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Abstract

A cohort study was performed from January 2014 to December 2016 in a Brazilian neonatal
intensive care unit, including neonates with high risk for infection and death. We estimated
bloodstream infection (BSI) incidence and conducted a survival analysis, considering the time
to death and to the first episode of BSI as outcomes, comparing very low birth weight
(VLBW) neonates with the remaining neonates. An extended Cox model was performed
and the hazard ratio (HR) was calculated for different time periods. The study had 1560 neo-
nates included, the incidence and the incidence density of BSI was 22% and 18.6 per 1000
central venous catheter-days, respectively. Considering VLBW neonates as the reference
group, the HR for time to death was 4.06 (95% CI 2.75–6.00, P < 0.01) from day 0 to 60
and for time to the first episode of BSI was 1.76 (95% CI 1.31–2.36, P < 0.01) from day 0
to 36. Having the heavier neonates group as reference, the HR for time to the first episode
of BSI was 2.94 (95% CI 1.92–4.34, P < 0.01) from day 37 to 90. Late-onset neonatal sepsis
prevention measures should consider the differences in risk during time, according to neo-
nates’ birth weight.

Introduction

Brazil is a middle-income country that successfully reduced child mortality in the last decades,
achieving the fourth millennium development goal in 2015. Nonetheless, it was based mainly
on the reduction of post-neonatal mortality. As a result, neonatal mortality currently accounts
for 69% of deaths in children below 1 year of age in the country [1]. Thus, in order to sustain
infant mortality reduction, prevention strategies should focus on the neonatal period. The
three main causes of death in the neonatal period in the country, according to the national
mortality system (Sistema de Informação sobre Mortalidade – SIM), are prematurity, congeni-
tal anomalies and infection, the latter being the main cause of death in the late neonatal period
(7–27 days of life) [1].

Neonatal sepsis is defined as a systemic infection occurring in the first 28 days of life. There
are two patterns of disease: early-onset neonatal sepsis (EOS), variably defined as occurring
within 48–72 h after birth and late-onset neonatal sepsis (LOS), occurring thereafter.
Microorganisms responsible for EOS are of maternal origin, acquired hours or days before
or during delivery from the birth canal. Neonates with EOS may have a history of prolonged
rupture of membranes, preterm onset of labour, chorioamnionitis and peripartum maternal
fever [2]. On the other hand, LOS is caused by microorganisms acquired in the community
or during medical care in those who require hospitalisation. LOS is an important cause of mor-
bidity and mortality in very low birth weight (VLBW) neonates and neonates with complex
congenital anomalies during their stay in the neonatal intensive care unit (NICU) [3]. In
Brazil, as 98% of births happen in the hospital [4], microorganisms acquired during the
care given to hospitalised neonates are the main cause of LOS in this population. The inci-
dence of LOS is inversely related to gestational age and birth weight [5]. Numerous risk factors
are related to LOS, including prematurity and low birth weight, prolonged use of intravascular
access, mechanical ventilation, total parenteral nutrition and exposure to broad spectrum anti-
biotics [5–8]. The incidence of LOS among VLBW neonates in a large number of NICUs in
North America is 12% and in Germany is 15% [9, 10]. However, in Brazil, the incidence of
LOS in VLBW population reaches 47%, being 24% confirmed by blood culture, according
to data from the Brazilian Neonatal Research Network [11].

Therefore, in a post-2015 development agenda, recognising who are the neonates dying and
becoming infected in the NICU and when these outcomes happen is important to establish
strategies to reduce infant mortality in a middle-income country, such as Brazil. Thus, the
objectives of this study were: (1) to estimate the incidence of LOS and its characteristics, dis-
tribution and the antimicrobial resistance profile of the microorganisms involved; (2) to

https://www.cambridge.org/hyg
https://doi.org/10.1017/S095026881900092X
https://doi.org/10.1017/S095026881900092X
mailto:felipetmf@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


estimate mortality rate according to birth weight; and (3) to com-
pare the survival time from birth to death and from birth to the
first bloodstream infection (BSI) episode among neonates admit-
ted in a regional referral NICU, according to birth weight.

Methods

Design and location of study

This was a prospective cohort study, which included patients
admitted from January 2014 to December 2016, at a public mater-
nity hospital, located in Brasilia, Brazil. The hospital is a reference
for care of preterm neonates and neonatal surgery, receiving high-
risk pregnant women and patients from other services, covering an
area of Brasilia and its surroundings, with approximately 4 million
inhabitants [12]. The neonatology service has a capacity of 30
intensive care beds and 16 intermediate care beds. Intermediate
care beds are for neonates who do not require mechanical ventila-
tion or continuous positive airway pressure support and have no
need for vasoactive or inotropes drugs to sustain blood pressure.
There is a ratio of one doctor for every five beds, one nurse for
every 10 beds in both intensive and intermediate care and one
nursing technician for every two or three beds in intensive care
and for every five beds in intermediate care. There are two hand
hygiene sinks for every 10 beds and a 70% alcohol solution for
hand hygiene is available for each bed. Hospital staff is encouraged
to wash their hands according to the World Health Organization
(WHO) five moments of hand hygiene [13]. The hospital infec-
tion control practices include active surveillance of healthcare-
associated infections (HAI), antimicrobial stewardship program,
management of infections and precautions, training of healthcare
workers, among other good practices of infection control.

