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Abstract
Aim: To review the risk factors of neonatal fungal sepsis and 
study the susceptibility pattern of Candida species to various 
antifungal drugs 

Materials and Methods: This prospective study was conducted 
in the NICU of Sri Dharmasthala Manjunatheshwara College of 
Medical Sciences and Hospital (Dharwad, Karnataka, India). 
Neonates in the NICU whose blood cultures tested positive 
for Candida species were included in the study. Their blood 
samples were cultured and assayed for identification and 
isolation of the causative Candida species. The susceptibility 
pattern of the isolated Candida species to various antifungal 
drugs was studied. The appropriate antifungal therapy was 
then administered. 

Results: A total of 107 blood cultures were positive for Candida 
species. Of these, there were 53 cases of candidal sepsis. A 
total of 71 blood cultures had the following Candida species—
Candida krusei 55 (77%), Candida albicans 7 (9.8%), Candida 
tropicalis 3 (4.2%), Candida lipolytica 2 (2.8%), Candida rugosa 
2 (2.8%), Candida glabrata 2 (2.8%).

Conclusions: Candidal sepsis was more common among 
preterm and low-birth-weight neonates. Use of broad-
spectrum antibiotics, a prolonged NICU stay, total parenteral 
nutrition, and umbilical vein catheterization were the signif-
icant risk factors of fungal sepsis. The Candida species showed 
100% sensitivity to caspofungin, micafungin, and voriconazole; 
49.5% sensitivity to amphotericin B; 23.8% to fluconazole; and 
8.4% to flucytosine.
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Introduction
Fungal sepsis is a common occurrence in sick neonates 
and is an important cause of morbidity and mortal-
ity. Fungal colonization occurs in 10% of sick neonates 
within the first week and in 90% of sick neonates by the 
second and third weeks of hospital stay.1 As per the data 
on late-onset candidal sepsis, published by the National 
Institute of Child Health and Human Development 
(NICHD) Neonatal Research Network (NRN), 9% of a 
cohort of 1515 infants with birth weight < 1000 g devel-
oped candidal sepsis or meningitis primarily caused by 
Candida albicans and Candida parapsilosis.2 Invasive can-
didiasis is associated with overall poor neurodevelopmen-
tal outcome.3 Presence of central catheter, delay in enteral 
feeding, broad-spectrum antibiotic exposure, candidal 
dermatitis, vaginal delivery, low gestational age, signifi-
cant hypoglycemia, and thrombocytopenia are some of 
the risk factors of neonatal sepsis.1,2

Early diagnosis and aggressive treatment of neonatal  
sepsis improve outcome. Empirical antifungal therapy is 
based on knowledge of the predominant fungal isolates. 
However, antifungal drugs should be judiciously used as 
they can harm even the normal commensals and lead to 
drug resistance. Different fungal species exhibit varying 
degrees of resistance to antifungal drugs. Therefore, the 
routine use of fluconazole as the first-line therapy would 
be inappropriate. Analyzing the data on the various  
fungal species isolated from the current set of patients in 
the NICU and understanding the susceptibility patterns 
of those species will guide empirical antifungal therapy.2

In our study, we used voriconazole as one of the anti-
fungal drugs as there are only a few studies that have 
established the safety and efficacy of voriconazole in the 
treatment of neonatal fungal sepsis.

Aim
To review the risk factors of neonatal fungal sepsis and 
study the susceptibility pattern of Candida species to var-
ious antifungal drugs

Materials and Methods
Study design
This study was conducted in the tertiary care NICU 
of Sri Dharmasthala Manjunatheshwara College of 
Medical Sciences and Hospital (Dharwad, Karnataka, 
India), from October 2017 to March 2018. 

Inclusion criteria
All neonates who were admitted to the NICU, during 
the study period, who had candidemia were included 
in the study. Candidemia is defined as the presence of 
Candida species in the bloodstream indicated by a posi-
tive blood culture.

A total of 53 neonates who were diagnosed with candi-
demia were included in the study. Written informed con-
sent was sought from parents of all the enrolled neonates. 

Exclusion criteria
Neonates without candidemia were excluded.

Study procedure
The blood samples of all the neonates were sent for cul-
ture study on the day of admission to the NICU. Blood 
culture study was repeated in neonates who were sus-
pected to have sepsis. Under aseptic conditions, 3 mL 
of blood was drawn from all neonates, inoculated into 
trypticase soy broth (bioMérieux Inc, Durham, NC, 
USA), and sent to the laboratory for further analyses. 
After incubation at an ambient temperature for 7 days, 
the culture bottles were placed in the Bact/Alert 3D 
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blood culture system (bioMérieux Inc) for microbial 
detection. Microbes present in the cultures were further 
subjected to Gram staining. Fungi appeared like Gram-
positive budding yeast cells and were thus differentiated 
from bacteria. The cultures that were positive for fun-
gal growth were placed in the Vitek system (bioMérieux 
Inc) for further speciation and antifungal susceptibility 
testing.

