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Late-onset neonatal sepsis in preterm
infants with birth weight under 1.500 g

Sepse neonatal tardia em recém-nascidos pré-termo com peso ao nascer inferior a 1.500g

Sepsis neonatal tardia en recién nacidos prematuros con peso al nacer menor que 1.500g
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Juliana Machado Schardosim¢

Maria Luzia Chollopetz da Cunha“

ABSTRACT

Objective: the research objective was to characterize preterm infants with birth weight under 1500 g, and to identify the incidence
of late-onset neonatal sepsis among this population.

Methods: a prospective cohort study with a sample of 30 preterm newborns that weighed under 1500 g and were hospitalized in the
NICU of the university hospital. Data were collected from January to December 2013 using a structured instrument.

Results: of the 30 neonates included in the study, 14 developed late-onset neonatal sepsis with a prevalence of coagulase-negative
staphylococci.

Conclusions: the incidence of late-onset neonatal sepsis indicates a vulnerability in preterm infants due to immunological imma-
turity. These results reveal that knowledge of the profile of newborn infants admitted to the NICU and the risk factors to which they
are exposed are central to the planning of nursing care for these patients. Future studies should address strategies for preventing
nosocomial infection.

Keywords: Infant, newborn. Infant, premature. Sepsis. Intensive care units, neonatal. Neonatal nursing.

RESUMO

Objetivo: o objetivo da pesquisa foi caracterizar os recém-nascidos pré-termo nascidos com peso inferior a 1.500q e identificar a
incidéncia de sepse neonatal tardia.

Métodos: realizou-se um estudo de coorte prospectivo, cuja amostra foi composta por 30 recém-nascidos pré-termo com peso
inferior a 1.500g, internados em UTI Neonatal de um hospital universitdrio. A coleta de dados ocorreu de janeiro a dezembro de 2013
por meio de instrumento estruturado.

Resultados: foram incluidos 30 neonatos, dos quais 14 desenvolveram sepse neonatal tardia, prevalecendo o Staphylococcus Coa-
qulase negativo.

Conclusdes: a incidéncia de sepse neonatal tardia indica a vulnerabilidade desses pré-termos, devido a imaturidade imunolégica
dessa populacao. Assim, o conhecimento do perfil dos RN internados na UTIN e os fatores de risco a que estdo expostos sao fundamen-
tais para o planejamento dos cuidados de enfermagem desses pacientes. Futuros estudos sdo necessdrios para desenvolver estratégias
para a prevencdo da infeccdo nosocomial.

Palavras-chave: Recém-nascido. Prematuro. Sepse. Unidades de terapia intensiva neonatal. Enfermagem neonatal.

RESUMEN

Objetivo: el objetivo de la investigacion fue caracterizar los recién nacidos prematuros con peso al nacer inferior a 1.500g e identi-
ficarla incidencia de sepsis neonatal tardia en ellos.

Métodos: se realizd un estudio de cohorte prospectivo, cuya muestra fue compuesta por 30 recién nacidos prematuros con peso
inferior a 1.500g, hospitalizados en la UCI Neonatal de un hospital universitario. La recoleccion de datos se llevé a cabo a partir de
enero a diciembre 2013 utilizando un instrumento estructurado.

Resultados: entre los 30 prematuros incluidos en el estudio, 14 desarrollaran sepsis neonatal tardia, siendo predominante el Sta-
phylococcus Coagulase negativo.

Conclusiones: la incidencia de sepsis neonatal tardfa muestra la vulnerabilidad de los prematuros, debido a la inmadurez inmunol6-
gica de esa poblacion. Por lo tanto, el perfil de RN del conocimiento admitido en la UCIN y los factores de riesgo a que estdn expuestos
son fundamentales para la planificacion de los cuidados de enfermeria a los pacientes. Se necesitan mds estudios para desarrollar
estrategias para la prevencion de la infeccion hospitalaria.

Palabras clave: Recién nacido. Prematuro. Sepsis. Unidades de cuidado intensivo neonatal. Enfermeria neonatal.
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Bl INTRODUCTION

Premature births are associated to the high risk of neo-
natal mortality™. In Brazil the preterm birth rate is 9.2%"%.
According to the World Health Organization, around 15 mil-
lion premature infants are born every year all over the world.
However, more than a million of these babies die shortly
after birth, and many suffer from some type of lifelong phys-
ical, neurological or educational impairment, which gener-
ates high costs for their families and for society®®.

In Brazil, an estimated 60% of infant mortality occurs in
the neonatal period, and neonatal sepsis is one of the main
causes of these deaths according to data from the mortali-
ty information system®.

