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Abstract

Objective: To assess the evolution of the prevalence of late-onset
sepsis (LOS) and meningitis and its predictors in a Portuguese tertiary
level Neonatal Intensive Care Unit (NICU) during its participation in the
Vermont Oxford Network (VON) between 2000 and 2013.

Methods: Descriptive retrospective study of all very low birth weight
infants admitted to a level-III NICU between 2000 and 2013. Outborn
infants, infants who died in the delivery room and neonates who died
during the first 12 hours in NICU were excluded. Patients’ demographic
characteristics and clinical data were collected. Data from neonates with
and without LOS were compared.

Results: The prevalence of LOS significantly decreased from 56.3%
between 2000 and 2004 to 26.5% between 2010 and 2013. Infants with a
gestational age of 22-27 weeks had more LOS (65.6%) than neonates with
32-36 weeks (20.9%). Similarly, smaller infants (weighing < 1,000 g) had
more LOS (59.4%) than babies with a weight > 1,000 g (33.3%). LOS was
significantly associated with a gestational age between 22 and 27 weeks,
mechanical ventilation (MV), nasal CPAP, necrotizing enterocolitis and the
use of steroids for bronchopulmonary dysplasia.

Conclusions: Preterm infants require many invasive devices to ensure
their survival, such as MV, which greatly increases their infection risk. To
minimize this risk, it is crucial to guarantee that better practices are followed,
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necessitating the use of regular audits. It is really
important to know the data about LOS from our
NICU, which allows sharing and comparison with
peers in order to improve nosocomial infection
prevention and control practices.
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Introduction

Although there have been advances in neonatal
care that have improved survival and reduced
complications in preterm infants, sepsis continues
to be a major cause of mortality and morbidity
among very low birth weight (VLBW) infants in
Neonatal Intensive Care Units (NICUs) [1, 2].

The incidence of late-onset sepsis (LOS)
considerably varies from centre to centre, ranging
from 10.6% to 31.7% [3].

In a study performed at our NICU, 549
(13.9%) of all admitted patients presented with
clinical or confirmed sepsis between 2003 and
2012. Of these, 15 (2.7%) had confirmed fungal
sepsis on blood cultures and all of them were low
birth weight (LBW), 13 (86.7%) were VLBW
and 9 (60%) were extremely low birth weight
(ELBW) [4].

It is important to implement measures to
prevent nosocomial infections, since they decrease
the incidence density of nosocomial sepsis, as
we concluded from a study in our NICU which
showed that the incidence density of nosocomial
sepsis decreased significantly from 8.6 to 4.8 per
1,000 days (44%) after a new preventive bundle
implementation [5].
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Freitas et al. showed that newborns who
developed LOS were more exposed to invasive
procedures, including the use of mechanical
ventilation (MV) and peripherally inserted central
catheters (PICC). They found that there was an
association between the use of MV for 10 or more
days and LOS in 80.8% of cases, while PICCs left
in place for 11 days or longer were associated with
LOS in 76.2% of cases [6].

As one of the largest neonatal databases, the
Vermont Oxford Network (VON) has collected
and maintained data about VLBW infants and
neonates who fulfil other eligibility requirements
from many parts of the world since 1989 [7].

In Portugal, there is a National Registration
of Very Low Birth Weight Newborns, which was
founded in 1994, and allows us to benchmark
our practices. In this registration, between 1994
and 1996, sepsis was one of the most frequent
pathologies (34%) and with a higher incidence
when compared with VON (26%) [8].

There is also a protocol for epidemiological
surveillance of nosocomial infections in NICUs
in Portugal, whose objectives are to establish the
impact of infection in those NICUSs, to find the use
of invasive devices in function of the total days of
hospital stay, to determine infection rates and their
distribution per site, to compare the performance
between NICUs in terms of the parameters
described before, to benchmark national data and
to continually improve practices according to the
obtained results [9].

A more complete picture of the epidemiology
of neonatal infections is provided by multicentre
studies, which show greater scope for the
development of successful interventions [10].

Rates of LOS and hospital-acquired bloodstream
infections (HABSIs) provide vital information
regarding the success of hospital guidelines
concerning infection control procedures, such
as hand hygiene, cot separation and central line
care [10].

