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≠≠
AnatomicAnatomic

• Primary barriers to defense in children (mucosa and 
integument) are fragile and easily colonized

Physiologic 
• Greater ability to tolerate more intensive treatments 

ImmunologicImmunologic
• Functional immaturity of phagocytes and T lymphocytes 
• Congenital immunodeficiencies

Anaissie E et al. Clin Mycology. 2003.
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Epidemiology

• 3rd most common cause of late-onset neonatal sepsis –
12 2% f12.2% of cases

• Incidence/100,000 admissions – 2000 National Data
Neonates 150 (95% CI:130 160)– Neonates 150 (95% CI:130,160)

– Older Children 43  (95% CI: 35,52)
– Adults 30   (95% CI:26-34)( % )

• US National Nosocomial Surveillance System Hospitals 
(NNIS) from 1995 to 2004 
– 128 NICUs (130,523 neonates)
– 1997 cases of Candidemia 
– Median 7.5% (IQR: 4.6, 13.5%)( )

Stoll BJ, Pediatrics 2002;  Zaoutis TE, CID 2007; 
Fridkin SK Pediatrics 2006 



Neonatal Candidiasis: 
Incidence and Birth WeightIncidence and Birth Weight
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Risk Factors

• Gestational age
• Prolonged rupture of membranes
• H2 blockers

I t b ti• Intubation
• Third-generation cephalosporins

– Carbapenems and other broad-spectrum antibioticsCarbapenems and other broad-spectrum antibiotics
• Hyperalimentation

• Lack of enteral feedingg
• Central venous catheters

. Saiman L, et al. Pediatr Infect Dis J. 2000;19:319-324.  2. Linder N, et al. J Hosp Infect. 2004;57:321-324.  3. Makhoul 
IR, et al. Clin Infect Dis. 2005;40:218-224 . 4. Feja KN, et al. J Pediatr 2005; 147:156-161. 5. Benjamin DK, et al. 
Pediatrics. 2003; 112:543-547. 6. Benjamin DK, et al. Pediatrics. 2006;117:84-92.  7. Manzoni P, et al. Pediatrics. 
2006;118:2359-64.



Neonatal Candidiasis: Neonatal Candidiasis: 
Incidence over TimeIncidence over TimeIncidence over TimeIncidence over Time

Fridkin, S. K. et al. Pediatrics 2006;117:1680-1687



Neonatal Candidiasis: Neonatal Candidiasis: 
Incidence over Time by SpeciesIncidence over Time by SpeciesIncidence over Time by SpeciesIncidence over Time by Species

Fridkin, S. K. et al. Pediatrics 2006;117:1680-1687



Neurodevelopmental Outcomes and 
Bloodstream Infection in Infants <1000 gBloodstream Infection in Infants <1000 g
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Attributable OutcomesAttributable Outcomes

M t litMortality 
(95% CI) LOS (95% CI) Cost (95% CI)

Neonatal < 1000 g               
12% 

(5.5, 18.3)
3

(-5, 9)
39,045

(1,374 - 76,715)

- 4 % 
16 122,302 

9

Neonatal > 1000 g (-9.8, 1.4)
16 

(8,24) (80,457 -
164,148)

Smith, PIDJ 2007; Zaoutis TE, et al Clin Infect Dis 
2007



Clinical Vignetteg

• 26-week, 620-gram infantg
• Extubated to CPAP on day of life (DOL) 2
• Enteral feedings started DOL 3

DOL 15• DOL 15 
– Apnea
– HypotensionHypotension
– Platelet count fell from 165,000 to 70,000

• Blood, Urine and CSF sent for culture
B d t tibi ti th t t d– Broad spectrum antibiotic therapy started



Should Empiric Antifungal Therapy Be 
Initiated?Initiated?