Surveillance and definitions of HAI

Infections were actively detected through the result of laboratory
cultures, antimicrobial prescription and during a multidisciplin-
ary visit with the neonatology team. The infection control team
performed HAI surveillance daily according to the Brazilian
Agency of Sanitary Surveillance (Agência Nacional de Vigilância
Sanitária – ANVISA) guidelines [14]. All neonates admitted to
NICU who met one of the following criteria were the target of
surveillance and, thus, included in the study: (1) birth weight
<1500 g; (2) use of mechanical ventilation; (3) use of central ven-
ous catheter (CVC) (including umbilical catheter, peripherally
inserted central catheter, CVC inserted by puncture or vein dis-
section); (4) underwent surgery; and (5) had any antimicrobial
prescribed. These neonates were followed until they were dis-
charged from the hospital or until they reached 90 days old,
according to ANVISA guidelines.

The definitions of HAI were based on the ANVISA criteria
[14]. Congenital infections (such as cytomegalovirus, toxoplasmo-
sis, syphilis, rubella, among others) and infections of neonates
admitted from home or from other hospitals that occur within
the first 48 h of hospitalisation were not included in the HAI sur-
veillance. HAI were classified into two groups: (1) early-onset,
that manifest in the first 48 h of life caused by a microorganism
of maternal origin, and (2) late-onset, that manifest after 48 h
of life caused by a microorganism of hospital origin. We excluded
early-onset HAI from this analysis and reported the rates of BSI,
the main late-onset HAI during the neonatal period. The defini-
tions of BSI are given in Table 1.

Data collection and procedures

An infection control nurse collected maternal data: mother’s age,
gestational age, time of amniotic membranes rupture and mater-
nal intercurrences such as chorioamnionitis; and neonatal data:
date of birth, date of hospital admission, type of delivery, sex,
birth weight, Apgar score, if there was any surgical pathology or
congenital anomaly, use of any invasive medical device such as
CVC and mechanical ventilation, antimicrobial use, culture
results, date of discharge and outcome (hospital discharge or
death). Gestational age was assessed primarily by the date of the
last menstrual period. When this information was not reliable,
gestational age was assessed by a first trimester gestational ultra-
sound when available, otherwise by postnatal examination,
according to Capurro score or the new Ballard score if very pre-
term [16, 17].

Neonates with clinical suspicion of infection had their blood
samples collected in the volume of 1 ml and immediately inocu-
lated in bottles for blood culture. Samples were initially submitted
to a continuous automated system for bacterial detection (Bactec
fluorescent series system® Becton Dickinson Microbiology
System). Then, an automated bacterial identification panel
(MicroScan Walk-Away® Dade Behring Inc.) was used to identify
the bacterial species and perform the antibiotic susceptibility. The
laboratory used the Clinical and Laboratory Standards Institute
(CLSI) manual for interpretation of the minimal inhibitory con-
centration [18].

Statistical analysis

The total cumulative incidence of primary BSI was calculated
using two different numerators: the total number of episodes of
BSI or the number of patients with BSI (regardless of the number
of episodes of BSI per patient), divided by the total number of
patients admitted to the unit during the study period, multiplied
by 100. The incidence density of BSI was calculated dividing the
number of BSI by the total CVC-days, multiplied by 1000. HAI
rates and descriptive results were stratified in two groups,
according to birth weight, <1500 and ⩾1500 g. The results were
compared, considering a statistically significant value of P <
0.05, using the χ2 test for dichotomous variables and the
Kruskal–Wallis tests for continuous variables, presented as the

Table 1. Late-onset bloodstream infection criteria according to the Brazilian
Agency of Sanitary Surveillance

Laboratory-confirmed BSI

Criteria 1: A positive blood culture from a non-skin contaminant
microorganism and not related to an infection at another site.
Criteria 2: Signs and symptoms not related to a non-infectious cause and
to an infection at another site AND a common skin contaminant
microorganism cultured from two or more blood cultures drawn on
separate occasions OR coagulase-negative staphylococci cultured from a
single blood culture if a central venous catheter is present.

Clinically-confirmed BSI

Signs and symptoms not related to a non-infectious cause and not related
to an infection at another site AND a haematological score of Rodwell [15]
⩾3 or C-reactive protein (CRP) >10 mg/l AND a blood culture not done or
no microorganisms detected in blood AND physician instituted treatment
for sepsis.