Neonatal infection surveillance networks serve
several purposes, such as knowing about LOS
incidence and its variability, comparing results
with those of other networks and proposing public
health policies to improve neonatal care quality
and safety [11, 12].

This study aims to assess the evolution of the
prevalence of LOS and meningitis and its predictors
in the NICU of Centro Hospitalar Universitario
de Sdo Jodo during the participation in the VON
between 2000 and 2013.
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Methods

The data of the NICU of Centro Hospitalar
Universitario de Sao Jodao were collected from the
VON files, between 2000 and 2013, the period of
our participation in the network. The inclusion
criteria were: any inborn infant with a birth
weight between 401 and 1,500 g or a gestational
age between 22 weeks and 0 days and 29 weeks
and 6 days. Outborn infants were also included if
transferred from another institution to our hospital
within 28 days from birth, without having been
discharged home first, and whose birth weight was
between 401 and 1,500 g or whose gestational age
was between 22 weeks 0 days and 29 weeks 6 days.

We collected and analysed LOS and meningitis
items from the VON database between 2000 and
2013.

Definitions for demographic and clinical data
were provided in the “Manual of Operations” of
VON [13].

The Ethics Committee of Centro Hospitalar
Universitario de Sao Jodo approved this study.

Study sample definition

At the beginning of the study, 607 babies
were identified. Ninety-five outborn infants were
excluded. Six infants died in the delivery room.
Eighteen infants died during the first 12 hours in
NICU. Finally, 55 infants had missing information
on the outcome. The final sample for the study was
433 infants (Fig. 1).

Statistical analysis

The statistical analysis was performed using
SPSS® for Windows®, version 25. Categorical
variables were characterized by absolute and
relative frequencies. Chi-Square or Fisher’s exact
test was used to compare categorical variables with
Bonferroni’s correction on pairwise comparisons.

A multivariate analysis by logistic regression
was performed to evaluate predictive factors
for LOS. The strength of the association was
measured by Odds Ratio (OR) and 95% confidence
intervals (95% CI). Only variables that presented
significance up to 0.05 and those clinically
relevant in the univariate analysis were included
in the model. A p-value of less than 0.05 was
considered statistically significant. To create the
most parsimonious model, variables that did not
reach a significance level of p-value < 0.05 in the

www.jpnim.com Open Access

607 infants
identified
‘ Excluded:
- 95 outborn infants
Y
512 infants
Excluded:
> 6 deaths in delivery
room
A\
506 infants
Excluded:
»| 18 deaths during the
first 12 hours in NICU
Y
488 infants
Excluded:
g 55 with missing
. information on
outcome
Y
433 infants

Figure 1. Flowchart for the study sample definition.

multivariable model were backward eliminated
one by one.

Results

Demographic characteristics of the study population
(Tab. 1)

Our population was composed of 221 female
infants (51.0%) and 212 male newborns (49.0%).
Most of the infants were born between 28 and 31
weeks of gestation (230, 53.1%). Furthermore, 93
newborns were born between 22 and 27 weeks
of gestation (21.5%) and 110 between 32 and 36
weeks (25.4%). In our sample, 114 infants (26.3%)
were small for gestational age.

At birth, 160 neonates weighed 1,000 g or less
(37.0%); in relation to pregnancies, 287 (66.3%)

Time trends in late onset sepsis and meningitis in VLBW infants from 2000 to 2013 3/10
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Table 1. Infants’ demographic characteristics.

- No. (%) of infants

Characteristic (n = 433)

Female 221 (51.0%)
Sex of the infant

Male 212 (49.0%)

22-27 93 (21.5%)
Gestational age 28-31 230 (53.1%)
(weeks)

32-36 110 (25.4%)
Small for Yes 114 (26.3%)
gestational age No 319 (73.7%)
Birth weight =1,000 160 (37.0%)
(grams) > 1,000 273 (63.0%)

. . No 287 (66.3%)

Multiple gestation

Yes 146 (33.7%)

C-section 314 (72.5%)
Mode of delivery

Vaginal 119 (27.5%)
Apgar score at 5 <7 58 (13.4%)
minutes =7 375 (86.6%)

were gestations with only one foetus and two
or more foetuses were documented during 146
(33.7%) pregnancies; 314 neonates were born by
C-section (72.5%) and 119 babies were born by
vaginal delivery (27.5%).

