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A B S T R A C T

Objectives

This is a protocol for a Cochrane Review (intervention). The objectives are as follows:

To compare the beneficial and harmful eGects of diGerent antibiotic regimens for neonates with late-onset sepsis.
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B A C K G R O U N D

Description of the condition

Definition

Sepsis is defined as a life-threatening organ dysfunction caused
by a dysregulated host response to infection (Singer 2016). There
is currently no international consensus on specific criteria for
neonatal sepsis (Wynn 2014; Wynn 2016). The most commonly used
neonatal sepsis criteria in clinical trials are based on a combination
of clinical and laboratory parameters (see Table 1) (Morris 2016;
Wynn 2014).

Sepsis that occurs before 28 days aIer birth is termed neonatal
sepsis (Bakhuizen 2014; Camacho-Gonzalez 2013). Depending
on the time of onset, neonatal sepsis is termed either early-
onset sepsis or late-onset sepsis. The most commonly accepted
distinction between these two subgroups is cases occurring
before 72 hours aIer birth and aIer 72 hours aIer birth, but
other definitions exist, e.g. 48 hours and 7 days aIer birth
(Bakhuizen 2014; Bizzarro 2008; Camacho-Gonzalez 2013; Manan
2016; Metsvaht 2010; Shah 2014; Shane 2013; Shane 2014; Tripathi
2012; Zaidi 2009; Zea-Vera 2015). This distinction is based on the
diGerent etiologies and pathophysiology of pathogens typically
seen before and aIer 72 hours (Camacho-Gonzalez 2013; Metsvaht
2010; Shah 2014; Shane 2013).

Late-onset sepsis frequently presents with clinical deterioration
including apnoea, tachypnoea, increased ventilatory requirement,
hypotension, abnormal heart rate, hyperglycaemia, abnormal
temperature (hypo- or hyperthermia), cyanosis, acidosis, feeding
intolerance, abdominal distension, lethargy, and skin mottling
(CraI 2000; Tsai 2014). As some of these clinical manifestations
can be non-specific, it can be diGicult to clinically distinguish
between sepsis and deep-seated infections, such as meningitis,
osteomyelitis, and necrotising enterocolitis (Camacho-Gonzalez
2013; Zea-Vera 2015).

Epidemiology

Studies from the USA and Australia suggest that late-onset sepsis
constitutes 3 to 6 per 1000 live births, while early-onset sepsis
ranges from 0.9 to 3.5 per 1000 live births (Isaacs 1999; Schuchat
2000; Vergnano 2005; Vergnano 2011). However, since there is
neither consensus on criteria for neonatal sepsis nor agreement on
the cut-oG between early-onset and late-onset sepsis (48 hours, 72
hours, or 7 days) (see ‘Definition' section above), it is diGicult to
estimate the exact incidence of neonatal sepsis (Bakhuizen 2014).

Late-onset sepsis is most common in premature (< 37 weeks) and
low birthweight (< 2500 g) neonates (Stoll 2011; Tsai 2014).

Neonatal sepsis is a major cause of morbidity and mortality. It is the
third leading cause of neonatal mortality globally, constituting 13%
of overall neonatal mortality (Lawn 2005; Liu 2012). In high-income
countries, the mortality rate due to neonatal sepsis ranges from
5% to 20%, and neonatal sepsis results in major disability or death
in 39% of all cases despite initiation of conventional treatment.
Mortality rates higher than 70% can be observed in some low- and
middle-income countries (LMICs) (Bakhuizen 2014; Kabwe 2016;
Weston 2011; Wynn 2014).

Sepsis during the neonatal period can result in several
complications, such as multiple organ failure, cerebral
haemorrhage, periventricular leukomalacia, meningitis, and
respiratory distress syndrome (Sharma 2007; Stoll 2010). In
survivors, sepsis is associated with serious long-term morbidity,
such as cerebral palsy, cognitive and psychomotor delay,
auditory and visual impairment, and bronchopulmonary dysplasia
(Bakhuizen 2014; Benjamin 2006; Klinger 2010; Schlapbach 2011).
Most of these associations are based on observational cohort
studies and therefore do not distinguish between causality and
association. It remains uncertain whether it is possible to prevent
these subsequent sequela by treating neonatal sepsis with an
appropriate empirical antibiotic regimen (Bakhuizen 2014).

