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Abstract:

We studied the clinical and microbiological parameters associated with candidal sep-
sis in neonates and identified possible predictors of poor outcome. Observational
study of all cases admitted to NICU between October 2009 and July 2011, proven to
have candidal growth in blood culture. Thirty six cases were identified during the
study period. Odds of very low birth weight babies (3.1% vs0.43%; OR 7.41; 95%Cl
3.82, 14.39; p<0.0001) and preterm neonates (1.4% vs 0.32%; OR 4.56, 95%CI 2.08,
10.03; p<0.0001) admitted to NICU to acquire fungal sepsis were significantly more.
Candida glabrata was the offending agent in 16 (44.4%) cases. Non albicans species
was associated with higher mortality. Presence of candiduria was a significant risk
factor for death (OR 5.14, 95% CI 1.17,22.49 P=0.04). Candida glabrata caused the
most number of cases of fungal septicemia. Non albicans species and isolation of fun-
gusfrom two normally sterile body sites are associated with higher risk for mortality.
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ripheral or central venous sample. We obtain funga
blood cultures along with bacterial culture specime a

Modern day neonatal care has improved survivalxef e case of late onset sepsis in preterm or very losh bi

tremely low birth weight babies but increased tieed
for multiple invasive procedures. The scourge i@l
acquired infections has only been rising due totipial
factors. Increasing rates of fungal sepsis is oh¢he

weight babies, and in term neonates with other fidgk
tors like severe asphyxia, need for central limelgmged
ventilation, prolonged use of broad spectrum aoititi
Babies with positive blood culture for Candida at-

prices paid (1-4). Improvement of outcome depemus ojected to tests for detection of end organ involeetrin-
prompt suspicion, commencement of antifungal thgrap cluding lumbar puncture unless contraindicated nidi-i

recognition of end organ damage and close followHip
is imperative for pediatricians involved in neohatare to
recognize babies at risk for fungemia since eambyfun-
gal therapy is vital for improving chances for witsur-
vival. The risk factors for acquiring fungal sepsiave
been extensively studied (5,6). Mortality associate
distressingly high and it is important to recogniisk
factors for poor outcome. Reports from developiogre
tries are sparse. We thus conducted this studyiirnos-
pital to study the clinical and microbiological pareters
associated with candidal sepsis in neonates anmdifide
possible predictors of mortality.

Material and Methods

This observational study was undertaken duringpie
riod from October 2009 to July 2011 after apprdvain
the Institute Ethics Committee in the Level 3 NIGfJour
hospital. The neonates having fungal blood culposi-
tive were identified. Candidemia was definedCasdida
species growth from at least 1 blood culture frorpea

vidual cases, head USG, ophthalmological evaluation
urological system imaging and echocardiogram. Cestu
were done using Saborauds dextrose agar and sgysiti
testing using Kirby Bauer method. Species ideratfan
was conducted using lactophenol cotton blue wetnhou
microscopy of the fungus grown followed by biocheahi
confirmation. All maternal, perinatal and neonatatails
were recorded. Risk factors, clinical findings, age-
ment undertaken and outcome were studied. All gescr
tive data were compiled and analyzed using SPS3iStsta
cal software 13.0. Epical 2000 program was usembto-
pute Odds ratio and 95% confidence interval foiviod
ual risk factors. P value of <0.05 was taken asifsagnt.

Results

There were 27076 live births during the study pkribhe
number of admissions to NICU were 4342 of which®44
(56.3%) were term and 1897 (43.7%) were preterm.
Thirty six neonates had blood culture positive fiangal
growth. Overall incidence was 1.3 cases per 1008 i
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births, and incidence among NICU admissions wadable 1. Presence of specific risk factors and characteris-

