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INTRODUCTION 
Although, non-albicans Candida species namely C. tropicalis, C. 
parapsilosis, C. krusei and C. glabrata have been increasingly isolated 
from cases of candidemia, newer candida species like C. auris, C. 
duobushaemulonii, C. hemolinni, C. pelliculosa, C. famata, C. 
lipolytica, C. rugosa and C. utilis are also being reported. These 
newer candida species have a greater propensity for being associated 
with healthcare associated infections (HAIs) and are multi drug 
resistant (MDR) (1). 

They are known to demonstrate reduced susceptibility to various 
classes of antifungal agents which may either be inherent or acquired 
(2). The need of the hour is to identify these newer Candida species 
in clinical settings and know their antifungal susceptibility pattern to 
ensure appropriate therapy. 

In the last 10 years, C. auris has emerged as a notorious healthcare 
associated yeast causing invasive infections with high rates of 
clinical treatment failure. This yeast also has a predilection for 
epidemic spread and is difcult to treat since it is resistant to 
uconazole and shows variable susceptibility to other azoles, 
amphotericin B and echinocandins. Being a notiable pathogen, it is 
important to contain its spread and prevent horizontal transmission in 
hospitals (3). 

Cases of C. pelliculosa have been mainly observed in infants, children 
and immunocompromised patients, admitted in nurseries, pediatric 
intensive care units, hematologic and surgical units respectively (4). 

C. lipolytica, is being recognized to cause sporadic cases and 
nosocomial clusters of human infections, especially catheter-related 
suppurative thrombophlebitis and fungemia associated with biolm 
formation in immunocompromised or critically ill patients who are 
hospitalized for a long time and may have required long dwelling 
intravascular catheterization and broad-spectrum antibiotics (5).

C. famata has been known to cause catheter-related bloodstream 
infections, peritonitis, retinopathy, and mediastinitis (6). C. 
haemulonii complex, have been described to cause peritonitis, 
neonatal candidemia and osteitis (7).

In view of this, the study was designed to determine the isolation of 
these newer Candida species from ICU patients with their antifungal 
susceptibility testing (AFST).

MATERIALS AND METHODS
After Institutional ethics committee (IEC) approval, a prospective 
study was carried out during a period of 1 year, 63 non-albicans 
Candida (NAC) which were isolated from blood cultures of ICU 
patients were speciated using conventional microbiological methods 
and automated Vitek 2® system. 

AFST was done on these isolates using broth microdilution method as 
thper Clinical Laboratory Standard Institute (CLSI) M27-A3 (8) and 4  

edition (9).

Image 1: Reading of MIC results
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voriconazole respectively, 6 of the isolates had an MIC of 0.0313 μg/ml for posaconazole. The isolates had higher MICs of 8 μg/ml and 16 μg/ml for 
itraconazole. 4 and 6 C. pelliculosa isolates had an MIC of 0.25 μg/ml for uconazole and ucytosine respectively, MIC of amphotericin B was 
0.0625 μg/ml in 4 of those isolates, MICs of 0.015 μg/ml, 0.0313 μg/ml and 0.0625 μg/ml were present in 3 isolates each for caspofungin, 6 and 5 
isolates had MIC of 0.0313 μg/ml each for posaconazole and voriconazole. 8 μg/ml was the observed MIC in 3 isolates for itraconazole. 
Conclusion: In case of Candida species where MIC break points have not been standardized by CLSI, the epidemiological cut offs can be used and 
treatment can be started.
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Figure 1: Distribution of newer candida species (n=27)

A total of 63 non-albicans Candida species were isolated. Out of 
which, 27 (42.85%) were newer candida species. 

The distribution of newer candida species is as per gure 1 with C. 
pelliculosa being the most common, followed by C. auris.

Table I: MIC distribution of C. auris (n=8)

All the isolates of C. auris had an MIC of >64 μg/ml for uconazole. 5 
of them had an MIC of 0.125 μg/ml for ucytosine. 3 had an MIC of 
0.25 μg/ml and 0.125 μg/ml for caspofungin and voriconazole 
respectively. 6 of the isolates had an MIC of 0.0313 μg/ml for 
posaconazole. The isolates had higher MICs of 8 μg/ml and 16 μg/ml 
(4 each) for itraconazole (Table I).

