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Abstract
Background: Infective endocarditis (IE) is a rare and feared
infection that mainly occurs in patients with underlying
cardiac disease or altered function of the immune system.
Recent epidemiological data on both sepsis and nosocomial
infections indicate a rise in gram-negative bacterial and
fungal infection, particularly in patients requiring critical
care support. This study sought to characterize the change
in the spectrum of IE encountered in a single pediatric
tertiary care center during the last 18 years, to evaluate
emergence of fungal IE and to identify contributing factors.
Patients and Methods: Review of all cases of IE diagnosed
between January 1986 and August 2003 at a single
university children’s hospital. Patients were distributed
between two equal time periods and compared according to
the era of IE diagnosis.
Results: In 43 patients, 44 episodes of IE were identified
with most cases occurring in children with congenital or
acquired heart disease. The annual number of diagnosed
cases fluctuated during the study (mean 2.4 cases/year).
Blood or specimen cultures were positive in 34 cases (77%)
with gram-positive organisms most frequently observed
(n =20, 44.4%). Fungal IE cases (n =9, 20%) occurred
preferentially during the second period (p < 0.03), and were
more common in children with noncardiac diseases
(p = 0.023). Factors associated with fungal IE were the use
of broad-spectrum antibiotics (p < 0.001) and the presence
of an infected central venous catheter (p = 0.01). Overall
mortality did not differ between the two eras.
Conclusion: The incidence of fungal IE seems to have
significantly increased in more recent years. Use of broad-
spectrum antibiotics for prolonged time or/and central
venous catheters were identified as predisposing factors to
fungal infective endocarditis.
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Introduction
Infective endocarditis (IE) is a feared complication of
structural heart disease and, although rare in children, is
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associated with a significant morbidity and mortality [1].
Previous studies in children indicated that gram-positive
cocci were responsible in up to 80% of IE cases, whereas
fungi accounted for only 1 to 13% of infections (Table 1)
[2-11]. The reported overall mortality rate ranges between
5% and 25%. Nevertheless, the spectrum of organisms may
have substantially changed in recent years because of the
widespread use of intravascular catheters, critical care
support, improved survival of congenital heart disease pa-
tients, better diagnostic methods (microbiology, echocar-
diography) as well as the use and abuse of antimicrobial
drugs. Recent epidemiological studies outlined an increase
in fungemia during recent decades [12-14]. We aimed to
analyze possible recent changes in the pattern of pediatric
IE and to identify risk factors.

Patients and Methods

Patients
Retrospective case review of all episodes of IE that occurred
between January 1986 and August 2003 in a tertiary university
children’s hospital. The diagnosis of IE was based on the modi-
fied Duke criteria using echocardiographic, microbiological, and
pathological findings [15]. In order to evaluate the secular trend
of the IE bacteriological pattern over the studied period, patients
were divided into two equal time periods, ranging from 1986 to
1994 (group 1) and from 1995 to 2003 (group 2).
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Definition
A catheter-borne IE was considered if a vegetation was identi-
fied echocardiographically on the tip of a central venous catheter
and if more than 103 colony-forming units per centimeter of an
isolated microorganism were quantified in the culture of the cath-
eter tip [16].

Microbiology
Daily, one to two blood samples were systematically drawn in
all cases with suspected IE and usually cultured for 21 days un-
der aerobic and anaerobic conditions. All microorganisms were
identified using standardized procedures at the hospital’s central
laboratory of bacteriology. The samples were distributed into
a Septi-Chek Release bottle (Becton Dickinson, Cockeysville,
MD) and an Oxoid Signal bottle (Oxoid, Basingstoke, UK).
Whenever fungemia was suspected, the inoculation of an Isola-
tor 10/1.5 tube (Wampole Laboratories, Cranbury, NJ) based
on lysis centrifugation was performed. With the introduction of
an automated fluorometric BACTEC 9000 system in the clinical
microbiology bacteriology laboratory (August 1994), the Septi-
Chek Release and Signal vials were replaced by the BACTEC
Plus aerobic/F, BACTEC PEDS Plus /F and the Lytic anaero-
bic/F vials (Becton Dickinson, Sparks, MD). The Isolator was
replaced when the BACTEC Myco/F Lytic medium became
available (November 1997). Yeasts growing in all cultures were
identified with API C32 (BioMérieux, Lyon, France) in conjunc-

tion with microscopic morphology of the fungi subcultured on
rice agar. In one case of Bartonella quintana 1E, broad-range
PCR amplification was performed on excised mitral valvular tis-
sue, sequenced and compared with sequences of bacterial 16S
ribosomal RNA genes deposited in Genebank and the European
Molecular Biology Laboratory database [17, 18].

