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Abstract
OBJECTIVE—Invasive candidiasis is a leading cause of infection-related morbidity and
mortality in extremely low-birth-weight (<1000 g) infants. We quantify risk factors predicting
infection in high-risk premature infants and compare clinical judgment with a prediction model of
invasive candidiasis.

METHODS—The study involved a prospective observational cohort of infants <1000 g birth
weight at 19 centers of the NICHD Neonatal Research Network. At each sepsis evaluation, clinical
information was recorded, cultures obtained, and clinicians prospectively recorded their estimate
of the probability of invasive candidiasis. Two models were generated with invasive candidiasis as
their outcome: 1) potentially modifiable risk factors and 2) a clinical model at time of blood
culture to predict candidiasis.

RESULTS—Invasive candidiasis occurred in 137/1515 (9.0%) infants and was documented by
positive culture from ≥ 1 of these sources: blood (n=96), cerebrospinal fluid (n=9), urine obtained
by catheterization (n=52), or other sterile body fluid (n=10). Mortality was not different from
infants who had positive blood culture compared to those with isolated positive urine culture.
Incidence varied from 2–28% at the 13 centers enrolling ≥ 50 infants. Potentially modifiable risk
factors (model 1) included central catheter, broad-spectrum antibiotics (e.g., third-generation
cephalosporins), intravenous lipid emulsion, endotracheal tube, and antenatal antibiotics. The
clinical prediction model (model 2) had an area under the receiver operating characteristic curve of
0.79, and was superior to clinician judgment (0.70) in predicting subsequent invasive candidiasis.
Performance of clinical judgment did not vary significantly with level of training.

CONCLUSION—Prior antibiotics, presence of a central catheter, endotracheal tube, and center
were strongly associated with invasive candidiasis. Modeling was more accurate in predicting
invasive candidiasis than clinical judgment.

Keywords
Candidiasis; premature infant; risk factors

In the extremely low-birth-weight (ELBW; <1000g) infant, invasive candidiasis is common,
often fatal, and frequently leads to poor neurodevelopmental outcomes.1,2 Invasive
candidiasis (Candida infections of the blood and other sterile body fluids) is the second most
common cause of infectious disease-related death in the extremely premature infant. Despite
antifungal treatment, 20% of infants who develop invasive candidiasis die, and
neurodevelopmental impairment occurs in nearly 60% of survivors.1,2

Rates of invasive candidiasis vary 10-fold among similar academic tertiary care neonatal
intensive care units (NICUs).3 This variation among nurseries is found throughout the
world4–9 and has not been explained, but exposure to environmental risk factors (e.g.,
incubator humidity), third-generation cephalosporins, and foreign bodies such as catheters
have all been associated with development of disease.3,10,11

The high morbidity related to invasive candidiasis leads to the consideration of empirical
antifungal therapy and even prophylactic approaches in high-risk infants. Selection of older
children and adults for empirical antifungal therapy for invasive candidiasis has long relied
upon the presence of fever and neutropenia;12,13 however, fever and neutropenia are rarely
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present in the premature infant. The combination of extreme prematurity, thrombocytopenia,
and use of broad-spectrum antibiotics has been suggested for guiding the initiation of
empirical therapy.14

Four randomized trials for prophylaxis have been conducted: 2 small trials showed no
benefit,15,16 and 2 trials conducted at high-incidence centers showed benefit.17,18 The
Infectious Disease Society of America has suggested that prophylaxis be considered at high
incidence centers.19 Widespread use of antifungal prophylaxis17 and overuse of empirical
therapy14 may lead to antifungal drug resistance, a potential public health threat. We
therefore enrolled a cohort of ELBW infants to identify risk factors for invasive candidiasis
in order to better develop future prevention initiatives, to prospectively test prediction
models for empirical therapy against clinical judgment, and to explore other risk
stratification strategies for empirical therapy.

METHODS
The Cohort

Eligible study participants included neonates ≤ 1000 g birth weight, alive at 72 hours and
<120 days, inborn or out-born, born between March 2004 and July 2007 at Eunice Kennedy
Shriver National Institute of Child Health and Human Development Neonatal Research
Network (NRN) sites, whose parents gave informed consent for the study. The NRN is a
consortium of tertiary academic neonatal centers; the study included 2 NRN funding cycles.
A total of 19 centers contributed infants to this study.