Etiology

The pathogens that cause late-onset sepsis include gram-
positive and gram-negative bacteria, as well as fungal infections
(Boghossian 2013). The mortality and the distribution pattern of
pathogens that cause late-onset infection diGer between LMICs and
high-income countries. Important variations can sometimes even
be seen between individual neonatal intensive care units (NICUs)
in a given country. The predominant organisms responsible for
neonatal sepsis within regions have also changed over time (Dong
2015; Stoll 1996).

The most common etiological pathogen responsible for late-onset
sepsis is coagulase-negative staphylococci, constituting 53% to
78% of all cases of late-onset sepsis in high-income countries
(Bizzarro 2005; Bizzarro 2008; Dong 2015; Isaacs 1996; Rubin
2002; Stoll 2011; Weston 2011). However, since coagulase-negative
staphylococci are skin commensals, these organisms are also
common blood culture contaminants and there is a lack of
consensus regarding how to interpret blood cultures that are
positive for coagulase-negative staphylococci (Rubin 2002). Other
agents prevalent in late-onset sepsis are Escherichia coli, group B
Streptococcus, Klebsiella pneumoniae, Enterococcus, Candida, and
Pseudomonas (Isaacs 1996; Rubin 2002; Stoll 2011; Vergnano 2011).

In LMICs coagulase-negative staphylococci are still very common,
constituting 36% to 47% of all cases of late-onset sepsis (Dong
2015; Hammoud 2012). The second most common gram-positive
pathogen is Staphylococcus aureus (Dong 2015; Zaidi 2005). Gram-
negative pathogens are relatively more common in LMICs (Dong
2015; Zaidi 2005). The most frequent gram-negative pathogens are
Klebsiella spp., E. coli, Pseudomonas, and Salmonella spp (Breurec
2016; Hammoud 2012; Vergnano 2005; WHO 1999; Zaidi 2005). The
pathogen with the highest case fatality ratio is considered to be
Pseudomonas aeruginosa (Hammoud 2012; Tsai 2014).

Late-onset sepsis has several risk factors. Major risk factors are
immaturity, mechanical ventilation, intravascular catheterisation,
the failure of early enteral feeding with breast milk, a prolonged
duration of parenteral nutrition, surgery, underlying respiratory
and cardiovascular diseases, and hospitalisation (Boghossian 2013;
Leal 2012; Stoll 2002; Tröger 2014; Tsai 2014). Furthermore,
neonates are theoretically immunocompromised as several
components of the immune system are not fully developed at
birth (Camacho-Gonzalez 2013; Kumar 2016). Preterm neonates
are especially immunocompromised due to even more immature
innate and adaptive immune systems (Kan 2016; Rogosch 2012;
Walker 2011; Ygberg 2012; Zemlin 2007).
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Description of the intervention

Antibiotics are antimicrobial drugs that treat and prevent bacterial
infections by either killing or inhibiting the growth of the bacteria
(Waksman 1947). Early initiation of antibiotic therapy on neonates
with suspected sepsis reduces both mortality and morbidity
(Bakhuizen 2014). The choice of antibiotic used is oIen empirical
and based on several factors, such as age at onset, likely pathogens,
and antibiotic susceptibility patterns (Dong 2015; Manan 2016;
Rubin 2002).

A recent study from the USA showed that the antibiotics were
discontinued in the majority (63%) of patients that received
empirical antibiotics for suspected sepsis, as sepsis was ruled
out by a negative blood culture (Cantey 2015). The most
commonly used first-line treatment is a beta-lactam antibiotic
(most commonly ampicillin, flucloxacillin, or penicillin) combined
with an aminoglycoside (most commonly gentamicin) (Dong 2015;
Vergnano 2011). However, there has been an increased use of
alternatives, such as vancomycin and cephalosporins, due to
increased drug resistance among the most common pathogen e.g.
coagulase-negative staphylococci (Dong 2015; Rubin 2002).