Echocardiography

All children underwent complete transthoracic 2-dimensional
and Doppler echocardiographic studies at diagnosis and follow-
up using Vingmed Diasonics, CFM 700 or System Five ultrasound
systems with 5 to 7 MHz phased-array transducers. Because of
inconclusive transthoracic echocardiographic exam, nine patients
underwent additional transesophageal echocardiography with a 5
MHz multiplane probe. Unlike in adults, transthoracic and trans-
esophageal echocardiographies are considered equally accurate
for the diagnosis of IE in children, in particular for the detection
of vegetations [19]. All ultrasound studies were videotaped and
available for off-line analyses.

Statistics
To determine differences between groups, nonparametric Mann-
Whitney U test and a two-tailed Fisher's exact test were per-
formed. A p-value < 0.05 was considered to be significant.

Table 1
Pediatric series on infectious endocarditis.
Patients' Gram Gram HACEK Fungi Culture
age positive negative group negative
(years) (%) (%) (%) (%) (%)
Johnson et al. [2] 0.1-23.1 20 1 - - 79
(1953-1972) (N = 149)
Van Hare et al. [3] 0-20 91 2 5 - 2
(1972-1982) (N = 42)
Fukushige et al. [4] 0.8-17.3 83 - - - 17
(1971-1990) (N = 29)
Awadallah et al. [5] 0.8-32 56 na na 6 11
(1970-1990) (N = 48)
Martin et al. [6] 0.08-18 86 2 5 - 7
(1958-1992) (N = 76)
Saiman et al. [7] 0.09-19 72 11 - 10 7
(1977-1992) (N = 62)
Del Pont et al. [8] 0.08-22 74 - - 13 13
(1978-1994) (N = 43)
Bitar et al. [9] 3-18 66 10 = = 24
(1977-1995) (N = 41)
Stockheim et al. [10] 0.02-20 75 11 5 4 5
(1978-1996) (N = 111)
Sadig et al. [11] 0.3-16 34 11 - 2 53
(1997-2000) (N = 45)
Geneva Children’s Hospital 0.2-18 444 6.7 6.7 20 22.2
(1986-2003) (N = 44)
HACEK group: Hemophilus, Actinobacillus, Cardiobacterium, Eikenella, Kingella; na: not available, HACEK group and gram negative: 27%
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Results
44 1E episodes were diagnosed in 43 children (23 girls)
aged between 1 week and 18 years (median: 7 years). Most
children originated from northern (n = 20) or sub-Saharan
(n = 13) Africa, while ten children were from continental
Europe. 40 patients (91%) with underlying congenital or
acquired heart disease were referred for cardiac surgery
(including all children originating from the African con-
tinent). Among these, 24 (60%) occurred in the postop-
erative period, including 15 cases within the first 2 weeks
following surgery. Two IE cases occurred in premature
newborns, and the remaining two in children after liver or
kidney transplantation. Among those with cardiac disease,
seven (17.5%) had acquired valvular disease secondary to
rheumatic fever, 21 (52.5%) had cyanotic and 12 (30%)
acyanotic congenital heart disease.