Trained research personnel collected maternal demographic, perinatal, and delivery data as
well as infant data until the first of the following end points: positive blood culture for
candidiasis, discharge, day of life 120, transfer to another hospital, or death. Clinical data for
these neonates were recorded at each sepsis evaluation. Thus, infants could contribute
clinical data from multiple sepsis evaluations that were negative for Candida, but only 1
episode positive for Candida, and no sepsis episodes after development of invasive
candidiasis. Candida organisms isolated by sterile body fluid were sent to the Duke
University Mycology Research Unit for species identification confirmation.

Outcomes
Invasive candidiasis was defined as positive culture from normally sterile body fluid such as
blood, urine (in/out catheterization, suprapubic aspiration), peritoneal fluid, or cerebrospinal
fluid (CSF). Sepsis evaluations (n=6833) were conducted in accordance with local center
standard practices; however, a recommendation was made regarding acquisition of
specimens for culture—blood (0.5–1.0 ml), CSF, and urine from suprapubic aspiration or in/
out catheterization. Cultures were processed locally. Those that were positive for Candida
were sub-cultured locally and shipped to Duke University for independent confirmation by
the Duke University Mycology Research Unit. All culture results from normally sterile body
fluids were recorded until day of life 120, and cultures positive for Candida from any of
these sites defined invasive candidiasis. Antifungal therapy was prescribed at the discretion
of the attending neonatologist; amphotericin B deoxycholate, lipid complex amphotericin,
and fluconazole were the antifungal agents prescribed most frequently. Because this study
was focused on risk and diagnosis, treatment duration and dosing were not recorded.

Risk Factors
Study nurses recorded the presence of the following risk factors in the previous 24 hours
each time an infant had a blood culture obtained: use of endotracheal tube, use of central
catheters, Candida-like dermatitis on physical examination, use of skin emollients, receipt of
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intravenous lipid emulsion, use of humidity in the incubator, systemic steroid use, highest
and lowest glucose, insulin use, enteral feeding, ingested breast milk, heparin flushes, and
heparin in intravenous fluid. Lowest platelet count in the 24 hours surrounding the blood
culture was recorded. Study nurses also recorded all systemic antifungal and antibiotic use
for all days in the nursery. Broad-spectrum antibiotics were defined as the use of third-
generation cephalosporins, carbapenems, or beta-lactam/beta lactamase inhibitor products.
Because necrotizing enterocolitis and spontaneous perforation can be a result of invasive
candidiasis, these data were not includedas part of the study.

Choice and use of antimicrobial therapy were left to the discretion of the attending
neonatologist; however, the use of Gram-positive (ampicillin or nafcillin) and limited Gram-
negative (aminoglycoside) therapy was encouraged based on studies conducted within the
network.1,3 Two centers routinely used antifungal prophylaxis: 1 used fluconazole (n=50),
and 1 used nystatin (n=117). None of the centers routinely employed empirical antifungal
therapy.

Clinical Judgment
At the time blood cultures were obtained, the bedside clinicians were asked to estimate the
probability of invasive candidiasis, and identified themselves by professional background
(nurse practitioner or physician) and level of training (resident, fellow, attending).
Antifungal use was also recorded. Antifungal therapy (yes/no) on the date of blood culture
was used as the standard to determine if the clinician believed that the neonate had invasive
candidiasis.

Analyses
For analyses in which the infant was the unit of observation (n=1515), proportions were
calculated and P values were determined using chi-square tests. For analyses in which the
unit of observation was the blood culture (n=6833), and infants could therefore contribute
multiple observations, reported odds ratios, confidence intervals, and P values were based
on generalized linear mixed models that adjust for correlated outcomes obtained from the
same infant and correlation between infants at the same center.

Two models were generated, and the primary outcome for each model was invasive
candidiasis:

1. The risk factor model was constructed using backward selection of factors related
to candidiasis from hospitalization of the mother for labor, through birth of the
infant, until the time of invasive disease, day of life 120, or discharge. Variables
with a significance of P<0.1 were retained in the final model. The goal of this
model is to help delineate components of supportive care that vary considerably
among units and may explain the large differences in rates of candidiasis between
nurseries.

