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Bac k ground

l Unt i l  t he 1980s, iso la t es of  Candida
f rom  norm al ly  s t er i le  s i t es w ere 
of t en c onsidered c ont am inant s

l Ant i fungal  t reat m ent  of t en w as  
de layed or  not  g iven

l Fear  of  ant i fungal  t ox ic i t y

l Post m ort em  d iagnosis w as c om m on

Mani fest at ions

l Bloodst ream
l Cut aneous
l Meningi t is
l Absc esses
l Endoc ard i t is
l Endovasc ul i t is
l Endopht halm i t is

l Bezoar
• Renal
• B ladder
• Hepat ob i l ia ry
• Oc ular
• CNS

l Ot hers
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Renal  bezoar (Fungus bal l )

Endopht halm i t is
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Baby Boy M

l ~28 w k  GA 900 g BW by SVD t o 
m ot her  w i t h  no ant enat a l  c are

l Apgars 2165 w it h PPV
l RDS VXUIDFWDQW, IMV
l Suspec t ed sepsis FXOWXUH, A/G
l Hypot ension YROXP H, dopam ine, HC
l IV g luc ose bolus � � � �m L/k g/d
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Baby Boy M

l Over f i rs t  15 days of  l i fe , a lso
· Hypoc alc em ia, e lec t ro ly t e  issues
· Hyperb i l i rub inem ia
· PDA (indom et hac in OLJ DWLRQ)
· Ora l  c andid ias is
· Grade I I  IVH
· Feeding problem s
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Baby Boy M

l 25 c m  sm al l  bow el  resec t ed VWRP D
l Per ioperat ive abx inc luded 

vanc om yc in, MTZ, c efot ax im e
l Day 8 post -op, bow el  sounds p and 

IMV suppor t  
l Blood, ur ine, and w ound c x , and abx

c hanged t o  inc lude PIP/TZB and 
c ef t azid im e

Baby Boy M

l Af t er  3  days of  IMV and inot rop ic
suppor t , b lood yie lded “ yeast ”

l Af t er  CVC rem oval , s t ar t ed on 
f luc onazole (FCZ) bec ause serum  
c reat in ine (SCr) 1 .5 m g/dL

l Tw o days af t er  in i t ia l  c u l t ure report , 
yeast  ident i f ied as Candida g labrat a
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Baby Boy M

l Rec eived FCZ for  9  days
l Cl in ic a l ly  bet t er , but  b lood c x

pers is t ent ly  + and SCr st i l l  1 .5  m g/dL
l Af t er  c hange t o Am B, b lood st er i le  

w i t h in  3  days and SCr 0.7 m g/dL

Cl in ic al  Developm ent s

l Inc reasing  f requenc y
· Susc ept ib le  surv ivors
· Predisposing c l in ic a l  envi ronm ent
· Rare ly  c onsidered a c ont am inant
· Therapeut ic  ac h lorhydr ia
· Ant ib io t ic  pressure
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VLBW Lat e-Onset  Sepsis  
(St o l l  e t  a l , Pedia t r ic s  2002)

15.94.144C paraps

43.95.882C a lb

31.812.2160Fungi

36.217.6231Gram  -

15.722.3293Ot her

9.147.9629CoNS

11.270.2922Gram  +

% Deat h% Tot a lNum berOrganism

Cl in ic al  Developm ent s

l Inc reasing non-a lb ic ans spec ies
l Less deep organ invo lvem ent  ?
l Wider  array of  ant i fungal  agent s
l Ant i fungal  res is t anc e
l Pers is t enc e c om m on, predic t ive 
l Prophylax is  s t ra t eg ies
l Ot hers
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Const ant s…t o t he Present

l Wide int er -c ent er  var iab i l i t y
l Tim ely d iagnosis prob lem at ic
l Treat m ent  of t en de layed
l Best  t reat m ent  d isput ed
l Ef fec t ive prophylax is  unc er t a in 
l Few  dat a f rom  large, m ul t i -c ent er  

resourc es

Cont inu ing Problem s w i t h  
T im ely  Diagnos is

l Sc helonk a RL, Moser  SA. T im e t o  
posi t ive c u l t ure resul t s  in  neonat a l  
Candida sept ic em ia.   J  Pediat r
2003; 142: 564-5



