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ABSTRACT

Background: Invasive candidiasis is one of the most commonly encountered problems in neonatal intensive care unit (NICU) leading
to substantial morbidity and mortality. Recent studies show an increase in antifungal resistance of candida species. Therefore, species
identification with antifungal susceptibility pattern of Candida isolates is very important and helps in the selection of appropriate
antifungal agents to prevent the emergence of drug resistance and successful treatment.

Methods: Seven thirty four blood culture samples from 244 patients of NICU were tested. Yeast isolates from these blood cultures were
identified by conventional methods. Anti-fungal susceptibility testing was done according to CLSI M44A guidelines for Fluconazole,
Voriconazole, ketoconazole, Amphotericin-B and Itraconazole.

Result: From 118 isolates c. albicans were 37.28 % and remaining 62.72% were non-albicans candida species including c.glabrata(28.81%),
c.parapsilosis(14.4%), c.tropicalis(12.71%) and other(6.77%). From all isolates of candida species, Fluconazole, Amphotericin B and
ketoconazole were sensitive in 61.0%, 86.4% and 99.1% patients respectively. Voriconazole and Itraconazole were 100% sensitive.

Conclusion: Although previously Candida albicans accounted for majority cases of candidiasis, recently NAC species have been
increasingly reported in neonatal intensive care units. Amphotericin B should be reserved for life threatening conditions and extended
spectrum azole drugs like Voriconazole, Itraconazole and ketoconazole can be good alternatives for treating these infections.
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Introduction

Invasive candidiasis is one of the most commonly
encountered problems in neonatal intensive care units
(NICU). Number of factors including the use of indwelling
devices, broad spectrum antibiotics, low birth weight
(LBW), prematurity, total parenteral nutrition (TPN),
gastrointestinal surgery, artificial ventilation, and/or history
of fungal colonization contribute to the risk. [ Preterm,
very low birth weight (VLBW): <1,500 g; extremely low
birth weight (ELBW): <1,000 g; and critically ill infants are
at highest risk of invasive Candida infections.?!Candida
spp. can also spread through vertical transmission from
maternal flora or via horizontal transmission from hands of
healthcare workers (HCW).B

Candidemia currently rank as the fourth most common
cause of nosocomial bloodstream infections. ™ The
associated crude mortality is high (38%—75%) despite
appropriate treatment with antifungal agents. P! It is the
third most common cause of late onset sepsis in NICU
patients and accounts for 9-13% of blood stream infections
(BSI) in neonates. ! Invasive candidiasis is associated
with substantial morbidity and mortality and is difficult to

diagnose due to lack of specific signs and symptoms. "'The
relationship between prognosis and early initiation of the
adequate antifungal therapy is well established. ["!

The last two decades have seen a significant rise in the
infections caused by Candida species in various centers
in India. Although previously Candida albicans account
for majority cases of candidiasis, recently non-albicans
Candida (NAC) species have been increasing reported.
Less than 50% of all candidal blood isolates are C. albicans
whereas Candida glabrata, Candida parapsilosis, Candida
tropicalis, and other NAC account for rest of the candidial
blood stream infection. ! There is growing evidence
suggesting a role of increasing use of azole agents in this
epidemiological shift. Recent studies show an increase
in antifungal resistance of candida species. Several of
these NAC species like C. krusei and C. glabrata exhibit
intrinsic resistance to traditional triazoles like fluconazole
(FLK) and may also demonstrate cross resistance to newer
triazoles. ) Therefore, species identification with antifungal
susceptibility pattern of Candida isolates is very important
and helps in the selection of appropriate antifungal agents,
successful treatment, in antifungal prophylaxis in the
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immunocompromised host and to prevent the emergence
of drug resistance. '

There has been attempts and subsequent successes in
developing reliable methods for antifungal susceptibitity
testing of candida species. Although there has been
standardized guidelines for microdilution methods
(M27-A2), it has not been routinely used in majority of
laboratories because of its complexcity and cost. ['''Recently
CLSI has given guidelines for antifungal susceptibitity
testing of yeast by disk diffusion method(M44-A). U2
This method is more practically feasible for majority of
laboratories. In particular, testing Candida species against
azole antifungal agents has provided valuable information
for treatment of patients with invasive yeast infections.