Blood (19 cases with = 2 positive blood cultures, and
five cases with one positive blood cultures) or perioperative
specimen cultures and serological tests were positive in 34
(77%) of the 44 TE episodes. The most frequently observed
microorganisms were gram-positive organisms (n = 20
[44.4% of cases]: Staphylococcus aureus [n = 7], Staphylo-
coccus epidermidis [n = 2], and Staphylococcus lugdunensis,
Streptococcus mitis [n = 2], Streptococcus pyogenes, Strep-
tococcus pneumoniae, Streptococcus milleri, Streptococcus
sanguis, Enterococcus faecalis, Corynebacterium diphthe-
riae, Propionibacterium acnes, Actinomycetes odontolyti-
cus) and fungi (n =9 [20%]: Candida albicans [n = 6], Can-
dida guillermondi [n = 2], and Hansenula anomala). Less
common were microorganisms from the HACEK group
(n =3 [6.7%]: Haemophilus paraprophilus, Haemophilus
influenzae, Haemophilus aphrophilus) and gram-negative
(n=31[6.7%]: Pseudomonas aeruginosa, Bartonella quintana,
Salmonella typhii), while Coxiella burnetti caused IE in one
case. Ten cases (22.2%) had culture-negative endocarditis.
Polymicrobial IE was observed in one case that developed
a brain abscess secondary to systemic septic emboli. The
primary site involvement was equally found in right- (n
= 19) and left-sided cardiac cavities (n = 20). Four cases
had multiple intracardiac infective locus at diagnosis. Na-
tive valves were primarily involved in 26 cases, including
two cases with mitral and aortic valve IE. Secondary IE
spreading occurred in 18 cases (41%), and included eight
Dacron patches, a mechanical valve and four cases with
symptomatic septic embolizations to the brain. Among the
19 patients with a central venous catheter, seven (36.8%)
had a catheter-borne IE. The catheters were in place be-
tween 2 and 42 days (median: 12 days) with a trend that
did not reach statistical significance in duration between
catheter-borne IE (21.5 + 16.6 days) and those that were
not infected (13.5 + 11.5 days). In 21 cases (48%), broad
antibiotic (BA) therapy had been given during the 8.4 + 14
days prior to IE diagnosis. The use of BA, mainly amino-
penicillins, with or without aminoglycosides, and third-gen-
eration cephalosporins was based in most cases on clinical
symptoms of fever and elevated inflammatory biological

Infection 33 - 2005 - No.4 © URBAN & VOGEL

Number of cases
w N (6]
! ! 1

no
1

fany
1

0 T T T T T T T

1986 1995

Figure 1. Infective endocarditis yearly occurrence.
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Figure 2. Bacteriological pattern of infective endocarditis over two
9-year periods.

parameters suggesting bacterial infection. Four patients
with negative blood culture IE received BA. Incidence of
IE during the last 18 years (Figure 1) revealed a fluctuating
number of yearly diagnosed cases (mean 2.4 per year), with
no significant difference in the occurrence of gram-posi-
tive, gram-negative, and blood culture-negative IE (Figure
2) during the two study eras.

Fungal IE was found in nine cases (20% ) and most (n
= 8) occurred within the second era (p < 0.03). The modi-
fication of the bacteriological techniques that occurred in
1997 did not influence (p = 0.081) the increase in fungal
IE diagnosis. Out of the eight fungal IE cases diagnosed
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Table 2
Difference between fungal and infective endocarditis of other
causes.

Fungal IE IE of other P-value
causes
(n=9) (n=34)
Age (years + SD) 6.65 + 6.35 8.35 + 4.89 NS
Female gender (number [%]) 5 (55.5) 18 (53) NS
European origin (number [%]) 3 (33) 7 (20.5) NS
Cyanotic CHD (number [%]) 6 (66.7) 16 (47) NS
Noncardiac disease?
(number [%)]) 3(33.3) 1(2.8) 0.023
Postoperative IE (number [%]) 4 (44.4) 17 (50) NS
Infected CVC (number [%]) 5 (55.5) 2 (5.9) 0.01
Duration of catheter prior to
IE diagnosis (days + SD) 20 + 14.4 13.8 +13 NS
BA before IE diagnosis
(number [%]) 9 (100) 12 (35.3) <0.001

Duration of BA treatment
before IE diagnosis (days + SD) 16.1 + 21

Infected implantable

5.6 +9.8 NS

materials/total (number) 4/6 6/11 NS
Follow-up (years + SD) 2.38 + 1.25 4.47 + 3.78 NS
Overall survival (%) 55.6 85.7 NS

SD: standard deviation; NS: nonsignificant ; IE: infective endo-
carditis; BA: broad-spectrum antibiotics; CHD: congenital heart
disease; CVC: central venous catheter; @ noncardiac disease: post-
transplantation and prematurity

during the second period, five occurred after November
1997. In addition, reported experience comparing both
the BACTEC MYCO/F Lytic bottle and the Isolator sys-
tem did not show improvement in fungal detection [20].
Characteristics of patients with and without fungal IE are
compared in Table 2. On univariate analysis, risk factors
contributing to fungal IE were: prior administration of BA
(9/9 cases; p < 0.001) and the presence of an infected cen-
tral venous catheter at the time of IE diagnosis (5/9 cases; p
=0.01). The four patients without underlying heart disease
(two with solid organ transplant and the two prematurely
born infants) were prone to fungal IE (three of totally nine
cases; p = 0.023). Although a trend was observed, there was
no significant difference between fungal IE and IE of other
causes in the duration of both BA therapy (16.1 +21 vs 5.6
+ 9.8 days; p = NS), or of central venous catheter (20 + 14.4
vs 13.8 + 13 days; p = NS).