2. The clinical predictive model included components of the history and clinical
presentation at the time of blood culture that can be used to estimate the probability
of candidiasis. The goal of this model is to determine if modeling is more accurate
than clinical judgment for the diagnosis of invasive candidiasis. From the clinical
prediction model and clinical judgment model, 2 sets of receiver operating
characteristic (ROC) curves and confidence intervals were generated based on the
accuracy (sensitivity and 1–specificity) of predicting invasive candidiasis.20

a. The first pair of ROC curves compared the clinical predictive model with
clinician judgment—whether the infant was receiving antifungal therapy
on the day of culture.
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b. The second set of ROC curves compared the clinical judgment of
attending neonatologists with other health care providers—pediatric
residents, fellows, and nurse practitioners.

Sample Size
We estimated the cumulative incidence of invasive candidiasis to be approximately 10% in
ELBW infants. We prespecified that an absolute difference in the upper and lower bound of
the confidence interval of 15% would provide sufficient precision for subsequent risk factor
modification. This goal would be met with a sample size of at least 100 cases of culture-
proven invasive candidiasis. Because the initiating trigger for data collection was the
acquisition of the blood culture, and the use of urine to document disease is somewhat
controversial, it was decided to target 100 cases of bloodstream infection. It was also
prespecified that no more than 1750 infants would be enrolled and that enrollment would
cease with either 100 cases of bloodstream infection or 1750 ELBW infants enrolled. The
day that the 100th positive blood culture was reported, enrollment stopped. Following
monitoring of the data and confirmation of cultures at the central laboratory, it was
discovered that 4 of the blood cultures thought to be positive had been mistakenly reported
and that only 96 infants had positive blood cultures.

The Institutional Review Boards at each of the participating centers approved this study, and
informed consent was obtained from each infant’s parent or legal guardian.

Role of the Funding Source
The funding sources for this manuscript did not play a role in the study design; the
collection, analysis, and interpretation of the data; the writing of the report; or the decision
to submit the paper for publication.

RESULTS
Cohort

From March 2004 to July 2007, 6493 infants ≤ 1000 g birth weight were cared for in the
Neonatal Research Network, and 5252 were alive at 72 hours. Nineteen NICUs from the
network enrolled 1515 ELBW infants (Table 1) during this time period. Of the infants
enrolled, 137/1515 (9.0%) developed invasive candidiasis documented by positive culture
from 1 or more of the following sources: blood (n=96), CSF (n=9), urine obtained by
catheterization or suprapubic aspiration (n=52), or other sterile body fluid (n=10). Of the
1515 infants enrolled, 1051 (69%) were born via C-section; 941 (63%) were exposed to
antenatal antibiotics; 841 (56%) were white; 384 (25%) were <25 weeks gestational age; and
680 (45%) were <750 g birth weight. Gestational age <25 weeks, lower birth weight,
vaginal delivery, and receipt of antenatal antibiotics were strongly associated with
subsequent invasive candidiasis in bivariate analysis.

Risk Factors
In centers that enrolled at least 50 infants, the incidence of invasive candidiasis varied from
2% to 28%. One hundred and thirty-seven infants developed invasive candidiasis, while
6697 sepsis evaluations resulted in negative cultures for invasive candidiasis. In
multivariable analysis, potentially modifiable risk factors at the time of blood culture
acquisition associated with candidiasis included presence of an endotracheal tube, presence
of central catheter, receipt of intravenous lipid emulsion, administration of broad-spectrum
antibiotics in the week prior to culture, and intrapartum antibiotics (Table 2). Due to missing
data, 6777 cultures were included in this model. Of the infants exposed to broadly acting
antibiotics, 492 received third-generation cephalosporins, 59 received carbapenems, and 141
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received beta-lactam/beta-lactamases. Of the 137 infants, 86 grew C. albicans, 41 C.
parapsilosis, (3 grew both C. albicans and C. parapsilosis) 5 C. glabrata, 4 were not
speciated, 1 C. lusitaniae, 1 C. tropicalis, and 1 C. guilliermondi.

Clinician Judgment and Clinical Predictive Model
On the day of blood culture/sepsis evaluation, 40 infants (29% of those who developed
candidiasis) received empirical antifungal therapy. Of the sepsis episodes that resulted in
candidiasis for which clinicians provided a priori estimate of disease, 25% (32/128) were
thought probably or highly likely to be infected with Candida by the bedside clinician
(Table 3). In center-adjusted analysis, administration of antifungal therapy as an indication
that the clinician thought the infant had candidiasis had an area under the ROC curve of 0.70
(95% CI 0.66–0.75). Centers with high incidence of candidiasis were no more accurate in
predicting infection than centers with low incidence.

