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A B S T R A C T

Background: The aim of the study was to assess the effect of early-onset neutropenia (EON) on
the development of candidemia in premature infants and evaluate other risk factors.
Materials and Methods: This prospective study was carried out in a neonatal intensive care unit of
Cairo University Hospital. Fifty neutropenic premature infants were matched to 50 non-
neutropenics. Subjects were then regrouped into candidemics and non-candidemics to study other
risk factors such as central venous catheters, mechanical ventilation, parenteral nutrition, drugs as
corticosteroids and others. Candidemia was assessed by Bactec and then seminested polymerase
chain reaction for culture negatives.
Results: Candidemia developed in 28 neutropenic preterms and in 8 non-neutropenics (odds
ratio ¼ 6.68, 95% confidence interval ¼ 2.61–17.1, p<0.001). Risk factors for invasive fungal infec-
tion in univariate analysis included bacterial septicemia, mechanical ventilation, parenteral nutrition
and steroid therapy. Independent predictors of candidemia in multivariate regression analysis
included EON, mechanical ventilation and steroid therapy.
Conclusion: EON is an independent risk factor for candidemia in premature infants.
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I N T R O D U C T I O N
Neutropenia, known to be an absolute neutrophil
count (ANC)<1500/mm3, affects variable number
of neonates, especially premature infants, with a
range between 6% and 58% during the first week of
life [1]. This early-onset neutropenia (EON) may be
related to maternal, and neonatal, conditions such as
severe asphyxia, periventricular hemorrhage and sep-
ticemia with possible increased risk of early-onset

sepsis, nosocomial infection and candida coloniza-
tion [2]. Neutrophils are crucial for prevention of
fungal growth and invasion of tissues, where any
pathology in their number or function may be associ-
ated with fungal bloodstream invasion or dissemi-
nated candidiasis [3,4]. The risk for invasive fungal
infections is high in very-low-birth-weight infants
(< 1500 g) and is inversely proportional to the gesta-
tional age of neonates being highest for those born
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at the least gestational ages [5, 6]. These immuno-
compromised infants have prolonged stay in neona-
tal intensive care units (NICUs) and require invasive
maneuvers, parenteral nutrition, medications such as
broad-spectrum antibiotics, postnatal steroids and
gastric acid inhibitors, which place them at risk for
fungal colonization and invasive fungal infection.
Invasive candidal infections (ICI) are also related to
colonization of the immature skin and gastrointesti-
nal and respiratory passages by fungi, mainly candida
[7, 8]. EON adds to the risk [9].

Candida albicans and Candida parapsilosis account
for about three-quarters of ICI in NICUs [10]. We
aimed to determine the role of EON in development
of bloodstream candidemia in preterm infants and
quantify other predictors of blood stream fungal
infection.

M A T E R I A L S A N D M E T H O D S
We performed a prospective case control study on
premature neutropenic neonates�34 weeks during
the first week of life, admitted to NICU of Cairo
University Children Hospital over 1 year duration.
Fifty matched non-neutropenic controls were
recruited. Neonates who died during the first week
of life or with incomplete records were excluded
from the study. Informed consent was obtained from
participants’ guardians. To evaluate the incidence of
candidemia during EON, study population was
grouped into neutropenics and non-neutropenics,
then regrouped into candidemics and non-candidem-
ics to study other risk factors for candidemia. These
risk factors were evaluated prospectively from date
of admission until development of candidemia and
for equivalent period in non-candidemics. Risk fac-
tors included maternal hypertension, maternal diabe-
tes mellitus, mode of delivery, gender, gestational
age, birth weight, use of central catheters, mechanical
ventilation, parenteral nutrition, bacterial septicemia,
corticosteroids and cephalosporins in addition to
neutropenia. All study population received routine
empirical antibiotic combination of ampicillin sulbac-
tam plus aminoglycosides or cephalosporins on
admission. This work has been approved by the ethi-
cal committee of the hospital.

C reactive protein was measured in all enrolled
preterm infants. Complete blood count for the study

population was performed twice during the first
week of life, and low ANC was detected on first
and/or second blood count. Once neutropenia was
detected, blood cultures for bacterial and fungal
infections were performed. A second blood culture
was done at the beginning of the second week of
admission. Cultures were taken at equivalent times
from non-neutropenics. All study population nega-
tive for candida in blood cultures were further
assessed for candidemia by seminested polymerase
chain reaction (PCR).

