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A total of 291 articles were identified and
their abstracts reviewed. Thirty-five articles
were considered relevant. Some of the
quoted references from these articles were
also deemed suitable and included in this
review.

Review of available literature

Incidence and risk factors for LOS

In developed countries, LOS occurs in
approximately 0.8% of live births and in
3-28% of patients admitted to neonatal
units.14-16 The variable reported incidence in
different neonatal units suggests that
multiple factors are involved.16 ‘Suspected’
sepsis is much more frequent than
‘confirmed’ sepsis.15

VLBW (<1,500g) infants are most
susceptible to infection. This is due to: 
■ deficiencies in their immune system

(including immunoglobulin production,
opsonic and phagocytic functions and
complement) 

■ a requirement for more invasive proce-
dures, total parenteral nutrition (TPN)
and mechanical ventilation

■ a longer length of hospital stay.14

When VLBW neonates are considered
alone, rates of LOS range between 10.6 and
31.7%.14

According to one study, mechanical
ventilation (with mean days of 23.7 ± 0.5),
a central venous catheter (CVC, with mean
days of 16.4 ±0.4) and TPN (with mean
days of 33.1 ± 0.5) were associated with
increased risk of LOS.15

Other risk factors for LOS include
intravenous cannulae and structural
factors such as overcrowding and nurse-to-

Neonatal sepsis is conventionally
divided into early-onset (EOS) and

late-onset sepsis (LOS). EOS is acquired
intrapartum and occurs within the first 48
hours of life. LOS is usually acquired after
birth, often nosocomial and occurs after 48
hours of life.1

Unlike EOS, for which an intervention
(intrapartum antibiotic prophylaxis) has
resulted in a marked decrease in the overall
incidence, the number of infants at risk of
LOS has increased due to the improved
survival of very low birthweight (VLBW)
infants and their need for invasive
monitoring and support.2,3 LOS is a cause
of significant mortality and morbidity
which in turn results in life-long economic
consequences for society.4

Effective strategies to prevent LOS and
regular feedback of surveillance data are
associated with a progressive decrease in
incidence of infection.5-8 The incidence of
LOS varies among neonatal intensive care
units (NICUs) depending on
environmental factors and on differences
in clinical practice.9-13

This literature review intends to study
LOS and identify effective preventative
strategies. The evidence for NICU care
bundles in preventing LOS has been looked
at in detail. 

The search strategy 
Medline was searched via the OVID
interface from 1996 to June (week 3)
2013 using the following keywords:
nosocomial infection, late-onset sepsis,
healthcare associated infection with
neonate and neonatal intensive care. No
limits were set.
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1. Late-onset sepsis poses a significant

problem in the neonatal intensive care
setting leading to significant morbidity
and mortality.

2. Hand hygiene remains the most
effective intervention for reducing
healthcare-associated infection.

3. There are available guidelines to
prevent catheter-related infections.

4. There is an increasing focus on NICU
care bundles to reduce the incidence of
hospital-acquired infection.  



other implanted medical devices.30

CoNS are normal skin commensal flora
and can contaminate cultures either at the
time of blood sampling or during the
blood culture process. Differentiating
infection from contamination to establish a
diagnosis of CoNS sepsis can therefore be
difficult. 

The clinical presentation of CoNS and
Candida sepsis in the neonate is often slow
and non-specific.31 This is in contrast to the
septic shock seen in infections caused by
gram negative rods or virulent gram
positive organisms. In addition, the
sensitivity of blood cultures in diagnosing
candidaemia is low (50-80%) compared to
that in detecting bacteraemia.32

Although BSI is the most common
presentation, Candida can cause
meningitis, renal, splenic or liver abscesses,
endophthalmitis, osteomyelitis or invasive
dermatitis. The crude reported mortality
caused by fungal infections is 25-50%.19,33

With regards to central catheters,
extraluminal contamination of the
intracutaneous tract, by CoNS or other
organisms colonising the skin around the
catheter exit site, is believed to be
responsible for catheter-related infections
that happen in the first week after
insertion.34

After the first week of placement,
intraluminal colonisation due to hub
contamination is responsible for most
CLABSI.34 One study demonstrated that
the frequency of catheter manipulations
was directly related to the frequency of
CLABSI.35 Translocation across the
gastrointestinal tract epithelium by
Candida and other organisms can also
cause catheter-related infections.36

