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Abstract:  

Background: Candida species are known to be the most common fungal pathogens isolated from blood 

cultures of neonates. Recent reports from our country indicates trend towards an increasing prevalence of 

non-albicans candidemia. Candida species possess a number of virulence factors which enable them to cause 

hematogenously disseminated infections in susceptible hosts with increased morbidity and mortality.  

Objectives:To know the prevalence of candidemia in neonates and their antifungal susceptibility pattern. 

Materials and Methods: Blood samples from suspected cases of neonatal septicemia were subjected to 

culture, incubated for 7 days and subcultures performed. Culture yielding pure growth of Candida were included 

for the study and identified by standard methodology. Antifungal susceptibility was performed towards 

fluconazole and voriconazole by disc diffusion method on Muller-Hinton agar with 2% glucose and methylene 

blue.  

Result: Among 1583 blood cultures 80(5%) candida isolates were obtained. The various species isolated were 

C.pseudotropicalis 34(42.5%), C.tropicalis 22(27.5%), C.albicans 12 (15%) C.guillermondii 6(7.5%), 

C.parapsilosis 4(5%) and C.krusei 2(2.5%). Fluconazole susceptibility was observed in 56(70%) sensitive, 18 

(22.5%) Susceptible-Dose Dependent (SDD) and 6(7.5%) resistant and all were sensitive to voriconazole. 

Conclusion: In this study non albicans candida was the common isolate & they showed decreased resistance 

to Fluconazole. In neonatal septicemia speciation & antifungal susceptibility may help in management.  
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I. Introduction 

Candida spp. is one of the most frequent pathogens isolated in bloodstream infections (BSI), and is 

associated with significant morbidity and mortality in hospitalized patients.[1][2][3]
 
Candida spp. currently 

ranks as the fourth and the seventh most common bloodstream pathogen in North American and European 

studies.[4][5] Neonates and infants have been populations with some highest risk of candidemia.[6] Importance 

of Candida species in nursery and intensive care units (ICUs) is increasingly being recognized. Candida species 

account for 9-13% of all blood isolates in neonatal intensive care units (NICUs).[7] Previous studies have 

suggested that possible risk factors such as common use of broad-spectrum antibiotics, low birth weight (LBW), 

prematurity, asphyxia neonatorum, hyperalimentation, presence of intravascular catheters, surgery, total 

parenteral nutrition and intensive care unit stay have made neonates prone to candidemia.[8][9][10][11]
 

Historically C. albicans has been the most frequently isolated species worldwide.[8] However, over the last two 

decades, infections caused by the nonalbicans Candida have been diagnosed with increasing frequency, notably C. 

tropicalis, C. glabrata, and C. parapsilosis.[9][10] There are published data from various centres regarding the 

incidence and relative frequency of Candida spp.[12]  

     The incidence and associated mortality due to candidemia can be influenced by several factors including 

characteristic of the population at risk, standard of the health care facilities available, distribution of Candida 

species, and prevalence of antifungal resistance. These factors may vary from one geographical region to 

other.[13] Fluconazole, offered an attractive alternative to amphotericin B in the treatment of candidaemia and 

various invasive candida infections. Major concerns about reduced fluconazole efficacy and increasing 

occurrence of Candida spp. potentially resistant to azole drugs led to development of new antifungal drugs.[14] 

The spectrum of activity of voriconazole gives it an inherent advantage over other antifungals. Voriconazole is 

active against all Candida species.[15] It is active against even those strains of Candida krusei and Candida 

glabrata that have been found to be fluconazole resistant, and strains of Candida albicans which demonstrate 

acquired resistance to fluconazole.[15][16] Amphotericin was compared with intravenous voriconazole for 

empiric fungal infection voriconazole was found to be superior with fewer side effects. Advantages include oral 

route of administration with wide spectrum of coverage without the renal and platelet lowering side effects. In 

addition, there is a significant cost advantage over liposomal amphotericin.[17] The increased isolation rates of 

nonalbicans Candida species and a gradual shift in the antifungal susceptibility profile have underlined the need 
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to monitor laboratory data for possible emergence of resistance and to select most appropriate antifungal agent 

for therapy.  

Hence, a prospective study was taken up to know the isolation rate, prevailing Candida spp and their 

anti-fungal susceptibility to fluconazole and voriconazole in neonates.  

 
II. Materials and Methods 

A total of 1583 blood samples from clinically suspected cases of neonatal septicemia were subjected to 

culture over a period of one year. The blood inoculated in to Brain Heart Infusion broth were incubated at 37
0
C 

and subcultured routinely onto Mac Conkey’s medium & Blood agar at 24 hours, 48 hrs, 72hrs and on 7
th

 day. 

Whenever growth of white opaque colony on Blood agar was noticed, Gram’s stain was performed to study the 

morphology, yeast like budding cells were further speciated by using germ-tube production, cornmeal agar 

morphology and sugar assimilation tests.[18]
 
Anti-fungal susceptibility was done on Muller Hinton agar with 

2% glucose and methylene blue (0.5μg/ml) to fluconazole (25μg) and voriconazole (1μg) (HiMedia, Mumbai) 

using disc diffusion method. Zone diameters were interpreted as per the approved NCCLS (M44-A) guidelines. 