• Review of 49 cases with fungal sepsis (Makhoul IR, Pediatrics 2001)
– No mortality in 35 VLBW infants with fungal sepsis
– Attributed this outcome to empiric therapy with amB

• Pre-post intervention study (Procianoy RS. Eur J Pediatr)p y ( y )
• <1500 g or “Very Sick NICU patient”
• Clinical signs of infection plus

– Vancomycin and/or 3rd generation cephalosporin x 7 daysVancomycin and/or 3 generation cephalosporin x 7 days
– And 1 of the following:TPN, Mechanical ventilation, Postnatal 

steroids, H2 blocker, Candida rash or thrush
• Eliminated Candida-related mortalityy

– 11 of 18 (61%) - No empiric therapy
– 0 of 6 (0%) - Empiric therapy



Should Empiric Antifungal Therapy Be 
Initiated?Initiated?

 Multivariable Analysis of Predictors of Candidemia 
Variable Category OR 95%CI Points 

G i l 28 k R fGestational age ≥28 wk
25-27 wk 
<25 wk 

Referent 
2.02 
4.15 

(1.52-3.05) 
(3.12-6.12) 

1 
2 

Thrombocytopenic Value ≥150 ReferentThrombocytopenic Value ≥150
Value <150 

Referent 
3.56 (2.68-4.74) 2 

Cephalosporin or  
carbapenem 

No 
Yes 

Referent 
1.77 

 
(1.33-2.29) 

 
1 

 

Benjamin DK, et al Pediatrics 2003



Need for Empiric Antifungal Therapy:
Clinical Predictive Model

 
 

Score
 

Candidemic
Not  

Candidemic
 

Sensitivity
Calculated  
Specificity

 
LR(+)

 
LR( )Score Candidemic Candidemic Sensitivity Specificity LR(+) LR(-)

0 4 2882 1 0   
1 47 6626 99% 14% 1.15 0.08 
2 79 5155 85% 47% 1.62 0.31 
3 77 3112 63% 71% 2 18 0 523 77 3112 63% 71% 2.18 0.52
4 82 2233 41% 85% 2.78 0.70 
5 59 877 17% 96% 4.10 0.87 

 

Benjamin DK, et al Pediatrics 2003



Selection of Antifungal Agent

• IDSA Guidelines for the Treatment of Neonatal 
CandidiasisCandidiasis

• AmB deoxycholate 1 mg/kg (A-II)
– Test dose not required; may contribute to delayed clearance
– Tolerated well with limited effect on creatinine

• Lipid formulations at 3- 5 mg/kg (B-II)
• Fluconazole 12/mg/kg (B II)• Fluconazole 12/mg/kg (B-II)
• Echinocandins should be used with caution

– Caspofungin 25 mg/m2 once daily similar levels to adult dose p g g y
of 50 mg/day4

– Micafungin 5-7 mg/kg in neonates > 1000 grams similar 
levels to adults receiving 100 mg and 150 mg

Pappas P, CID 2009; Wade KC, et al. Antimicrob Agents Chemother. 2008; Linder N, et al. J.Antimicrob.Chemother. 2003;  
Saez-Llorens AAC 2008. 5. Heresi G PIDJ 2006



Candidiasis:
N t l A tif l ThNeonatal Antifungal Therapy
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Does removal of the catheter improve 
outcomes?outcomes?

• Prompt removal is associated with:p
– Lowered mortality rates
– Shorter duration of candidemia 
– Reduced end-organ dissemination

• Intravascular catheter removal is strongly recommended 
(A II)(A-II)

Ch RL P di I f Di J 2000 19 822 827 K l i MG lChapman RL. Pediatr Infect Dis J. 2000;19:822-827; Karlowicz MG, et al. 
Pediatrics. 2000;106:E63; Noyola DE, et al.  Clin Infect Dis. 2001;32:1018-
1023; Benjamin DK, et al. Pediatrics. 2006;117:84-92.



Does Removal of the Catheter Improve 
Outcomes?Outcomes?

Cohort study of 320 infants with candidemia
P t ( 24 h) d l dPrompt (<24 h) vs. delayed
• All cases of candidemia

– Mortality 21% vs. 37% (P=.024)
– Combined mortality + neurodevelopmental impairment 

(NDI) (P=.01)
– No difference for NDI alone (45% vs. 63%)(P=.08)
– No difference in time to clearance (5 vs 7.3 d)

• Catheter removal and species
– C albicans:   35% vs. 48%
– C.parapsilosis:   10% vs. 31%

Benjamin DK, et al. Pediatrics. 2006;117:84-92



Does Removal of the Catheter Improve 
O t ?Outcomes?