Clinicians now depend on identification of Candida
to the species level in order to optimize the selection of
antifungal agents and to allow them to provide the best
possible patient care. Hence this study is done to evaluate
candidemia infections in ICU so that the early detection of
candidemia and antifungal susceptibility testing will give
better prognosis and optimize the selection of antifungal
agents in NICU patients.

Materials and Methods

The present study was carried out in department of
Microbiology, tertiary care teaching hospital, western
Mabharashthra for period of 1 year from January to December
2015 after obtaining permission from institutional ethics
committee. 734 blood culture samples from 244 patients of
NICU were tested. Neonates in NICU suspected of fungal
sepsis were included in this study. Patient already on anti-
fungal drugs were excluded from this study.

Testing of Samples: Fungal blood culture bottles and short
proforma were provided in NICU. Three blood cultures
were taken from each patient after a gap of 48 hours. First
blood culture was taken on suspicion of sepsis. Subcultures
were done on Sabouraud’s dextrose agar (SDA) with
chloramphenicol, gentamicin without cycloheximide on
day 1, day 3 & day 7 and incubated at 25°C and 37°C
for one month. Readings were taken daily for 1 week &
then every alternate day. Yeast isolates from these blood
cultures were identified by conventional methods like germ
tube test, urease test and Dalmau’s technique. [

Susceptibility Test Method ' : 24 hour subcultures of these
candida species were used for anti-fungal susceptibility

testing (AFST) of Fluconazole (25 pg), Voriconazole(1
ng), ketoconazole(10 pg), Amphotericin-B(100 units) and
Itraconazole disks(10 pg). All dehydrated culture media and
antifungal discs were procured from Hi-Media. Mueller-
Hinton agar(MHA) supplemented with 2% glucose (to
support growth) and 0.5 pg of methylene blue (improves
zone edge definition) per ml was used for AFST. The
inoculum was adjusted to match a 0.5 McFarland density
standard. After inoculation plates were incubated for 18 to
24 h at 35 to 37°C. The plate reading was done according
to CLSI M44A guidelines. Results were analysed by
statistical methods. Candida albicans ATCC 90028 ' was
used as control.

Result

Two fourty four patients of NICU suspected of fungal
infection were enrolled in this study. Out of total 244
neonates 146 (59.8%) were males and 98 (40.2%) were
females. The male to female ratio was 1.5: 1.

Seven thirty four blood culture samples of these 244 patients
were taken. Out of these 734 blood culture samples 118
were culture positive where candida species were isolated.

Table 1 shows that from 118 isolates c. albicans were 37.28
% (44/118) and remaining 62.72% (74/118) were non-
albicans candida (NAC). From NAC 28.81% (34/118) were
c. glabrata, 14.4% (17/118) were c. parapsilosis, 12.71%
(15/118) c. tropicalis were c. parapsilosis and 6.77%
(8/118) were other candida species (c. guilliermondii, c.
krusei and c. kefyr). Table 1 shows that C.albicans was
the most common isolated species and c. glabrata was the
second most isoiated species.

Table 2 and Image 1 shows antifungal drug Susceptibility
pattern of various Candida species. From all isolates of
candida, fluconazole was resistant in 29.7%, Intermediate
in 9.3% and sensitive in 61.0% patients. Amphotericin B
was resistant in 10.1%, Intermediate in 3.4% and sensitive
in 86.4% patients. Twelve isolates (5 glabrata, 4 C.
albicans, 2 C. tropicalis and 1 c. paropsilosis) were found
resistant to amphotericin B. ketoconazole was sensitive in
99.1% patients. Voriconazole and Itraconazole were 100%
sensitive. Overall, Voriconazole and Itraconazole were the
most active agent in vitro and ketoconazole was next to
them with only one isolate exhibiting resistance to it.