Finally, an Apgar score at 5 minutes of less than
7 was registered in 58 newborns (13.4%), whereas
375 infants had an Apgar score at 5 minutes equal
to or higher than 7 (86.6%).

Late-onset sepsis according to the year of birth
(Tab. 2)

Between 2000 and 2013, 43% of the infants had
at least one episode of LOS. The most frequent
aetiology was a coagulase-negative staphylococcal
infection, since 34.2% of all infants had an
infection caused by this microorganism. A total
of 16.4% of infants had other bacterial pathogens
identified as the cause of LOS and only 3.2% had
a fungal infection.

From 2000 to 2004, 94 (56.3%) out of 167
infants had LOS. The most frequent aetiology of
LOS between these years was coagulase-negative
Staphylococcus (78 infants, corresponding to
46.7% of the total 167 newborns). Only 7 infants
(4.2%) had LOS caused by fungi.

Between 2005 and 2009, 61 out of 149 (40.9%)
infants developed LOS. Once again, most of
the infected neonates had a coagulase-negative
staphylococcal infection (33.6%, 50/149).
During the last years of this study (2010-2013),
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31 out of 117 infants had LOS (26.5%). Among
infected newborns, 20 had coagulase-negative
staphylococcal LOS (17.1%), 14 developed LOS
provoked by other bacteria (12.0%) and 1 child
had a fungal infection (0.9%).

More than one agent was identified in some
patients.

Late-onset sepsis according to gestational age
(Tab. 3)

In the group of infants born between 22 and
27 weeks of gestation, 65.6% had LOS (61/93).
Among infants with this range of gestational ages,
43 out 0f 93 (46.2%) had LOS caused by coagulase-
negative Staphylococcus, 27 developed LOS from
other bacteria (29.0%) and 8 had a fungal infection
(8.6%).

For infants born between 28 and 31 weeks of
gestation, 102 out of 230 had LOS (44.3%). The
most frequent aetiology was coagulase-negative
Staphylococcus infection, with a prevalence
of 37.8% (87/230). Infections caused by other
bacterial pathogens registered a prevalence of
16.5% (38/230) and by fungal organisms showed a
prevalence of 1.7% (4/230).

Finally, newborns with a gestational age
between 32 and 36 weeks registered a prevalence
of LOS of 20.9% (23/110). 18 out of 110 neonates
had a coagulase-negative staphylococcal infection,
whose prevalence was 16.4%. Other bacterial
infections showed a prevalence of 5.5%, since 6
out of 110 had infections caused by other bacteria
apart from coagulase-negative Staphylococci.
Fungal infections exhibited a prevalence of 1.8%
(2/110).

Late-onset sepsis according to birth weight (Tab. 4)

The group of infants born with a weight equal
to or less than 1,000 g presented a prevalence of
LOS of 59.4% (95/160). In this group, 70 out of
160 had a coagulase-negative staphylococcal
infection (43.8%), 26.9% had LOS caused by
other bacteria (43/160) and 10 developed a fungal
infection (6.2%).

Differently, neonates whose birth weight was
greater than 1,000 g had a prevalence of LOS of
33.3% (91/273). Among these children, 78 had
a coagulase-negative staphylococcal infection
(28.6%), 28 developed LOS provoked by other
bacterial microorganisms (10.3%) and 4 had a
fungal infection (1.5%).
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Table 2. Late-onset sepsis (LOS) and meningitis according to year of birth.

www.jpnim.com Open Access

Year of birth
Aetiology 2000-2004 | 2005-2009 | 2010-2013 Total p-value
(n=167) (n =149) (n=117) (n =433)
LOS from all causes, n (%) 94 (56.3%)° | 61 (40.9%)® | 31 (26.5%)° | 186 (43.0%) | <0.001¢
Coagulase-negative staphylococcal infection, n (%) | 78 (46.7%)2 | 50 (33.6%)2 | 20 (17.1%)° | 148 (34.2%) <0.001¢
Other bacterial pathogens, n (%) 46 (27.5%)2 11 (7.4%)° 14 (12.0%)° 71 (16.4%) <0.001¢
Fungal infection, n (%) 7 (4.2%) 6 (4.0%) 1 (0.9%) 14 (3.2%) 0.229¢

LOS: late-onset sepsis.

a b gre different letters that indicate significant differences between years’ groups based on pairwise comparison. For example, if one
group has a superscript @ and another has a superscript °, this means that the differences between these two groups are statistically

significant.
dChi-square test; © Fisher’s exact test.