Signs and symptoms: temperature instability, bradycardia, apnoea, poor feeding,
respiratory distress, glucose intolerance, haemodynamic instability or diminished
spontaneous activity/lethargy.
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median and interquartile range (IQR). The antimicrobials resist-
ance profile of microorganism isolated from blood cultures were
described.

A survival analysis was performed with two different out-
comes: (1) the time from birth to death and (2) the time from
birth to the onset of the first episode of BSI. The independent
variable was birth weight, which was categorised into two distinct
groups: VLBW neonates (<1500 g birth weight) and remaining
neonates (⩾1500 g birth weight). When the outcomes of interest
were not observed during the period of follow-up (until discharge
or up to 90 days of life), these observations were censored. Death
was considered a competing risk event when the outcome was the
time until the first episode of BSI.

The cumulative probability of each outcome of interest, death
and presenting at least one episode of BSI, was calculated using
the Kaplan–Meier method [19]. The medians in days until
death and until the first episode of BSI, as well as the probability
of survival at day 7, 28 and 90 of follow-up were calculated for
both groups. The Kaplan–Meier curves were compared using
the log-rank statistical test [20]. Using the Cox proportional
hazards regression model [21], the hazard ratio (HR) was calcu-
lated between the survival curve of VLBW neonates and that of
the other neonates, adjusted by the following variables: sex,
Apgar score at 5 min, presence of congenital anomalies and pre-
vious exposure to antibiotics for early-onset sepsis.

The basic premise of the model, the proportionality of HRs
between the two groups was verified by the log–log survival curves
and by the Harrel and Lee test, which uses Schoenfeld’s residuals
for the variables included in the models [22, 23]. In the
Schoenfeld residue analysis, the proportionality premise of the
HR was considered violated when the Harrel and Lee test was
statistically significant (P < 0.05). When this assumption was vio-
lated, an extended Cox model was performed, allowing the
hazards to vary over time. The HR was considered constant at
two different times of follow-up and the HR was calculated for
each period separately. Ninety-five per cent confidence intervals
were calculated for HR measures, considering a statistically sig-
nificant value of P < 0.05. The database was built using EpiInfo
7 software (CDC, Atlanta, GA, USA) and the analysis was per-
formed on STATA software version 11 (StataCorp, College
Station, TX, USA).

The institution’s medical ethics committee approved the study
(CAAE 23200113.0.0000.5553; Número de parecer 484.015).

Results

Maternal and neonatal data

From January 2014 to December 2016, 1506 neonates, who met
the criteria for inclusion in HAI surveillance, were admitted to
the neonatal unit and included in the study, a total of 34 906
patient-days. Of these, 943 (63%) had a birth weight of ⩾1500 g
and 563 (37%) <1500 g. The median gestational age was 33
weeks (IQR 30–37 weeks) and the median birth weight was
1820 g (IQR 1240–2680 g). Table 2 presents the baseline charac-
teristics of VLBW neonates and neonates with birth weight
⩾1500 g. Besides a lower gestational age, the duration of amniotic
membrane rupture, CVC use and mechanical ventilation were sig-
nificantly more prolonged among VLBW neonates, while the
presence of congenital anomalies and surgical pathology was sig-
nificantly more frequent among neonates with birth weight
⩾1500 g.

Incidence of infection

There were 714 late-onset HAI, and 318 (45%) were laboratory-
confirmed BSI, 122 (17%) conjunctivitis, 117 (16%) clinically-
confirmed BSI, 58 (8%) surgical site infections, 24 (3%) meningi-
tis, 23 (3%) pneumonia, 18 (3%) necrotising enterocolitis and 34
(5%) other infections.

Table 2. Baseline characteristics of a cohort of neonates, according to birth
weight, admitted to a Brazilian NICU from January 2014 to December 2016.

Characteristic

Birth weight

P value
<1500 g (n.%)

N = 563
⩾1500 g (n.%)

N = 943

Sex

Male 296 (53) 509 (54) 0.59

Female 267 (47) 431 (45)

Unknown 0 3 (1)

Gestational age (weeks)

<28 177 (31) 1 (1) <0.01

28–31 271 (48) 88 (9)

32–36 109 (20) 429 (45)

⩾37 6 (1) 425 (45)

Type of delivery

Caesarean 347 (62) 575 (61) 0.80

Vaginal 216 (38) 368 (39)

Time of amniotic membrane rupture (hours)

At delivery 393 (70) 616 (65) <0.01

<18 67 (12) 165 (18)

18–72 32 (6) 74 (8)

>72 71 (12) 88 (9)

Apgar score at 5 min

⩽5 29 (5) 39 (4) 0.36

Congenital anomalies 25 (4) 367 (39) <0.01

Surgical pathology 33 (6) 276 (29) <0.01

Time of central venous catheter (days)

