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Abstract

Objectives: Neonatal sepsis is one of the leading causes of
neonatal deaths in neonatal intensive care units. Hence, it is
essential to review the evidence from systematic reviews on
interventions for reducing late-onset sepsis (LOS) inneonates.
Methods: PubMed and the Cochrane Central were searched
from inception through August 2020 without any language
restriction. Cochrane reviews of randomized clinical trials
(RCTs) assessing any intervention in the neonatal period
and including one or more RCTs reporting LOS. Two au-
thors independently performed screening, data extraction,
assessed the quality of evidence using Cochrane Grading of
Recommendations Assessment, Development and Evalua-
tion, and assessed the quality of reviews using a measure-
ment tool to assess of multiple systematic reviews 2 tool.
Results: A total of 101 high-quality Cochrane reviews
involving 612 RCTs and 193,713 neonates, evaluating 141
interventions were included. High-quality evidence showed
a reduction in any or culture-proven LOS using antibiotic
lock therapy for neonates with central venous catheters
(CVC). Moderate-quality evidence showed a decrease in any
LOS with antibiotic prophylaxis or vancomycin prophylaxis
for neonates with CVC, chlorhexidine for skin or cord care,
and kangaroo care for low birth weight babies. Similarly,
moderate-quality evidence showed reduced culture-proven

LOS with intravenous immunoglobulin prophylaxis for
preterm infants and probiotic supplementation for very low
birth weight (VLBW) infants. Lastly, moderate-quality evi-
dence showed a reduction in fungal LOS with the use of
systemic antifungal prophylaxis in VLBW infants.
Conclusions: The overview summarizes the evidence
from the Cochrane reviews assessing interventions for
reducing LOS in neonates, and can be utilized by clinicians,
researchers, policymakers, and consumers for decision-
making and translating evidence into clinical practice.

Keywords: infection; late-onset sepsis; neonatal sepsis;
neonate; overview; sepsis.

Introduction

Sepsis is traditionally defined as the isolation of the pathogen
from sterile body fluid such as blood or cerebrospinal
fluid. In adults, the consensus definition includes life-
threatening organ dysfunction caused by a dysregulated
response to infection [1]. However, in neonates, no such
consensus definition is available [2]. Sepsis manifesting in
neonateswithin thefirst 72 hof life is classified as early-onset,
whereas it is considered late-onset if the manifestations
appear beyond 72 h of life. Advances in obstetric care and
prophylactic intrapartum antibiotics have reduced the risk of
early-onset sepsis [3, 4]. However, the incidence of late-onset
sepsis (LOS) has increased in parallel with the improved
survival of extremely premature (gestational age <28 weeks)
and very low birth weight (VLBW, birth weight <1,500 g)
neonates [3, 4]. It affects 0.61–14.2 percent of hospitalized
newborn infants and is inversely related to the degree of
prematurity [5].

Sepsis remains the major contributor to global mor-
tality, and theWorldHealth Organization has declared it a
global health priority [6]. Despite effective treatment
strategies, including appropriate antimicrobial treat-
ment, it remains a leading cause of neonatal death and a
significant contributor to neonatal morbidities in
neonatal intensive care units and the community. It is
therefore imperative to identify the preventive measures
that reduce the risk of sepsis in the neonatal period.
Randomized clinical trials (RCTs) and their systematic
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reviews investigating a broad range of interventions
realize the potential for interventions of interest to reduce
the risk of neonatal sepsis. Given that several risk factors
impact the risk of neonatal sepsis, there is a need to sys-
tematically examine all potentially relevant interventions
that can contribute to the prevention of neonatal sepsis.
To our knowledge, no published overview has compiled
and summarized the evidence from systematic reviews
on interventions for preventing neonatal sepsis in one
coherent document. This overview will help clinicians,
researchers, policymakers, funding bodies, and consumers
assist decision-making and evidence translation.

Materials and methods

We conducted this systematic review as per Preferred Reporting Items
for Overviews of Systematic Reviews including Harms (PRIO-harms)
guideline [7] and the approach outlined in the Cochrane Handbook
for Systematic Reviews of Interventions [8]. We registered the proto-
col for the systematic review with PROSPERO (registration number
CRD42020192513), the international prospective register for systematic
reviews (https://www.crd.york.ac.uk/PROSPERO).