Candidemia was defined as positive culture from
normally sterile body fluid such as blood [11].
Infants were considered bacteremic if they had at
least one blood culture positive for organisms known
to cause bacteremia [12].

ANC was determined by multiplying the total
white blood cells by the percentage of neutrophils.
Neutropenia was defined according to reference
ranges [13, 14] (Table 1). A neonate was considered
neutropenic if at least one hemogram had values
below reference levels. C reactive protein levels of
6>mg/dl were considered positive.

Candida isolation and identification from cultures
Sampling: Aseptically, 1–3 ml of blood was with-
drawn from a peripheral vein.

Processing: Blood samples were inoculated into
Bactec culture bottle and processed (BACTEC
9050, Becton Dickinson, England). When growth
occurred, subculture on MacConkey and Sabroud
dextrose agar was done. According to Manual
of Microbiology [15], we identified recovered organ-
isms as gram –ve bacteria, gramþve bacteria and
candida. In cases of non-fungal growth culture,

Table 1. Values of neutropenia in prematures
according to postnatal age

Postnatal age in hours Neutropenia

0–6 h of life <500/ll
6–12 h of life <1500/ll
12–30 h of life <1800/ll
30–48 h of life <1500/ll
48–72 h of life <1300/ll
>72 h of life <1100/ll
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seminested PCR was done from negative culture
bottles for candida detection using 22 bp forward pri-
mer Cathepsin F (lysosomal proteinase) (50-
TCGCATCGATGA AGAACGCAGC-30) and 25 bp
reverse primer Cathepsin R (lysosomal proteinase)
(CTSR) (50-TCTTTCCTCCGCTTATTGATATG
C-30) capable of amplifying the 30 end of 5.8S rDNA
and the 50 end of 28S rDNA, including the interven-
ing spacer region. Another amplification was done
using specific forward primers derived from Internal
Transcribed Spacer 2 region of C. albicans (Species
specific oligonucleotide primers for Candida
Albicans, 50-ATTGCTTGCGGCGGTAACGTCC-
30), in addition to the reverse primer CTSR
(Vivantis 2013–2014, Malaysia).

The size of amplified DNA fragments was identi-
fied by comparison with molecular size marker DNA
(50 bp DNA ladder). We detected C. albicans (300–
400 bp) on molecular size marker [16]. Any positive
bands at different levels were considered non-C.
albicans.

Statistical analysis
Categorical data were presented as frequency (per-
centage). Continuous variables of skewed distribu-
tion were presented as median (minimum and
maximum), while normally distributed continuous
variables were presented as mean 6 SD. Comparison
between groups was done using Student’s t test for
parametric data and Mann–Whitney test for non-
parametric data. Multivariate linear regression analy-
sis models were used to test for the predictors of
candidemia. Significance level was set at p< 0.05.
Statistical analysis was performed with SPSS 23.0.

R E S U L T S
A total of 334 preterm infants�34 weeks were
admitted during the study period, where 62 cases
developed EON making an incidence of 18.5% (62
of 334). Eight cases were excluded owing to unavail-
able data, another four died before taking blood cul-
ture, making a final number of 50 preterms with
EON. These were matched to an equal number of
non-neutropenic premature infants. All of the study
population was admitted on the first day of life.
Demographic, laboratory and microbiologic data of
both groups are summarized in Table 2. The

incidence of bacterial sepsis was similar in the two
groups (p¼ 0.109) but the incidence of candidemia
was significantly higher in neutropenics (p� 0.001).

Study subjects were grouped according to gesta-
tional age (�30 weeks, 31 and 32 weeks, 33 and
34 weeks) and to birth weight (<1000 g, 1000–
1500 g, �1501 g). The incidence of candidemia in
neutropenics did not statistically differ among the
three gestational age groups (p¼ 0.2), nor among
birth weight groups (p¼ 0.1) (Fig. 1).

According to blood cultures, bacteremia was
detected in 22 of 50 neutropenic and 30 of 50 non-
neutropenic babies. Invasive fungal infection was
detected in 15 neutropenic and 4 non-neutropenic
preterms. Negative culture bottles were further
assessed by seminested PCR, where fungemia was
detected in another 13 neutropenic and 4 non-neu-
tropenic premature infants, making 28 (56%) cases
with EON and 8 (16%) without EON. Invasive fun-
gal infections with C. albicans and non-albicans spe-
cies are shown in Fig. 2. Simultaneous bacterial and
fungal infections were found in 25 babies.