Variable No. OR 95%CI

Catheter removal

Early (within 1 day) 57 Reference

Late 132 2.69 1.25-5.79

Gestational age

> 25 weeks 83 Reference

< 25 weeks 106 3.91 1.85-8.29

G dGender

Female 94 Reference

Male 95 2 30 1 09 4 84Male 95 2.30 1.09-4.84

Benjamin et al Pediatrics 2006



When is the Bloodstream Clear of 
C did ?Candida?

• Duration of candidemia often prolongedp g
• Up to 10% of neonates will have positive blood cultures 

> 14 days
• 21% of infants with Candida BSI will have intermittent 

negative cultures between positive cultures 
• Daily cultures should be performed until 3 or more• Daily cultures should be performed until 3 or more 

documented negative cultures
• New central access could be placed >2 days after 3rd

culture documenting clearance
• Duration of therapy: 3 weeks

Pappas P CID 2009; Benjamin DK, et al. Pediatrics. 2006;117:84-92



End-Organ Disseminationg

• Meta-Analysis
• Prevalence of:

– Endophtalmitis 3% (IQR: 0-17%)
Meningitis 15% (IQR: 3 23%)– Meningitis 15% (IQR: 3-23%)

– Brain Abscess or Ventriculitis 4% (IQR: 3-21%)
– Endocarditis 5% (IQR: 0-13%)
– Renal Candidiasis

• By renal ultrasound 5% (IQR: 0-14%)
Positive urine culture 61% (IQR: 40 76%)• Positive urine culture 61% (IQR: 40-76%)

– Lumbar puncture and eye exam recommended (B-III)
– Imaging if persistently positive culturesg g p y p

Pappas P, CID 2009; Benjamin DK et al.  Pediatrics. 2003;112:634-40.



Antifungal Prophylaxis (FP) 
in Preterm Infants
Let’s look at the data…..



Oral Prophylaxis - Nystatin

• One RCT to date
67 i t b t d i f t bi th i ht < 1250– 67 intubated infants, birth weight < 1250 g

– Bloodstream infection
• 0/33 (0%) vs. 2/34 (6%) placebo, P=.16( ) ( ) p ,

– UTI
• 2/33 (6%) vs. 10/34 (29%) placebo, P=.01

1988 2006• 1988-2006
– A few retrospective reports of nystatin failure 

when initiated after colonization was detectedwhen initiated after colonization was detected

Sims ME, et al. Am J Perinatol. 1988;5:33-36.  



Oral Prophylaxis - NystatinOral Prophylaxis Nystatin

• Prospective quasi-randomized studyProspective quasi randomized study
– Oral nystatin prophylaxis (NP) reduced the 

invasive candidiasis in ELBW and VLBWinvasive candidiasis in ELBW and VLBW 
infants (P=.004)
• Controls 36%
• In colonized infants 14%
• NP started at birth 3.6%

Ozturk MA, et al. Mycoses. 2006;49:484-492.



Fluconazole  Prophylaxis  Studies

• Randomized Placebo Controlled studies
– Kicklighter 2001 (Colonization Study)

K f 2001– Kaufman 2001
– Parikh 2007
– Manzoni2007 (Multicenter RCT)

• Randomized Controlled studies
– Kaufman 2005 (Dosing schedule comparison study)

• Non-randomized with historic retrospective controls
– Bertini 2005
– Healy 2005 and 2008y
– Manzoni2006
– Uko 2006
– Aghai 2006
– Weitkamp 2008



Fluconazole Prophylaxis:
Randomized Placebo-Controlled Trials

Study N FP Placebo P

3 mg/kg with IV access up to 6 weeks 

Kaufman 2001
100 

<1000 g
0 of 50 (0%) 10 of 50 

(20%) 0.008

Subanalysis

Subgroup <24 
wks 9 0 of 4 (0%) 4 of 5 (80%) 0.04

Subgroup ≥24 
wks 91 0 of 46 (0%) 6 of 45 (13%) 0.01

Kaufman D, et al. N Engl J Med. 2001



Fluconazole Prophylaxis:
R d i d Pl b C t ll d T i lRandomized Placebo-Controlled Trials