11

Sc helonk a et  a l

l Purposes:
· Det erm ine t im e for  b lood c u l t ure t o 

bec om e + for  Candida spec ies
· Aid dec is ions re: durat ion em pir ic  

ant i fungal  t herapy w i t h  – c ul t ure
l Ret rospec t ive, s ing le  c ent er
l • � � � �m L blood f rom  vein or  c at het er

Sc helonk a et  a l

l Aut om at ic , c ont inuously reading 
c u l t ure syst em

l Cum ulat ive f rac t ion of  + resul t s a t  
eac h 6 hr  in t erva l

l 74 infant s w i t h  206+ c u l t ures over  
6 .5 years
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Hours t o  + Blood Cul t ure  for  
Candida Before/Dur ing Therapy 

(Sc helonk a et  a l , 2003)
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Sc helonk a et  a l

l I f  no Rx , m edian (25-75%) 36 hrs (27-
43)

l I f  on Rx , m edian 42 (34-56) hrs
l By 72 hrs

· 97%+ i f  no Rx
· 91%+ i f  on Rx
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Sc helonk a et  a l : L im i t a t ions

l Cul t ure-negat ive does not assure no 
in fec t ion 

l Ot her  body f lu ids 
l Fungal  burden (e.g., c fu/m L) ef fec t s 

unc lear
l Blood vo lum e unc onf i rm ed
l Ot hers

Cont inu ing Problem s w i t h  
T im ely  Diagnos is

l Tirodk er UH, Nat aro J P, Sm i t h  S, 
LasCasas L, Fairc h i ld  K D. Det ec t ion 
of  fungem ia by polym erase c hain 
reac t ion in  c r i t ic a l ly  i l l  neonat es and 
c h i ldren. J  Per inat o l 2003; 23:117-
122
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Ti rodk er et  a l

l Purpose: To c om pare PCR w it h b lood 
c u l t ure for  det ec t ion of  fungem ia

l Single c ent er , c onvenienc e sam ple 
l Aut om at ed, c ont inuously read blood 

c u l t ure syst em  x  5 days

Ti rodk er et  a l

l Pr im ers based on h igh ly  c onserved 
gene for  18s rRNA

l DNA ex t rac t ion ver i f ied
l Cont ro ls  (+ and -) for  Candida DNA 

inc luded
l PCR sensi t iv i t y  for  Candida DNA and 

‘sp ik ed’ b lood c x sought  
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Ti rodk er et  a l

70 samples

9 cultures + 
for  Candida

4 cultures + 
for  M.furfur

57 cultures –
for  fungus

9 PCR+ 1 PCR+ 13 PCR+

Ti rodk er et  a l

l Of t he 13 PCR+, but  c u l t ure-
· 4  had Candida + b lood c x d28 d 

before PCR
· 3 had + c x of  anot her  f lu id  (ur ine, 

per i t oneal) w i t h in  5  d
· 1 had “ heavy”  CA+PMNs in sput um  
· 5 had no c u l t ure ev idenc e of  

fungal  d isease
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Ti rodk er et  a l : L im i t at ions

l +PCR not m ean ac t ive invasion
l Ef fec t  o f  superf ic ia l  infec t ion or  

c o lon izat ion ?
l False+ w i t h  M. fur fur ?
l Perform anc e w i t h  non-a lb ic ans
l Convenienc e sam ple

l Ot hers

Cont inu ing Problem s w i t h  
T im ely  Diagnos is

l Benjam in DK  J r , DeLong ER, 
St e inbac h WJ , Cot t on CM, Walsh TJ , 
Clark  RH. Em pir ic a l  t herapy for  
neonat a l  c andidem ia in  very low  
b i r t h  w eight  infant s. Pediat r ic s 2003; 
112: 543-7
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Benjam in et  a l

l Purpose: To develop a s im ple 
predic t ive m odel  for  in i t ia t ion of  
em pir ic  ant i fungal  t herapy for  t he at -
r isk  neonat e

l Ret rospec t ive analys is  o f  m ul t i -
c ent er  (100 NICUs) dat abase of  
£1250 g BW infant s over  a  63 m ont h 
per iod