Search strategy

We conducted a comprehensive search of the literature using
appropriate pre-specified search terms within the following data-
bases: PubMed and the Cochrane Central Register of Controlled
Trials (CENTRAL) from inception (Supplemental Information)
through August 6, 2020. We did not apply language restrictions. We
also read the reference lists of included systematic reviews to
identify eligible studies. Finally, we searched the “related articles”
feature in PubMed and hand searched in Cochrane Neonatal
(https://neonatal.cochrane.org) for missing reviews.

Study selection (eligibility criteria)

Type of studies: In this overview, we included Cochrane reviews
RCTs or quasi-RCTs assessing neonatal interventions. The Cochrane
review must consist of one or more RCTs reporting at least one of the
pre-specified outcomes of this review. We excluded non-Cochrane
reviews, Cochrane reviews of non-randomized studies, and Cochrane
reviews with no RCTs reporting the outcome.

Population: We included Cochrane reviews assessing interventions
in term and preterm neonates. We also included reviews reporting
data on mixed infant (age less than one year) populations as long as
separate data was provided for neonates.

Interventions and comparisons: We considered all types of
interventions following the birth of the newborn infant (delivery
room interventions) or interventions in the neonatal period (neonatal
interventions within 28 days from the birth) in a neonatal intensive
care unit or community, compared with placebo, no treatment, or an

alternative treatment. We excluded Cochrane reviews assessing
non-neonatal interventions (interventions in pregnancy or before
childbirth) and interventions beyond the neonatal period. However,
interventions initiated in the neonatal period and continued beyond
the neonatal period were also included.

Outcomes
Primary outcomes:
1. Any LOS: Clinically suspected or microbiologically confirmed LOS,

as defined by the Cochrane review authors.
2. Culture-proven LOS: Microbiologically confirmed LOS, as defined

by the Cochrane review authors.

Secondary outcomes:
1. Bacterial LOS: LOS caused by a bacterial organism, as defined by

the Cochrane review authors.
2. Fungal LOS: LOS caused by a fungal organism, as defined by the

Cochrane review authors.

We excluded Cochrane reviews evaluating early-onset sepsis as our
overview focuses on neonatal interventions and not childbirth or
pregnancy interventions. However, we included Cochrane reviews
evaluating both early-onset and late-onset sepsis as long as reviews
reporting separate data on LOS were available.

Study selection and data extraction

The author (A.R.) performed the literature search across the databases
using pre-specified terms (Supplementary Information). We managed
the citations retrieved through the search using Covidence. Authors,
J.A. and O.A., independently performed the titles and abstracts
screening, independently evaluated the full-text articles of the short-
listed reports, and independently extracted the information, including
review title and authors, date last assessed as up-to-date, number of
trials, number of participants and their characteristics, interventions
and comparisons, outcomes relevant to this overview, and quality of
RCTs assessed by review authors, and summary intervention effects
(relative risks (RR), odds risk or absolute risk differences and their 95%
confidence intervals (CI), model used for meta-analysis) for all neo-
nates and subgroup of neonates (preterm and term neonates).

Assessment of methodological quality of included
reviews

Quality of included reviews: Two authors (J.A. andA.R.) independently
assessed the methodological quality of each Cochrane systematic
review using the AMSTAR 2 (A Measurement Tool to Assess Systematic
Reviews 2) instrument [9]. AMSTAR 2 evaluates the reviewmethodology
against 16 distinct domains, of which 7 are critical domains. Eleven
domains onAMSTAR2 are rated as yes or no, andfivedomains are rated
as yes, partially yes, and no. The overall confidence in the results of the
review was rated as high (no or one non-critical weakness), moderate
(more than one non-critical weakness), low (one critical flaw with or
without non-critical weaknesses), and critically low (more than one
critical flaw with or without non-critical weaknesses).
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Quality of included studies within reviews: We reported, instead of
reassessing, the quality of included RCTs within reviews according to
the review authors’ judgment.

Quality of evidence in the included reviews: We reported the quality
of evidence using the Cochrane Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) approach ac-
cording to the review authors’ judgment as high certainty, moderate
certainty, low certainty, or very low certainty [10]. Two authors (J.A.
and O.A.) independently assessed the evidence certainty using the
Cochrane GRADE if the Cochrane review authors did not provide the
assessment of the evidence certainty. Discussions and consensus
with the third author (A.R.) resolved discrepancies in the review
process.