0 14 (2) 239 (25) <0.01

1–7 140 (25) 281 (26)

8–14 118 (21) 150 (16)

15–21 105 (19) 97 (10)

⩾22 186 (33) 176 (19)

Time of mechanical ventilation (days)

0 203 (36) 535 (57) <0.01

1–7 174 (31) 250 (26)

8–14 67 (12) 72 (8)

15–21 18 (3) 25 (3)

⩾22 101 (18) 61 (6)

Congenital anomalies included the major congenital anomalies of heart, central nervous
system, gastrointestinal tract and urinary tract. The main surgical pathologies were
gastroschisis, omphalocele, oesophageal atresia, diaphragmatic hernia, necrotising
enterocolitis and bowel obstruction, among others.
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Of a total of 435 episodes of BSI, 271 neonates had one episode
of BSI, 52 had two episodes, 12 had three episodes and six had
four episodes. The total of CVC-days was 23 391. The incidence
of BSI was 29 episodes or 22 patients infected per 100 admissions.
VLBW neonates had 243 BSI episodes and 189 were infected; an
incidence of 43 episodes or 34 patients infected per 100 admis-
sions. Among neonates born with birth weight ⩾1500 g, there
were 192 episodes and 152 infected patients; an incidence of 20
episodes or 16 patients infected per 100 admissions (P < 0.01).

The overall incidence density of BSI was 18.6 per 1000
CVC-days. It was 21.4 per 1000 CVC-days among VLBW neo-
nates and 15.9 per 1000 CVC-days among neonates with birth
weight ⩾1500 g (P < 0.01, Table 3). The median age at the time
of the first episode of BSI was 17 days (IQR 7–36 days). It was
13 days (IQR 7–26 days) among VLBW neonates and 28 days
(IQR 10–52 days) among neonates with birth weight ⩾1500 g
(P < 0.01).

Relative frequency of isolated pathogens

There were 318 episodes of laboratory-confirmed BSI in this
study, a total of 209 (66%) were Gram-positive bacteria, 80
(25%) were Gram-negative bacteria and 29 (9%) were fungi.
Table 4 presents the total numbers of isolated pathogens and
their distribution according to birth weight. Three (14%) isolates
of S. aureus were resistant to oxacillin and none of the
Enterococcus faecalis isolates were resistant to ampicillin or vanco-
mycin. Among Gram-negative bacteria, seven (9%) were resistant
to amikacin, 27 (34%) were resistant to third- and fourth-
generation cephalosporins and no acquired resistance to carbape-
nems was observed.

Mortality

There were 201 (13%) deaths, and of these, 54 (27%) occurred
during antimicrobial treatment and without other apparent
cause. Mortality was higher among VLBW neonates compared
to the remaining neonates, 22% and 8%, respectively (P < 0.01).
The median age at death was 8 days of life (IQR 3–21 days)
among all neonates; 6 days (IQR 2–12 days) among VLBW neo-
nates; and 10 days (IQR 3–44 days) among neonates with birth
weight ⩾1500 g (P < 0.01).

Survival analysis

For the survival analysis, we included 1237 neonates who were
born in the hospital; admissions from transfers from other hospi-
tals were excluded from this analysis. Figure 1 presents the sur-
vival curve by the Kaplan–Meier method for death and for the
first episode of BSI as outcomes, between VLBW neonates and
the remaining neonates. The times until death and until the
first episode of BSI between the two groups were statistically

different (log-rank test, P value < 0.01). In the analysis of the
death as outcome, at the 7th and 28th day of life, the survival
probabilities were 87% and 80% among VLBW neonates and
95% and 91% among the remaining neonates, respectively.
However, it equalled at the 60th day of life, and at the end of
the 90th day of follow-up, the probability of survival was 72%
among VLBW neonates and 55% among the remaining neonates.
In the analysis of the first episode of BSI as outcome, at the 7th
and 28th day of life, the probabilities of survival without BSI
were 89% and 59% among VLBW neonates and 97% and 75%
among the remaining neonates, respectively. However, it equalled
at the 36th day of life and at the end of the 90th day of follow-up,
the probability of survival without BSI among VLBW neonates
was 33% and 23% among the remaining neonates.