 
III. Results 

Culture with Candida as only isolates were included for the study. A total of 80 (5.05 %) Candida 

isolates were recovered from 1583 blood samples. Most of the isolates were non-albicans Candida (85%). C. 

pseudotropicalis accounted for 42.5% of the isolates, followed by C. tropicalis (27.5%), C. albicans (15%), C. 

guillermondii (7.5%), C. parapsilosis (5%) and C. krusei (2.5%).(Fig.1,2)  
 

 
Fig.1: No. of different Candida species 

 

  
Fig.2: Microscopic picture of C. guillermondii, C. tropicalis and C. albicans 
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Fig.3: Fluconazole susceptibility of candida isolates 
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   The Candida isolates showed 100% sensitivity to voriconazole. Whereas susceptibility to fluconazole 

56 (70%) isolates were sensitive, 18 (22.5%) were Susceptible-Dose Dependent (S-DD) and 6 (7.5%) were 

resistant.(Fig.3) 

 
     Fluconazole susceptibility of various candida species, C.guillermondii and C. parapsilosis was 

found to be susceptible and C.krusei was found to be resistant, shown in Table1  
 

Table 1: Fluconazole susceptibility of various Candida species 
Species Sensitive Susceptible-Dose Dependent Resistant 

C. pseudotropicalis 22(64.7%) 12(35.3%) - 

C.tropicalis 14(63.63%) 6(27.3%) 2(9%) 

C.albicans 10(83.33%) - 2(16.66%) 

C.guillermondii 06(100%) - - 

C.parapsilosis 04(100%) - - 

C.krusei - - 2(100%) 

 
IV. Discussion 

Neonatal candidemia has gained significant importance and has increased the concern in diagnosis of 

neonatal septicemia.There has been a surge of infections due to yeast infections other than C. albicans.[19]
 

Infections with these yeast species also have a direct impact on the choice of empiric antifungal therapy and 

clinical outcome. The potential clinical importance of species-level identification has been recognized as Candida 

species differ in the expression of putative virulence factors and antifungal susceptibility.[20]
 

The prevalence rate of Candida species in neonatal septicemia was 5.05% which is supported by other 

studies[7][8] but lower than several reports showing frequency of isolation in 13.6- 19.6% cases.[9] In our study, 

non-albicans Candida blood stream infections (85%) were more common than C. albicans blood stream 

infections. This finding is consistent with other studies where non-albicans Candida species predominate in Indian 

subcontinent, Asia and Europe.[12][21][22]
 
Emergence of Candida spp. other than C. albicans is due to selection 

of less susceptible species by the pressure of antifungal agent such as fluconazole apart from associated risk 

factors and underlying disorders.[23]  

C. pseudotropicalis (C. kefyr) (42.5%) and C. tropicalis (27.5%) are the common species responsible for 

neonatal candidemia in the present study. This is in contrast with other studies reporting C. tropicalis, C. 

parapsilosis and C. albicans as commonest.[3][8][12][24] However there are increased case reports showing that 

neonatal candida septicaemia is being caused by C. pseudotropicalis (C. kefyr) and other rare unspecified 

species.[25][26][27][28] The occurrence of C. kefyr fungemia reflects the growing diversity of Candida species 

responsible for disseminated infections in neutropenic patients.[29] We have isolated two C. krusei (2.5%) in 

our study which is generally low in all settings and geographic regions.[22] 

Antifungal susceptibility in our study revealed that the Candida isolates were 70% sensitive to 

fluconazole. Earlier Indian data show that fluconazole susceptibility to Candida were 75%[12] and 95.53%.[8] 

Twelve isolates of C. pseudotropicalis and six isolates of C. tropicalis were found to be in the Susceptible Dose 

Dependant (SDD) range (15-18 mm) to which voriconazole has demonstrated good in-vitro activity, correlating 

with Hazen et al.[30] All the isolates were 100% sensitive to voriconazole which is in line with other 

studies.[12][31]
 
But a study has shown a very high resistance of 56% to voriconazole.[24] Our study suggests that 

voriconazole might be effective in the treatment of refractory candidemia caused by fluconazole-resistant strains. 

With various types of antifungals available in the market, it has become necessary to perform anti-fungal 

susceptibility testing and reporting for effective therapeutic outcome. Evaluation of newer anti-fungal agents is 

needed. 

Our study is limited by a single institution's experience, lack of follow-up and antifungal susceptibility 

testing performed only to azole group. Amphotericin B has not been included in our study even though it 

continues to be the standard therapy for systemic mycoses because its use is limited by severe side effects, 

mainly nephrotoxicity and high cost. Further multi-centric studies are required to know the epidemiology and 

drug resistance. 

 

V. Conclusion 
It is important to monitor distribution of Candida species and resistance trends in the face of increasing 

usage of potent, broad-spectrum antibacterial agents in hospitals. The changing epidemiology of candidaemia, 

highlights the need for close monitoring of Candida species distribution and perform antifungal susceptibility 

testing to develop local guidelines on empiric therapy for invasive candidiasis, based on the epidemiology of 

infection which will help us to recognize the emerging fungal pathogen and increasing drug resistance.  
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We conclude that considering the in-vitro data, high oral bioavailability together with its pharmacokinetics, 

clinical efficacy and safety profile, voriconazole can be added to the treatment of fungal sepsis in newborns who 

still have persistent candidemia despite conventional antifungal management. 
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