Data synthesis

We summarized the results of included reviews in the summary of the
findings table. We categorized the interventions into 5 categories:
effective interventions (high certainty in the evidence of effective-
ness), possible effective interventions (moderate certainty in the

evidence of effectiveness), ineffective interventions (high certainty in
the evidence of lack of effectiveness (or harm)), possible ineffective
interventions (moderate certainty in the evidence of lack of effec-
tiveness (or harm)), and no conclusions possible (low or very low
certainty in the evidence) [8].

Results

The database search results and study selection log are
shown in Figure 1. The search yielded 1,047 from databases
and 1 article from other sources. After removing the dupli-
cates and unrelated articles by title and abstract screening,
we included 286 reviews for full-text screening. Finally, 101
Cochrane reviewswere included after excluding 185 reviews
[11–111]. All the 101 included Cochrane reviews were of high
quality, and the detailed evaluation as per AMSTAR 2 tool
is provided in Table 1 of the Supplementary Information.

Table 1 provides the details of the included reviews,
including the summary assessment of the primary and

Figure 1: Study flow diagram outlining stages of search results and filtering process.
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secondary outcomes of the study. The subgroup and
sensitivity analysis details are provided in Table 2 of the
Supplementary Information. Most reviews evaluated one
intervention, but few evaluated two or more interventions.
Overall, 101 included reviews evaluated 141 interventions
with LOS as one of the primary or secondary outcomes. Few
reviews assessed various types of LOS (any, bacterial or
fungal), and themajority of them evaluated LOS as culture-
positive sepsis (n=65), followed by any sepsis (n=55),
bacterial sepsis (n=34), and fungal sepsis (n=10).

The number of RCTs in 101 reviews ranged from one
to 47. The number of neonatal participants in each trial
ranged from 16 to 42,043. In total, there were 612 RCTs
involving 193,713 term and preterm neonates. Of the 101
included reviews, 28 provided GRADE assessments for one
ormore LOSoutcomes. For the remainder of the reviews (n=73),
two study authors performed the GRADE assessment indepen-
dently for all the primary and secondary outcomes. The details
are provided in Table 1. The interventions on LOS were catego-
rized intofivecategoriesbasedontheeffectivenessandcertainty
of the evidence, as summarized in Table 2.

Effective interventions

High-quality evidence showed reduced LOS (any sepsis, RR
(95% CI) 0.15 (0.06, 0.40) [103] or culture-proven sepsis, RR
(95%CI) 0.25 (0.12, 0.49)) [103]when antibiotic lock therapy,
compared with placebo, was used for neonates with central
venous catheters (CVC). We found no high-quality, effective
intervention for reducing bacterial or fungal sepsis.

Possible effective interventions

Any sepsis

Moderate-quality evidence showed antibiotic prophylaxis
for neonates with CVC (RR (95% CI) 0.38 (0.18, 0.82)) [47],
vancomycin prophylaxis for neonates requiring parenteral
nutrition or neonates with CVC (RR (95% CI) 0.11 (0.05,
0.24)) [28], chlorhexidine for skin or cord care (RR (95% CI)
0.69 (0.49, 0.95) [97], and kangaroo care for lowbirthweight
babies (RR (95% CI) 0.50 (0.36, 0.69)) [27] reduced any LOS.

Culture-proven sepsis

Moderate-quality evidence showed intravenous immuno-
globulin prophylaxis (RR (95%CI) 0.85 (0.74, 0.98)) [72] for
preterm infants and probiotic supplementation for VLBW

infants (RR (95% CI) 0.89 (0.82, 0.97) [94]) reduced culture-
proven sepsis.

Bacterial sepsis

Moderate-quality evidence showed antibiotic prophylaxis
for neonates with CVC (RR (95% CI) 0.40 (0.20, 0.78)) [47]
reduced bacterial LOS.

Fungal sepsis

Moderate-quality evidence showed systemic antifungal
prophylaxisVLBWinfants (RR (95%CI) 0.43 (0.31, 0.59)) [23]
reduced fungal LOS.