The median follow-up after diagnosis of IE was 7
years (range: 0.4-19 years). Survival was lowest with fun-
gal (56%) and gram-negative (67 % ) endocarditis. The out-
come of children with gram-positive, HACEK or Q fever,
and blood culture-negative IE was significantly better, with
survival rates of 88%, 100% and 80%, respectively. The
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mortality rate did not differ between the two study eras
(25% vs 16.7%).

Discussion
The spectrum of organisms identified in pediatric IE has
been rather uniform during many decades (Table 1). Gram-
positive bacteria were the main cause of IE, whereas fungal
infections were infrequently described (2-13%). In our in-
stitution, the bacteriological spectrum has evolved during
the 18-year study period towards more fungal infections,
albeit the overall incidence of IE did not change. Gram-
positive microorganisms remain the principal cause of IE.
Still, there was a surprisingly high number of culture-nega-
tive IE throughout the study period. However, although
Martin et al. [6] showed that 80% of culture-negative IE
had previous BA treatment, our data did not demonstrate
this association. Only four (40%) of our patients with nega-
tive culture IE had prior BA. On the other hand, BA was
given in 17 (50%) of the children with bacteriologically
identified IE. Although all operated children did receive
intravenous cephazolin prophylaxis, culture-negative IE
prevalence was similar in immunocompromised and pre-
mature children. Whether the increase in fungal IE diag-
nosis is solely related to a shift from negative blood culture
and gram-negative infections is not elicited by our data.

The observed increase of fungal IE in the second era
goes along with the reported increase of fungal sepsis in
both adults and children [12, 13, 21, 22]. Although the in-
cidence of invasive fungemia seems to have stabilized in
recent years, a striking increase ranging from 180- to 620-
fold was observed between the early 1980s and the 1990s
in the pediatric and neonatal population [23, 24]. Similar
to our data, two other pediatric series described a worry-
ing prevalence (10-13%) of fungal IE, but little data about
these children were available [7, 8].

Unrelated to the operative status, the use of BA was
found to be an important risk factor for fungal IE. The
use of BA was based in most cases on clinical symptoms
of fever and elevated inflammatory biological parameters
(such as C-reactive protein), suggesting bacterial infection.
However, patients who underwent cardiopulmonary by-
pass commonly have elevated C-reactive protein and fever
in the early postoperative course, impeding the decision to
introduce BA. Recently, serum procalcitonin has shown
promising results in identifying bacterial infection after
cardiac surgery, and may help in a more rational use of
antibiotics after cardiac surgery, as well as in the immune-
deficient, severely ill child [25, 26]. A second identified risk
factor for fungal IE was the presence of an infected central
venous catheter. In a third of the cases, infection of the
central venous catheter could be identified before infective
endocarditis was diagnosed. Other predisposing factors for
fungemia such as neutropenia, mechanical ventilation, par-
enteral nutrition, steroids as well as chemotherapy were ex-
tensively reported [27]. In addition, pediatric experiences
reported a prolonged length of stay of more than 7 days
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in the ICU, and low birthweight as predisposing factors
to fungemia [28, 29]. Our data clearly demonstrated the
relation between some predisposing factors and the de-
velopment of fungal IE, suggesting that early indices of
suspicion for fungal IE should be considered especially if
predisposing factors are met. Although no definite recom-
mendations exist for fungal screening in pediatric non-im-
munocompromised critically ill children, calculation of a
fungal colonization index based on multi-site screening
may help to diagnose invasive fungemia if predisposing
factors are met [30].

The mortality rate in previously published series on
pediatric IE ranges between 3% and 25% [2-11]. We
encountered an overall mortality reaching 21 %, with no
difference between the two study eras. In our cohort, the
elevated mortality may be influenced by the increased
number of children with cardiac disease and the associated
mortality.

Besides the retrospective design of this study, the lack
of information on the volume of blood drawn is an impor-
tant shortcoming of this study as it is known that a suffi-
cient volume is critical for bacterial isolation [31].