Preterm birth is the major risk factor for neonatal sep-
sis. The risk of infection among preterm infants is 11 times
greater than among full-term newborns®. Preterm new-
borns have immature skin and mucous barriers and an
underdeveloped defence mechanism against infection.
They are also immunodeficient in the production of im-
munoglobulin, in the complement system (C3 and C5) and
in their capacity of opsonization and phagocytosis®. The
lower the birth weight, the greater the risk of developing
neonatal sepsis. Gestational age influences the risk of neo-
natal sepsis in the same way®.

Sepsis is defined by isolating an organism by means of
a blood culture on the newborn with clinical symptoms of
infection. In most studies, the isolation of an organism using
blood cultures is considered evidence of neonatal sepsis®.

Neonatal sepsis is classified as early-onset and late-on-
set. In early-onset sepsis, the newborn shows symptoms in
the first incomplete three days of life, that is, with less than
72 hours of age, and it is related to maternal risk factors. The
bacteria found in the cultures are present in the birth canal.
In late-onset sepsis, the symptoms occur from the fourth
day of life, that is, with more than 72 hours of age. This form
of sepsis is related to neonatal factors and generally affects
newborns who are hospitalized in Neonatal Intensive Care
Units (NICU), which means that it is acquired in the hospital
environment?. Late-onset neonatal sepsis is strongly as-
sociated with the procedures and contamination present
in the NICU. Preterm newborns are infected with microor-
ganisms by indirect human contact with the contaminat-
ed environment. Consequently, horizontal transmission is
a major factor in the development of late-onset neonatal
sepsis and preventive interventions should be carried out
in the NICU in order to minimize this exposure®.

The increased survival rates of preterm newborns ele-
vates the rate of late-onset sepsis in the NICU. These new-
borns require long hospitalization periods and are submit-
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ted to several treatments and invasive procedures that put
them at a higher risk of acquiring infection.

Late-onset neonatal sepsis is more common in prema-
ture infants with a low birth weight. Studies conducted in
the United States found that newborn babies weighing less
than 1500 g developed one or more episodes of late-onset
neonatal sepsis with positive blood cultures®. If sepsis is not
diagnosed in the initial stages, the newborn may rapidly
evolve to septic shock, disseminated intravascular coagu-
lation and death®'. Neonatal sepsis with the consequent
septic shock is a major cause of infant morbidity and mortal-
ity"?. Preterm newborns who have had neonatal sepsis have
a higher risk of late neurodevelopment, especially difficulties
in learning, cognition, cerebral palsy and hearing and visual
deficits at the corrected age of 2. Gram-positive microorgan-
isms are associated with cognitive and motor delays in these
newborns'™®. Although septic shock is a serious outcome
that raises the rates of morbidity and mortality, some prom-
ising strategies have been evaluated to prevent its onset!'".

Clinical studies suggest that the permanence of a cen-
tral venous catheter, the use of mechanical ventilation, en-
teric feeding and skin sores are high-risk factors for late-on-
set neonatal sepsis, and that preventive strategies should
be adopted in NICU to reduce colonizationt?,

Most studies with newborns with a birth weight of un-
der 1500 g are from foreign literature. In Brazil, there is a
shortage of studies published on the subject of newborns
with extremely low and very low birth weight and a lack
of research conducted by nurses, which stresses the im-
portance of research with preterm infants who are highly
susceptible to infection. Therefore, the guiding question of
this study is: what are the characteristics of preterm infants
weighing under 1500 g that develop late neonatal sepsis?
The results of this study can contribute to the investigation
of late-onset neonatal sepsis among premature babies. Un-
like full-term newborns, this population has unique immu-
nological characteristics due to immaturity and therefore
require a specific study. Since nurses must provide more
prolonged care, they must be aware of the susceptibility of
these patients and pay extra attention to the risk factors. As
team managers, nurses must plan care in order to minimize
the risks and prevent infections in the NICU.

The aim of this paper is to characterize preterm infants
with birth weight under 1500 g, and to identify the inci-
dence of late-onset neonatal sepsis among this population.

B METHODS

This is a prospective cohort study with a sample group
consisting of preterm infants born weighing less than
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1500 g, from 1/1/2013 to 12/31/2013. The sample group
included newborns of the Hospital de Clinicas de Porto
Alegre (HCPA) weighing less than 1500 g and admitted in
the NICU shortly after birth. The criteria for exclusion were
preterm infants with a congenital malformation; infants of
mothers who tested positive for human immunodeficien-
cy virus; infants of mothers with any of the following infec-
tions: syphilis, toxoplasmosis, hepatitis, rubella, chickenpox
during pregnancy; infants of mothers with a membrane
rupture > 18 hours before labour, with fever > 37.8° C, with
infection of the ovary or other bacterial infection that can
be transmitted to the foetus; infants of mothers undergo-
ing chemotherapy and preterm infants with suspected in-
fection at the time of birth.