Table II: MIC distribution of C. pelliculosa (n=10)

4 and 6 C. pelliculosa isolates had an MIC of 0.25 μg/ml for 
uconazole and ucytosine respectively. The MIC of amphotericin B 
was 0.0625 μg/ml in 4 of those isolates. MICs of 0.015 μg/ml, 0.0313 
μg/ml and 0.0625 μg/ml were present in 3 isolates each for 
caspofungin. 6 and 5 isolates had MIC of 0.0313 μg/ml each for 
posaconazole and voriconazole. 8 μg/ml was the observed MIC in 3 
isolates for itraconazole (Table II).

Table III: MIC distribution of other infrequently isolated newer 
Candida isolates (n=9)

Table III shows MIC values of infrequently isolated Candida species 
for which MIC breakpoints have not been standardised by CLSI.

DISCUSSION
Change in epidemiology of Candida species from albicans to non-
albicans in majority of hospital settings warrants the need to know the 
prevalent Candida species in any setup. Isolation of newer Candida 
species to the increasing list of non-albicans Candida which has been 
made possible due to automated identication system and their varied 
susceptibility pattern with a propensity for greater resistance queers 
the pitch for management. Although CLSI has standardized methods 
for performing and interpreting AFST for majority of Candida species. 
MIC breakpoints are not standardised for some of the newer Candida 
species. This necessitates the need for speciating and knowing the 
epidemiological cut-off of the newer Candida species in clinical setup.

Vitek 2 has certain limitations as it misidenties certain species. The 
gold standard for identication remains DNA sequencing of the D1/D2 
region. But in resource constrained settings Vitek 2 is the preferable 
option due to a low turnaround time (10).

Concern about the international emergence and spread of C. auris as a 
cause of invasive infection in hospitals stems from 3 characteristics of 
this opportunistic pathogen- resistance to various antifungal drugs, 
horizontal transmission among hospitalised patients causing 
nosocomial outbreaks and increased (11). 

In the current study, there were 8 isolates of C. auris. The MICs of 
uconazole and itraconazole were elevated. For amphotericin B the 
MIC ranged between 0.25 to 8 μg/ml. The MIC of ucytosine ranged 
between 0.125 to 64 μg/ml and for caspofungin, it ranged between 
0.015 to 0.25 μg/ml. The C. auris isolates had MICs ranging between 
0.0313 to 0.125 μg/ml for posaconazole and voriconazole. 

Shivaprakash et al. (12) in their study observed a prevalence rate of 
6.4% for C. auris among ICU acquired candidemia. AFST revealed 
MICs ranging from >64 μg/ml to 0.12 μg/ml for uconazole among the 
isolates with 30 out of 74 isolates having MICs >64 μg/ml. The isolates 
had MICs ranging from 8 μg/ml to 0.06 μg/ml for amphotericin B, and 
from 4 μg/ml to 0.12 μg/ml for caspofungin. The MICs of the isolates 
varied from 4 μg/ml to 0.03 μg/ml for voriconazole, and for 
posaconazole the range was between 16 μg/ml to 0.03 μg/ml. The C. 
auris isolates showed an MIC range between 2 μg/ml to 0.03 μg/ml for 
itraconazole.

Anuradha et al. (13) conducted a multicentre study of AFST of C. 
auris. The MICs varied between >64 μg/ml to 1 μg/ml and between 16 
μg/ml to 0.032 μg/ml for uconazole and itraconazole respectively. 
For voriconazole the MICs ranged between 16 μg/ml to 0.032 μg/ml. 
The C. auris isolates had MICs between 8 μg/ml to 0.016 μg/ml for 
Posaconazole. The MICs of the isolates for ucytosine ranged from 
0.125 μg/ml to >64 μg/ml. The MIC distribution of the isolates for 
amphotericin B and caspofungin was between 8 μg/ml to 0.125 μg/ml 
and 16 μg/ml to 0.125 μg/ml respectively. 170 C. auris isolates had an 
MIC of 1 μg/ml for amphotericin B and 175 of the isolates had an MIC 
of 1 μg/ml for caspofungin.