Benjam in et  a l

l Inc lus ion: infant s w ho surv ived • � �
days and had • � �EORRG�FXOWXUH�
on/af t er  day 3 (n=6172)

l Out c om e of  int erest  w as f i rs t  
ep isode of  c andidem ia (n=348)

l Observat ion un i t =b lood c u l t ure
· Blood c u l t ures af t er  an ep isode of  

c andidem ia w ere ex c luded
· n=21,233 b lood c u l t ures
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Benjam in et  a l

l In  addi t ion t o  dem ographic s, fac t ors 
assessed on day of  c x inc luded
· Plat e let  c ount  <150,000
· Ent era l feeding
· CVC
· IV l ip ids
· Broad-spec t rum  ant ib io t ic s 

Benjam in et  a l

l Fac t ors assessed for  7  days 
prec eding c x inc luded
· Vanc om yc in use
· 3 rd generat ion c ephalospor in  use
· Carbapenem use
· Previous b lood c u l t ures 
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Bivar iab le Analys is  o f  Risk  
Fac t ors  for  Candidem ia

(Benjam in e t  a l , 2003)

.011.07-1.671.33IV l ip ids

<.0011.28-2.311.72St ero ids

<.0011.59-2.461.983 rd CS or  CPM

.031.02-1.641.30Vanc o

<.0011.42-2.191.76IMV

.0060.54-0.900.70GI fdg

<.0013.47-6.064.58Pl t <150

<.0013.97-7.035.29GA <25

<.0011.62-2.952.19GA 25-27

<.0010.47-0.800.61Whi t e

P95% CIORVar iable

Benjam in et  a l

l Al l  fac t ors in  w hic h 95% CI  ex c luded 
1.0 w ere t hen inc luded in  c ondi t ional  
log is t ic  regression analys is  w i t h  
bac k w ard e l im inat ion
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Mul t ivar iab le  Analys is  of  
Predic t ors  of  Candidem ia

(Benjam in e t  a l , 2003)

10.6.00011.33-2.291.773rd CS or  
CPM

21.3.00012.68-4.743.56Pl t <150

21.4.00013.12-6.124.15GA<25

10.7.00091.52-3.052.02GA 25-7

Point sEP95% CIORVar iable

Est im at es of  Sens i t iv i t y , 
Spec i f ic i t y , and LRs for  Model

(Benjam in e t  a l , 2003)

0.874.1096%17%877595

0.702.7885%41%2233824

0.522.1871%63%3112773

0.311.6247%85%5155792

0.081.1514%99%6626471

01288240

LR-LR+SpecSensCA-CA+Sc ore
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Benjam in et  a l : L im i t at ions

l Need for  prospec t ive va l idat ion
l Candid ias is w i t h  b lood c x -
l Qual i t y /un i form it y  o f  b lood c x

m et hod
l Int er -c ent er  var iab i l i t y  
l Is  out c om e a l t ered?
l Ot hers 

Best  Treat m ent ?
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Best  Treat m ent ?

l Linder  N, K l inger  G, Shal i t I , Levy I , 
Ashk enazi  S, e t  a l . Treat m ent  of  
c andidaem ia in  prem at ure infant s: 
c om par ison of  t hree am phot er ic in B 
preparat ions. J  Ant im ic rob
Chem ot her 2003; 52: 663-7

Linder  et  a l

l Purpose: To c om pare ef fec t iveness 
and t o lerab i l i t y  o f  am phot er ic in B 
(Am B), l iposom al am phot er ic in
(LAm B) and am phot er ic in c o l lo ida l  
d ispers ion (Am CD) for  neonat al  
Candida bloodst ream  infec t ion

l Single c ent er , non-random ized over  a  
5 year  per iod
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Linder  et  a l

l Al l  in fant s (n=67) w i t h  “ presum pt ive”  
Candida fungem ia el ig ib le

l I f  serum  c reat in ine <1.2 m g/d l , Am B
(1.0 m g/k g/d)

l I f  serum  c reat in ine • � � � �P J �GO
· LAm B for  f i rs t  27 m ont hs                        

(5  m g/k g/d)
· Am CD for  rem ainder  of  s t udy                 

(3  m g/k g/d on d 1 � �P J �NJ �G�

Linder  et  a l

l Infant s ex c luded (n=11) i f  b lood c x -
• � � �KU

l Dai ly  b lood c x unt i l  negat ive
l Suc c ess: 3  c onsec ut ive b lood c x -
l I f  b lood c x + • � � �GD\ V�Z LWK�FOLQLFDO�

signs or ur ine+, add sec ond agent
l CBC, renal  and l iver  func t ion t est s 

before, one day af t er  s t ar t , and one 
day af t er  end of  t herapy
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Charac t er is t ic s  o f  Prem at ure 
In fant s  w i t h Candidem ia