0.82%. Three fourths of these were premature. Nbg#tm  tics among cases (total=36)

weight was 1622.7+577.2 g. Median gestational age w

32 weeks (range 26 to 40 weeks). Very low birthghei Characteristic Number of cases Per cent-

babies had significantly higher risk of developioggal age

sepsis than larger babies (3.1% vs 0.43%; OR 7.4Maternal

95%ClI 3.82, 14.39; p<0.0001). Similarly preterm neo = GDM 5 13.9

nates admitted to NICU were more prone to acquire f PIH 12 33.3

gal sepsis (1.4% vs 0.32%; OR 4.56, 95%CI 2.08)30. Genitourinary 6 16.7

p<0.0001). Fungal sepsis was first suspected aeanm fungal infection

age of 8.3+5.8 days of life. The presence of rattdrs PROM>18 20 55.6

for fungal sepsis have been enumerated in Tabldote  hours

than half the babies required intubation, 80.6%ireg  Neonatal

prolonged antibiotic therapy, 97.2% had at lease onClinical

change to higher antibiotics and H2 blockers weeuin Asphyxia 4 111

69.4%. Need for intuba- 21 58.3

tion

Analysis of clinical features revealed shock (94.4% Need for venti- 6 16.7

bleeding (69.4%), NNEC(30.6%) to be the commonesfation>7 days

major morbidities. There was only one neonate Witit Central venous 15 41.7

gal meningitis and he succumbed to disease on layf 1 catheter

life. Two babies had hemodynamically significantA&D H2 Blocker ther- 25 69.4

but no cases of fungal endocarditis or endophthigmi apy

were identified. Although there was candiduria &reo- Antibiotic >7 29 80.6

nates, there were only 3 cases of renal pelvidaditsm. days

Two of these resolved spontaneously on repeat lcagio Parenteral nutri- 8 22.2

cal examination, but one neonate succumbed before tian

second scan could be obtained. Fungal ball in thmaury Need for ino- 35 97.2

bladder was detected in one infant. Severe throgtboc tropes

penia (as defined by counts <50 000/cu mm) wasnibst Postnatal steroids 4 111

prevalent laboratory finding (77.8%). All babiesthvie- Mucocutaneous 5 13.9

vere thrombocytopenia had overt bleeding manifiestat  candidiasis

Intraventricular hemorrhage was detected in 4 niesna  Skin discolora- 25 69.4

(Table 1). The mean duration of hospital stay w819  tion

days. Shock 34 94.4
Bleeding mani- 25 69.4

Candida glabrata was the offending agent in 1644%. festations

cases followed by C. albicans in 9(25%). There was NNEC 11 30.6

higher mortality associated with non albicans specAll Surgery 2 5.6

the organisms were sensitive to fluconazole andhamp  ROP 8 22.2

tericin B. There was associated bacterial growtrel§K Hemodynami- 2 5.6

siella pneumoniae) in 3 babies obtained at the damee  cally sig. PDA

as fungal culture when late onset sepsis was steghec Laboratory

Amphotericin B was used in 41.6% of affected neesiat Thrombocyto- 28 77.8

3 of them required Liposomal Amphotericin B in vielv  penia<50  000/cu

abnormal renal function. The remaining respondellite mm

fluconazole given parenterally. Hypoglycemia 7 19.4
Hyperglycemia 8 22.2

Overall mortality was 44.4%, of which 4 were termda Radiological

12 were preterm. Neonates who had fungal growtimfro  Abnormal neu- 4 11.1

two sterile body fluids- urine and blood were foundbe  rosonogram- IVH

significantly more at risk of mortality than thoséo had  Microbiological

only blood culture positivity (69% vs 43%, OR 5.95% Concomitant 3 8.3

Cl 1.17,22.49 P=0.04). Need for ventilation (OR61.1 bacterial sepsis

95% CI 0.3-4.42, P=1.0), diagnosis of necrotisintem- Candiduria 13 36.1

colitis (OR 1.8;95% ClI 0.43-7.53; P=0.48), preseoice
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Table 2. Risk factors for mortality

OR P
(95% CI) value

Deaths
(%)

Risk factor(n)

