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Introduction
Candida spp is an important agent of late-onset sepsis in very 

low birth weight infants (VLBW) associated with elevated morbidity 
and mortality [1-8]. Clinical manifestations are nonspecific, and the 
suspicion of Candida infection among VLBW infants can be very 
helpful for diagnosis. 

In 1996, Stoll et al. noted that Candida spp was identified in 9% 
of the VLBW infants admitted in their study. Six years later, the same 
group described its prevalence as 12%, still the third most important 
agent of LOS but presenting an increase in the number of cases [1-2]

Kossof et al. noted that 70% of newborns with fungemia had BW 
<1000 g (median=765 g) and GA <28 weeks (median=26 weeks) [4]. 
Fridkin et al. showed that the incidence of Candida spp infections 
was higher between newborns with BW <1000 g [6]. Clerihew et al. 
observed that the BW median between newborns with fungemia was 
720 g and 86% of the sample corresponded to extremely low birth weight 
infants, with a median GA = 25 weeks [7]. The increasing number of 
VLBW infants admitted in the NICU with fungal sepsis shows that 
risk factors may play an important role in developing the disease. The 
most important risk factors in the NICU are mechanical ventilation 
(MV), central venous catheters (CVC), broad-spectrum antibiotics, 
gestational age (GA) of less than 28 weeks, low birth weight, fasting, 
parenteral nutrition (PN) and lipids, use of antagonists of histamine, 
and steroids and abdominal surgeries [9-12].

The use of CVC in a VLBW infant is an important risk factor for 
fungal sepsis. The very composition of the catheter constitutes an 
aspect for developing Candida sepsis. The material used to produce 
these catheters allows the aggregation of the biofilm and protein matrix, 
easing the aggregation of bacteria and Candida [13-15]. The PN is a 
nutritional substract of microorganisms. The presence of lipids and 
the continuous infusion of glucose are some of the characteristics that 
facilitate fungal infection [16].

Do any of these particular risk factors play a special role in 
developing fungal sepsis? The aim of this study is to analyze each risk 
factor among VLBW infants admitted to a level III NICU.
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Abstract
Fungemia is a severe complication on neonatal period among very low birth weight infants (VLBW). The aim 

of the study was to describe the incidence of fungal sepsis and to analyze the risk factors among this population. 
Data were collected prospectively over a 25 months period among VLBW infants admitted at the Neonatal Intensive 
Care Unit (NICU), with more then 72 hours of life. Patients were divided in five groups, based on the first positive 
blood culture: without sepsis; sepsis with negative blood culture; Gram-positive bacterial sepsis; Gram-negative 
bacterial sepsis and fungal sepsis. For statistical analyses the Pearson test, the Kruskal-Wallis test and a logistic 
regression model were used. 187 newborns were included in the study: 110 (58,8%) had late-onset sepsis; 13 (7%) 
had fungal sepsis. Rate of mortality was 69,2%. The risk factors identified at the comparison between the fungemia 
group and no-fungemia (all the remaining sample) were: birth weight (BW), gestational age (GA), central venous 
catheter (CVC), parenteral nutrition (PN), fasting, mechanical ventilation (MV), exposure to vancomycine, cefepime, 
meropenem, and amikacine. Further statistical analyses have shown: for each increasing of 10 g in BW, the risk of 
fungemia diminished 3%; each day of CVC, increased this risk in 8,1%; each day of MV increased this risk in 11,1%. 
The analyses of the categorized variables have shown: BW 1000 g increased the risk of fungemia 23 times; MV 14 
days increased the risk 36 times; each day of CVC increased the risk of fungemia in 9,3%.

Methods
We performed a prospective study at a level III NICU of a university 

teaching hospital to determine the risk factors for fungemia in VLBW 
infants admitted from June 1, 2005 to June 30, 2007. Hospital das 
Clinicas is a 2,000-bed tertiary-care university hospital affiliated with 
the University of São Paulo, Brazil. It has a neonatal unit with 63 beds 
that accepts only babies born in the hospital, usually from high-risk 
pregnancies. All NICU VLBW infants with age >72 hours were enrolled 
and infants staying for ≤ 72 hours were excluded from the study. 