Hematologic tests conducted include complete blood 
count and C-reactive protein (CRP) tests.

Antifungal drugs were administered to neonates after 
assessing the susceptibility patterns of the isolated 
Candida species. 

Data regarding the sex, age, gestational age, birth weight, 
place of birth, mode of delivery, number of days of NICU 
stay, central lines and catheters, broad-spectrum antibi-
otics, total parenteral nutrition (TPN), and sensitivity of 
Candida species to antifungal drugs were collected and 
documented in a predesigned pro forma. 

The descriptive data were entered in the form of percent-
ages and presented in the form of tables. 

Results
A total of 570 neonates were admitted to the NICU dur-
ing this study. The blood cultures of 107 neonates were 
positive. Of these, 71 blood cultures were positive for 
Candida species; 53 neonates were detected with candidal 
sepsis; and 10 neonates had polymicrobial sepsis. 

The incidence of fungal sepsis in our NICU was about 
12%.

Of the 71 Candida-positive cultures, Candida krusei 
was seen in 55 (77%) cultures, C albicans in 7 (9.8%), 
Candida tropicalis in 3 (4.2%), Candida lipolytica in 
2 (2.8%), Candida rugosa in 2 (2.8%), and Candida 
glabrata in 2 (2.8%). 

The risk factors associated with neonatal sepsis and their 
percentages of incidence are presented in Table 1.

The study group included both term and preterm neo-
nates, with the majority of them being preterm and low-
birth-weight neonates. Term neonates (28.3%) were less 
affected than preterm neonates (71.6%). Neonates of 

both the sexes were at equal risk of sepsis. The majority of 
neonates were inborn (86.7%), through cesarean delivery 
(66%), and were on broad-spectrum antibiotics (100%). 
The other significant risk factors include TPN (100%), 
umbilical vein catheters (19%), and mechanical ventila-
tion (13.2%). 

Table 1. Risk Factors of Neonatal Fungal Sepsis and 
Their Incidences

Risk Factor
No. of 

Neonates  
(N = 53)

Percentage

Age
Term 15 28.3

Preterm 38 71.6

Gender
Male 27 50.9

Female 26 49

Place of Birth
Inborn 46 86.7

Outborn 7 13.2

Mode of Delivery
Vaginal 18 33.9

Cesarean 35 66

Antibiotic Usage 53 100

Devices

Total parenteral 
nutrition 53 100

Umbil ical vein 
catheter 10 19

Endo t rachea l 
tube 7 13.2

Sepsis Early onset 30 56.6
Late onset 23 43.3

NICU Stay, d

0–7 2 3.7
8–14 7 13.2

15–21 14 26.4
22–28 17 32
29–35 6 11.3
> 36 7 13.2

Birth Weight, kg

< 1 4 7.5
1–1.5 16 30.1
1.6–2 14 26.4

2.1–2.5 10 18.8
2.6–3 4 7.5
3–3.5 4 7.5
> 3.5 1 1.8

Gestational Age, wk

28–30 1 1.8
30–32 7 13.2
32–34 15 28.3
34–36 12 22.6
36–37 3 5.6
> 37 15 28.3
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Most of the neonates with sepsis had thrombocytopenia 
and raised CRP level. 

We also studied the susceptibility pattern of the isolated 
Candida species to different antifungal drugs, whose 
results are presented in Table 2. 

All the Candida species showed 100% sensitivity to vori-
conazole, caspofungin, and micafungin. C lipolytica and 
C glabrata showed 100% resistance to fluconazole, while 
others showed variable resistance to fluconazole. Hence, 
using fluconazole in the prophylaxis of suspected fungal 
sepsis may not be appropriate.

In the 53 neonates, who had 71 blood cultures posi-
tive for fungal sepsis, some neonates were infected 
by multiple Candida species. Antifungal drugs were 
administered based on the susceptibility pattern of the 
Candida species. Of the 53 neonates, 12 (16.9%) were 
treated with fluconazole; 25 (35.2%) with voriconazole; 
1 (1.4%) with amphotericin B; 1 (1.4%) who had per-
sistent sepsis was treated with 3 drugs—initially with 
fluconazole, followed by voriconazole, and then caspo-
fungin; and 2 (2.8%) with fluconazole and voriconazole. 
Of the 53 neonates, 12 (16.9%) were not treated as treat-
ment with antifungal drugs was not clinically indicated.