Table 3. Late-onset sepsis (LOS) and meningitis according to gestational age.

Gestational age
Aetiology 22-27 weeks | 28-31 weeks | 32-36 weeks Total p-value
(n=93) (n = 230) (n=110) (n =433)
LOS from all causes, n (%) 61 (65.6%)2 | 102 (44.3%)" | 23 (20.9%)° | 186 (43.0%) | <0.001¢
Coagulase-negative staphylococcal infection, n (%) 43 (46.2%)2 | 87 (37.8%)2 | 18 (16.4%)° | 148 (34.2%) <0.001¢
Other bacterial pathogens, n (%) 27 (29.0%)2 | 38 (16.5%)° 6 (5.5%)° 71 (16.4%) <0.001¢
Fungal infection, n (%) 8 (8.6%)* 4(1.7%)" 2 (1.8%)ab 14 (3.2%) 0.010¢

LOS: late-onset sepsis.

ab.cgre different letters that indicate significant differences between gestational age groups based on pairwise comparison. For example,
if one group has a superscript @ and another has a superscript °, this means that the differences between these two groups are statistically

significant.
4Chi-square test; © Fisher’s exact test.

Table 4. Late-onset sepsis (LOS) and meningitis according to birth weight.

Birth weight
Aetiology =1,000 g >1,000 g Total p-value
(n =160) (n =273) (n =433)
LOS from all causes, n (%) 95 (59.4%)% | 91 (33.3%)° | 186 (43.0%) <0.001¢
Coagulase-negative staphylococcal infection, n (%) 70 (43.8%)? 78 (28.6%)° 148 (34.2%) 0.001¢
Other bacterial pathogens, n (%) 43 (26.9%)* | 28 (10.3%)° | 71(16.4%) | <0.001¢
Fungal infection, n (%) 10 (6.2%)? 4 (1.5%)° 14 (3.2%) 0.007¢

LOS: late-onset sepsis.

ab.cgre different letters that indicate significant differences between birth weight groups based on pairwise comparison. For example, if
one group has a superscript 2 and another has a superscript ®, this means that the differences between these two groups are statistically

significant.
dChi-square test.

Univariate/comparative analysis of infants with and
without late-onset sepsis

There was no statistically significant difference
in the prevalence of LOS between female and
male infants (p-value = 0.990), neither between
different types of delivery — C-section versus
vaginal delivery (p-value = 0.087) — or between
neonates with Apgar score < 7 and > 7 (p-value
=0.757).

Among the ventilated neonates, 54.1% developed
LOS, whereas only 25.1% of infants who did not

Time trends in late onset sepsis and meningitis in VLBW infants from 2000 to 2013

require conventional ventilation had LOS (p-value
< 0.001).

Among infants who had respiratory distress
syndrome (RDS), 50.2% had LOS, when compared
with 34.7% of those who did not have RDS (p-value
=0.001).

In the group of patients with necrotizing
enterocolitis (NEC), 76.5% developed LOS, while
only 41.6% of the infants without NEC had LOS
(p-value = 0.004).

In the case of children with patent ductus
arteriosus (PDA), 61.1% of them had LOS,
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compared with 36.9% of those who did not have
PDA (p-value < 0.001).

There was no statistically significant difference
in the prevalence of LOS between individuals with
neurologic morbidity or those without it, given
there was no statistically significant difference
between infants with cystic periventricular
leukomalacia (cPVL) and those without cPVL
(p-value = 0.112) neither between neonates with
intraventricular haemorrhage (IVH) > III and those
without IVH > III (p-value = 0.478).