Strategies for prevention of HCAI

Hand hygiene

Hand hygiene remains the most effective
intervention for reducing HCAI.37

Hospitals with higher rates of hand
hygiene compliance have lower rates of
central line BSI. However, compliance is
problematic.38

The sixth edition of Guidelines for
Perinatal Care39 recommends use of an
antiseptic soap or an alcohol-based gel or
foam for routine hand sanitising if hands
are not visibly soiled. When hands are
visibly contaminated, they should first be
washed with soap and water. Several
studies have demonstrated the effectiveness
of alcohol-based products. Compliance
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surviving VLBW infants are at increased
risk for developing morbidities, including
bronchopulmonary dysplasia, neuro-
developmental impairment and prolonged
hospital stay.15, 21-23 They frequently require
additional educational resources, leading to
life-long economic consequences for
society.24,25

One study26 reported outcomes of
extremely low birthweight (ELBW) infants
using the Bayley Scales of Infant
Development (BSID)-II. Infants with LOS
had an increased risk of:
■ cerebral palsy
■ mental developmental index <70
■ psychomotor developmental index <70
■ growth impairment at 18 months of age. 

Infants with a history of both necrotising
enterocolitis (NEC) and sepsis were at the
highest risk.

The Swiss Neonatal Network reported
neurodevelopment outcomes of preterm
infants with a gestation of 24-27 weeks at
two years of age using BSID-II.27 Twenty-
five percent of infants had culture-proven
sepsis, which was independently associated
with an increased risk of cerebral palsy
(p=0.017).

Responsible organisms 

LOS is most often caused by gram positive
organisms, followed by gram negative
organisms and Candida.15,28

Staphylococcus aureus may cause mild to
severe disease depending on its virulence
and host defences. The rapid recent
increase of methicillin-resistant
Staphylococcus aureus (MRSA) infection in
the healthcare setting has raised great
concern, with neonates being particularly
vulnerable. MRSA may cause serious
disease or asymptomatic colonisation.
There are limited data on the impact of
MRSA in neonates compared to that in
adults. Studies have demonstrated an
increase in length of stay following MRSA
infection and subsequent increased
healthcare cost, but no statistically
significant effect on mortality.29

Coagulase-negative staphylococci
(CoNS) are a common cause of healthcare-
associated infection (HCAI) and the most
common cause of BSI in the intensive care
setting.30 Thirty-eight species of CoNS have
been recognised, of which 13 are known to
colonise humans. CoNS are frequently
reported in VLBW infants: those that are
immunocompromised, burns patients and
those with indwelling intravascular devices,
ventricular shunts, peritoneal catheters or

patient ratio.14 Studies have consistently
demonstrated the relationship between
central catheter use and an increased risk
of infection.17-19 Intravenous lipid
administration may be an independent risk
factor for bacterial or fungal sepsis.20

Definitions19

Late-onset sepsis 

Various definitions of LOS are in use. LOS
has been defined as sepsis occurring after
48 hours, 72 hours, after three or four days.
Some definitions use specific clinical signs
to define sepsis and others only require a
blood culture to be positive. 

Central line-associated bloodstream infection 

The terms used to describe intravascular
catheter-related infections can also be
confusing because catheter-related
bloodstream infection (CRBSI) and central
line-associated bloodstream infection
(CLABSI) are often used interchangeably
even though their meanings differ.  

CRBSI is a clinical and more thorough
definition used when diagnosing and
treating patients. It requires specific
laboratory testing that more thoroughly
identifies the catheter as the source of the
bloodstream infection (BSI). Due to
difficulties with precisely establishing if a
BSI is a CRBSI, simpler definitions such as
CLABSI are used for surveillance purposes.
The definition of CLABSI must meet all of
the following criteria:
1. The patient has one or more recognised

pathogens cultured from one or more
blood cultures

2. The presence of one or more CVCs at
the time of the blood culture, or CVC
removed within the preceding 48 hours

3. The signs and symptoms and positive
laboratory results, including pathogen
cultured from the blood, are not
primarily related to an infection at
another site.
Since some BSIs are secondary to sources

other than the central line that may not be
easily recognised, the CLABSI surveillance
definition may overestimate the true
incidence of CRBSI.