As the survival curves intersected, the premise of proportion-
ality of the hazards between the two groups was violated (as it was
ascertained by the analysis of log–log survival curves and
Schoenfeld residues, data not shown). Therefore, an extended
Cox model was performed to evaluate the HR in two different
moments according to the outcome: for time from birth to
death, the HR was calculated from 0 to 60 days and from 61 to
90 days; and for time from birth to the first episode of BSI, the
HR was calculated from 0 to 36 days and from 37 to 90 days.
The HR (adjusted for sex, Apgar score, presence of congenital
anomaly and previous use of antibiotic for early-onset sepsis) esti-
mated for time from birth to death among VLBW neonates com-
pared to the remaining neonates during the first 60 days of life
was 4.06 (95% CI 2.75–6.00; P < 0.01). Comparing heavier neo-
nates with VLBW neonates during the days 61–90 yielded an
HR of 2.22 (95% CI 0.56–8.33, P = 0.26). The estimated adjusted
HR of the time from birth to the first episode of BSI (considering
death as a competing risk) comparing VLBW neonates with the
remaining neonates during the first 36 days of life was 1.76
(95% CI 1.31–2.36; P < 0.01). Comparing heavier neonates with
VLBW neonates during the days 37–90 yielded an HR of 2.94
(95% CI 1.92–4.34; P < 0.01).

Discussion

Our study demonstrates a high burden of LOS among neonates
admitted to a NICU in Brazil, especially among those diagnosed
with VLBW. Regarding the onset of infection, 22% of neonates
presented at least one episode of BSI, but the incidence was higher
(34%) when considering only VLBW neonates, with a median
occurrence in the 13th day of life, being a clear threat to those
neonates who survived the complications of preterm birth in
the first 2 weeks of life. These figures are lower than those
reported by the Brazilian Neonatal Research Network, which
found an incidence of 47% of BSI among VLBW neonates [11].
The incidence density of BSI was in the same range of that
found in other Brazilian studies, which varied from 13.3 to 25.3
BSI per 1000 CVC-days [24–27], and similar to those reported

Table 3. Frequency of bloodstream infection in a cohort of neonates, according to birth weight, admitted to a Brazilian NICU from January 2014 to December 2016

Birth weight BSI laboratory confirmed BSI clinically confirmed BSI total CVC-days Incidence density per 1000 CVC-days

<1500 g 172 71 243 11 365 21.4

⩾1500 g 146 46 192 12 026 15.9

TOTAL 318 117 435 23 391 18.6

4 F. T. M. Freitas et al.



by the International Nosocomial Infection Control Consortium
(INICC), which involved 48 NICU from middle- and low-income
countries (18 from Latin America), that found a pooled mean of
16.37 BSI per 1000 CVC-days [28]. However, these numbers are
higher than that observed in developed countries. For instance,
data from national surveillance systems of HAI show a BSI inci-
dence density of 1.3 per 1000 CVC-days among all neonates in
the USA [29], and 8.6 per 1000 CVC-days among VLBW neo-
nates in Germany [30]. Crude mortality in this cohort was 13%;
it is difficult to determine the role of LOS as the primary cause
of death in this population due to the complications of prematur-
ity and congenital anomalies. Nonetheless, we estimated a fatality
rate of 27% for BSI among those infected neonates, considering
death during antimicrobial treatment and with no other acute
complication for death.

We hypothesised that death and the development of BSI
affected neonates differently according to birth weight during
their stay in the NICU. Therefore, we performed a survival ana-
lysis that found that mortality among VLBW neonates was
much higher than that observed in other neonates (22% vs. 8%)
and affected this population earlier (median at the sixth day of
life). In fact, among VLBW neonates, the hazard for the time to

death was four times higher compared to heavier neonates during
the first 60 days of life, with no difference thereafter. This fact
highlights the urgent need to prevent preterm birth as a strategy
to reduce neonatal mortality. This is especially important in
Brazil, where preterm birth has increased over the last years
[31], reaching 11.9% of all births [1], twice of what is observed
in developed countries (5.5%) [32]. Improving antenatal care,
with special attention to poverty-related maternal conditions,
such as infections during pregnancy, pre-eclampsia, gestational
diabetes, vaginal bleeding, low body mass index, smoking and
alcohol or drug abuse would reduce preterm birth. Moreover,
reduction in caesarean delivery would also contribute to reduce
preterm birth in Brazil, where the rate of caesarean delivery is
one of the highest in the world (55%) [33].

On the other hand, the dynamics of LOS was somewhat differ-
ent; it affected VLBW neonates earlier compared to the other neo-
nates and the HR for the time to the first episode of BSI in this
group was 1.76 in the first 36 days of life. Nonetheless, that effect
reverses from the 37th day of life until the end of follow-up at the
90th day of life, and the HR for the time to the first episode of late
BSI became even higher, 2.94, comparing heavier neonates, as the
reference group, to VLBW neonates. Since VLBW neonates are
exposed to healthcare-associated procedures, such as deep vascu-
lar access and mechanical ventilation as early as in the first week

Table 4. Pathogens isolated from blood cultures in a cohort of neonates,
according to birth weight, admitted to a Brazilian NICU from January 2014 to
December 2016

Pathogen
<1500 g
n (%)

⩾1500 g
n (%)

Total
N (%)

Gram-positive

Coagulase-negative
staphylococci

94 (55) 64 (43) 158 (50)

Enterococcus faecalis 19 (11) 12 (8) 31 (10)