All the neonates treated with voriconazole showed 
improvement. Of all the neonates treated with 

Table 2. Susceptibility Pattern of Candida Species to Various Antifungal Drugs

Fungi 
No. of Positive 

Cultures  
(N = 71)

Amphotericin B Caspofungin Fluconazole Flucytosine Micafungin Voriconazole

Candida krusei 55
S: 49.5% 

MS: 29.5% 
R: 21.1%

S: 100% S: 23.8% 
R: 76%

S: 8.4% 
MS: 12.6% 
R: 78.8%

S: 100% S: 100%

Candida albicans 7
S: 42.8% 

MS: 42.8% 
R: 14.2%

S: 100% S: 85.7% S: 14.2% 
MS: 85.7% S: 100% S: 100%

Candida tropicalis 3 MS: 50% 
R: 50% S: 100% S: 50% 

R: 50% R: 100% S: 100% S: 100%

Candida lipolytica 2 S: 50% 
MS: 50% S: 100% S: 50% 

R: 50%
MS: 50% 
R: 50% S: 100% S: 100%

Candida rugosa 2 S: 100% S: 100% S: 100% MS: 100% S:100% S: 100%

Candida glabrata 2 MS: 50% 
R: 50% S: 100% S: 50% 

R: 50% R: 100% S: 100% S: 100%

S, sensitive; MS, moderately sensitive; R, resistant.

fluconazole, 67% showed improvement. About 33% 
neonates were discharged against medical advice, and 
hence could not be followed up. All neonates treated 
with amphotericin B and caspofungin also showed 
improvement. Among those who were not treated 
(neonates without clinical signs of fungal sepsis), 67% 
showed improvement.

Voriconazole was administered intravenously at a 
dosage of 4 mg/kg/dose, BID, for 2 to 3 weeks. The 
neonates were observed for side effects such as nephro-
toxicity, vomiting, and skin reactions. There were no 
side effects detected at this dosage. 

Discussion
The neonates in our study were predominantly preterm 
and had low birth weight, which is in close agreement 
with a study by Ballot et al.1

Various studies have found C albicans and C parapsilosis to 
be the most common species isolated in episodes of inva-
sive disease in neonates,1 but in our study C krusei was the 
most common organism.

Colonization by C albicans occurs early (within 72 h 
of birth) and is common after vaginal delivery, indicat-
ing a vertical mode of transmission. But, infections with 
other Candida species generally occur later in the course, 
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commonly from the hands of healthcare workers, sugges-
tive of horizontal transmission.3 Our findings regarding 
the risk factors associated with neonatal sepsis are similar 
to that of other studies.3-5 The use of parenteral nutrition, 
particularly IV lipid infusions, provides a lipophilic envi-
ronment in which Candida species thrive well. 

In a study by Turan et al,6 fluconazole was used as the first 
line of antifungal treatment, but in our study voriconazole 
was used as many of the detected Candida species were 
resistant to fluconazole.6 Voriconazole, a second-genera-
tion triazole, is available in both IV and oral forms. It has 
a broader spectrum of antifungal activity against Candida 
species compared with fluconazole. Turan et al6 used vori-
conazole in their study in the case of resistant candidemia 
not responding to amphotericin B and fluconazole; vori-
conazole showed good results.

In our study, thrombocytopenia was a consistent finding 
in all neonates with sepsis, which was also seen in a study 
by Ariff et al.7 

We found TPN (100%), umbilical vein catheters (19%), 
and mechanical ventilation (13.2%) to be some of the 
major risk factors of fungal sepsis, in our study. These 
findings are similar to the observations presented in other 
studies.8-10

Our study indicates a change in trend from C albicans 
sepsis to C krusei sepsis that is resistant to fluconazole. In 
our study, the detected Candida species, predominantly  
C krusei, showed sensitivity to voriconazole, hence the 
neonates were treated with voriconazole. 

Conclusions
TPN, umbilical vein catheterization, preterm birth, low 
birth weight, a prolonged NICU stay, and broad-spec-
trum antibiotics have been proved to be the significant 
risk factors of neonatal fungal sepsis. Identification of 
the causative fungal species is crucial as many of them 
are common skin commensals. Antifungal drugs should 
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be administered cautiously as they can lead to resistance. 
The susceptibility pattern of the fungal species to different 
antifungal drugs should be continuously monitored. 

Prophylactic use of fluconazole as an antifungal is ques-
tionable due to increasing drug resistance. Hence, for 
effective treatment, administration of antifungal drugs 
should be based on the current susceptibility pattern of 
the fungal species. Voriconazole can be safely used in neo-
nates when the drug sensitivity pattern is available.
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