The following variables were analyzed: gender, BW (g), GA 
(weeks), fasting (days), MV (days), CVC (days), PN (days), broad–
spectrum antibiotics (days), and outcome (death or discharge). We 
considered sepsis as the suspicion of infection and at least two of the 
following four criteria, one of which must be abnormal temperature or 
leukocyte count: fever/hypothermia, leucocytosis/leucopenia or >10% 
of immature neutrophils, tachycardia/bradycardia, tachypnea/apnea
[17] We considered the first episode of late-onset sepsis and the first
positive blood culture obtained. Newborns were distributed according
to the microorganism found: 1) no sepsis; 2) sepsis with negative blood 
culture; 3) gram-positive bacterial sepsis; 4) gram-negative bacterial
sepsis; and 5) fungal sepsis. One patient was included in the fungal
sepsis group after an autopsy finding.

Statistical Analysis
To analyze the possible association between the variables and 
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the groups, we realized the Pearson test, the chi-squared test, and the 
Kruskal-Wallis test (p ≤ 0.05). To make multiple comparisons between 
the groups, we used Bonferroni’s Test (p ≤ 0.005). A multinomial 
logistic regression model was adjusted to the data to measure the effect 
of the significant values present in fungal infection compared with the 
absence of fungal infection. Another multinomial logistic regression 
was used with the categorized variables: BW (>1000 g and ≤ 1000 g), 
GA (>28 weeks and ≤ 28 weeks), fasting (>7 days and ≤ 7 days), PN (>7 
days and ≤ 7 days), and MV (> 14 days and ≤ 14 days). The following 
software was used: MSOffice Excel version 2000 and SPSS for Windows 
version 12.0 - Statistical Package for the Social Science. The study was 
approved by the institutional Ethical Committee.

Results
One hundred and eighty seven VLBW infants were included; 110 

(58.8%) had late-onset-sepsis; 57 (30.7%) had negative blood culture; 

24 (12.8%) had gram-positive sepsis; 16 (8.5%) had gram-negative 
sepsis; and 13 (7%) had fungal sepsis. The mortality rate for fungal 
sepsis was 69.2%. We identified C.albicans (6 cases, 50%), C.parapsilosis 
(5 cases, 41.7%); and no-identified Candida (1 case, 8.3%). One patient 
(8.3%) was included based on autopsy findings. The characteristics of 
each group are shown in Table 1. 

The comparison of the risk factors considering the presence and 
the absence of fungal infection and the comparison between the groups 
(Table 2), showed that all variables have a significant association 
with fungal sepsis. BW, GA, fasting, NPP, VPM, CVC, vancomycin, 
meropenem or cefepime were significantly associated with fungal sepsis 
in comparison with the group without sepsis. Likewise, fasting, NPP 
and CVC were significantly associated with fungal sepsis in comparison 
with the group with sepsis and negative blood culture.

To evaluate the effects of the variables present in fungal infection, 
we developed an initial model of multinomial logistic regression 

Group

Variable No sepsis Sepsis and negative blood culture G+ sepsis G- sepsis Fungal sepsis
BW (g) n=77 n=57 n=24 n=16 n=13
Mean 1221.95 926.4 1102.5 936.25 869.23
Median 1260 870 1105 955 910
Min –max 580-1490 530-1470 730-1490 530-1400 410-1340

GA (weeks)

Mean 31.752 29.335 30.338 30.894 28.117
Median 32 28.5 30.1 30 28.4
Min –max 24.2-37 24.3-36.1 25.9-36.8 25.9-38 25.9-29.9

Fasting (days)

Mean 3.59 10.25 12.67 7.25 19.15
Median 3 7 9 6,5 18
Min-max 0-27 0-50 1-74 1-19 6-51

NP (days)

Mean 7.4 20.6 21.96 19.5 31.15
Median 6 16 20 15.5 32
Min-max 0-63 0-70 1-80 1-54 12-48

MV (days)

Mean 2.1 20.81 20.38 15.13 33
Median 0 11 11.5 15.5 37
Min-max 0-26 0-150 0-99 0-47 5-78

CVC (days)

Mean 2.97 1.07 15 11.69 29.31
Median 0 5 16 6 33
Min-max 0-44 0-60 0-60 0-40 0-53

Vancomicine (days)

Mean 1.34 15.26 20.17 11.44 18.92
Median 0 14 21 10 17
Min-max 0-21 0-57 4-46 0-35 9-37

Meropenem (days)

Mean 0.55 .65 3.67 5.13 8.92
Median 0 0 0 0.5 4
Min-max 0-14 0-51 0-22 0-21 0-37

Cefepime (days)

Mean 0.84 5.88 2.75 4.25 6.54
Median 0 1 0 1,5 4
Min-max 0-14 0-24 0-15 0-15 0-20

Table 1: Descriptive statistics of the variables in each group.
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with the significant results. A final model was adjusted with just the 
risk factors that showed influence on the occurrence of fungal sepsis. 
Two models were used: the first considered BW, GA, fasting, PN, 
and MV as quantitative variables; the second used the qualitative 
variables (categorized). After a preliminary logistic regression using the 
quantitative variables, only BW, MV, and CVC remained as significant 
risk factors. Parenteral nutrition could not be included in the statistical 
model because all patients with fungal sepsis were exposed for more 
than seven days of PN. 