Components of the history, physical exam, and initial laboratory evaluation that predicted
candidiasis included vaginal delivery, week of gestational age, Candida-like dermatitis on
physical exam, central catheter, lack of enteral feeding, hyperglycemia, days of antibiotic
exposure in week prior to culture, and platelet count (Table 4). These elements comprised
the clinical prediction model. Due to missing data, primarily for platelet count (missing
1062) and lowest glucose (missing 1100), 4862 cultures were included in this model. Day of
life did not predict invasive candidiasis in the adjusted model.

The clinical prediction model was superior to clinical judgment (P=0.0022). The area under
the ROC curve was 0.79 (95% CI 0.75–0.84; Figure 1). Accuracy of clinician judgment in
predicting candidiasis did not vary significantly with level of expertise. Judgment as to
whether the infant did or did not have invasive candidiasis was exercised by: attending alone
(13%), fellow alone (16%), nurse practitioner alone (15%), resident alone (19%), and
physician or nurse with attending input (37%). The area under the ROC curve was similar
whether or not an attending physician was involved in the decision to start empirical
antifungal therapy (Figure 2). The area under the curve (AUC) without attending input was
0.76 (95% CI 0.69–0.82), and the AUC with attending input incorporated into the decision
to start antifungal therapy was 0.70 (95% CI 0.64–0.77). The models with and without
attending input were based on n=3037 and n=2928 cultures, respectively.

Mortality
Invasive candidiasis increased risk of death: 47/137 (34%) infants with candidiasis died
compared with 197/1378 (14%) without candidiasis. Mortality was highest in the infants
from whom Candida was isolated from multiple sources (e.g., urine and blood or urine and
CSF): 16/28 (57%) of these infants died (Table 5).

Mortality was similar in patients who had Candida isolated only from blood (19/69; 28%)
and those with Candida isolated only from urine (9/34: 26%). Too few infants received
systemic antifungal prophylaxis to conduct analysis for the influence of this intervention on
incidence of, or mortality related to, candidiasis. Of the 39 infants who received empirical
therapy, 13 (33%) died, and of the 97 who did not receive empirical therapy 34 (35%) died.
In a center-adjusted model to predict mortality, only gestational age predicted death.

DISCUSSION
Risk Factors

We identified components of the history, physical exam, and clinical presentation that
suggest subsequent development of invasive candidiasis: vaginal delivery, lower gestational
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age at delivery, dermatitis, central catheter, enteral feeding, elevated glucose, increased
number of antibiotic days, and lower platelet count. Several of the risk factors that we have
outlined (use of central catheters and endotracheal tube, broadly acting antibiotics,
intravenous lipid emulsion; Table 2) are components of clinical care that may be potentially
modified by centers with high rates of invasive candidiasis. Some risk factors (e.g., antenatal
antibiotic use) require a multi-disciplinary approach to modify. Several of the components of
the presentation (e.g., gestational age or platelet count) cannot be modified by the practice of
the neonatologist but can be incorporated into the assessment of the probability of invasive
disease.

Center, gestational age, and empirical therapy with third-generation cephalosporins,
carbapenems, and beta-lactam/beta-lactamase products were strongly associated with
subsequent development of invasive candidiasis. The incidence of invasive candidiasis
varied from 2–28% in similar academic NICUs.1,3 We have previously reported that
physician choice in empirical antibiotic therapy influences rates of candidiasis in
retrospective individual patient and center-based analyses.3 This prospective cohort study
confirms the association between use of third-generation cephalosporin and other broadly
acting antimicrobial agents in the nursery and subsequent development of Candida
infection.

Marked center variation has been observed in the frequency with which clinicians caring for
neonates use third-generation cephalosporins—rather than an aminoglycoside—as empirical
therapy for possible Gram-negative infections.21 The choice of cephalosporins (which
eliminate much of the gut flora including bifidobacteria), other broadly acting antimicrobial
agents, or aminoglycoside has marked center variation. These data support the use of
aminoglycosides, which provide more focused therapy, as empirical coverage for Gram-
negative organisms.