After authorization of the parents, data were collected
using a standardized form and the electronic and paper
medical records. This instrument contained demographic
variables (sex, multiple birth and type of labour) and clini-
cal variables of the preterm infants that participated in the
study. The variables that were considered risk factors for
late-onset neonatal sepsis were use and permanence of a
central venous catheter, time and permanence of mechan-
ical ventilation, NPO time (Nil Per Os; Latin for nothing by
mouth), use and time of enteral and parenteral nutrition.
This study observed the use of mechanical ventilation, use
of endotracheal tube in pressure support ventilation or
pressure controlled ventilation on the newborn. The use
of a nasal prongs associated to continuous positive airway
pressure (CPAP) was also investigated. The observed cen-
tral venous catheter (CVC) included the use of the periph-
erally inserted central catheter (PICC), the umbilical arterial
catheter (UAC) or the umbilical venous catheter (UVC). The
definition of late-onset neonatal sepsis as based on the cri-
teria found in literature®, according to the “gold standard”
for a positive blood culture diagnosis obtained after 72
hours of age of the newborn.

Data collected in the instrument were entered into an
Excel for Windows spreadsheet. Data were subjected to
descriptive analysis with absolute number and percentage
for the categorical variables and average, standard devia-
tion, median and interquartile range for the quantitative
variables, according to the distribution of these variables.
Data were analysed using the PASW Statistics programme
(Predictive Analytics Software) version 18.0.

The project was approved by the Comité de Etica em
Pesquisa com Seres Humanos of the Hospital de Clinicas
de Porto Alegre, under protocol number 12-0361. The par-
ents/persons responsible authorized the participation of
the infants and signed an informed consent statement. The
researchers signed a statement for the use of data from the
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patients’ medical records. This study was extracted from a
master’s dissertation titled “Caracteristicas dos recém-nasci-
dos pré-termo com peso inferior a 1.500g e sepse neonatal™?.

B RESULTS

In 2013, 3938 infants were born in the HCPA. Of these in-
fants, 75 were born weighing less than 1500 g. Thirty three
(33) newborns were excluded from the study. Of these 33,
15 were the infants of mothers with suspected infection at
the moment of delivery, four died during the first hours of
life, nine were the infants of mothers with ruptured mem-
brane more than 18 hours prior to delivery, two infants had
congenital syphilis, one newborn had a congenital malfor-
mation, one was the infant of a mother with HIV, and one
infant had suspected sepsis at birth. One newborn passed
away and tested positive for sepsis the first 72 hours after
birth. There was no death in the sample during the period
of hospitalization in the NICU. It was not possible to obtain
the signature for the informed consent statement of eleven
newborns. Therefore, the study comprised 30 preterm in-
fants born from January to December 2013. Table 1 shows
the clinical and demographic characteristics of the infants.

In relation to adaptation to extrauterine life, most of the
newborns required neonatal resuscitation manoeuvres in
the delivery room, and five (17%) newborns required endo-
tracheal intubation in the delivery room. As for the devel-
opment of other diseases or complications, five newborns
(17%) had neonatal respiratory distress syndrome (NRDS),
five suffered from bronchopulmonary dysplasia (17%) and
one infant suffered from necrotizing enterocolitis (3.3%).

All ventilatory support was initiated in the first 24 hours
of life. Most cases (96.6%) required central venous catheter
(CVQ), with a higher prevalence of the PICC. The catheters
were inserted on the first day of life of the newborn. The
permanence and type of CVC are described below. In re-
lation to total parenteral nutrition (TPN), 28 (93.3%) new-
borns relied on this therapy, followed by feeding through
orogastric or oroenteric tubes (OGT/OET) (Table 2).

The diagnosis of late-onset sepsis was bacteriological
confirmation by means of positive blood cultures. Among
the studied newborns, 14 newborns (47%) had positive
blood cultures. The most common microorganism was co-
agulase-negative staphylococci (Table 3).