In Table 3, assessing the risk of fungal sepsis in the different groups, 
we observed: 1) In the group without infection, the covariates that 
showed effects on the risk of fungal sepsis were BW, MV and CVC. The 
gain on average 10 grams in weight decreased the risk of fungal sepsis 
in 3.0%. The increase of one day VPM increased risk of fungal sepsis 
in 11.1% and the increase of one day CVC increased the risk of fungal 
sepsis in 8.1%. 2) Sepsis with negative blood cultures: an increase in 
one day of CVC increased the risk of fungal sepsis in 7.2%. 3) Gram-
positive sepsis: BW and CVC were covariates that influenced the risk 
of fungal sepsis. The increase of 10 grams in PN decreased the risk of 
fungal sepsis in 4.0%; the increase in CVC a day increased the risk of 
fungal sepsis in 5.8%. 4) Gram-negative sepsis: there were no effects 
of covariates on the risk of fungal sepsis (the two infections were 
influenced by the same covariates). 

In Table 4, assessing the risk of fungal sepsis, considering the 
categorization of variables, we observe: 1) In the group without 
infection, PN, VPM and CVC had effects on the risk of fungal sepsis; 
BW ≤ 1000 g and MV ≥ 14 days increased by 23 times and 36 times the 

risk of fungal, respectively; the increase in CVC in a day increased the 
risk of fungal sepsis in 9.1%. 2) In sepsis with negative blood cultures, 
GA ≥ 28 weeks decreased the risk of fungal sepsis compared to sepsis 
with negative blood cultures 16 times. 3) In gram-positive sepsis, BW 
≤ 1000 g increased by 15 times the risk of fungal sepsis. 4) In gram-
negative sepsis, the increase in a day-time exposure to CVC increased 
the risk of fungal sepsis in 7.5%.

Discussion
The prevalence of late-onset sepsis (LOS) was 58.8% with 

identification of the etiological agent in 52 cases. Gram-positive sepsis 
was found in 12.8%, gram-negative in 8.5%, and fungal sepsis in 7% 
with a mortality rate of 69.2%. During the period of the study, fungal 
sepsis was the second most important agent of LOS. Other authors 
described the emergence of Candida spp as an agent of LOS during the 
past few years, and its prevalence ranged between 9% and 16% [1-8]. 
The risk factors associated with fungemia were birth weight, gestational 
age, prolonged fasting, parenteral nutrition, central venous catheters, 
mechanical ventilation, and the use of broad-spectrum antibiotics 
(Table 1).

Comparing the group with fungal sepsis with all remaining samples 
(no fungal sepsis), we observed that the risk factors associated with 
fungal sepsis were BW, GA, prolonged fasting, PN, CVC, MV, and 
broad-spectrum antibiotics (Table 2). When we compared fungal sepsis 
with the no-sepsis group, we found the same risk factors. However, 
comparison of the fungal sepsis group with the other groups showed 
that the risk factors involved in fungal sepsis were the same as those 

Fungal sepsis  versus no 
fungal sepsis

Fungal sepsis  
versus no sepsis 

 Fungal sepsis  versus sepsis and 
negative blood culture

Fungal sepsis  
versus G + sepsis

Fungal sepsis  versus 
G – sepsis

p* p** P** p** P**
BW (g) <0.0001 <0.0001 0.576 0.022 0.496
GA (weeks) <0.0001 <0.0001 0.271 0.036 0.02
Fasting (d) <0.0001 <0.0001 0.002 0.023 0.001
PN(d) <0.0001 <0.0001 0.005 0.017 0.008
MV (d) <0.0001 <0.0001 0.011 0.023 0.009
CVC (d) <0.0001 <0.0001 0.002 0.016 0.009
Vancomicine(d) <0.0001 <0.0001 0.197 0.835 0.039
Meropenem (d) <0.0001 <0.0001 0.039 0.025 0.168
Cefepime (d) <0.0001 <0.0001 0.718 0.141 0.527

* p < 0.05 (Kruskall-Wallis)
** p for multiple comparisons ≤ 0.005 ( Bonferroni’s test)

Table 2: Comparison of the risk factors considering: the presence and the absence of fungal infection and the comparison between the groups.