The study done by Ben-Ami et al. (14) revealed MICs of >8 μg/ml for 
uconazole among all the 6 C. auris isolates with MICs ranging 
between 16-64 μg/ml. MICs of the other azoles were also elevated. 
Amphotericin B MIC ranged from 1 to 2 μg/ml and caspofungin MIC 
was 0.5 μg/ml for the isolates. 
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Drug concentration (μg/ml)
0.015 0.0313 0.0625 0.125 0.25 0.5 1 2 4 8 16 64

Fluconaz
ole

- - - - - - - - - - - 8

Flucytosi
ne

- - - 5 2 - - - - - - 1

Amphote
ricin B

- - - - 3 1 1 1 1 1 - -

Caspofu
ngin

2 1 - 1 4 - - - - - - -

Posacon
azole

- 6 1 1 - - - - - - - -

Voricona
zole

- 2 2 4 - - - - - - - -

Itraconaz
ole

- - - - - - - - - 4 4 -

 Drug concentration (μg/ml)
 0.015 0.0313 0.0625 0.125 0.25 0.5 1 8 16 64
Flucon
azole

 -  -  - 2 4 1 - -  - 3

Flucyto
sine

 -  -  - 2 6 1 - -  - 1

Ampho
tericin B

 -  - 4 2 1 2 1 -  - - 

Caspo
fungin

3 3 3  - 1  - - -  -  -

Posacon
azole

 - 6 2 1 -  - 1 -  -  -

Voricona
zole

 - 5 4 1  - -  - - -  -

Itracona
zole

 - - - 1 2 2 1 3 1  -

Drug

C. 
duobushae
mulonii 
(n=1)

C. 
famata 
(n=2)

C. 
haemulon
ii (n=1)

C. 
lipolytic
a (n=3)

C. 
rugosa 
(n=1)

C. 
utilis 
(n=1)

Fluconazole >64
32 (1) 
>64 (1) 32

0.125 (1) 
0.0625 (2) 16 0.125

Flucytosine 0.25 0.25 (2) 0.5 0.25 (1) >63 
(2)

0.25 0.25

Amphotericin B 4 0.5 (2) 4 0.5 (3) 1 0.5

Caspofungin 4 0.25 (2) 4 0.25 (10) 0.5 
(2)

0.25 0.0313

Posaconazole 0.062
5

0.0313 
(1) 
0.0625 
(1)

0.031
3

0.0313 (3) 0.031
3

0.0625

Voriconazole 2 0.125 
(2)

0.125 0.125 (1) 
0.0625 (2)

0.125 0.0625

Itraconazole 8 16 (1) 16 0.0625 (1) 16 0.125
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In the present study, we had 10 isolates of C. pelliculosa. The MICs for 
uconazole ranged between 64 to 0.125 μg/ml, whereas for 
itraconazole they ranged from 16 to 0.125 μg/ml, for Posaconazole and 
voriconazole the MIC range was between 1 to 0.0313 μg/ml and 0.125 
to 0.0313 μg/ml respectively. The ranges for caspofungin, ucytosine 
and amphotericin B were 0.25 to 0.015 μg/ml, 0.5 to 0.125 μg/ml, and 1 
to 0.0625 μg/ml respectively. 

Jung et al. (4) had isolated 30 strains of C. pelliculosa, AFST was 
performed on these isolates. 28 of the strains had an MIC for 
amphotericin B ≤0.25 μg/ml while 2 of them had an MIC of 0.5 μg/ml. 
All the isolates had an MIC of ≤0.12 μg/ml for voriconazole and 
≤0.25μg/ml for caspofungin. 18 of the isolates had MIC of 2 μg/ml for 
uconazole and 2 had MIC of ≤0.25 μg/ml for caspofungin. 28 of the 
isolates had an MIC of 2 μg/ml for uconazole and 2 had MIC ≤1 μg/ml 
for uconazole.

Lin et al. (15) had 8 isolates of C. pelliculosa from the neonatal ICU. 
MICs for amphotericin B in 6 isolates were 1 μg/ml whereas 2 isolates 
had an MIC of 2 μg/ml. Fluconazole and voriconazole showed good 
antifungal activity with MICs between 2 to 4 μg/ml and 0.125 μg/ml 
respectively. Low susceptibility to itraconazole with an MIC of 2 
μg/ml was observed. 