Staphylococcus aureus 8 (5) 13 (9) 21 (7)

Gram-negative

Klebsiella sp. 10 (6) 15 (10) 25 (8)

Enterobacter sp. 11 (6.5) 10 (7) 21 (7)

Serratia marcescens 6 (3.5) 7 (5) 13 (4)

Escherichia coli 1 (0.5) 4 (3) 5 (2)

Citrobacter freundii 1 (0.5) 2 (1) 3 (1)

Pseudomonas aeruginosa 3 (2) 0 3 (1)

Acinetobacter baumannii 3 (2) 0 3 (1)

Others 2 (1) 5 (3) 7 (2)

Fungi

Candida sp. 2 (1) 4 (3) 6 (2)

Candida albicans 4 (2.5) 7 (5) 11 (3)

Candida guillermondii 2 (1) 3 (2) 5 (1)

Candida lusitaniae 2 (1) 1 (0.5) 3 (1)

Candida tropicalis 1 (0.5) 1 (0.5) 2 (0.5)

Candida parapsilosis 2 (1) 0 2 (0.5)

Total 170 (100) 148 (100) 318 (100)

Coagulase-negative staphylococci included Staphylococcus epidermidis, S. capitis, S. hominis,
S. haemolyticus, among others. The other Gram-negative bacteria included two isolates of
Stenotrophomonas maltophilia and Ralstonia picketii; one isolate of Morganella morganii,
Pantoea agglomerans and Serratia liquefaciens.

Fig. 1. Kaplan–Meier estimates of survival in a cohort of high-risk neonates, accord-
ing to birth weight, admitted to a Brazilian NICU from January 2014 to December
2016. (a) Time from birth to death as outcome. (b) Time from birth to the first epi-
sode of bloodstream infection as outcome.
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of life, which is their most delicate moment in the NICU, they
have a higher risk of developing infection in the first month of
life. On the other hand, heavier neonates have a higher proportion
of congenital anomalies and surgical pathologies, requiring deep
vascular access and mechanical ventilation for the management
of complex pathologies and surgical complications at later times
of their hospitalisation in the NICU, presenting HAI after the
first month of life. These data demonstrate the complexity of
LOS. Its early identification can be difficult because of its unspe-
cific signs and symptoms and delay in culture results. Attempts to
improve diagnostics sensitivity with sepsis scores and algorithms
incorporating different combinations of inflammatory response
parameters, laboratory assessments and physical examination
findings have been developed, but a single score has not proven
to be consistently reliable. In a European prospective study that
enrolled 113 neonates, the positive predictive value of the criteria
developed by an expert panel to identify culture-proven late-onset
sepsis was 61% (95% CI 52–70) and 43 different empirical anti-
biotics regimens were noted [34]. Thus, LOS prevention is para-
mount; there is enough evidence to suggest that the
implementation of care bundles reduce central line-associated
BSI in neonatal units [35].

Our results are important because they can refine HAI preven-
tion strategies according to birth weight, since the risk of infection
varies differently during NICU stay in these two groups.
Additionally, they cover the unfinished agenda of reducing neo-
natal deaths and disabilities worldwide, especially in countries
that expanded access to health care and reduced post-neonatal
mortality, such as Brazil. The WHO published ‘Every Newborn:
an action plan to end preventable deaths’, to reach the target of
10 or less neonatal deaths per 1000 live births by 2035 [36] and
the United Nations have developed Sustained Development
Goals, including goal number three, which aim to reduce neonatal
mortality to at least as low as 12 per 1000 live births by 2030 [37].
This will be accomplished by investing in quality care around the
time of birth and special care for sick and small neonates.
Improvement of quality and equity of care provided for sick
and small neonates affects health outcomes in lower-mortality set-
tings, and its implementation represents a new challenge for
developing countries [38]. Future research should evaluate the
effectiveness of quality improvement methods aimed at HAI pre-
vention, including hand hygiene compliance, bundles of BSI pre-
vention, safe surgery and antimicrobial stewardship programmes
applied to scenarios similar to observed in our study. Therefore,
we need investments to overcome constraints in staff personnel;
inadequate nurse-to-patient ratio is frequent and it has proved
to be an isolated risk factor for HAI [39]; besides the availability
of resources and supplies to perform high-quality neonatal care.

Our study had limitations, although the great majority of
births in Brazil occur in the hospital, we restricted our population
of study to neonates who had access to intensive care medicine,
risking losing cases that died before reaching the NICU.
Additionally, we lost follow-up of neonates transferred to other
hospitals that could have experienced one of our outcomes:
death or an episode of BSI. However, neonates were only trans-
ferred to other hospitals to continue their treatment when they
had already improved clinically. We did not have a protocol for
blood culture sampling, which may explain the high proportion
of clinically confirmed BSI and CoNS isolates that may have over-
estimated the number of infections. We rarely had two or more
blood samples for culture, making it difficult to establish when
a CoNS was a cause of infection or a sample contaminant [40].

