenic HiCrome 

Candida agar (HiMedia, Mumbai) was 

studied after 48 - 72 hrs incubation at 30°C 

and the colour of the growth was used for 

speciation of Candida spp. according to the 
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manufacturer instructions. The isolates were 

tested biochemically by Hi-Candida 

Identification kits (HiMedia, Mumbai) for 

further confirmation (Fig- 7 and 8). 

Antifungal susceptibility test- It was 

performed for all the isolates of Candida 

using disc diffusion method on Mueller 

Hinton agar supplemented with 2% glucose 

and 0.5 μg / ml of methylene blue as per 

CLSI guidelines. 
[24]

 The commercially 

available antifungal discs (HiMedia, 

Mumbai.) were used and zone of inhibition 

were measured after 24-48 hours incubation 

at 37°C. The antifungal discs used were 

Amphotericin - B (20 μg), Clotrimazole (10 

μg), Fluconazole (10 μg), Itraconazole (10 

μg), Ketoconazole (10 μg) and Nystatin 

(100 units). C.albicans (ATCC90028) was 

used as quality control strain. 

 

RESULTS 

A total of100 samples were received 

from different ICUs during the study period, 

of which 25 (25%) were positive for fungal 

growth. Among the positive samples, there 

were 20 Candida albicans isolates and 5 

non  albicans candida (NAC) isolates. 

The prevalence of Candida and NAC 

isolates are 20 % and 5 % respectively. 

There was a male predominance with a male 

to female ratio of 15: 10 = 1.5: 1 (Table-1 

and Fig. 1, 2). Most of the positive isolates 

were from patient age group of 51-60 years 

old (6 isolates, 24%). (Table-3and Fig.-4) 

Among the NAC isolates the most common 

was C. glabrata (8%). (Table-4 and Fig.-5) 

Most of the Candida albicans isolates 

(10,50%) were isolated from urine and 

blood samples which also constitutes major 

proportion (53%) of the samples. NAC 

isolates were mostly isolated from blood 

samples (2, 40%). (Table-1 and Fig.-2) 

Most of the Candida albicans and NAC 

isolates were from medicine ICUs (32%). 

(Table-2 and Fig.-3) All of the Candida 

albicans isolates were sensitive to 

Amphotericin B while 80 % of NAC 

isolates were sensitive to Amphotericin B. 

NAC isolates show higher resistance to 

most of the antifungal agents than Candida 

albicans isolates for example Clotrimazole 

(60%), Fluconazole (60%), Itraconazole 

(40%) and Ketoconazole (20%). All 

Candida isolates were sensitive to Nystatin. 

The NAC isolates were resistant to multiple 

antifungal agents. (Table-5, 6 and Fig-6) 

 
Table 1: Distribution of specimens and Candida isolates. 

Sr. No. Sample No. Male Female C. albicans NAC Total 

1 Sputum 20 14 6 3 1 4 

2 Urine 28 16 12 5 0 5 

3 Blood 25 14 11 5 2 7 

4 Pus 15 9 6 3 1 4 

5 Wound swab 6 4 2 2 0 2 

6 Corneal scrapings 2 2 0 1 1 2 

7 Stool 4 3 1 1 0 1 

Total  100 62 38 20 5 25 
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Table 2: Distribution of Candida isolates in different ICUs. 

Sr. No. ICU C. albicans  

number 

NAC Total 

1 Medicine 6 2 8( 32%) 

2 Surgery 4 1 5 (20 % ) 

3 Neonatal 3 0 3 (12% ) 

4 Paediatrics 4 2 6 (24% ) 

5 Trauma 3 0 3 (12% ) 
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Fig. 3- Distribution of Candida isolates in different ICUs. 
 
Table 3: Age and gender-wise distribution of C.albicansand 

non-albicansCandida species 

Age C. albicans Non-albicans Candida Total 

 Male Female Male Female  

0-10 1 1 1 0 3 

11-20 1 2 0 0 3 

21-30 2 1 0 0 3 

31-40 1 0 0 2 3 

41-50 0 0 0 1 1 

51-60 3 2 1 0 6 

61-70 3 1 0 0 4 

71-80 2 0 0 0 2 

Total 13 7 2 3 25 
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Fig. 4- Age and gender-wise distribution of Candida isolates 
 

Table 4: Species distribution of Candida isolates (n=25) 

Candida species No. of Isolates Percentage 

Candida albicans 20 80 

C. tropicalis 1 4 

C. glabrata 2 8 

C. parapsilosos 1 4 

C. krusei 1 4 

Total 25 100 
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Fig. 5- Species distribution of Candida isolates 
 

Table 5: Antifungal susceptibility pattern of the isolates of Candida (n=25) 
Species Amphotericin B Clotrimazole Fluconazole Itraconazole Ketoconazole Nystatin 

 S R S R S SDD R S R S R S R 

C.albicans 

(n=20) 

20 

(100%) 

_ 17 

(85%) 

3 

(15%) 

18 

(90%) 

_ 2 

(10%) 

19 

(95%) 

1 

(5%) 

20 

(100%) 

_ 20 

(100%) 

_ 

C. tropicalis 

(n=1) 

1 

(100%) 

_ _ 1 

(100%) 

_ _ 1 

(100%) 

_ 1 

(100%) 

1 

(100%) 

_ 1 

(100%) 

_ 

C. glabrata 

(n=2) 