The study population was further grouped
according to the occurrence of invasive fungal infec-
tion into candidemics (36 cases) and non-candidem-
ics (64 cases). Risk factors related to candidemia
were examined by univariate analysis (Table 3).
Factors significantly associated with development of
candidemia were neutropenia, bacteremia, parenteral
nutrition, mechanical ventilation and corticosteroid
therapy.

After stepwise multivariate logistic regression
analysis, independent predictors of candidemia were
neutropenia, mechanical ventilation and corticoste-
roids (Table 4).

D I S C U S S I O N
EON in premature infants was found to be related to
the development of bacterial septicemia [17, 18],
asphyxia and intracranial hemorrhage [14, 19]. Its
relationship to candida colonization or even candide-
mia was tackled in adults and pediatrics. Few studies
investigated its role in the development of blood-
stream candidemia in preterms, especially by semi-
nested PCR.

In the current study, EON, mechanical ventila-
tion and postnatal steroids were independent
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Table 2. Demographic, laboratory and microbiologic data of the studied population

Neutropenic group (n ¼ 50) Nonneutropenic group (n ¼ 50) p-value

Gestational age (weeks) (no. 6 SD) 28.02 6 2.59 27.98 6 2.68 0.940
Weight (grams) (no. 6 SD) 1111.40 6 245.24 1102.40 6 237.57 0.853
Gender

Male/female (no.) 24/26 26/24 0.842
Maternal DM no. (%) 9 (18%) 3 (6%) 0.121
Maternal HTN no. (%) 13 (26%) 15 (30%) 0.824

Mode of delivery no. (%)
NVD 18 (36%) 24 (48%) 0.156
CS 32 (64%) 26 (52%)

TPN received no. (%) 30 (60%) 35 (70%) 0.402
MV no. (%)

No MV 0 (0%) 3 (6%) 0.012
CPAP 12 (24%) 18 (36%)
CPAP and SIMV 15 (30%) 20 (40%)
SIMV 23 (46%) 9 (18%)

Neutrophil 1 (�1000/mm3) 1.339 6 0.332 4.95 6 3.22 <0.001
Neutrophil 2 (�1000/mm3) 1.235 6 0.260 4.62 6 2.33 <0.001
Bacterial culture no. (%)

Growth 22 (44%) 30 (60%) 0.109
No growth 28 (56%) 20 (40%)

Candidal culture no. (%)
(Bactec and/or PCR)

Growth 28 (56%) 8 (16%) <0.001
No growth 22 (44%) 42 (84%)

Central venous line no. (%) 21 (42%) 35 (70%) 0.008
CRP [median (min., max.)] 12 (5, 96) 5 (5, 96) 0.017
Death no. (%) 13 (26%) 15 (30%) 0.824

No., number; SD, standard deviation; DM, diabetes mellitus; HTN, hypertension; NVD, normal vaginal delivery; CS, cesarean section; TPN, total
parenteral nutrition; MV, mechanical ventilation; CPAP, continuous positive airway pressure; SIMV, synchronized intermittent mechanical ventilation;
CRP, C reactive protein; PCR, polymerase chain reaction; min, minimum; max, maximum.
Statistically significant p-value� 0.05.

0 5 10 15 20

< 1000 gm

1000-1500 gm

>1500 gm

0 10 20 30

<= 30 weeks

31-32 weeks

33-34 weeks

Fig. 1. Incidence of candidemia among neutropenics according to gestational age, and weight groups.
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Table 3. Maternal and neonatal risk factors for candidemia by univariate analysis

Candidemic group
(n ¼ 36) no. (%)

Non-candidemic group
(n ¼ 64) no. (%)

OR 95%
CI

p-value

Gestational age groups
�30 weeks 27 (75%) 54 (84.4%) 0.108
31–32 weeks 5 (13.9%) 9 (14.1%)
33–34 weeks 4 (11.1%) 1 (1.5%)

Birth weight groups
<1000 g 12 (33.3%) 25 (39.1%)
1000–1500 g 18 (50%) 37 (57.8%) 0.057
�1501 g 6 (16.7%) 2 (3.1%)

SIMV
Yes 33 (91.6%) 34 (53.1%) 9.706 2.69–34.90 <0.001
No 3 (8.4%) 30 (46.9%)

Central venous line
Yes 23 (63.9%) 33 (51.6%) 1.662 0.71–3.84 0.295
No 13 (36.1%) 31 (48.4%)