In conclusion, although limited by a relatively small
series and a referral bias related to the large cohort of car-
diac patients, our data suggest a rise in the prevalence of
fungal IE, which is associated with the use of BA and cen-
tral venous catheters. Fungal IE has a high risk of mortality
(44%); early diagnosis and treatment might be crucial for
the outcome of affected children.

Acknowledgement
The authors thank Peter Rohner, M.D., from the Clinical Micro-
biology Laboratory of the University Hospitals of Geneva, for
providing technical data regarding former and current micro-
biology techniques.

References

1. Ferrieri P, Gewitz MH, Gerber MA, Newburger JW, Dajani AS,
Shulman ST, Wilson W, Bolger AF, Bayer A, Levison ME, Pallasch
TJ, Gage TW, Taubert KA: Unique features of infective endocardi-
tis in childhood. Pediatrics 2002;109: 931-943.

2. Jonhson DH, Rosenthal A, Nadas A: A forty-year review of bacte-
rial endocarditis in infancy and childhood. Circulation 1975; 51:
581-588.

3. Van Hare GF, ben-Shachar G, Liebman J, Boxerbaum B, Riemen-
schneider T: Infective endocarditis in infants and children during
the past 10 years: a decade of change. Am Heart J 1984;107:
1235-1240.

4. Fukushige ), Igarashi H, Ueda K: Spectrum of infective endocar-
ditis during infancy and childhood: 20-year review. Pediatr Car-
diol 1994; 15:127-131.

5. Awadallah SM, Kavey REW, Byrum CJ, Smith FC, Kveselis DA,
Blackman MS: The changing pattern of infective endocarditis in
childhood. Am J Cardiol 1991; 68: 90—94.

Infection 33 - 2005 - No.4 © URBAN & VOGEL

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Martin JM, Neches WH, Wald ER: Infective endocarditis: 35 years
of experience at a children’s hospital. Clin Infect Dis 1991; 24:
669-675.

Saiman L, Prince A, Gersony WM: Pediatric infective endocarditis
in the modern era.J Pediatr 1993 ;122: 847-853.

Del Pont JM, De Cicco LT, Vartalitis C, Ithurralde M, Gallo JP, Var-
gas F, Gianantonio CA, Quiros RE: Infective endocarditis in chil-
dren: clinical analyses and evaluation of two diagnostic criteria.
Pediatr Infect Dis J 1995; 14:1079—-1086.

Bitar FF, Jawdi RA, Dhaibo GS, Yunis KA, Gharzeddine W, Obeid
M: Pediatric infective endocarditis : 19-year experience at a ter-
tiary care hospital in a developing country. Acta Paediatr 2000;
89; 427-430.

Stockheim JA, Chadwick EG, Kessler S, Amer M, Abdel-Haq N,
Dajani AS, Shulman ST: Are the Duke criteria superior to the
Beth Israel Criteria for the diagnosis of infective endocarditis in
children? Clin Infect Dis 1998; 27: 1451-1456.

Sadigq M, Nazir M, Sheikh SA: Infective endocarditis in children
—incidence, pattern, diagnosis and management in a develop-
ing country. Int J Cardiol 2001; 78:175-182.

Martin GS, Mannino DM, Eaton S, Moss M: The epidemiology

of sepsis in the United States from 1979 through 2000. N Engl J
Med 2003;348:1546-1554.

Richards MJ, Edwards JR, Culver DH, Gaynes RP and the National
Infections Surveillance System: nosocomial infections in pediatric
intensive care units in the United States. Pediatrics 1999;103: e39.
Aspesberro F, Beghetti M, Oberhansli |, Friedli B: Fungal endo-
carditis in critically ill children. Eur J Pediatr 1999; 158: 275-280.
Tissieres P, Gervaix A, Beghetti M, Jaeggi ET: Value and limita-
tions of the von Reyn, Duke, and modified Duke criteria for the
diagnosis of infective endocarditis in children. Pediatrics 2003;
112: e467—-471.

O‘Grady NP, Alexander M, Dellinger P, Gerberding JL, Heard SO,
Maki DG, Masur H, McCormick RD, Mermel LA, Pearson ML, Raad
I, Randolph A, Weinstein RA: Guidelines for the prevention of
intravascular catheter-related infections. Pediatrics 2002; 110: e51.
Goldenberger D, Schmidheini T, Altwegg M: Detection of Barto-
nella henselae and Bartonella quintana by a simple and rapid
procedure using broad-range PCR amplification and direct
single-strand sequencing of part of the 16S rRNA gene. Clin
Microbiol Infect 1987; 3: 240—24s5.