Group   p OR IC 95%
    IL SL
 No infection BW (g) 0.023 1.003 1.000 1.006
 MV 0.007 0.895 0.825 0.97
 CVC (d) 0.019 0.922 0.861 0.987
Sepsis and negative blood culture BW (g) 0.489 1.001 0.998 1.004
 MV 0.467 1.012 0.979 1.046
 CVC (d) 0.005 0.93 0.884 0.979
G+  sepsis BW (g) 0.017 1.004 1.001 1.006
 MV 0.492 1.012 0.977 1.049
 CVC (d) 0.045 0.943 0.891 0.999
G-  sepsis BW (g) 0.687 1.001 0.997 1.004
 MV 0.763 0.992 0.944 1,043
 CVC (d) 0.065 0.94 0.88 1.004

Table 3:  Logistic regression of Birth Weight, Mechanical Ventilation and Central Venous Catheter (quantitative variables).
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for gram-positive sepsis, and almost the same were found in gram-
negative sepsis and sepsis without an identified agent. These findings 
suggest that the VLBW infant is particularly prone to develop LOS 
during hospitalization. 

An inverse relationship between BW/GA and the incidence of LOS 
was found in our study. The importance of birth weight as a risk factor 
for fungal sepsis is very well described. Although survival of VLBW 
infants and extremely low birth weight infants is increasing, LOS is 
considered a serious complication [8]. In our study, the group with 
fungal sepsis had a mean birth weight of 869.2 g and the mean BW in 
the group without sepsis was 1221.9 g. Gestational age was significantly 
lower in the group with fungal sepsis than in the group without sepsis 
(mean GA=28.1 weeks versus GA=31.7 weeks). 

The logistic regression (Table 3) showed that the risk factors 
associated with fungal sepsis were BW, MV, and CVC. Increasing one 
day of MV led to an increase of 11.1% for developing fungal sepsis, and 
increasing one day of CVC augmented it by 8.1%. In the group with 
sepsis and a negative blood culture, each day of CVC increased the risk 
of fungal sepsis by 7.2%.

All of these findings lead us to conclude that the very low birth 
weight infant and/or the extremely premature infant is prone to late 
onset sepsis, particularly fungal sepsis. The closest observation shows 
that the more susceptible group to develop fungal sepsis was composed 
of newborns with BW ≤ 1000 g. Comparing the group with gram-
positive sepsis and fungal sepsis, BW and CVC were risk factors for 
fungemia. A 10 g increase in BW reduced the risk of fungemia by 4%; 
a one-day increase of CVC augmented the risk of fungemia by 5.8%. 
Gram-negative sepsis and fungal sepsis were shown to suffer from the 
same influences.

When comparing the group without infection with the group with 
fungal sepsis, after the categorization of the variables, we showed that 
BW ≤ 1000 g and MV ≥ 14 days increased the risk of fungal sepsis 
by 23 times and 36 times, respectively. A one-day increase of CVC 
augmented the risk of fungemia in newborns with BW ≤ 1000 by 9.3%. 
Considering the group with sepsis and negative blood culture, GA ≥ 28 
weeks decreased the chance of fungal sepsis by 16 times. BW ≤ 1000 g 
increased the risk of fungemia by 15 times when compared with gram-
positive sepsis. Moreover, for gram-negative sepsis, each day of CVC 

increased the risk of fungal sepsis by 7.5%. A comparison of the fungal 
group and the group without infection showed that each day of CVC 
increased the risk of fungal sepsis to 8.5%. For BW ≤ 1000 g, this risk 
increased to 9.3%.

The triad composed of fasting, parenteral nutrition, and central 
venous catheter seems an important step for late onset sepsis, particularly 
fungal sepsis. Other authors also associated higher incidence of sepsis 
in infants submitted to slow advancement of enteral feeds versus rapid 
advancement of enteral feeds [18]. The optimal feeding strategy should 
be considered to avoid long exposure to parenteral nutrition and central 
venous catheters.