Although 9 of the centers had an incidence ≥ 9%, of the centers that enrolled more than 50
infants, only 4 had an incidence of candidiasis greater than 10%. Wide variation between in
the incidence of invasive candidiasis between neonatal intensive care units has been shown
in multiple publications.1,22 Four randomized trials of fluconazole prophylaxis with sample
size ≥ 100 have been completed. In 1 low incidence study, fluconazole reduced colonization
but not disease. Three high-incidence studies (13–26%)15,17,18 have been completed. In 1
high-incidence study, fluconazole failed to reduce invasive disease.16 In 2 high-incidence
studies, prophylaxis reduced the incidence of candidemia to approximately 3%. Several sites
in the network have a similar incidence without prophylaxis. This study identifies several
interventions that may be targeted to reduce the risk of candidiasis.

Mortality
Of infants with invasive candidiasis, one third died; nearly 60% of infants from whom
Candida was isolated from more than 1 sterile body fluid died (Table 5).

Mortality was similar in those from whom Candida was isolated from only the blood or
urine (Table 5). These data suggest that Candida isolated from any normally sterile body
fluid (including urine by suprapubic aspiration or in/out catheterization) should be treated as
definitive evidence of systemic disease—just as if the organism were isolated from the
blood. These clinical data are consistent with animal model data23 in which Candida
injected into the blood of rodents were first isolated from the urine; when small amounts of
Candida were injected, blood cultures were often negative while urine cultures were more
frequently positive.
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Clinical Judgment, Empirical Therapy, and Risk Factor Model
We provide ROC curves (Figures 1 and 2) to show that the use of a clinical prediction model
outperformed the judgment of the bedside clinician (Figure 1); and that attending input into
the estimation of candidiasis did not improve accuracy compared with nurse practitioners or
physicians in training (Figure 2). The ROC compares sensitivity on the y-axis and 1–
specificity on the x-axis. Thus, a “perfect” test reaches the upper left-hand corner, and a
worthless test is represented by a diagonal dashed line across that bisects the graph from the
lower left-hand corner to the upper right-hand corner. For most tests that use continuous
value (e.g., creatinine), sensitivity can be made to look outstanding (nearly 100%).
However, for virtually all tests, as sensitivity is improved, specificity worsens. The ROC
curve is a graphic method to simultaneously provide test performance sensitivity and
specificity.

The benefits of empirical therapy have not been proven in premature infants.19 These data
do not support the widespread use of empirical antifungal in premature neonates. They do
suggest, however, that if empirical therapy is to be administered, the decision should be
based on systematic evaluation of risk factors rather than bedside judgment. We were
surprised to see that enteral feeding on which the culture was obtained was associated with
subsequent candidiasis in the predictive model. We do not interpret these data to suggest that
clinicians should avoid enteral feeding; within these data, it may simply be that in the infants
at highest risk of disease, enteral feeding is an additional factor to be considered when
assessing risk of invasive candidiasis —— although one study has reported increased with
repeated evaluation for feeding residuals.24

Conclusions
Our analyses have identified risk factors that may be targeted to reduce the incidence of
invasive candidiasis in ELBW premature infants. If an infant has a positive urine culture
obtained by catheterization or suprapubic aspiration, treatment with definitive antifungal
therapy should be provided because the mortality is similar to blood culture-positive
candidiasis. In addition, we found that a systematic risk factor assessment is more accurate
in determining the risk of invasive candidiasis in premature infants when compared with
bedside judgment. If empirical therapy is to be administered (or studied in the context of a
randomized trial), systematic risk factor modeling can be used for patient selection.
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FIGURE 1.
Receiver operating characteristic curves for predictive model vs. clinical judgment
(administration of antifungal therapy on the day of culture).
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FIGURE 2.
Receiver operating characteristic curves for attending vs. other clinician judgment for the
administration of antifungal therapy on the day of culture.
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TABLE 1

Demographic and Center Differences for Incidence of Candidiasis

Variable Category Percent with positive
sterile culture for Candida

Odds ratio (95% CI) vs.
reference category Unadjusted P value

Mode of delivery Vaginal 14% (64/464) 2.14 (1.5, 3.06) <0.0001

C-section (reference) 7% (73/1051)

Antenatal antibiotics 1 = Yes 10% (96/941) 1.53 (1.04, 2.25) 0.0308

2 = No (reference) 7% (39/564)

Race Black 10% (62/606) 1.24 (0.86, 1.77) 0.2531

Other 5% (3/62) 0.55 (0.17, 1.8)