Bacterial growth
Yes 25 (69.5%) 27 (42.2%) 3.114 1.311–7.40 0.008
No 11 (30.5%) 37 (57.8%)

Maternal HTN
Yes 12 (33.3%) 16 (25%) 1.500 0.61–3.67 0.487
No 24 (66.7%) 48 (75%)

Maternal DM
Yes 4 (11.1%) 8 (12.5%) 0.875 0.24–3.13 0.837
No 32 (88.9%) 56 (87.5%)

Mode of delivery
NVD 18 (50%) 24 (37.5%) 0.600 0.26–1.37 0.292
CS 18 (50%) 40 (62.5%)
Gender

Male 16 (44.4%) 34 (53.1%) 0.706 0.31–1.60 0.532
Female 20 (55.6%) 30 (46.9%)

Antibiotics
Cephalosporins 13 (36.1%) 16 (25%) 1.696 0.70–4.10 0.259
Aminoglycosides 23 (63.9%) 48 (75%)

Corticosteroids
Yes 21 (58.3%) 25 (39.1%) 2.184 0.95–5.01 0.050
No 15 (41.7%) 39 (60.9%)

TPN
Yes 29 (80.6%) 36 (56.3%) 3.222 1.23–8.43 0.012
No 7 (19.4%) 28 (43.7%)

Neutropenia
Yes 28 (77.8%) 22 (34.4%) 6.682 2.61–17.10 <0.001
No 8 (22.2%) 42 (65.6%)

CRP [median (min., max.)] 12 (5, 96) 5 (5, 96) <0.001

(continued)
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predictors of candidemia in multivariate regression
model. Bacterial septicemia and parenteral nutri-
tion were significant risk factors in univariate
analysis.

Studies investigated the role of neutropenia as a
risk factor for candida colonization in preterms [20–
22], but few evaluated its relationship to invasive
blood stream candidemia in premature infants.
Mahieu and colleagues found that EON was a risk
factor for candidemia, with borderline significance
(p¼ 0.06) [9]. Therefore, its relation to invasive
candidemia is still vague. Neutrophil function in pre-
terms is not as imminent as in adults with more incli-
nation to infection [2]. Even treatment of
neutropenia by granulocyte colony-stimulating factor
corrects count but does not correct its effect on sep-
sis [23]. In our study, 78% of candidemic preterms
were neutropenic, but nearly half of neutropenic
cases developed bloodstream fungal invasion (56%).
Therefore, if antifungal prophylactic therapy was
based on a low ANC only, about half of the neonates
will be unnecessarily receiving medication and hence

cannot be recommended routinely once neutropenia
is detected.

In this study, mechanical ventilation was another
independent risk factor for candidemia in premature
infants (p< 0.001). Endotracheal tubes associated
with this procedure hinder natural mucociliary clear-
ance, also frequent suctioning induces bidirectional
colonization of respiratory and gastrointestinal tract
[24]. Its role as a risk factor for fungal infection has
not only been reported in neonates [25, 26] but also
was associated with adverse outcome [27]. In the
current study, other invasive procedures, namely,
central catheters, were not risk factors for candide-
mia (p-value¼ 0.29). Patient risk factors and odds
ratios (ORs) from two multicenter studies showed
that mechanical ventilation had a higher probability
of association with candidemia than central catheters
(OR 10.7 and 3.9, respectively) [28, 29]. In our
NICU, central lines are not routinely used for all
neonates (56%), and we rely more on peripheral
cannulas. Larger sample size may be needed to
address this risk factor.

Table 3. (continued)

Candidemic group
(n ¼ 36) no. (%)

Non-candidemic group
(n ¼ 64) no. (%)

OR 95%
CI

p-value

Death
Yes 17 (47.2%) 11 (17.2%) 4.311 1.71–10.83 0.002
No 19 (52.8%) 53 (82.8%)

No., number; DM, diabetes mellitus; HTN, hypertension; NVD, normal vaginal delivery; CS, cesarean section; TPN, total parenteral nutrition; SIMV,
synchronized intermittent mechanical ventilation; CRP, C reactive protein; min, minimum; max, maximum; OR, odds ratio; CI, confidence interval.
Statistically significant p-value� 0.05.