B DISCUSSION

Late-onset sepsis is a major cause of morbidity and
mortality®. In this study there was no death in the sam-
ple during the hospitalization period in the NICU. However,



Table 1 - Clinical and demographic characteristics of the
preterm newborns. Porto Alegre, RS, 2013

Baseline characteristics of the

sample n=30

Sex (Female) 22 (73)
Twin 8(27)
Type of labour (c-section) 23 (78)
Resuscitation manoeuvres 20 (67)
Weight/Gestational Age Ratio

AGA 15 (50)

SGA 15 (50)
Birth weight 11185 +241.5*
Apgar score

1" minute 54 2%

5% minute 7+1%
Paediatric Gestational Age (weeks) 28 + 2%
Late-onset sepsis with positive 1447)

blood culture
Hospitalized in the NICU (days)
Days of life on discharge

37 (25-60)**
62+ 27%

Source: Research data, 2014.
* Data expressed n (%). *Average = standard deviation; **Median and interquartile range. AGA: Appropriate
for gestational age; SGA: Small for gestational age; NICU: Neonatal intensive care unit.

researchers® found that the percentage of deaths among
newborns who developed late-onset sepsis was 18%, com-
pared to 7% of the newborns that did not develop sepsis.
The study also found a higher number of deaths among
newborns with sepsis by gram-negative infection than by
sepsis caused by fungi and gram-positive organisms®.

The present study showed a high incidence of diag-
nosed neonatal late-onset sepsis by gram-positive organ-
isms verified through positive blood cultures. North-Amer-
ican authors® showed that the risk of late-onset sepsis
in newborns increases as gestational age decreases. The
incidence of sepsis was 20% in newborns with 28 weeks
and 58% among newborns with a gestational age of 22
weeks®. However, another study® that accompanied 6215
newborns showed a prevalence of 21% of late-onset sepsis
among the newborns.

In relation to the risk factors for neonatal sepsis evaluat-
ed in this study, we found high rates of MV and CPAP. Cor-
roborating this data, other researchers show that the use of
MV is associated with a higher risk of late-onset sepsis® 2.
A Brazilian study showed that newborns who developed
sepsis were more exposed to invasive procedures, includ-
ing the use of MV, PICC and surgical procedures, and 80%

Late-onset neonatal sepsis in preterm infants with birth weight under 1.500 g Il

Table 2 - Distribution of technologies used with the new-
borns in relation to type and duration during hospitaliza-
tion. Porto Alegre, RS, 2013

Variables n=30

Using MV (ETT)< 24 hours of life 15 (50)
::z;foc:;li\f: (nasal prong)< 24 14 (74)
Did not use MV or CPAP 1(5)
Days of MV 7 (5-27)%*
Days of CPAP 5(2-11)%*
Total days of CVC 27 (15-34)**
Days of simultaneous CVC 4(1-7)%*
Use of simultaneous CVC 14 (47)
PICC 4+ umbilical arterial catheter 6 (20)
PICC 4+ umbilical venous catheter 2 (6.7)
PICC + UAC + UVC 5017)
UAC + UVC 1(3.3)
PICC only 16 (53)
Use of TPN (patients) 28(93.3)
Days of NPT 15(9.5-22.2)**
NPO time (days) 3(1.0-5.5)**
Use of OGT/OET (days) 40 (25-48)**

Source: Research data, 2014.

* Data expressed n (%). *Average + standard deviation; **Median and interquartile range. MV: Mechanical
Ventilation; ETT: Endotracheal Tube; CPAP: Continuous positive airway pressure; CVC: Central venous catheter;
PICC: Peripherally inserted central catheter; UAC: umbilical arterial catheter; UVC: umbilical venous catheter; TPN:
Total parenteral nutrition; NPO: Nothing by mouth; OGT: orogastric tube; OET: oroenteric tube.

Table 3 —Types of micro-organisms identified in newborns
with confirmed late-onset sepsis. Porto Alegre, RS, 2013

Micro-organisms n=14
Gram-positive organisms
Coagulase-negative S. 12 (86)

Coagulase-negative S. and Enterococcus sp. 1(7)
Fungus
Candida Parapsilosis 1(7)

Source: Research data, 2014.
Data expressed in n (%). S.: Sthaphilococcus

of the newborns with diagnosed sepsis underwent MV
(p<0.001)12. In this study, the median duration of MV was 7
(5-27) days. The risk of late-onset sepsis increases as the
number of MV days increases®. A multicentre research trial
in North America® showed that 50% of the newborns that
underwent MV for 28 days or more developed late-onset
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sepsis, while only 9% of newborns that underwent MV for 7
days or more developed late-onset sepsis. The same study®
also showed that newborns who developed late-onset
sepsis underwent MV for longer that the newborns who
did not develop sepsis.