1 

(50%) 

1 

(50%) 

1 

(50%) 

1 

(50%) 

1 

(50%) 

_ 1 

(50%) 

2 

(100%) 

_ 2 

(100%) 

_ 2 

(100%) 

_ 

C. parapsilosos 

(n=1) 

1 

(100%) 

_ 1 

(100%) 

_ _ _ 1 

(100%) 

1 

(100%) 

_ 1 

(100%) 

_ 1 

(100%) 

_ 

C. krusei 1 

(100%) 

_  1 

(100%) 

_ _ _ _ 1 

(100%) 

_ 1 

(100%) 

1 

(100%) 

_ 

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

 
Table 6: Resistance pattern of Candida species to different antifungal agents 

Anti-Fungal Total number of Resistant Isolates (%) 

 C. albicans NAC isolates. 

Amphotericin B 0 (0%) 1 (20%) 

Clotrimazole 3 (15%) 3 (60%) 

Fluconazole 2 (10%) 3 (60%) 

Itraconazole 1 (5%) 2 (40%) 

Ketoconazole 0 (0%) 1 (20%) 

Nystatin 0 (0%) 0 (0%) 
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Fig. 7- Hi-Media Candida Chrome agar 

 

 
Fig. 8- HiCandida Identification kit 

 

DISCUSSION 

Candida spp. belongs to the 

commensal flora of human body and 

colonizes the mucosal surfaces soon after 

birth. There is an increasing incidence of 

candida infections among hospitalized 

patients mostly the immune-suppressed, and 

both host factors and virulence factors of 

candida spp. contribute to this. There are 

several host factors that predispose to 

candida infections like prolong use of 

Corticosteroids or antibiotics, poor nutrition, 

metabolic derangements and invasive 

procedures. Due to prolong and extensive 

use of anti-fungal drugs, there is a change in 

infection prevalence caused by different 

candida spp. and it is now important to 

identify the infective fungi up to species 

level as different species of candida vary in 

their virulence and anti-fungal 

susceptibility. 
[25-27] 

Candida albicans is 

predominate species in our study (80%). 

Studies done by different other authors like 

Manjunath et al. and Jayalakshmi L et al. 

has similar findings where Candida 

albicans is the predominate species. 
[28, 29]

 

The incidence of non albicans 

candida (NAC) isolates is on rise and 

similar results have seen in studies done by 

various authors. 
[30, 31] 

In year 2002, a study 

done by Kaviarasan et al. showed 

prevalence of NAC isolates was 39.5% 

which rise to 73.6% in year 2011 as shown 

in study by R Adhikary et al. 
[32, 33]

 

Empirical antifungal therapy depends on the 

species involved due to higher resistance 

rates to multiple antifungal agents in non 

albicans candida (NAC) isolates. This is 

also evident in our study where the 

resistance to most of the Azole antifungal 

agents is much higher in NAC isolates in 

compare to Candida albicans isolates. The 

higher resistance rates in NAC isolates have 

also been seen in studies done by Hii et al., 

Sabhapandit et al. and other authors. 
[34, 35]

 

Since the inception of anti-fungal 

susceptibility testing by disc diffusion 

methods by CLSI in 2003 many studies by 

different authors showed the development 

of anti-fungal resistance in Candida spp. 
[36] 

The rise in resistance among NAC isolates 

for Fluconazole which is a frequently used 

Azole anti-fungal is evident from previous 

studies done by various authors. In year 

2007, study by MA Pfaller et al. showed 

resistance rate to Fluconazole was 9.9% 

which rise in consecutive years the 

resistance rate rise as high as 32.4% as 

shown in a study done by Jayalakshmi L et 

al in year 2014. Our present study shows 

resistance rate of 60% which may be due to 
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smaller number of isolates but go with the 

trend of increasing resistance rates. 
[37]

 

In our study C. glabrata was most 

predominate species (40%) among NAC 

isolates which contrasts from studies done 

by Sabhapanditet al. and Jayalakshmi L et 

al. in which C. tropicalis was the 

predominant species and C. glabrata was in 

second position. C. glabrata has emerged as 

an important opportunistic pathogen in last 

few decades and this is evident by study 

done by Li et al. and Trick et al. showing an 

extraordinary increase in its incidence. 
[38,39] 

Most of the Candida isolates were isolated 

from blood and urine samples (53%) which 

is similar to study done by Jayalakshmi L et 

al. and Sharma M et al. in which 42% and 

43.3% of samples were blood and urine. 
[29, 

40] 
Most of the isolates (48%) in our study 

were from patients above 50 years of age 

and study done by Bhattacharjee et al. also 

show similar age group contributing major 

portion (44%) of the isolates. 
[41]

 

 

CONCLUSION 

The present study shows that 

Candida spp. are an important opportunistic 

pathogen in ICU settings and patients from 

older age group is particularly vulnerable. 

The emergence of NAC isolates and the 

increasing resistance among NAC isolates 

to multiple anti-fungal drugs is a matter of 

concern to initiate empirical antifungal 

therapy. It is now important to identify the 

isolates to species level so that proper 

antifungal to which the isolate isn’t 

intrinsically resistant can be initiated as 

empirical treatment. Constant monitoring of 

the changing epidemiology and resistance 

pattern of Candida species is needed to 

guide the clinicians and make proper 

antimicrobial policy. 
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