The administration of steroids for broncho-
pulmonary dysplasia (BPD) showed a statistically
significant impact on the prevalence of LOS
(82.6% of the infants that took steroids for BPD
had LOS versus 40.7% of the newborns that did
not take steroids for BPD) (p-value < 0.001).

Of neonates who required nasal CPAP, 48.5%
developed LOS versus 24.2% who did not use
nasal CPAP (p-value < 0.001).

There was no statistically significant difference
between newborns who needed high-frequency
ventilation (HFV) and those who did not require
HFV (p-value = 0.069).

Among children who had retinopathy of
prematurity (ROP) > stage 2, 71.4% developed
LOS compared with those without ROP > stage 2,
whose prevalence of LOS was 52.7% (p-value =
0.037).

Finally, there was no statistically significant
difference in LOS between infants with and
without major birth defects (p-value = 0.416).

Predictor factors for late-onset sepsis (Tab. 5)

When the gestational age was analysed,
we found an OR of 3.348 for the group with

Table 5. Predictor factors for late-onset sepsis (LOS).
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gestational age between 22 and 27 weeks (95% CI,
1.544-7.263, p-value = 0.002) and an OR of 1.533
for the group of infants born with a gestational age
between 28 and 31 weeks (95% CI, 0.830-2.834,
p-value = 0.172).

We found that neonates with conventional
ventilation were 1.912 times more likely to have
LOS compared with others who did not require
ventilation (95% CI, 1.138-3.210, p-value =
0.014). Newborns who used nasal CPAP were
3.385 times more likely to have LOS versus the
ones who did not have to use nasal CPAP (95% ClI,
1.849-6.197, p-value < 0.001) and newborns with
NEC were 5.103 times more likely to develop LOS
than those without NEC (95% ClI, 1.534-16.970,
p-value = 0.008).

Infants who took steroids for BPD were 4.145
times more likely to have LOS than those that did
not take steroids for BPD (95% CI, 1.282-13.398,
p-value = 0.018).

Discussion

This study allowed us to draw conclusions
about the evolution of the prevalence of LOS and
meningitis during the years of participation (from
2000 to 2013) of Centro Hospitalar Universitdrio
de Sdo Jodo in the VON. In addition, this study
made it possible for us to conclude which variables
are the predictors of LOS.

As expected, since it was verified in other
studies, the prevalence of LOS significantly
decreased (56.3% vs. 26.5%, p-value < 0.001)
between 2000-2004 and 2010-2013. Effectively,
Bizzarro et al. reported that rates of LOS
showed a significant decrease from 2004 to
2013 [14].

Predictors OR 95% ClI p-value
22-27 weeks 3.348 [1.544; 7.263] 0.002

Gestational age 28-31 weeks 1.533 [0.830; 2.834] 0.172
32-36 weeks Ref
Without Ref

Conventional ventilation
With 1.912 [1.138; 3.210] 0.014
Without Ref

Nasal CPAP
With 3.385 [1.849; 6.197] < 0.001
Without Ref

NEC
With 5.103 [1.534; 16.970] 0.008
Without Ref

Steroids for BPD
With 4.145 [1.282; 13.398] 0.018

NEC: necrotizing enterocolitis; BPD: bronchopulmonary dysplasia.

6/10

Maia - Barbosa * Costa - Pissarra - Guimaraes



Journal of Pediatric and Neonatal Individualized Medicine - vol. 9 - n. 1 - 2020

We verified that coagulase-negative Staphylo-
coccus was the most frequent pathogen found as
a causative agent of LOS in our NICU. In fact,
coagulase-negative Staphylococci have emerged
as the predominant pathogens of LOS, accounting
for 53.2%-77.9% of LOS in industrialised
countries and 35.5%-47.4% in some developing
regions [15].

The decline in the prevalence of coagulase-
negative staphylococcal (46.7% vs. 17.1%) and
other bacterial infections (27.5% vs. 12.0%) during
the years of this study was statistically significant
too (p-value < 0.001). Bizzarro and colleagues
found that the prevalence of LOS rates attributed
to coagulase-negative Staphylococcus decreased
too [14].