• Multicenter, randomized, controlled trial , ,
• 1:1:1 randomization
• 3 mg/kg, 6 mg/kg, or placebo

Study N FP Placebo P

Manzoni 2007 
(NEJM) 322 <1500 g 7 of 216 

(3.2%)
14 of 106 
(13.2%) <.0001

3 mg/kg and 6 mg/kg BOTH equally effective
*<1000 g (P=.02)
*<27 weeks (P=.007)27 weeks (P .007)

Manzoni P, et al. N Engl J Med. 2007;356:2483-2495. 



Analysis of Randomized Controlled TrialsAnalysis of Randomized Controlled Trials

• EfficacyEfficacy
– Cochrane Review 2007

Typical relative risk: 0 23; 95% confidence– Typical relative risk: 0.23; 95% confidence 
interval, 0.11, 0.46 

– Number needed to treat of 9– Number needed to treat of 9 
(95% confidence interval 6, 17)

Clerihew L, et al. Cochrane Database Syst Rev. 2007;4:CD003850



Fluconazole Prophylaxis
Retrospective StudiesRetrospective Studies

Study N
(BIRTH WEIGHT) FP Control 

Group P( )

Healy 2005 446 (<1000 g) 3 of 240 
(1%)

15 of 206 
(7%) .001

M i 2006 129 (<1000 ) 1 of 72 13 of 57 < 0001Manzoni 2006 129 (<1000 g) o
(1.4%)

3 o 5
(22.8%) <.0001

336 (1000-1500 g) 3 of 153 
(2%)

9 of 183 
(4.9%) .009

Bertini 2005 255 (<1500 g) 0 of 136 
(0%)

9 of 119 
(7%) .003

Uko 2006 384 (<1500 g) 2 of 178 13 of 206 007Uko 2006 384 (<1500 g) (1.1%) (6.3%) .007

Aghai 2006 277 (<1000 g) 0 of 140 
(0%)

9 of 137 
(6.6%) <.006

Aghai ZH, et al. J Perinatol. 2006;26:550-555;  Bertini G, et al. J Pediatr. 2005;147:162-165; Healy CM, et al. J Pediatr.
2005;147:166-171;  Manzoni P, et al. Pediatrics. 2006;117:e22-32;  Uko S, et al. Pediatrics. 2006;117:1243-1252



Adverse EventsAdverse Events

• No increase in other infections 
– Bacteremia
– Necrotizing enterocolitisg

• Long-term outcomes (mean 14 months)
• No effect on growthNo effect on growth
• No effect on cholestasis or other liver disease
• No increase in adverse neurodevelopmental p

outcomes

Kaufman D, et al. Pediatr Res. 2003;53:484A



Fluconazole Prophylaxis: CholestasisFluconazole Prophylaxis: Cholestasis 

Retrospective studies:Retrospective studies:
Study      Cholestasis FP Control P 
Aghai db >2 43% 8.8%            <0.001
2006 Di h 6 7% 3 6% 0 542006 Discharge 6.7% 3.6% 0.54

Uko db 0.6 (0-19) 0.9 (0-21)     <0.001 
2006 db >5 4% 12% 0.015

Randomized placebo controlled trials:
Study      FP Placebo P 
Kaufman db 0.6 (±1.4) 1.0 (±1.8) 0.34
2001 NO DIFFERENCE
Manzoni   db >2 6%  3.8%        0.29
2007



Fluconazole Prophylaxis:
R i tResistance

• No significant resistance in 1232 FP treatedNo significant resistance in 1232 FP treated 
patients 
– During 4 - 6 week prophylaxis periods for anyDuring 4 6 week prophylaxis periods for any 

patient
– During 24 - 36 month study periods for allDuring 24 36 month study periods for all 

patients
• No increase of candidemia due to C glabrataNo increase of candidemia due to C glabrata

or C krusei

Kaufman DA. Curr Opin Pediatr. 2008;20:332-40. 
Kaufman DA. Expert Rev Anti Infect Ther. 2008;6:393-9. 