A study on genotypic variation and AFST of 46 C. pelliculosa clinical 
isolates was done by Barchiesi et al. (16). The MICs of uconazole 
ranged between 4 to 64 μg/ml whereas for itraconazole the MICs 
ranged between 0.25 to 2 μg/ml. For Posaconazole, ucytosine and 
amphotericin B the MICs were between 1-8 μg/ml, 0.06-64 μg/ml and 
0.06-1 μg/ml. 

In the present study there were 3 isolates of C. lipolytica. For 
uconazole, 2 isolates had an MIC of 0.0625 μg/ml and 1 isolate had an 
MIC of 0.125 μg/ml. all the 3 isolates had MICs of 0.5 μg/ml and 
0.0313 μg/ml for amphotericin B and posaconazole respectively. 2 
isolates had an MIC of 0.5 μg/ml for caspofungin whereas 1 had an 
MIC of 0.25 μg/ml. For ucytosine, 2 isolates had an MIC of >64 
μg/ml, whereas 1 had an MIC of 0.25 μg/ml. MICs of 0.0625 μg/ml, 
0.125 μg/ml and 0.25 μg/ml were found in the 3 isolates for 
itraconazole. 

In the study done by Zhao et al. (5), 14 cases of C. lipolytica were 
identied. The MICs for uconazole, itraconazole, posaconazole and 
voriconazole ranged between 0.50->256 μg/ml, 0.06->16 μg/ml, 0.03-
>8 μg/ml and 0.03-2 μg/ml respectively. The MICs for caspofungin 
were 0.02-1 μg/ml and for ucytosine it was 0.12-16 μg/ml. The 
isolates had 0.25-2 μg/ml MIC for amphotericin B. 

In the present study, there were 2 isolates of C. famata. The MICs for 
ucytosine, amphotericin B and caspofungin were 0.25 μg/ml, 0.5 
μg/ml, and 0.25 μg/ml respectively. Both the isolates have MICs of 
0.125 μg/ml for voriconazole. One of the isolates, had an MIC of 32 
μg/ml and the other had had MIC of >64 μg/ml for uconazole. 16 
μg/ml and 8 μg/ml were the MICs for itraconazole. 

In the study done by Beyda et al. (6), they found MICs ranging from 4-
128 μg/ml, 0.5-16 μg/ml, 0.5-2 μg/ml, and 0.12-4 μg/ml for 
uconazole, itraconazole, posaconazole and voriconazole 
respectively. Similarly, the MICs for ucytosine, amphotericin B and 
caspofungin were ≤0.06 μg/ml, ≤0.12-1 μg/ml and 0.5-1 μg/ml 
respectively. 

The current study showed high MICs for uconazole for each of the 
isolates of C. haemulonii and C. duobushaemulonii had an MIC of 0.5 
μg/ml and 0.25 μg/ml for ucytosine, 16 μg/ml and 8 μg/ml for 
itraconazole, 0.0313 μg/ml and 0.0625 μg/ml for posaconazole and 
0.125 μg/ml and 2 μg/ml for voriconazole respectively. This was 
similar to a study done by Hou et al. (7), they performed AFST on 26 
isolates of C. haemulonii and 5 isolates of C. duobushaemulonii. All 31 
C. haemulonii complex isolates showed low MICs for echinocandins 
(≤5 μg/ml) and high MICs for amphotericin B (range, 2 to >8 μg/ml), 
and uconazole (>128 μg/ml). 

Moreover, 96.2% of C. haemulonii and 80% of C. duobushaemulonii 
isolates were resistant to voriconazole (MIC>8 μg/ml). For 
itraconazole, 96.2% of C. haemulonii and all 100% of C. 
duobushaemulonii isolates were resistant (MIC≥1 μg/ml). a total of 
69.2% of C. haemulonii and 40% of C. duobushaemulonii isolates had 

MICs of ≥2 μg/ml to posaconazole. A total of 26.9% of C. haemulonii 
and 20% of C. duobushaemulonii isolates were resistant to 5-
ucytosine (MIC >64 μg/ml).

CONCLUSION
Isolation of newer Candida species carries a risk for HAIs. These 
highly resistant strains were associated with increased morbidity and 
mortality. Strict infection control measures and judicious use of 
antifungals for prophylaxis and treatment especially in ICUs should be 
mandatory. In case of Candida species where MIC break points have 
not been standardized by CLSI, the epidemiological cut offs can be 
used and treatment can be started accordingly. 