(L inder  e t  a l , 2003)

14*634N

NS314629AST

<.0011.51.40.8SCr

<.001644222BUN

<.05311819IMV

NS161424Onset

<.017799011197BW

<.001252629GA

PAm CDLAm BAm BFeat ure

Effec t s  o f  Ant i fungal  
Treat m ent

(L inder  e t  a l , 2003)

NS6.55.28.4Cx + das

NS396362AST

<.050.80.70.6Creat

<.05422315BUN

NS14.2%16.7%14.7%Deat h

NS57.1%83.3%67.6%1 drug 

14*634N

PAm CDLAm BAm BFeat ure
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Linder  e t  a l

l Conc lus ion: LAm B and Am CD appear  
t o  be ef fec t ive, safe and w el l -
t o lerat ed in  prem at ure in fant s w i t h  
c andidem ia and renal  dysfunc t ion.  
Larger  t r ia ls  are needed.

Linder  et  a l : L im i t at ions

l Sam ple s ize
l Groups not  c om parable
l Cri t er ia  for  presum pt ive fungem ia? 
l Appl ic abl i t y t o  in fant s w i t h  b lood c x -
l Who rec eived 2nd agent  bec ause of  

ur ine+ versus • � � �GD\ V�EORRG� "
l Ot hers
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Best  Treat m ent ?

Best  Treat m ent ?

l Odio CM, Araya R, Pint o LE, Cast ro 
CE, Vasquez S, e t  a l . Caspofungin
t herapy of  neonat es w i t h  invasive 
c andid ias is . Pediat r In fec t  Dis J  
2004; 23: 1093-7
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Odio et  a l

l Purpose: To evaluat e t o lerab i l i t y  and 
ef fec t iveness of  c aspofungin in  
neonat es w i t h  re f rac t ory c andid ias is

l Single c ent er , c ase ser ies
l 10 infant s (9  prem at ure, 1  t erm )

· 8 w i t h  pers is t ent  b lood + (13-49 d) 
despi t e  Am B (plus FCZ in  2)

· 1  w i t h  l im i t ing t ox ic i t y  on Am B
· 1 w i t h  iso lat e res is t ant  t o  Am B

and FCZ

Odio et  a l

l Al l  underw ent  rem oval  of  indw el l ing 
vasc ular  c at het ers w i t h  f i rs t  +c x

l First  pat ient  rec e ived 0.5 m g/k g x  3d, 
t hen 1 m g/k g

l Al l  o t hers rec eived 1.0 m g/k g x  2  d, 
t hen 2 m g/k g
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Odio et  a l

l Ot her  ant i fungals d/c ’d w hen st ar t ed 
c aspofungin

l Infus ion assessed by HR,RR,BP,SaO2

l Moni t ored BUN, SCr, K , AST, ALT, 
a lk phos before, w eek ly, and w i t h in  3 
days af t er  c om plet ing Rx  

Odio et  a l

l Mul t ip le  spec ies inc luded
· 4 a lb ic ans
· 3 parapsi los is
· 2  t rop ic a l is
· 1  g labrat a
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Odio et  a l

l Tw o had foc a l  sourc es out s ide 
b loodst ream  
· 1 at r ia l veget at ion
· 1 CSF, ur ine, renal  bezoar

Odio et  a l

l Al l  b lood c x bec am e st er i le  w i t h in  3  
t o  7  days of  s t ar t ing c aspofungin
· 1 re lapse 4 days af t er  d/c

c aspofungin
· 1 deat h at t r ibut ed t o  K lebsie l la

sepsis a f t er  Candida c leared
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Odio et  a l

l CSF, at r ia l veget at ion and renal  
bezoar resolved on c aspofungin

l No evidenc e of  t ox ic i t y  or  in fus ion-
re lat ed event s

Odio et  a l : L im i t a t ions

l Sam ple s ize
l No c ont ro l  group
l Prem at ure infant s a t yp ic a l  (31-35 w k  

GA, 1.15-2.2 k g BW)
l No aut opsy in  1 deat h
l Lim i t s  of  in  v i t ro  susc ept ib i l i t y  t est s
l Ot hers



31