Table 4. Neonatal risk factors for candidemia by multivariate analysis

ß OR 95% CI p-value

Neutropenia 1.822 6.184 1.74–21.94 0.005
Bacterial growth �0.811 2.251 0.67–7.56 0.189
Birth weight 0.353 1.423 0.51–3.92 0.496
SIMV 3.549 0.029 0.004–0.20 <0.001
Total parenteral nutrition 1.262 0.283 0.07–1.15 0.078
Corticosteroids �2.596 13.407 2.49–72.10 0.002

SIMV, synchronized intermittent mechanical ventilation; OR, odds ratio; CI, confidence interval.
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Postnatal dexamethasone was another independ-
ent risk factor for candidemia in multivariate regres-
sion (p¼ 0.002). This was previously reported [30,
31], though some authors stated it was not an inde-
pendent risk factor [32]. The duration of dexametha-
sone correlated with candida infection, and its early
initiation was also related to the age of the premature
at which candida infection was detected [30]. We
only examined their use but did not ascertain their
duration. It is still recommended to use them cau-
tiously in tiny premature infants [33].

We found that bacterial septicemia was a risk fac-
tor for candidemia in univariate analysis. Bacterial
sepsis is a novel risk factor, where few authors identi-
fied it as an independent predictor for candidemia in
neonates [34], and in adult cardiothoracic intensive
care unit [35]. Risk factors may have changed
recently owing to the continuing emergence of
resistant strains requiring treatment with changing
antibiotics combinations [36]. To make sure that
bacteremia was not a surrogate for cephalosporins
use, we found these antibiotics were not significant
in univariate analysis. Moreover, management of bac-
terial septicemia may require interventions that are
themselves risk factors for candidemia. Although pre-
vious studies demonstrated that birth weight was a
risk factor for candidemia [28, 32, 37], in the current
study, smallest weight groups showed no significance
in univariate analysis (p¼ 0.057), which may need
larger sample size to be better assessed. In the

present study, the effect of neutropenia on develop-
ment of candidemia was more pronounced in 1000–
1500 g infants than in those <1000 grams, and this
paradox may be owing to the greater susceptibility of
the smallest infants for candidemia as weight
decreases. In other words, smallest neonates do not
need to be neutropenic to develop candidemia, while
those with weights between 1000 and 1500 do. This
finding was previously reported [20]. Similarly,
authors demonstrated gestational age <32 weeks as
another risk factor for invasive fungal infection [29].
Others stated that the risk of developing candidemia
was lower in children born at�28 weeks than in
smaller gestational ages [28]. In our study, gesta-
tional age was not a risk factors for candidemia,
which may be more sound in larger study sample.
Moreover, survivors of different age groups might
have developed candidemia beyond the first 10 days
of life; in the current study, they were not followed
further.

Candida albicans represented most of the fungal
isolates in this study as previously reported [34, 38].
We used seminested PCR to further assess candide-
mia in culture-negative subjects, which has the
potential of giving earlier and more accurate alarms
for candidemia [39]. Samples are obtained directly
from blood culture bottles with no need to prick the
patient to obtain a fresh blood sample.

The overall incidence of sepsis (bacterial and/or
fungal) in our study was 63%. This high incidence

18  17  16  15 14 13 12 11  10  9   8    7    6   5   4    3   2     1  M

Fig. 2. PCR amplification (seminested PCR) for Candida spp. Lane M: 50 bp molecular size marker, Lane 1: positive
control for C. albicans, Lanes 5, 6, 9, 10, 14 are for different Candida spp. As Lanes 5, 10, 14 were with the same level
ofþve control for Candid alb (between 300 and 400 bp), while Lanes 6, 9 at different level from positive control for C.
albicans (between 400 and 500 bp) were identified as C. non-albicans. Lanes 2, 3, 4, 7, 8, 11, 12, 13, 15, 16 were negative
for Candida spp.
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could be attributed to the hot humid environment,
exposed construction processes in the hospital favor-
ing growth of microbes, possible colonization of the
hands of intensive care workers, with quackery prac-
tices and less adherence to infection control meas-
ures. Moreover, indwelling devices, misuse of
antibiotics and other drugs that represent risk factors
were studied in the current work.

Our study has some limitations. First, it was per-
formed in a single NICU and hence results might
not be worldwide representative. Second, other risk
factors for candidemia such as candida colonization
at different sites were not performed. Third, the
number of candidemic premature infants was small
(36 cases); hence, some of the trends might have
been significant if the study sample had been larger.

C O N C L U S I O N S
EON is an independent risk factor for candidemia in
premature infants. Other risk factors include
mechanical ventilation and postnatal corticosteroids
therapy. Concomitant bacterial septicemia and
parenteral nutrition were significant risk factors in
univariate regression model.
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