REFERENCES
[1] Chowdhary A, Sharma C, Meis J. Candida auris: a rapidly emerging cause of hospital-

acquired multidrug-resistant fungal infections globally. PLoS Pathog. 2017; 13(5): 
e1006290. 

[2] Mokaddas E, Al-Sweih N, Khan Z. Species distribution and antifungal susceptibility of 
Candida bloodstream isolates in Kuwait: a 10-year study. J Med Microbiol. 
2007;56(2):255-9. 

[3] Chowdhary A, Voss A, Meis JF. Multidrug-resistant Candida auris: “new kid on the 
block” in hospital-associated infections? J Hosp Infect [Internet]. 2016 [cited 2023 Apr 
12];94(3):209–12.

[4] Jung J, Moon Y, Yoo J, Lim J, Jeong J, Jun J. Investigation of a nosocomial outbreak of 
fungemia caused by Candida pelliculosa (Pichia anomala) in a Korean tertiary care 
center. J Microbiol Immunol Infect. 2018 Dec 1;51(6):794-801. 

[5] Zhao Y, Chan J, Tsang C, Wang H, Guo D, Pan Y, et al. Clinical characteristics, 
laboratory identication, and in vitro antifungal susceptibility of Yarrowia (Candida) 
lipolytica isolates causing fungemia: a multicenter, prospective surveillance study. J 
Clin Microbiol . 2015;53(11):3639-45. 

[6] Beyda N, Chuang S, Alam M, Shah D, Ng M, McCaskey L, et al. Treatment of Candida 
famata bloodstream infections: case series and review of the literature. J Antimicrob 
Chemother. 2012;68(2):438-43. 

[7] Hou X, Xiao M, Chen S, Wang H, Cheng J, Chen X, et al. Identication and antifungal 
susceptibility proles of Candida haemulonii species complex clinical isolates from a 
multicenter study in China. J Clin Microbiol. 2016;54(11):2676-80. 

[8] Clinical and Laboratory Standards Institute. 2008. M27-A3. Reference method for broth 
dilution antifungal susceptibility testing of yeasts, 3rd ed. Clinical and Laboratory 
Standards Institute, Wayne, PA. 

[9] CLSI. Reference Method for Broth Dilution Antifungal Susceptibility Testing of Yeasts. 
th4  ed. CLSI standard M27. Wayne, PA: Clinical and Laboratory Standards Institute; 

2017.
[10] Verma S, Nataraj G, Wanjare S. Utility of VITEK2 in rapid speciation and antifungal 

susceptibility testing of yeasts in a resource constrained setting. Int J Health Sci Res. 
2021;11(11):145–55. 

[11] Centers for disease control and prevention. Global emergence of invasive infections 
caused by multidrug resistant yeast Candida auris.

[12] Shivaprakasha S, Radhakrishnan K, Karim P. Candida spp. other than Candida albicans: 
a major cause of fungaemia in a tertiary care centre. Indian J Med Microbiol. 
2007;25(4):405. 

[13] Chowdhary A, Prakash A, Sharma C, Kordalewska M, Kumar A, Sarma S, et al.. A 
multicentre study of antifungal susceptibility patterns among 350 Candida auris isolates 
(2009–17) in India: role of the ERG11 and FKS1 genes in azole and echinocandin 
resistance. J Antimicrob Chemother . 2018 Jan 9;73(4):891-9. 

[14] Ben-Ami R, Berman J, Novikov A, Bash E, Shachor-Meyouhas Y, Zakin S, et al. 
Multidrug-resistant Candida haemulonii and C. auris, Tel Aviv, Israel. Emerging 
infectious diseases. 2017;23(2):195. 

[15] Lin H, Lin H, Su B, Ho M, Ho C, Lee C, et al. Reporting an outbreak of Candida 
pelliculosa fungemia in a neonatal intensive care unit. J Microbiol Immunol Infect. 
2013;46(6):456-62. 

[16] Barchiesi F, Tortorano A, Di Francesco L, Rigoni A, Giacometti A, Spreghini E, et al.. 
Genotypic variation and antifungal susceptibilities of Candida pelliculosa clinical 
isolates. J Med Microbiol. 2005;54(3):279-85. 

 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 12 | Issue - 05 | May - 2023

6 International Journal of Scientific Research