Furthermore, we cannot generalise our results to different
NICU, especially in such a large and diverse country as Brazil.
Nevertheless, this was a prospective study carried out in a regional
referral unit that concentrates preterm neonates and neonates
with congenital anomalies and surgical pathologies, a population
prone to infection and death, ideal for our study.

In conclusion, the rates of BSI reported in the NICU are high
when compared to that observed in developed countries, and pose
a challenge for middle-income countries that successfully reduced
post-neonatal mortality, such as Brazil. If they want to keep with
the reduction in infant mortality rates, they must invest in the
quality of care and HAI prevention strategies must be adapted
and evaluated, taking into account the different moments of
risk that exist during hospitalisation between different groups of
neonates according to birth weight.

Author ORCIDs. F. T. M. Freitas, 0000-0001-8894-2614.

Acknowledgements. We thank Welma Prado Guimaraes for assisting with
data collection.

Conflict of interest. None.

References

1. Brazilian Ministry of Health (2015) Saúde Brasil 2014: uma análise da
situação de saúde e das causas externas, 1st Edn. Brasília: Ministério da
Saúde.

2. Adair CE et al. (2003) Risk factors for early-onset group B streptococcal
disease in neonates: a population-based case-control study. Canadian
Medical Association Journal 169, 198–203.

3. Darmstadt GL, Zaidi AKM and Stoll BJ (2011) Neonatal infections: a
global perspective. In Remington JS and Klein JO (eds), Infectious
Diseases of the Fetus and Newborn Infant, 7th Edn. Philadelphia:
Elsevier Saunders, pp. 24–51.

4. Inter-Agency Health Information Network (RIPSA). Proporção de par-
tos hospitalares. Available at http://tabnet.datasus.gov.br/cgi/tabcgi.exe?
idb2012/f07.def (Accessed 31 March 2017).

5. Stoll BJ and Hansen N (2003) Infections in VLBW infants: studies from
the NICHD Neonatal Research Network. Seminars in Perinatology 27,
293–301.

6. Perlman SE, Saiman L and Larson EL (2007) Risk factors for late-onset
health care-associated bloodstream infections in patients in neonatal
intensive care units. American Journal of Infection Control 35, 177–182.

7. Holmes A et al. (2008) Risk factors and recommendations for rate strati-
fication for surveillance of neonatal healthcare-associated bloodstream
infection. Journal of Hospital Infection 68, 66–72.

8. Downey LC, Smith PB and Benjamin Jr DK (2010) Risk factors and
prevention of late-onset sepsis in premature infants. Early Human
Development 86, S7–12.

9. Hornik CP et al. (2012) Early and late onset sepsis in very-low-birth-
weight infants from a large group of neonatal intensive care units. Early
Human Development 88(suppl. 2), S69–S74.

10. Tröger B et al. (2014) Risk for late-onset blood-culture proven sepsis in
very-low-birth weight infants born small for gestational age: a large multi-
center study from the German Neonatal Network. The Pediatric Infectious
Disease Journal 33, 238–243.

11. de Souza Rugolo LM et al. (2014) Late-onset sepsis in very low birth
weight infants: a Brazilian Neonatal Research Network Study. Journal of
Tropical Pediatrics 60, 415–421.

12. Brazilian Institute of Geography and Statistics. Estimativas de população
dos municípios brasileiros com data referencia em 1o de julho de
2014. Available at http://www.ibge.gov.br/home/presidência/noticias/pdf/
analise_estimativas_2014.pdf (Accessed 21 January 2017).

13. Sax H et al. (2007) ‘My five moments for hand hygiene’: a user-centred
design approach to understand, train, monitor and report hand hygiene.
The Journal of Hospital Infection 67, 9–21.

6 F. T. M. Freitas et al.

https://orcid.org/
https://orcid.org/0000-0001-8894-2614
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?idb2012/f07.def
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?idb2012/f07.def
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?idb2012/f07.def
http://www.ibge.gov.br/home/presid&ecirc;ncia/noticias/pdf/analise_estimativas_2014.pdf
http://www.ibge.gov.br/home/presid&ecirc;ncia/noticias/pdf/analise_estimativas_2014.pdf
http://www.ibge.gov.br/home/presid&ecirc;ncia/noticias/pdf/analise_estimativas_2014.pdf


14. Agência Nacional de Vigilância Sanitária (2013) Critérios Diagnósticos
de Infecção Relacionada à Assistência à Saúde – Neonatologia, 1st Edn.
Brasília: Agência Nacional de Vigilância Sanitária.

15. Rodwell RL, Leslie AL and Tudehope DI (1988) Early diagnosis of neo-
natal sepsis using a hematologic scoring system. The Journal of Pediatrics
112, 761–767.