Posfay Barbe K, Jaeggi E, Ninet B, Liassine N, Donatiello C, Ger-
vaix A, Suter S: Bartonella quintana endocarditis in a child. N
EnglJ Med 2000; 342:1841-1842.

Humpl T, McCrindle BW, Smallhorn JF: The relative roles of trans-
thoracic compared with transesophageal echocardiography in
children with suspected infective endocarditis. ) Am Coll Cardiol
2003; 41: 2068-2071.

Vetter E, Torgerson C, Feuker A, Hughes J, Harmsen S, Schleck

C, Horstmeier C, Roberts G, Cockerill 11l F: Comparison of the
BACTEC MYCOV/F Lytic bottle to the Isolator tube, BACTEC Plus
Aerobic F/bottle, and BACTEC Anaerobic Lytic/10 bottle and
comparison of the BACTEC Plus Aerobic F/bottle to the Isola-
tor tube for recovery of bacteria, mycobacteria, and fungi from
blood. J Clin Microbiol 2001; 39: 4380-4386.

Vincent JL, Anaissie E, Bruining H, Demajo W, el-Ebiary M, Haber
J,Hiramatsu Y, Nitenberg G, Nystrom PO, Pittet D, Rogers T,
Sandven P,Sganga G, Schaller MD, Solomkin J: Epidemiology,
diagnosis and treatment of systemic Candida infection in surgi-
cal patients under intensive care. Intensive Care Med 1998: 24:
206-216.

Lopez Sastre JB, Coto Cotallo D, Fernandez Colomer B; Grupo de
Hospitales Castrillo: Neonatal sepsis of nosocomial origin: an

2N



P.Tissieres et al. Fungal IE in Children

23.

24.

25.

26.

27.

272

epidemiological study from the “Grupo de Hospitales Castrillo”.
J Perinat Med 2002; 30:149-157.

Kossoff EH, Buescher ES, Karlowicz MG: Candidemia in a neona-
tal intensive care unit: trends during fifteen years and clinical
features of 111 cases. Pediatr Infect Dis J 1998; 17: 504-508.
MacDonald L, Baker C, Chenoweth C: Risk factors for candidemia
in a children‘s hospital. Clin Infect Dis 1998; 2: 642-645.
Beghetti M, Rimensberger PC, Kalangos A, Habre W, Gervaix A:
Kinetics of procalcitonin, interleukin 6 and C-reactive protein
after cardiopulmonary-bypass in children. Cardiol Young 2003;
13:161-167.

Luzzani A, Polati E, Dorizzi R, Rungatscher A, Pavan R, Merlini A:
Comparison of procalcitonin and C-reactive protein as markers
of sepsis. Crit Care Med 2003; 31: 1737-1741.

Eggimann P, Garbino J, Pittet D: Epidemiology of candida species
infections in critically ill non-immunosuppressed patients. Lan-
cet Infect Dis 2003; 3: 685-702.

28.

29.

30.

31.

Saiman L, Ludington E, Pfaller M, Rangel-Frausto S, Wiblin RT,
Dawson J, Blumberg HM, Patterson JE, Rinaldi M, Edwards JE,
Wenzel RP, Jarvis W: Risk factors for candidemia in Neonatal
Intensive Care Unit patients. The National Epidemiology of My-
cosis Survey study group. Pediatr Infect Dis J 2000;19: 319-324.
Botas CM, Kurlat I, Young SM, Sola A: Disseminated candidal
infections and intravenous hydrocortisone in preterm infants.
Pediatrics 1995; 95: 883—-887.

Ruiz-Santana S, Leon C, Saavedra P, Almirante B: The Seville
score. a new preemptive antifungal therapy approach for can-
dida colonization in non-neutropenic critically ill patients. Crit
Care Med 2004; 32 (Suppl.): A1.

Jonsson B, Nyberg A, Henning C: Theoretical aspects of detec-
tion of bacteraemia as a function of the volume of blood cul-
tured. APMIS 1993;101: 595—601.

Infection 33 - 2005 - No. 4 © URBAN & VOGEL



