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Fungal Sepsis in a Tertiary Neonatal Intensive Care Unit:
A Cross-sectional Study
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A b s t r ac t
Aim and background: Fungal infections have emerged as a significant cause of late-onset neonatal sepsis in the last two decades. Epidemiological
data on fungal sepsis in neonates especially in the Indian population is scarce. This study aims to determine the epidemiological trend of neonatal
fungal infection, the organisms, and their susceptibility pattern to the different antifungal agents and additionally to look for the various risk
factors, clinical features, and laboratory manifestation of fungal sepsis in neonates.
Materials and methods: This is a retrospective observational study conducted in the NICU of a pediatric tertiary care hospital in Kolkata
from January 2018 to December 2020. All the neonates who had a blood culture positive for Candida were included in the study. The type of
organisms and susceptibility pattern to antifungal agents were noted. The clinical details like the age and sex of the neonate, gestational age
at delivery, birth weight, and other predisposing risk factors like intravascular devices, mechanical ventilation, parenteral nutrition, and the
laboratory parameters were noted.
Results: Seventy-nine neonates whose blood culture was positive for Candida species were included in the study. Out of them, 65% were
preterm (n = 52) and 67% were low birth weight (LBW). The chief presenting feature of the neonates was abdominal distension (39%), lethargy,
refusal to feed (34%), respiratory distress (36%), convulsion (20%), and low-grade fever (5%). Sixty-one percent of the neonates required
mechanical ventilation. Seventy-six percent (n = 60) of the babies were receiving parenteral nutrition with either peripheral or central line on
the day blood culture was sent. Sixty-seven percent (n = 53) of the patients were diagnosed with fungal sepsis based on first blood culture on
the day of admission (group I), whereas 33% (n = 26) were diagnosed after a few days of admission to NICU (group II). All the babies in group
I were outborn and the average age of referral was day 7. In group II, 61.5% (n = 16) were outborn and 38.5% (n = 10) were inborn and the
average age of positive fungal culture was day 12. Among the isolates, 43% were Candida pelliculosa, 31% were Candida parapsilosis, 8% were
Candida famata, 7% were Candida tropicalis, 2.9% were Candida krusei, 5.7% Candida guilliermondii, and only 2.3% were Candida albicans. As
per the culture sensitivity report, 13% (n = 10) of the Candida species were resistant to antifungal agent fluconazole but 100% were sensitive
to voriconazole; 11% (n = 9) resistant to amphotericin B; 2.5% (n = 2) were intermediate sensitive, and 5% (n = 4) resistant to both caspofungin
and micafungin. The general mortality rate was 32.9% (n = 26). The babies in group I had a higher mortality rate (37.7%) compared with the
babies in group II (23%). Infection with C. tropicalis has the highest mortality (42.3%), followed by C. parapsilosis (30.7%) and C. pelliculosa (27%).
Interpretation: Our study revealed that fungal infection in neonates is mostly due to non-albicans Candida species (97.3%), C. pelliculosa was
found to be the commonest organism accounting for 43% of infection. Infection with C. tropicalis was associated with maximum mortality.
Thirteen percent of the Candida species were resistant to the drug fluconazole, 11% were resistant to amphotericin B, 5% were resistant to
caspofungin and micafungin, whereas all of the organisms were sensitive to voriconazole. Preterm, LBW, need for mechanical ventilation,
parenteral nutrition, and broad-spectrum antibiotics play a significant role in fungal sepsis-related morbidity and mortality.
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Introduction