In contrast, the prevalence of fungal infections
did not suffer a statistically significant decrease
(4.2% vs.0.9%, p-value = 0.229), probably because
the incidence of fungal infections in this NICU is
relatively low. Similarly, in a German study, only
4.3% of LOS episodes were caused by Candida spp.
Gram-positive bacteria were documented in 77.4%
of the cases, coagulase-negative Staphylococci
being the most predominant pathogens (48.5%).
18.3% of episodes were caused by Gram-negative
bacilli [16].

These results make sense in the light of
constantly improving infection prevention
initiatives developed over the years. Indeed, we can
infer that the improvement in outcomes relative to
LOS was due to the improvement of practices and
from what we have learned in comparison with the
experience of other neonatal centres.

Besides VON, there is a National Registration
of Very Low Birth Weight Newborns in Portugal
that collects data about neonatal infection, and it
has also contributed to the decrease of nosocomial
infection registered over the years.

As mentioned before, the lower the gestational
age, the higher the prevalence of LOS. Therefore,
the incidence of LOS was higher in newborns with
22-27 weeks (65.6%) compared to the group of
infants that were born with 28-31 weeks (44.3%)
and the group of infants with 32-36 weeks (20.9%)
(p-value < 0.001). These results are in agreement
with other studies that reported higher incidence of
LOS in neonates with less than 28 weeks (36.3%
versus 29.6% among infants with a gestational
age of 29-32 weeks versus 17.5% in infants born
with 33-36 weeks) [15]. In fact, a North American
study showed similar tendencies between infants
with different gestational ages. They reported an
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incidence of LOS of 20% in newborns with 28
weeks compared with 58% among newborns with
a gestational age of 22 weeks [17].

Stoll et al. registered that, among infants who
survived more than 3 days, 32% were diagnosed
with LOS, with the percentage increasing with
decreasing gestational age (28 weeks: 20%, 22
weeks: 61%) [18].

As previously stated, VLBW infants are
especially susceptible to nosocomial infections.
In our NICU, the group of infants with < 1,000 g
had more LOS (59.4%) than the neonates that were
born with > 1,000 g (33.3%) (p-value < 0.001).
These results match with those of others that
concluded that the incidence of LOS is especially
high in preterm newborns, with a birth weight of
less than 1,500 g [19]. In fact, LBW is the single
most important variable in the predisposition for
sepsis. The high incidence of sepsis in VLBW
was confirmed in a study performed in our NICU,
which found 28% of confirmed sepsis and 15% of
probable sepsis [20].

Individuals with RDS had more LOS than those
without RDS and we found that the prevalence
of LOS was statistically significantly higher in
neonates with RDS (50.2% vs. 34.7%, p-value
= 0.001). Similarly, Tewabe and colleagues
found that newborns with a history of RDS were
74.2% more likely to develop poor neonatal out-
come [21].

Fehlmann et al. reported that RDS was
associated with an increased risk in the incidence
of LOS. They found that, in neonates with less than
1,500 g, RDS was associated independently and
significantly with an increased risk of LOS [22].

Although it was not statistically significant in
the multivariable model, in the univariate analysis,
we found that children with PDA had more LOS
than neonates without PDA (61.1% vs. 36.9%,
p-value < 0.001). This finding is in accordance
with the conclusions of another study conducted
in Taiwan, in which they found that neonates
with PDA had a relatively higher rate of recurrent
sepsis than those without PDA (25.3% vs. 15.2%,
p-value = 0.079) [23].

As we expected based on other studies, a higher
percentage of individuals with ROP > stage 2
developed sepsis compared to those without ROP
> stage 2 (71.4% vs. 52.7%, p-value = 0.037). For
example, Leviton et al. found that some of the
disorders that occur preferentially in the extremely
low gestational age neonates tend to occur
together more commonly than expected if they

Time trends in late onset sepsis and meningitis in VLBW infants from 2000 to 2013 710
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were independent, which was most evident for
severe NEC and LOS. Both occurred more often
than expected in infants who had severe BPD and
severe ROP [24].