Outcome and long-term impact

Nearly 20% of deaths in VLBW infants are
caused by sepsis. Infants with sepsis are
three times as likely to die as those without
sepsis, even after adjusting for gestational
age, sex and other co-morbidities.15,16

In addition to incurring higher costs
during hospitalisation in the NICU,



for Healthcare Improvement defines a care
bundle as: ‘A small set of evidence-based
interventions for a defined patient
population and care setting that, when
implemented together, will result in
significantly better outcomes than when
implemented individually’. NICU care
bundles have been extrapolated from
studies in adults or recommendations from
professional organisations. Several studies
have demonstrated a reduction in the
incidence of HCAI where NICU care
bundles have been implemented
(TABLE 2).5,10-13

Other strategies

Topical emollients have been used to
decrease transepidermal water loss and
have been suggested as a method to
decrease HCAI. The use of expressed breast
milk has been associated with a lower risk
of sepsis and NEC in preterm infants.45

There has been consistent evidence on
the use of prophylactic fluconazole for
prevention of fungal LOS. More recently,
bovine lactoferrin has been shown to be
effective in prevention of both bacterial
and fungal infections. This innate immune
system glycoprotein plays an important
role in host defence and has been shown to
be effective in a multicentre randomised
controlled trial on VLBW neonates.46

Conclusions
LOS poses a significant problem in the
neonatal intensive care setting. VLBW
infants are the most susceptible. Surviving
infants are at increased risk of morbidity.
The immediate and long-term economic
consequences add to the disease burden of
LOS. 

There is increasing evidence to
demonstrate a progressive decrease in the
incidence of infection following effective
preventative strategies and regular
feedback of surveillance data. However,
implementation of these strategies can be
challenging and requires a concerted team
effort by all individuals involved in the care
of infants. 
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may be enhanced by having alcohol-based
products available at each infant’s bedside. 

Aseptic precautions 

Evidence indicates that strict aseptic
precautions during the maintenance and
utilisation of CVCs can contribute to
lowering the risk of catheter infection in
critically ill neonates.34

Chlorhexidine gluconate skin cleanser
rapidly and effectively kills most skin
pathogens with residual effects for up to 24
hours.40 It is well tolerated in paediatric
and adult patients. Episodes of contact
dermatitis are seen to occur in neonates
but mostly so in those less than one week
old and ≤28 weeks’ gestation at birth.40

Techniques to reduce catheter
contamination 

Techniques to reduce the likelihood of
extraluminal contamination of central
catheters include proper hand hygiene,
aseptic catheter insertion (including use of
a maximal sterile barrier for catheter
insertion and care), use of a topical
antiseptic and use of sterile dressing.
Although transparent dressings permit
easier inspection of catheter sites, they have
no proven benefit in reducing infection.
Catheter sites must be monitored visually
or by palpation on a daily basis.34

In order to minimise intraluminal
contamination, tubing used to administer
blood products or lipid emulsions should
be changed daily. Tubing used to infuse

dextrose and amino acids should be
replaced every 4-7 days.34 It is important to
frequently review the need for all CVCs
and remove them when no longer
essential. Topical antibiotic agents or
creams should not be used at the insertion
site for catheters.34 Guidelines for the
prevention of intravascular catheter-related
infections have been published by the
Healthcare Infection Control Practices
Advisory Committee,20 which make specific
recommendations for umbilical catheters
(TABLE 1).

MRSA infection 

There are different approaches to
controlling MRSA colonisation and
infection. There is no good evidence to
support screening patients for MRSA but it
may allow identification of distribution
and targeting of control measures.41,42

Screening of staff is controversial. There is
no consensus on treatment of colonised
neonates. Deep cleaning, restricting
admissions to avoid overcrowding and
having adequate members of staff and
occasional closing of the unit may be
required in an attempt to curb spread of
infection.43 There are reports of successful
management of outbreaks by setting up an
outbreak management team.44

NICU care bundles 

There is now an increasing focus on NICU
care bundles to reduce the incidence of
hospital acquired infections. The Institute
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TABLE 1  Guidelines for the prevention of intravascular catheter-related infections.20

Key: CLABSI = central line-associated bloodstream infection.

1. Remove and do not replace umbilical artery catheters if any signs of CLABSI, vascular
insufficiency in the lower extremities or thrombosis are present.