1–3

Sepsis is one of the major causes of neonatal mortality globally, with
India having the highest incidence rate of neonatal sepsis. Annually,
>1 million neonates succumb to sepsis in the world. Globally, of the
3 million annual neonatal sepsis cases (2,202/100,000 live births),
India has the highest incidence of clinical sepsis (17,000/100,000 live
births).1 The case fertility rate of sepsis among neonates ranges
between 25% and 65% in India. Fungal infections have emerged
as a significant cause of neonatal late-onset sepsis in the last
two decades. Although bloodstream infections by bacteria are
still more frequent, the frequency of fungal sepsis caused by the
Candida species is on the rise.2 There are plenty of literature on the
bacteriological profile and the antibiotic sensitivity in neonatal
early-onset sepsis as well as late-onset sepsis. But studies on the
epidemiology of fungal sepsis in NICU are scarce. In the USA,
Candida accounts for 8–10% of nosocomial infections. The risk
factors associated with the development of candidemia in neonates
like prematurity, very low birth weight (LBW), and extremely LBW

neonates are increasing in number.1,3 Advanced neonatal care
with a prolonged hospital stay, central venous catheterization,
intubation with mechanical ventilation, parenteral nutrition, and
abdominal surgeries have increased the incidence of invasive
candidiasis.2 Although Candida albicans was the most prevalent
species,4 the incidence of BSI caused by Candida non-albicans has
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increased in the past decade. 5,6 In India, non-albicans Candida
species are identified in 30–90% of cases of invasive candidiasis.
There are a very limited number of studies published on the
epidemiology of fungal sepsis in infants hospitalized in NICUs
in the Indian subcontext. This study aims to determine the
epidemiological trend of fungal infections, the organisms, and their
susceptibility pattern to the different antifungal agents, clinical
features, laboratory values, and the contribution of the various risk
factors associated with the causation of fungal sepsis in neonates.

Objective
The objective of the study is to determine the epidemiology and
clinicopathological features of fungal sepsis in neonates, the
organisms involved, the culture sensitivity pattern to the antifungal
agents, clinical features, laboratory values, and analysis of the
various risk factors involved in the causation of fungal sepsis.

M at e r ia l s

and

Methods

This is a retrospective observational study conducted in the NICU of a
pediatric tertiary care hospital in Kolkata. The data for this study were
taken from NICU records from January 2018 to December 2020. As per
the NICU protocol, blood culture is sent to all babies with features of
sepsis on the day of admission and also whenever there is deterioration
and suspicion of hospital-acquired infection. All the neonates who
had a blood culture positive for Candida were included in the study.
Candidemia was diagnosed based on the Candida positivity in the
culture report of a blood sample drawn from a peripheral or central
vein. The clinical details like the age and sex of the neonate, gestational
age at delivery, birth weight, and other predisposing risk factors like
intravascular devices, mechanical ventilation, parenteral nutrition,
and the laboratory parameters were noted. Blood cultures were done
using the Bactec system. Identification of species and antimicrobial
sensitivity including MIC were done using standard protocol along with
the VITEK2 system. The type of organisms and susceptibility pattern to
antifungal agents were noted. The different Candida species isolated
were labeled as sensitive or resistant based on the species-specific
MIC cut-off levels of the antifungal agents. Prematurity was defined
as a gestational age <37 weeks. Birth weight <2,500 g was defined as
the LBW, VLBW as birth weight of <1,500 g. All these neonates were
initially started empirically on antibacterial agents after sending blood
samples for culture and subsequently, antifungal drugs were added
according to the culture sensitivity. The study was conducted after
taking clearance from the institutional ethics committee.

on the day of positive blood culture after admission to NICU. Those
neonates, who showed candidemia on day 1 of admission were put
into group I and they accounted for 67% (n = 53) of the patients. The
neonates who developed candidemia a few days after admission
in NICU were put into group II and they accounted for 33% (n =
26). All the babies in group I were outborn and the average age
of referral to our hospital was day 7. All the babies in group I were
receiving broad-spectrum antibiotic combination therapy with
carbapenem as one of the components. In group II, 61.5% were
outborn and 38.5% were inborn and the average age of positive
fungal culture was day 12. Most of the babies (84.6%) in this group
were receiving aminoglycoside and cefotaxime combination therapy.
The routine blood investigations showed leukocytosis in 22.2%
(average 28,310/mm3) and leukopenia in 27.8% (average 2,354/mm3)
of cases. Anemia requiring packed red cells transfusion was present
in 50.3% (average hemoglobin–7.1 g/dL). 44.4% presented with
thrombocytopenia requiring platelet transfusion (average platelet
count–27,415/mm3). CRP, a potent sepsis marker was increased
in 68.6% of the neonates (normal value of CRP—<5, mean CRP
level 42.8). Table 2 summarizes the basic blood count values. CSF
study revealed meningitis in 13% of cases (n = 10) but CSF culture
Table 1: The prevalence of risk factors for fungal sepsis
Risk factor