Gestational age
<34 weeks(26) 12
>34 weeks(10) 4

1.28(0.29-5.66) 1.0

Birth weight
<2500 g(31) 14 1.23(0.18-8.46) 1.0
>2500 g(5) 2
Central venous
catheter 12(41.3) 0.53(0.09-2.81) 0.7
Present(29) 4(57.1)
Absent(7)
Need for ventilation
Yes(15) 7(46.6) 1.16(0.3-4.42) 1.0
No(21) 9(42.8)
Concomitant bacte-
rial sepsis 2(66.7) 2.71(0.22-33.01) 0.57
Yes(3) 14(42.4)
No(33)
NNEC
Present(11) 6(54.5) 1.8(0.43-7.53) 0.48
Absent(25) 10(40)
Hypoxia ischemic
encephalopathy 5(45.4) 1.06(0.25-4.41) 1.0
Yes(11) 11(44)
No(25)
Candiduria
Yes(13) 9(69.2) 5.14, 0.038
No(23) 7(30.4) (1.17,22.49)
Species
Non albicans(27) 15(55.5%) 10.0(1.09-91.49) 0.026
Albicans(9) 1(11.1%)

of preterm and VLBW admissions made it impractical
obtain surface and mucosal interface cultures fiadim
admissions.

Mean age at onset of infection ranged from 15 tad&as
in earlier reports (10,12). In our study, it waseasly as
8.315.8 days of life. Clinical features are mostbn spe-
cific and overlap with those of bacterial infectoin neo-
nates (13). Of special significance is the occueenf
hyperglycemia in these infants in spite of consigiat
cose infusion rates (12,14). In our study, thislifig was
detected in 8(22.2%) neonates. Although temperature
stability is common to bacterial and fungal infeos,
hyperthermia is considered an important indicatoine
vasive fungal infection in neonates, reported imasy
as 42.8%2)

Of the 36 neonates, 28 (77.8%) developed seveoenthr
bocytopenia defined as <50000/cumm. Guida et al re-
ported nearly 85% incidence of thrombocytopenigan
tients with invasive fungal sepsis, their cut afiuat be-

ing 100 000/cu mm (15). Candidemia is known toseau
invasion of the eyes, meningitis and brain abssgdaa-

gal endocarditis and renal abcesses (16). Benjamal
reviewed literature on end organ damage in 2003 and
concluded that due to heterogeneity of reportingcige
estimates of the frequencies of end organ damagenota
possible (17). There was low occurrence of thesd-pr
lems in the survivors in our study, probably due ém-
piric antifungal therapy initiated at suspiciorelfs Some
cases could however have been missed, as autopsy wa
not done in those who expired. Involvement of these

concomitant bacterial sepsis(OR 2.71;95% Cl 0.22gans have been found to be associated with protbnge
33.01;P=0.57) and hypoxic ischemic encephalopa®y ( fungemia (16) and failure to remove central catisete
1.06; 95% CI 0.25-4.41;p=1.0) were associated wittpromptly after identification (18).

higher mortality, but the risks were not statidticaig-
nificant. (Table 2).

Discussion

There is a wide variation in the reported incideot&in-
gal septicemia in NICU admissions, ranging fronf2 &

16.7% among VLBW and still higher in extremely low

birth weight infants (7). A recent study from a dkping
country reported a frequency of 0.9% in the NICUck
is similar to our finding of 0.82%.(8) But, theirdgidence
was as high as 4
was much lower at 3.1% for these infants. Fungkdrio
zation of skin, respiratory and gastrointestinacts are
considered an initial step in the pathogenesisiedsive
disease (9,10). This is further strengthened by etie
dence which proves that fluconazole prophylaxivemnés
colonization and invasive disease (11). We didgie¢
fluconozole prophyaxis during the study period.make
the study of colonization meaningful it is impoitao
take surveillance cultures for all neonates adohittethe
intensive care unit. The high case load and latgaber

Classically C.albicans has been reported to cabeata
half of the burden (10). Ariff et al also foundidt be the
leading causative organism (55%) in an NICU in Btki
(8). Over the years, non-albica@andida infections
have become more frequent (2). Candida parapsilesis
reported to be most common isolate in one studgfro
Spain (19). Our data shows C.glabrata to be then mai
agent. C. glabrata was considered to be less patimog

h but studies have shown no significant differencesor-

bidity among species (20). Azole treatment of nmeter

6% in VLBW. Our hospital incidencdenital infection has been postulated to contridate.

glabrata infection in preterm neonates due to tively
azole-resistantC. glabrata among neonates (10). Docu-
mented clinical diagnosis of genital candidiasis wweae-
sent in 6 mothers in our study; however culture spe-
cies identification had not been done.