Ineffective interventions

High-quality evidence showed no difference in LOS with
use of late postnatal corticosteroids for bronchopulmonary
dysplasia prevention (RR (95% CI) 1.14 (0.97, 1.34)) [32],
heparin infusion for neonates with CVC (RR (95% CI) 0.82
(0.43, 1.57)) [90], iodine supplementation (RR (95%CI) 1.09
(0.96, 1.24)) [106], and inositol supplementation (RR (95%
CI) 1.33 (1.00, 1.75)) [40].

Possible ineffective interventions and no
conclusions possible

Many interventions where the evidence certainty was
moderate-quality with lack of effectiveness (or harm) and
where the evidence certainty was low-to very low-quality
were categorized in these groups as listed in Table 2.

Discussion

Summary of main results

This overview included 101 high-quality Cochrane reviews
involving 612 RCTs and 193,713 neonates that evaluated 141
interventions.

Overall completeness and applicability of
evidence

Only 101 reviews (around 20% of 496 reviews in the
Cochrane Neonatal) were eligible for inclusion in the over-
view. Although there were 101 reviews involving 612 RCTs
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and 193,713 neonates, the body of evidence was reduced as
not all the included reviews reported theprimary outcomeof
interest of the overview. Further, the data on secondary
outcomes was limited as only one-third of reviews reported
bacterial sepsis, and 10% reported fungal sepsis. All reviews
explicitly defined various types of LOS; however, there was
some variation in the definition between and within the
trials included in the reviews.

The overview’s scope was limited to studying the
effectiveness of interventions on LOS; hence, we did not
examine the effects of interventions on other outcomes. This
is important as some interventions found ineffective in
reducing sepsis may have considerable influence on other
important outcomes. For example, in this overview,we found
high-quality evidence that late postnatal corticosteroids for
preventing bronchopulmonary dysplasia [32] are ineffective
in reducing sepsis; however, they are beneficial in lowering
extubation failure, death, or bronchopulmonary dysplasia,
which are other important outcomes that were not studied
[32]. Furthermore, clinicians must consider many other
factors, such as effect size, harms, cost-effectiveness, and
generalizability, by referring to the original studies or
individual Cochrane reviews for considering any therapy
in neonatal practice [112–114]. For example, though the
overview found moderate-quality evidence of effective-
ness that probiotics supplementation reduces LOS in very
preterm infants, clinicians must consider other factors,
such as harms, including probiotics-associated sepsis,
anticipated benefit, quality assurance, cost-effectiveness,
and so on [112–115].

Quality of evidence

All the 101 included Cochrane reviews were high-quality
and rated a low risk of bias based on the AMSTAR 2 tool
[9]. The risk of bias of included RCTs in those reviews,
assessed using the approach outlined in the Cochrane
Handbook for Systematic Reviews of Interventions, was
variable; however, it was incorporated in the GRADE
approach for evaluating the certainty of the evidence.
The most common reason for downgrading the quality
was study limitations, followed by imprecision and
heterogeneity.

Strengths and limitations

This is a first overview providing a comprehensive summary
of Cochrane reviews evaluating interventions to reduce LOS
and shall be helpful for clinicians and researchers to aid in
choosing interventions for reducing LOS. Also, the overview

examines the certainty of the evidence for sepsis-related
outcomes that were not evaluated in nearly three-fourths
of the Cochrane reviews. Further, the overview provides
a rigorous assessment of the evidence depending on
the effectiveness of interventions and the certainty of the
evidence. The search was comprehensive, and the reporting
was transparent, based on the PRIO-harms guideline.

The overview focuses on interventions to reduce LOS
and only evaluates sepsis-related outcomes. It did not
assess other important outcomes, so clinicians should be
careful while inferring this data and consider various other
factors, as mentioned above, while applying the evidence
to their clinical practice. In addition, the overview did not
assess early-onset sepsis as the overview focuses onneonatal
interventions and not childbirth or pregnancy interventions.
Finally, the overview includedonlyCochrane reviews, butwe
realize that most interventions were likely assessed in the
Cochrane reviews.

To conclude, the overview summarizes the evidence
from the Cochrane reviews assessing interventions in the
neonatal period for reducing LOS. Clinicians, researchers,
policymakers, and consumers can utilize it for evidence
translation and decision-making. Clinicians, however, are
recommended to assess the effects of the interventions
on other outcomes, including harms, and consider other
aspects, such as feasibility, generalizability, anticipated
benefit based on the effect size, andothers,while translating
evidence into clinical practice.
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