Percentage

Preterm
Low birth weight
Male newborn
Outborn patient
Mechanical ventilation
Broad-spectrum antibiotics

66
67
75
87.3
61
100

Parenteral nutrition

76

Table 2: Mean value of basic blood counts
Parameter
Leukocytosis
Leukopenia
Anemia
Thrombocytopenia
CRP (cut-off <5)

Mean value (per mm3)

Percentage of patients

28,310
2,354
7.1
27,415

22.2
27.8
50.3
44.4

42.8

68.6

R e s u lts
A total of 1,546 blood cultures were sent during the study period.
Seventy-nine neonates showing fungal growth in blood culture were
included in the study. The presenting features of the neonates were
lethargy, refusal to feed (34%), respiratory distress (36%), abdominal
distension (39%), convulsion (20%), and low-grade fever (5%). Among
the 79 cases, 66% were preterm (n = 52) out of these 75% (n = 39) were
LBW and 25% (n = 13) were VLBW. The total number of LBW neonates
was 53 (67%). The sex ratio indicates males were more affected with
the male:female ratio being 3:1. Most of the neonates (87.3%, n = 69)
who developed fungal sepsis were outborn. Sixty-one percent (n = 48)
of the neonates required mechanical ventilation. Seventy-six percent
(n = 60) were receiving parenteral nutrition by either a peripheral
or central venous catheter. All these risk factors are summarized in
Table 1 and Figure 1. The cases were divided into two groups based
34
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Fig. 1: Percentage of risk factors associated with neonatal fungal sepsis
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was sterile in all the 10 neonates. Urine culture was negative
in all 79 cases. Among the isolates, 43% (n = 34) were Candida
pelliculosa, 31% (n = 25) were Candida parapsilosis, 8% (n = 7) were
Candida famata, 7% (n = 5) were Candida tropicalis, 2.9% (n = 2)
were Candida krusei, 5.7% (n = 4) Candida guilliermondii, and 2.3%
(n = 2) were C. albicans. Figure 2 summarizes the percentage of
each of the organism isolated. As per the culture sensitivity report,
87% of the Candida species were sensitive to antifungal agent
fluconazole whereas 13% (n = 10) were resistant; 100% were sensitive
to voriconazole; 89% sensitive to amphotericin B, whereas 11%
(n = 9) resistant to the same; 93% were sensitive, 2.5% (n = 2) were
intermediate sensitive, and 5% (n = 4) resistant to caspofungin and
micafungin. Figure 3 summarizes the sensitivity percentage of
the various antifungal agents. Table 3 summarizes the antifungal
resistance of various species of Candida. The general mortality rate
was 32.9% (n = 26). The babies belonging to group I had a mortality
rate of 37.7% (n = 20) and the babies belonging to group II had a
mortality rate of 23% (n = 6). Flowchart 1 summarizes the mortality
rate of outborn and inborn neonates. The organism specific mortality
percentage was—C. tropicalis (42.3%; n = 11), C. parapsilosis (30.7%; n
= 8), and C. pelliculosa (27%; n = 7). None of the babies showed signs
of disseminated infection like endocarditis, renal or visceral abscess,
or endophthalmitis.