Guidelines in adult medicine recommend empiric -anti

fungal therapy in patients with fever and neutrégen

Newborns with normal WBC counts may still be im-

munocompromised due to inherent and developmental

defects in the immune system. The authors of aiceukt
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tric, retrospective, cohort study in 2003 suggest@piric
therapy for who are <25 weeks’ estimated gestdtiage

and to neonates who have thrombocytopenia at the ti 5.
of blood culture, also to consider therapy in thhose
tween 25 to 27 weeks gestational who received -third
generation cephalosporin or carbapenem 7 daysebtfer
culture (21).Early and empiric antifungal therapy has
been shown to improve outcome (2,21). Contranhis, t
Benjamin et al found that of 40 infants who recdiesn-
pirical therapy, 38% died, and of the 97 who did re®
ceive empirical therapy 33% died (5). Since theefien
of empirical therapy have not been conclusivelywprg
its use in premature neonates based on bedsidm@rdg -
alone is still not routinely recommended (22).

6.

8.
All-cause mortality among VLBW infants who experi-

enced fungal sepsis has been reported in seveltitemnd

ter studies to range from 28 to 32%, though iighér for
ELBW (10). The crude mortality in our study was4®. 9.
Previous reports suggest more severe disease ibith a
cans (3,4). We however found higher mortality withn

albicans species. NNEC, asphyxia and ventilatiomewe 10.

associated with higher mortality, but were notistiaally
significant. Neonates who had fungal growth from t

sterile body fluids- urine and blood were founc®osig-  11.

nificantly more at risk of mortality than those whad
only blood culture positivity. Our sample size iisadl and
the confidence intervals are wide so no definitactu
sion can be obtained at this stage from this result

Conclusions

Fungal sepsis is more common among preterm and very

low birth weight infants. It causes high mortaigtyd pro- ;5

longed hospital stay. Candida glabrata caused thst m

number of cases of fungal septicemia. Non albices 4

cies and isolation of fungus from two normally Beer

body sites are associated with higher risk for aiiyt 15.

References

1. Jarvis WR. Epidemiology of nosocomial fungal infec- 16

tions with emphasis on Candida species. Clin IniEst
1995; 20: 1526-1530.
2. Makhoul IR, Kassis |, Smolkin T, Tamir A and Sujov

P. Review of 49 Neonates With Acquired Fungal Sep+ -

sis: Further Characterization. Pediatrics 2001;;, B17
66.

3.  Stoll BJ, Gordon T, Korones SB, Shankaran S, Tyson
JE, Bauer CR et al. Late onset sepsis in very loth b
weight neonates: A report from the National Insétaf
Child Health and Human Development Neonatal Re-
search Network. J Pediatr 1996; 129: 63-71.

4. Stoll BJ, Hansen N, Fanaroff AA, Wright LL, Carlo
RA, Ehrenkranz RA et al. Late onset sepsis in &1y v
low birth weight neonates: The experience of the Na
tional Institute of Child Health and Human Develop-

Curr Pediatr Res 2013 Volume 17 Issue 1

12.

ment Neonatal Research Network. Pediatrics 2002;
110: 285-291.

Benjamin DK Jr, Stoll BJ, Gantz MG, Walsh MC, San-
chez PJ, Das A et al for the Eunice Kennedy Shriver
National Institute of Child Health and Human Devel-
opment Neonatal Research Network. Neonatal Can-
didiasis: Epidemiology, risk factors, and clinical
judgement. Pediatrics 2010; 126(4): e865-e873.
Saiman L, Ludington E, Pfaller M, Rangel- Frausto S
Wiblin RT, Dawson J et al and the National Epidemi-
ology of Mycosis Survey Study Group. Risk factars f
Candidemia in Neonatal Intensive Care Unit patients
Pediatr Infect Dis J 2000; 19: 319-324.