Only CPAP was used for most of the sample during
the first 24 hours of life. A study conducted in Norway!¥
showed that sepsis was more frequent among the new-
borns who used CPAP in the first 24 hours than among
the newborns who underwent MV for the same period.
The reason for this association, according to the authors™
is nosocomial, since after the third day of age, the upper
airways of newborns are colonized by coagulase-negative
S.and S. Aureus, while the lower airways of intubated new-
borns are considered sterile. The intense flow of gases, the
manipulation of prongs and nasopharyngeal aspiration
damage the immature mucous membranes and break
the defence barriers, which paves the way for nosocomial
bacterial infection. This would explain the association and
suggests that institutions and professionals should remain
alert to these risk factors™.

Most of the sample used CVC for many days, which sev-
eral studies consider the key risk factor for neonatal sepsis.
A Brazilian trial"? that assessed the risk factors for late-on-
set sepsis found that there were more cases of infection
among the newborns who were submitted to PICC for
more than 11 days (76.2%) than among the newborns who
were not submitted to PICC (23.8%) (p<0.0001). Conse-
quently, CVCin that study was considered a significant pre-
dictor for late-onset neonatal sepsis, since the prevalence
of late-onset neonatal sepsis was 397% greater among the
newborns that received a PICC for 11 days or more!?,

A large part of the sample of this study used TPN for
several days, and the time that the newborns remained
in NPO also put them at greater risk of acquiring infec-
tions. Researchers® found that there were more cases of
late-onset sepsis among newborns subjected to TPN and
that the risk increases as the number of days of TPN via CVC
increases. A study™ carried out in Canada that aimed to
examine the association between early enteral nutrition
and late-onset sepsis by coagulase-negative S. found that
the newborns with very low birth weight who received en-
teral nutrition before 24 hours of age remained less days in
TPN. Probably on account of the reduced number of days
of NPT and the reduced risks associated with the need to
use catheters, the number of cases of late-onset sepsis by
coagulase-negative S. was significantly lower in newborns
who received early enteral nutrition™. Other studies also
demonstrate the benefits of early enteral nutrition on in-
testinal microbiota and the reduced use of TPN,
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This study revealed a high percentage of newborns with
positive blood culture, especially for the microorganism co-
agulase-negative S.. Other authors reported coagulase-neg-
ative S. as the most frequent microorganism®'719, A study'®
conducted in Taiwan found a high prevalence of neonatal
sepsis caused by coagulase-negative S, although the mortal-
ity associated with sepsis by coagulase-negative S. was 2.4%.

It should be noted that coagulase-negative S. is not
associated with more serious infections and higher mor-
tality, but it is considered one of the most resistant micro-
organisms to the antibiotics that are routinely used in the
NICU", In this study, there was a case of infection by Can-
dida parapsilosis. This fungus is considered rare, but similar
studies have shown that it has a high mortality rate®1.

Most nosocomial infections acquired in the NICU are
the result of procedures to preserve the life of these new-
borns, so it is difficult to reduce the infection rate by mere-
ly limiting the number of procedures. In addition, it is not
acceptable to consider these infections as a consequence
of neonatal intensive care. It is therefore the responsibility
of the healthcare team to minimize the risks of infection
and to safely perform invasive procedures when neces-
sary. Prevention strategies of adult and paediatric ICU may
be equally effective in the NICU"". Strategies to reduce
late-onset sepsis must be implemented and constantly
reviewed to reduce colonization??%. Changes in routines
can have a major impact on reducing the rates of neonatal
infection and preventing morbidity and mortality®.

The limitations of this study are related to the study
population. The newborns weighing less than 1500 grams
admitted to the NICU comprise a group with a low number
of births and a low survival rate, which can impair inclusion
and follow-up of these patients.

Il CONCLUSIONS

The incidence of late-onset neonatal sepsis in new-
borns weighing less than 1500 g is a constant concern of
nurses care due to the vulnerability of preterm infants and
the intensive need of technology. In addition, the immu-
nological immaturity of this population and the invasive
procedures performed in the NICU are risk factors for the
development of late-onset sepsis. Greater knowledge of
the profile of newborns in the NICU and the risk factors to
which they are exposed are fundamental for the planning
of nursing care for these patients.

Nursing plays a relevant role in the care of preterm in-
fants in the NICU, so nurses must be attentive to these risk
factors in order to prevent infection and promote individu-
alized care for newborns.



Future research is needed on the Brazilian population
of preterm newborns weighing less than 1500 grams to
address the risk factors (ventilation, venous catheters, en-
teral and parenteral nutrition) associated with late-onset
neonatal sepsis and consequently develop and test strat-
egies that help prevent nosocomial infections.
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