A Portuguese study found that infants with
a gestational age of less than 28 weeks had an
OR of 54 (95% 1IC, 3.1-9.4, p-value < 0.001)
for infections associated with health care. They
also concluded that for each additional week in
gestational age the risk of infection associated
with health care decreased by 20% [25]. When
the gestational age was analysed, we found that
infants with a gestational age between 22 and 27
weeks had a 3.348 (95% CI, 1.544-7.263, p-value
= 0.002) higher risk of developing infection than
neonates that were born with 32-36 weeks and
infants born with a gestational age between 28
and 31 weeks had a 1.533 (95% CI, 0.830-2.834,
p-value =0.172) higher infection risk than neonates
that were born with 32-36 weeks.

Neonates that required MV were 1.912 (95% CI,
1.138-3.210, p-value = 0.014) more likely to have
LOS compared with the ones who did not require
MV. The use of MV was already recognized as a
risk factor for LOS in other studies. One of those
reported that in the LOS group, MV was used in
79.5% of the infants vs. 34.3% in the non-LOS
group (p-value < 0.001) [26].

On the other hand, newborns who used nasal
CPAP showed a 3.385 (95% CI, 1.849-6.197,
p-value < 0.001) higher risk of LOS compared
with the infants who did not have to use nasal
CPAP. However, a study conducted in South
Korea suggested that aggressive early weaning
from more invasive intubation and MV to less
invasive assisted ventilation, such as nasal CPAP,
is important to reduce the incidence of LOS in
extremely preterm babies [27]. Another study
conducted in Turkey demonstrated that the duration
of MV was significantly long, and the duration of
CPAP was not significant in the patients dying due
to sepsis [28].

As expected, newborns with NEC were 5.103
(95% CI, 1.534-16.970, p-value = 0.008) times
more likely to develop LOS than those without
NEC. Similarly, Kim et al. reported that neonates
with NEC were 3.628 times more likely to have
sepsis than those without NEC, especially in
infants born with 23-24 weeks of gestation (95%
CI, 1.332-9.883, p-value = 0.012) [27].

We found that infants receiving steroids for
BPD had a 4.145 (95% CI, 1.282-13.398, p-value
= 0.018) higher infection risk.
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Newborns with respiratory pathology are more
likely to require intravenous support, a critical way
of pathogen entry into the bloodstream [29].

Underlying secondary pulmonary hypertension
(due to severe BPD) has been significantly
associated with a higher risk of sepsis attributable
mortality and BPD predisposed neonates to higher
rates of ventilator-associated pneumonia [30].
Moreover, LOS was found to be a risk factor for
BPD [31].

Limitations of the study

This study has the disadvantages inherent in a
retrospective study.

Considering that the data collected by VON do
not allow one to distinguish which infants had LOS
or meningitis, it was not possible to differentiate
which data and predictors influence LOS and
meningitis separately.

In addition, it might be interesting to analyse
other data such as the presence of catheters, which
was not registered in the VON database, or the
duration of MV, which had missing values in most
individuals.

Other important outcomes, which were
not registered in the VON database, such as
complications due to sepsis, relapses, delay in
development and maturation of organs and tissues,
would be relevant to document.

Furthermore, it was not possible to report
anything about the use of antibiotics nor the
antimicrobial resistance over the time of this study
because there were no data about these variables in
the VON database.

Study strengths

This study was relevant to show the importance
of participating in networks, such as VON, that
allows benchmarking among the various neonatal
centres in order to improve practices in the
prevention and control of neonatal infection.

Conclusion

During the time of the participation of our
NICU in the VON database, the prevalence of
LOS significantly decreased from 56.3% between
2000 and 2004 to 26.5% between 2010 and 2013.

Gestational age between 22 and 27 weeks, MV,
nasal CPAP, NEC and steroids for BPD were found
to be statistically significant predictors of LOS.
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Sure enough, preterm infants require many
invasive devices to ensure their survival, such as
MYV, which greatly increases their infectious risk.
To minimize this risk, it is crucial to guarantee
that better practices of asepsis are followed,
necessitating the use of regular audits.

In conclusion, this study shows the importance
of knowing the data about LOS from our NICU,
which allows sharing and comparison with peers in
order to improve nosocomial infection prevention
and control practices.
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