Fungal sepsis contributes to a substantial number of cases of
neonatal sepsis. Although C. albicans was the most common
Candida species 4 associated with neonatal fungal sepsis in the

past, the epidemiological trend has changed quite a lot in the
last decade. 3 Many studies done in the United States and the UK
have revealed non-albicans Candida species as the more common
causative organism. 5–7 Even in India, non-albicans species are
identified in 30–90% of cases of invasive candidiasis. Our study
revealed that non-albicans Candida accounts for 97.7% of cases of
invasive candidiasis in the neonate. In our study, C. pelliculosa was
the most common organism causing fungal sepsis followed by C.
parapsilosis, whereas C. tropicalis was responsible for maximum
morbidity and mortality. These findings are inconsistent with
other studies.8–11
Earlier almost all the Candida species were susceptible to
fluconazole. Its widespread use as a prophylactic antifungal
agent in many NICUs to prevent fungal infection and empirical
use of the drug in suspected fungal sepsis and continuing the
drug even when a culture shows a bacterial growth has increased
fluconazole resistance. Many studies, similar to us have shown
that many Candida species are presently resistant to the drug
fluconazole.12,13 In our study, even amphotericin B resistance
was high (11.3%) and echinocandin resistance appears to be an
emerging problem especially with C. guilliermondii and C. tropicalis
isolates. However, in our study, all of the organisms were sensitive
to voriconazole.
The study reveals outborn neonates have a higher risk of
acquiring fungal sepsis due to the use of the broadest spectrum
of antibiotics and the result is supported by a recent study done in
North India.14 The study also showed that group I had a significantly
higher mortality rate than group II. It was also noted that group
I neonates, had an early acquisition of candidemia than group II.

Fig. 2: Percentage of different isolates of Candida species

Fig. 3: Sensitivity percentage of different antifungal agents

Discussion

Table 3: Species-specific antifungal resistance
Organism
C. pelliculosa
C. parapsilosis
C. tropicalis
C. famata
C. guilliermondii
C. krusei
C. albicans

Resistance to
fluconazole

Resistance to
voriconazole

Resistance to
amphotericin B

Resistance to caspofungin

Resistance to micafungin

12%
8%
40%
0
25%
50%

0
0
0
0
0
0

12%
8%
20%
0
25%
0

0
0
20%
Intermediate sensitive-28%
50%
0

0
0
0
Intermediate sensitive-28%
50%
0

0

0

0

0

0
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Flowchart 1: Distribution of outborn and inborn neonates and their mortality percentage

The difference may be due to the fact that they were receiving
a relatively broader spectrum and multiple antibiotics like a
combination of meropenem, colistin or meropenem, vancomycin,
and sometimes irrational combination like meropenem, piperacillin
tazobactam, or meropenem along with cefoperazone–sulbactam.
In contrast, neonates in group II received a rational broad-spectrum
antimicrobial combination of cefotaxime and amikacin as an
empirical therapy and they were either escalated or de-escalated
according to the blood culture report. This signifies that the use
of a broader spectrum and irrational combination of antibiotics
is a risk factor in fungal sepsis-related mortality.15 Thus, there is
a need for a stronger infection control strategy, rational use of
antimicrobials, and implementation of quality control measures
in the NICUs all over the country.15,16 However, neonates referred
from other hospitals were typically very sick and thus it is difficult
to determine the proportion of death directly attributable to
Candida infection.
Low birth weight and VLBW neonates always remain at higher
risk of fungal sepsis because of prolonged hospital stay, higher
rate of intubation and mechanical ventilation, and administration
of parental nutrition.17–19

C o n c lu s i o n
In this study, we are reporting the spectrum of fungal sepsis in the
NICU of tertiary care set up in eastern India. We hereby report a
high burden of neonatal fungal sepsis due to non-albicans Candida
species (97.7%) as well as an alarming rate of antifungal resistance
to fluconazole (13%) and change in the trend of the causative
organisms and their antimicrobial sensitivity pattern. More studies
are required to explore fungal sepsis and its contribution to
neonatal morbidity and mortality.
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