Table 1: Different species of Candida isolated from the culture positive cases.

Species no. of isolates percentage (%)

c.albicans 44 37.28

c.glabrata 34 28.81
c.paropsilosis 17 14.4
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c.tropicalis 15 12.71
Other 8 6.77
Total 118 100

Table 2 : Antifungal Susceptibility pattern of various Candida species.

c.albicans (44) 26 6 12 39 1 4 43 | 0 0 44 0| 0| 43 0 1
c.tropicalis (17) 10 1 6 15 0 2 17 | 0O 0 17 o0 | 17 0 0
c.paropsilosis (15) 13 1 1 14 0 1 15 | 0 0 15 00| 15 0 0
c.glabrata (34) 17 3 14 26 3 5 33 |0 0 34 0| 0| 34 0 0
other (8) 6 0 2 8 0 0 8 0 0 8 0|0 8 0 0
Total (118) 72 11 35 102 4 12 116 | O 0 118 [0 O | MM7 | O 1
percentage (%) 61.0 | 93 | 29.7 | 864 | 34 | 10.1 | 100 | O 0 100 [ 0| O |99.1 0 |09

Fig. 1: Antifungal Susceptibility testing of Candida species.

Discussion

Fungal bloodstream infections are considered to be life-
threatening. They prolong hospital stay and are associated
with high morbidity and mortality. ' Rates of invasive
Candida infection have increased significantly, and these
infections are a special concern in NICUs. ! C. albicans
is still the Candida species most commonly isolated from
neonatal patients with invasive candidiasis, but there has
been a significant rise in isolation rates for other non-
albicans Candida species in recent years. ['%!

In our study the male to female ratio was 1.5 : 1. This is
in contrast with the results of caroline et al where female
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patients were more. ') In the present study from 118
isolates NAC species accounted for 62.72% of the cases of
neonatal candidemia, whereas C.albicans was responsible
for 37.28% of cases [Table 1]. From NAC 28.81% (34/118)
were c.glabrata, 14.4% (17/118) were c.parapsilosis,
12.71% (15/118) c.tropicalis were c.parapsilosis and 6.77%
(8/118) were other candida species (c.guilliermondii, c.
krusei and c. kefyr) [Table 1]. C.albicans was the most
common isolated species. This corroborates well with the
results of study of Sardana V et al (2012).'" Prolonged
hospitalization, central venous catheterization, previous
antibiotic usage, hyperalimentation, surgical procedures,
and administration of lipids and steroids are known risk
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factors for Candida infection in both adults and children.
51 In accord with this, all our neonatal patients with
candidemia had a history of antibiotic administration.

A recent study has shown that prophylactic fluconazole
therapy of very low birth weight (preterm) newborns
during their first 6 weeks of life lowers the likelihood of
developing serious yeast infections. '8 These results have
led to wide adoption of targeted fluconazole prophylaxis
strategy in neonatal intensive care units for VLBW infants
to prevent invasive candidiasis. '8! If this approach to
prophylaxis becomes a standard of care, these NICU
infection patterns should be carefully monitored.