In VLBW infants exposed to MV for ≥ 14 days, each day of 
mechanical ventilation increased the risk of fungal sepsis by 11.7% 
compared with the group without sepsis. The risk increased 36 times 
in newborns with BW ≤ 1000 g. These results show the importance 
of MV as a risk factor for fungal sepsis. Perhaps the colonization 
of the respiratory tract occurs earlier in association with frequent 
physiotherapeutic procedures. Intubation itself is also difficult and 
the mucociliar cleaning of the airways increases colonization [19,20]. 
Strategies for less invasive assisted ventilation in the VLBW should 
be very important to reducing exposure to MV and its complications, 
particularly fungal sepsis.

The previous use of broad-spectrum antibiotics is often associated 
with fungal sepsis. We confirmed this hypothesis, by considering 
the group with fungal sepsis and all of the samples versus the group 
without sepsis. Stoll et al. described that 44% of VLBW infants with 
fungemia previously used vancomycin [2]. In our study, all newborns 
with fungal sepsis were exposed for at least 7 days to vancomycin, but 
we found no association with fungal sepsis when considering newborns 
with late onset sepsis. The use of third-generation cephalosporins is 
usually associated with fungal sepsis [21]. During the period of the 
study, we needed to change our first choice of drug for the treatment 
of LOS without an etiological agent identified based on the G profile 
of sensibility identified in our patients. Therefore, identifying any 
association with fungal sepsis and previous use of this medication was 
not possible.

We conclude that the risk factors for fungal sepsis in VLBW infants 
resemble many aspects of prematurity and are closely related to the 

Group  p OR IC 95% (OR)
    IL SL
No infection CVC (d) 0.006 0.915 0.859 0.974
 BW ≤ 1000g 0.003 23.092 2.892 184.37
 GA ≤ 28 w 0.075 0.185 0.029 1.185
 MV ≥ 14 d 0.009 36.364 2.451 539.495
Sepsis and negative blood culture CVC (d) 0.082 0.957 0.91 1.006
 BW ≤ 1000g 0.159 4.156 0.573 30.116
 GA ≤ 28 w 0.029 16.4 0.032 0.834
 MV ≥ 14 d 0.087 8.508 0.734 98.593
G + sepsis CVC (d) 0.103 0.956 0.905 1.009
 BW ≤ 1000g 0.012 15.146 1.828 125.467
 GA ≤ 28 w 0.153 0.253 0.039 1.663
 MV ≥ 14 d 0.381 3.161 0.241 41.463
G-  sepsis CVC (d) 0.024 0.93 0.873 0.99
 BW ≤ 1000g 0.350 2.768 0.328 23.368
 GA ≤ 28 w 0.991 1.012 0.14 7.322
 MV ≥ 14 d 0.690 1.711 0.122 24.085

Table 4: Logistic regression of central venous catheter, birth weight, gestational age and mechanical ventilation (cathegorized variables).
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needed procedures used for survival of this group of patients. Even with 
improvements in neonatal assistance, strategies for improving perinatal 
services and preventing prematurity and extremely low birth weight 
infants should be considered.

Summary
Fungemia is a severe complication during the neonatal period 

among very low birth weight infants (VLBW). The aim of this study 
was to describe the incidence of fungal sepsis and to analyze the risk 
factors among this population. Data were collected prospectively 
during a 25-month period among VLBW infants admitted at the 
Neonatal Intensive Care Unit (NICU) with more than 72 hours of 
life. Patients were divided into five groups based on the first positive 
blood culture: without sepsis; sepsis with negative blood culture; gram-
positive bacterial sepsis; gram-negative bacterial sepsis; and fungal 
sepsis. For statistical analyses, the Pearson test, the Kruskal-Wallis 
test, and a logistic regression model were used. The study included 187 
newborns: 110 (58.8%) had late-onset sepsis and 13 (7%) had fungal 
sepsis. The mortality rate was 69.2%. The risk factors identified during a 
comparison between the fungemia group and the non-fungemia group 
(remaining samples) were birth weight (BW), gestational age (GA), 
central venous catheter (CVC), parenteral nutrition (PN), fasting, 
mechanical ventilation (MV), and exposure to vancomycin, cefepime, 
meropenem, and amikacin. Further statistical analyses showed that for 
each 10 g increase in BW, the risk of fungemia decreased 3%; each day 
of CVC increased this risk by 8.1%; and each day of MV increased this 
risk by 11.1%. The analyses of the categorized variables showed that 
BW ≤ 1000 g increased the risk of fungemia by 23 times; MV ≥ 14 days 
increased the risk by 36 times; and each day of CVC increased the risk 
of fungemia by 9.3%.
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