16. Capurro H et al. (1978) A simplified method for diagnosis of gestational
age in the newborn infant. The Journal of Pediatrics 93, 120–122.

17. Ballard JL et al. (1991) New Ballard score, expanded to include extremely
premature infants. Journal of Pediatrics 119, 417–423.

18. Clinical and Laboratory Standards Institute (CLSI) (2013) Performance
Standards for Antimicrobial Susceptibility Testing; Twenty-Third
Informational Supplement. CLSI Document M100–S23. Wayne, PA:
Clinical and Laboratory Standards Institute.

19. Kaplan EL and Meier P (1958) Nonparametric estimation from incom-
plete observations. Journal of the American Statistical Association 53,
457–481.

20. Mantel N (1966) Evaluation of survival data and two new rank order
statistics arising in its consideration. Cancer Chemotherapy Reports 50,
163–170.

21. Cox DR (1972) Regression models and life tables (with discussion).
Journal of the Royal Statistical Society 34, 187–220.

22. Schoenfeld D (1980) Chi-squared goodness-of-fit tests for the propor-
tional hazards regression model. Biometrika 67, 145–153.

23. Harrell Jr FE et al. (1984) Regression modelling strategies for improved
prognostic prediction. Statistics in Medicine 3, 143–152.

24. Pessoa-Silva CL et al. (2004) Healthcare-associated infections among
neonates in Brazil. Infection Control and Hospital Epidemiology 25,
772–777.

25. Couto RC et al. (2007) A 10-year prospective surveillance of nosocomial
infections in neonatal intensive care units. American Journal of Infection
Control 35, 183–189.

26. Romanelli RM et al. (2013) [Notification of healthcare associated infec-
tions based on international criteria performed in a reference neonatal
progressive care unity in Belo Horizonte, MG]. Revista Brasileira de
Epidemiologia 16, 77–86.

27. Urzedo JE et al. (2014) Nosocomial infections in a neonatal intensive care
unit during 16 years: 1997–2012. Revista da Sociedade Brasileira de
Medicina Tropical 47, 321–326.

28. Rosenthal VD et al. (2016) International Nosocomial Infection Control
Consortium report, data summary of 50 countries for 2010–2015:
device-associated module. American Journal of Infection Control 44,
1495–1504.

29. Hocevar SN et al. (2012) Device-associated infections among neonatal
intensive care unit patients: incidence and associated pathogens reported
to the National Healthcare Safety Network, 2006–2008. Infection Control
and Hospital Epidemiology 33, 1200–1206.

30. Leistner R et al. (2013) Nosocomial infections in very low birth weight
infants in Germany: current data from the National Surveillance System
NEO–KISS. Klinische Padiatrie 225, 75–80.

31. Silveira MF et al. (2008) Increase in preterm births in Brazil: review of
population-based studies. Revista de Saude Publica 42, 957–964.

32. Delnord M et al. (2018) International variations in the gestational age dis-
tribution of births: an ecological study in 34 high-income countries.
European Journal of Public Health 28, 303–309.

33. Betrán AP et al. (2016) The increasing trend in caesarean section rates:
global, regional and national estimates: 1990–2014. PLoS ONE 11,
e0148343.

34. Lutsar I et al. (2014) Current management of late onset neonatal bacterial
sepsis in five European countries. European Journal of Pediatrics 173, 997–
1004.

35. Payne V et al. (2018) Care bundles to reduce central line-associated
bloodstream infections in the neonatal unit: a systematic review and
meta-analysis. Archives of disease in childhood. Fetal and neonatal edition
103, F422–F429.

36. WHO, UNICEF (2014) Every Newborn: an Action Plan to End
Preventable Deaths. Geneva: World Health Organization.

37. United Nations (2015) Transforming Our World: The 2030 Agenda for
Sustainable Development. New York: United Nations.

38. Chawla D and Suresh GK (2014) Quality improvement in neonatal care –
a new paradigm for developing countries. Indian Journal of Pediatrics 81,
1367–1372.

39. Daud-Gallotti RM et al. (2012) Nursing workload as a risk factor for
healthcare associated infections in ICU: a prospective study. PLoS ONE
7, e52342.

40. Healy CM et al. (2013) Distinguishing true coagulase-negative
Staphylococcus infections from contaminants in the neonatal intensive
care unit. Journal of Perinatology 33, 52–58.

Epidemiology and Infection 7


	Late-onset sepsis and mortality among neonates in a Brazilian Intensive Care Unit: a cohort study and survival analysis
	Introduction
	Methods
	Design and location of study
	Surveillance and definitions of HAI
	Data collection and procedures
	Statistical analysis

	Results
	Maternal and neonatal data
	Incidence of infection
	Relative frequency of isolated pathogens
	Mortality
	Survival analysis

	Discussion
	Acknowledgements
	References