2. Remove and do not replace umbilical venous catheters if any signs of CLABSI or
thrombosis are present.

3. Cleanse the umbilical insertion site with an antiseptic before catheter insertion. Avoid
tincture of iodine because of the potential effect on the neonatal thyroid. 

4. Do not use topical antibiotic ointment or creams on catheter insertion sites because of
the potential to promote fungal infections and antimicrobial resistance.

5. Add low doses of heparin (0.25-1.0 units/mL) to the fluid infused through umbilical
arterial catheters.

6. Remove umbilical catheters as soon as possible when no longer needed or when any
sign of vascular insufficiency to the lower extremities is observed. Optimally, umbilical
artery catheters should not be left in place for more than five days.

7. Umbilical venous catheters should be removed as soon as possible when no longer
needed but can be used for up to 14 days if managed aseptically.

8. An umbilical catheter may be replaced if it is malfunctioning and there is no other
indication for catheter removal and the total duration of catheterisation has not
exceeded five days for an umbilical artery catheter or 14 days for an umbilical vein
catheter.
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Citation Study type/design Outcomes Results Comments

Kilbride et al
(2003)11

A prospective study.

Six participating NICUs.

Three areas addressed:
hand hygiene, line management
and accuracy of diagnosis

Incidence of CoNS 
bacteraemia

24.6% in 1997 decreased to
16.4% in 2000

Baseline assessment of
compliance, education and
feedback to staff

Bloom et al
(2003)12

Implementation process
differences between high and
low infection centres were
studied and meaningful
differences shared. A case control
study was conducted at a single
site (the demonstration site)

Positive blood culture
>3 days

Network infection rate = 3/1000
(from 3.8) patient days.

Demonstration site infection
rate = 4/1000 (from 7.4)

At the demonstration site, the
average hospital charge reduced
from $272,348 to $220,044 and
the average total cost reduced
from $60,826 to $48,916

Anderson et
al (2005)13

Six months’ surveillance followed
by package of interventions

BSI, length of stay,
length of ventilation,
death

BSI decreased from 21% to 9%

No difference in length of stay,
length of ventilation and
mortality

174 newborn infants required
1,359 intravascular devices,
including peripheral vascular
lines

Aly et al
(2005)10

Infection data from 16 NICUs
reviewed. 

Practices examined in the NICU
with the lowest rate (eg closed
medical system for line
management) and implemented
at another NICU

BSI rate CRBSI reduced from 15.17/1000
line days to 2.1/1000

The study included 233 VLBW
infants: 90 in the pre-
intervention group, 143 in the
post-intervention group

Bizzarro et
al (2010)5

Quasi-experimental study of
educational intervention for CVC
placement and care

CLABSI rate pre- and
post-intervention

CLABSI decreased from 8.4 to
1.28/1000 line days

Late-onset sepsis reduced from
5.84 to 1.42/1000 patient days

All NICU patients with CVCs
were included

TABLE 2  Effects of care bundles in reducing infection rates. 
Key: CoNS = coagulase-negative staphylococci, BSI = bloodstream infection, CLABSI = central line-associated bloodstream infection,
CRBSI = catheter-related bloodstream infection, VLBW = very low birthweight, CVC = central venous catheter. 
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23rd Annual International Neonatal
Conference and Ventilatory Symposium

Middlesbrough, UK
Thursday 11 to Saturday 13 June 2015

Durham University, Queen’s Campus, Stockton on Tees, Teesside, UK

Pre-conference “Advanced Ventilatory Symposium” Thursday 11 June 2015

Annual International Neonatal Conference – Friday 12 to Saturday 13 June 2015

Topics include: Delivery room management: lessons from history and recent advances 
• Non-invasive respiratory support in the newborn: physiology, current trends and controversies

• Neonatal pulmonary function assessment: from the laboratory to the bedside
• Neonatal nutrition: advances, evolving trends and long term consequences

• Patent ductus arteriosus: to treat or not to treat • Functional echocardiography in neonatology
• Advances in surfactant development • Simulation in neonatal training:

why, when and how • Outcome of the late preterm infants: emerging evidence of
the forgotten babies • Neonatal research trials: implications on clinical practice

• Controversies, conundrums and pearls of wisdom in neonatal medicine

Registration and fees: All three days £480, Conference only £360, Workshop only £220.

South Tees Hospitals
NHS Foundation Trust

Further details and application forms can be found at
www.neonatalconference.co.uk
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