Colonization and Infection with 
C l b t C k i S iC glabrata or C krusei Species
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Colonization During and After FP

Susceptible-Dose–Dependent and Resistant Isolates
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Treatment of Invasive Candidiasis in 
Fl l P h l i St diFluconazole Prophylaxis Studies

• All studies used amphotericin B primarilyAll studies used amphotericin B primarily 
for treatment of infections

Both AmB deoxycholate or lipid preparations– Both AmB deoxycholate or lipid preparations
– This decreases overall unit exposure to 

fluconazolefluconazole
– May have intermittently eliminated less 

susceptible or resistant fungisusceptible or resistant fungi



Changes in fluconazole susceptibility over time 
bl d t i l t f C i l iamong bloodstream isolates of C. parapsiolsis

Time 
P i d

No. of 
I l

MIC (mg/liter)a % of isolates at MIC 
( /li fPeriod Isolates (mg/liter of:

  Range 50% 90% ≤8 16-32 ≥64 
1990-1994 7 0.5-2 1  100 0 0 
1999-2000 7 1-16 2 86 14 0
2001-2002 12 2-64 8 64 50 33 17 

        
TOTAL 26 0.5-64 2 16 73 19 8 

 
a  50%, MIC at which 50% of the isolates are inhibited; 90%, MIC at which 90% of the 
isolates are inhibited. 

Sarvikivi E, et al. J Clin Microbiol. 2005



Fluconazole Prophylaxis CostsFluconazole Prophylaxis Costs

• Fluconazole prophylaxis is cost effective.p p y
• Uko et al. examined the cost with fluconazole 

prophylaxis and showed a significant cost benefit of 
$516,702 over 18 months in their NICU.$516,702 over 18 months in their NICU.

• The pharmacy costs of one dose is approximately $18, 
making the cost of a  4 to 6 week course (8 to 12 doses) 
between $144 and $216 per patientbetween $144 and $216 per patient. 

Uko S, et al. Pediatrics. 2006;117:1243-1252. 



Impact of Prevalence on Decision to 
Administer Prophylaxis

center incidence 6 weeks Reduce Risk Difference NNT NNT Death

Incidence < 1000 grams

Low 0.0% 0.0% 0.0% 0.0% >250 >750
Low 1.2% 1.0% 0.2% 0.8% 126 379
Low 2.1% 1.8% 0.4% 1.4% 69 207

Moderate 4.4% 3.7% 0.7% 3.0% 33 100
Moderate 6.7% 5.7% 1.1% 4.5% 22 66

High 10.7% 9.1% 1.8% 7.3% 14 41
Danger 17.9% 15.2% 3.0% 12.1% 8 25



Fluconazole Prophylaxis: Who and How?Fluconazole Prophylaxis: Who and How?

• In nurseries with high rates of invasive candidiasis, fluconazole 
prophylaxis may be  considered in neonates with birth weights less 
than 1000 grams (A-I)

• Antifungal drug resistance drug- related toxicity andAntifungal drug resistance, drug related toxicity, and 
neurodevelopmental outcomes should be observed (A-III)

• 3 mg/kg IV fluconazole
– Similar efficacy and less risk for resistance compared to higherSimilar efficacy and less risk for resistance compared to higher 

doses
– While they require IV access 
– Starting on DOL 1; First 6 weeks of lifeStarting on DOL 1; First 6 weeks of life
– Twice weekly dosing

• Use of different antifungal for treatment or empiric therapy
• AAP survey 34% of neonatologists used prophylaxis y g p p y

Pappas P, CID 2009; Burwell L, Pediatrics 2006



Summary

• An important cause of morbidity and mortalityAn important cause of morbidity and mortality
• Empiric therapy and catheter removal improve 

outcomes
• Amphotericin B is drug of choice for treatment
• Prophylaxis with fluconazole is effective in high-Prophylaxis with fluconazole is effective in high

risk neonates
• More studies needed to determine long term o e stud es eeded to dete e o g te

impact of fluconazole on developing neonate 