White (reference) 8% (71/841)

Gestational age (weeks) <25 19% (74/384) 11.7 (4.66, 29.38) <0.0001

25–27 7% (58/881) 3.45 (1.37, 8.71)

28+ (reference) 2% (5/250)

Gestational age (weeks) 22 25% (1/4) 38.67 (1.93, 776.23) <0.0001

23 20% (17/85) 29 (3.77, 222.79)

24 19% (56/295) 27.18 (3.72, 198.8)

25 9% (31/334) 11.87 (1.6, 87.94)

26 5% (16/312) 6.27 (0.82, 47.82)

27 5% (11/235) 5.7 (0.73, 44.67)

28 3% (4/133) 3.6 (0.4, 32.65)

29+ (reference) 1% (1/117)

Birth weight (g) <750 13% (88/680) 2.38 (1.65, 3.44) <0.0001

750–1000 (reference) 6% (49/835)

Birth weight (g) ≤500 7% (4/54) 1.4 (0.45, 4.34) <0.0001

501–600 12% (21/182) 2.29 (1.17, 4.46)

601–700 17% (51/296) 3.65 (2.05, 6.48)

701–800 7% (23/324) 1.34 (0.7, 2.56)

801–900 6% (21/344) 1.14 (0.59, 2.2)

901–1000 (reference) 5% (17/315)

Positive sterile culture for
Candida

1 = Yes 34% (47/137) 3.13 (2.13, 4.59) <0.0001

2 = No (reference) 14% (197/1378)

CI = confidence interval.
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TABLE 2

Potentially Modifiable Risk Factors for Invasive Candidiasis at the Time of Culturea

Effect Adjusted odds ratio (95% CI) P value

Broadly acting 0.0003

antibiotics 1.98 (1.37, 2.86)

Central catheter 1.94 (1.17, 3.21) 0.0098

IV lipid emulsion 1.66 (0.98, 2.81) 0.0596

Endotracheal tube 1.58 (1.07, 2.35) 0.0226

Antenatal antibiotics 1.40 (0.97, 2.03) 0.0747

a
Presence of central catheter, use of broadly acting antibiotics in the week prior to culture, use of intralipids, presence of endotracheal tube, and

receipt of intrapartum antibiotics.

CI = confidence interval.
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TABLE 3

Clinician Judgment of Invasive Candidiasis

Variable Candidiasis (n = 137) No candidiasis (n = 6697) P value

Empirical antifungal therapy

 Yes 40 (29%) 478 (7%) <0.001

 No 96 (71%) 6219 (93%)

Probability of candidemia

 Very low 13 (10%) 1806 (29%) <0.001

 Low 42 (33%) 2765 (45%)

 Possible 41 (32%) 1416 (23%)

 Probable 21 (16%) 148 (2%)

 High 11 (9%) 35 (1%)
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TABLE 4

Predictive Model of Invasive Candidiasisa

Effect Adjusted odds ratio (95% CI) P value

Candida-like dermatitis 3.22 (1.68, 6.20) 0.0005

Central catheter 1.85 (1.08, 3.16) 0.0242

Vaginal vs. C-section 1.84 (1.25, 2.70) 0.0021

Enteral feeding 1.52 (1.01, 2.28) 0.0429

Lower gestational age (wk) 1.29 (1.12, 1.49) 0.0005

Lowest glucose (50 mg/dl)b 1.22 (0.99, 1.49) 0.0603

Lower platelet count (50,000)c 1.17 (1.06, 1.28) 0.0012

Antibiotic days 1.13 (1.05, 1.22) 0.0013

a
Presence of Candida-like dermatitis on exam, mode of delivery, presence of central catheter, enteral feeding, lowest glucose in preceding 24

hours in increments of 50 mg/dl, antibiotic days in week prior to culture, platelet count in increments of 50,000, and gestational age in increments
of weeks.

b
Odds of invasive candidiasis increased with increasing blood glucose.

c
Odds of invasive candidiasis increased with decreasing platelet count.
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TABLE 5

Culture Location and Mortality

Source of positive culture for Candida Percent of infants who died

Blood only 28% (19/69)

Urine only 26% (9/34)

CSF only 50% (1/2)

Other sterile source only 50% (2/4)

Multiple sources 57% (16/28)

CSF = cerebrospinal fluid.
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