Chapman RL. Prevention and treatment of Candida
infections in neonates. Semin Perinatol 2007;3439-
Ariff S, Saleem AF, Soofi SB, Sajjad R. Clinicalesp
trum and outcomes of neonatal candidiasis in @atgrt
care hospital in Karachi, Pakistan. J Infect DexieSt
2011; 5(3): 216-233.

Baley JE, Kliegman RM, Boxerbaum B, Fanaroff AA.
Fungal colonization in the very low birth weight-in
fants. Pediatrics 1986; 78: 225-232.

Kaufman D and Fairchild KD. Clinical microbiology o
bacterial and fungal sepsis in very low birth veign-
fants. Clin Microbiol rev 2004; 17(3): 638-680.

Manzoni P, Stolfi I, Pugni L, Decembrino L, Magnani
C, Vetrano G et al for the ltalian task force foet
study and prevention of fungal infections and tta- |

ian society of Neonatology. A multicentrer, randped

trial of prophylactic fluconazole in preterm necsmtN
Engl J Med 2007; 356: 2483-2495.

Baley JE, Kliegman RM, Fanaroff AA. Disseminated
fungal infections in Very-low-birth-weight infants:
Clinical manifestations and epidemiology. Pediatric
1984; 73: 144-152.

Ng PC. Systemic fungal infections in neonates. Arch
Dis Child 1994; 71: F130-F135.

Langdon DR. Fungal infections in premature infants.
Pediatrics 1984; 74: 443.

Guida A, Kunig AM, Leef KH, Mc Kenzie SE and Paul
DA. Platelet count and sepsis in very low birth glei
neonates: Is there an organism- specific respoRse?
diatrics 2003; 111: 1411-1415.

Noyola DE, Fernandez M, Moylett EH, Baker CJ. Oph-
thalmologic, visceral and cardiac involvement irone
nates with candidemia. Clin Infect Dis 2001; 321890
1023.

Benjamin DK Jr, Poole C, Steinbach WJ, Rowen JL
and Walsh TJ. Neonatal candidemia and end- organ
damage: A critical appraisal of the literature gsin
meta- analytic techniques. Pediatrics 2003; 112- 63
640.

Karlowicz MG, Hashimoto LN, Kelly RE Jr, Buescher
ES. Should central venous catheters be removed as
soon as candidemia is detected in neonates? Resliatr
2000; 106: e63-e67.

Rodriguez D, Almirante B, Park BJ, Cuenca- Estrella
M, Planes AM, Sanchez F et al on behalf of the Barc
lona candidemia sproject study group. Candidemia in



Candidemia in neonatal |CU- experience from a tertiary care hospital

Neonatal Intensive care units. Pediatric Infect Dis tious diseases society of America. Clin Infect PQ99;
2006; 25: 224-229. 48(5): 503-535.
20. Fairchild KD, Tomkoria S, Sharp EC, Mena FV. Neo-
natal Candida glabrata sepsis: clinical and lalboyat
features compared with other Candida species. fedia
Infect Dis J 2002; 21: 39-43.
21. Benjamin DK Jr, De Long ER, Steinbach WJ, Cotton
CM, Walsh TJ and Clark RH. Empirical therapy for
neonatal candidemia in very low birth weight infant
Pediatrics 2003; 112: 543-547.
22. Pappas PG, Kauffman CA, Andes D, Benjamin DK,
Calandra TF, Edwards JE, et hifectious diseases so-
ciety of America. Clinical practice guidelines ftre
management of candidiasis:2009 update by the Infec-

Correspondenceto:

B. Vishnu Bhat

Professor and Head
Department of Pediatrics
JIPMER, Pondicherry-605006
India

Curr Pediatr Res 2013 Volume 17 Issuel