Striking feature of the present study was isolation of C.
glabrata (28.81%) and C. parapsilosis (14.4%) as the most
common NAC species [Table 1]. The NICU was also the
hospital location with the highest percentage of C. glabrata
isolates that were resistant, although the total number of
C. glabrata isolates was less than of C. albicans isolates.
Similar results were obtained by other studies also. !
Although C. parapsilosis is less virulent, but under certain
conditions (IV catheters, high IV glucose concentrations)
virulence may increase many folds and it is relatively
difficult to eradicate this organism.*”! Outbreaks of C.
parapsilosis BSI in NICUs have been previously reported
in the study of Almirante B et al/(2006).2"! C. parapsilosis
and C. glabrata are an emerging fungal pathogen and the
major threat for neonates in NICU as it frequently colonizes
the hands of HCW, has high affinity for intravascular
devices, and parenteral nutrition.*?! C. fropicalis is the
second leading cause of candidemia in adults,but is quite
infrequent among neonates.*!In our study c.tropicalis
was isolated in 12.71% patients. This might be due to
premature and LBW infants have an immature immune
system and may behave like an immunocompromised
adult patient in this regard. Prophylaxis with azole agents
may increase the risk of infection with resistant Candida
spp. ?¥In a study of 409 ELBW infants compared to
historical controls, fluconazole prophylaxis significantly
decreased invasive Candida infections and mortality due
to Candida infections. %)

Hence determining a pathogen’s antifungal susceptibility
is an important step in effective treatment. **! However,
it takes considerable time to isolate and identify
organisms from patients with invasive fungal infections,
and to determine resistance profiles. Delayed initiation
of appropriate antifungal therapy can raise the risk of
mortality and morbidity in infants, and also increases the
likelihood of cross-contamination. "

In our study from all isolates of candida, fluconazole was
resistant in 29.7%, Intermediate in 9.3% and sensitive

in 61.0% patients [Table 2]. NAC species, especially C.
glabrata and C. krusei were more resistant to fluconazole
than C. albicans. This is comparable to SENTRY study in
which C. albicans and C. parapsilosis species were more
susceptible to azoles and amphotericin B than C. glabrata.
281 A study by the International Fungal Surveillance
Participant Group showed that 90% of the isolates were
susceptible to fluconazole ! but in our study only 61.1%
patients were susceptible to fluconazole.

Ampbhotericin B is the drug of choice for treating neonatal
candidiasis, and azoles can be good alternatives. [**! In our
study Amphotericin B was resistant in 10.1%, Intermediate
in 3.4% and sensitive in 86.4% patients[Table 2]. Twelve
isolates (5 glabrata, 4 C. albicans, 2 C. tropicalis and 1
c¢. paropsilosis) were found resistant to amphotericin B.
Although resistance to Amphotericin B was quite low
(10.1%), but is a matter of concern as emergence of such
isolates may pose serious therapeutic challenges and also
increases risk of nosocomial infection. This is in contrast
with other study where amphotericin B was very effective
against all Candida isolates and resistance to azoles
varied. ! Dose-dependent susceptibility to fluconazole
and amphotericin B was seen in 9.3% and 3.4% of the
isolates, respectively.

Another study revealed that many Candida bloodstream
isolates exhibit decreased susceptibility to systemic
antifungal drugs such as amphotericin B and fluconazole.

Voriconazole and Itraconazole were 100% sensitive [Table
2]. Where as in another study from the SCOPE program 90%
of'isolates were susceptible to itraconazole.*® ketoconazole
was sensitive in 99.1% patients[Table 2].The results of
this study demonstrate that Voriconazole and Itraconazole
were the most active agent in vitro and ketoconazole was
next to it with only 1 isolate exhibiting resistance to it.
Voriconazole, Itraconazole and ketoconazole were appear
to be more active in vitro than fluconazole for several
species considered less susceptible to fluconazole namely,
C. albicans, C.glabrata, and C. krusei.

Conclusion

Now a days significance of Candida spp. in NICU is
increasing to significant extent. Although previously
Candida albicans accounted for majority cases of
candidiasis, recently NAC species have been increasingly
reported. Among NAC species c.glabrata, c.parapsilosis
and c.tropicalis are more commonly isolated species.
Although Amphotericin B is the drug of choice for
treating neonatal candidiasis, it should be reserved for life
threatening conditions. Azoles can be good alternatives
for treating these infections. The extended spectrum azole
drugs like Voriconazole, Itraconazole and ketoconazole
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may be more effective for treating infections caused by
several species of candida which are considered inherently
resistant to fluconazole.
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