Most guidelines recommend a penicillin together with an
aminoglycoside for all cases of neonatal sepsis (Cortese 2016;
Manan 2016; Muller-Pebody 2011; Vergnano 2005; Vergnano 2011;
WHO 2013). However, other protocols exist where a cephalosporin
or a glycopeptide is used as a first-line option to treat late-
onset sepsis (Fernando 2008; Marchant 2013; Stockmann 2014).
Guidelines may diGer due to local antibiotic resistance of the most
common pathogens or whether the empirical regimen is supposed
to cover the common but low virulence coagulase-negative
staphylococci (Bizzarro 2015; Marchant 2013). Vancomycin is to
be considered if staphylococcal infection is suspected (Stockmann
2014).

Antibiotic susceptibility

Antibiotic resistance is a growing problem that increases the
morbidity, mortality, and costs associated with infections globally
(Cohen 1992; Foster 2006; Huynh 2016; Vergnano 2005). Studies
indicate that bacterial resistance to antibiotics results primarily
from the selective pressure exerted by the use and overuse of
antibiotics (Foster 2006; Kunin 1990; McGowan 1994; Murray 1994;
Sáez-Llorens 2000). The spread of drug-resistant organisms in
hospitals is a recognised problem, although neonates admitted
from the community may also carry drug-resistant pathogens
(Bhutta 1996). Studies that compare antibiotic susceptibility over
time in the same unit show increased resistance to the most used
antibiotics (Vergnano 2005).

The pathogens that cause neonatal infections and their antibiotic
susceptibility patterns change over time and may diGer between
countries (Breurec 2016; Isaacs 2003; May 2005; Stoll 2003;
Stoll 2005; Vergnano 2011). Furthermore, the definition and
epidemiology of neonatal sepsis diGers between countries
(Vergnano 2005). This makes the comparison of antibiotic
susceptibility between countries diGicult. When comparing the
epidemiology of neonatal sepsis in LMICs with high-income
countries, some important diGerences emerge in the pattern of
etiological pathogens and their antibiotic resistance (Khatua 1986;
Tallur 2000; Tessin 1990; Vesikari 1985).

In high-income countries, most pathogens that cause late-onset
sepsis (84%) were susceptible to the commonly used empiric
antibiotics (penicillin/gentamicin and flucloxacillin/gentamicin)
(Vergnano 2011).

In LMICs, estimations suggest that up to 70% of pathogens isolated
from neonatal sepsis may not be covered by the recommended
empirical regimen of ampicillin and gentamicin (Zaidi 2005). Some
studies in LMICs have shown almost universal resistance (92% to
100% resistance) among some of the most common pathogens to
first- and second-line antibiotics (Dagnew 2013; Kabwe 2016; Zaidi
2005).

In addition to antibiotic coverage, supportive care aiming to
reverse the life-threatening organ dysfunction caused by a
dysregulated host response to infection is also part of the
care for neonates with sepsis. This includes respiratory support,
maintenance of peripheral perfusion (intravenous fluids and
inotropics), phototherapy, temperature, and glucose regulation
(Seale 2015; WHO 2013).

Adverse e2ects

Use of ampicillin has been associated in some studies with adverse
eGects, such as rashes, diarrhoea, nausea, and nephrotoxicity
(Golan 2011; Katzung 2009; Mrvos 2013). Contrary to these findings,
a recent systematic review of randomised clinical trials showed
that ampicillin only increased the incidence of candidiasis with no
significant increase in the above-mentioned adverse eGects (Gillies
2015).

Aminoglycosides (e.g. gentamicin) have been shown to be toxic
(nephrotoxicity and ototoxicity) in adults. However, their toxicity in
neonates remains unclear (Huth 2011; Jackson 1971; Mattie 1989;
McGlone 2008; Mingeot-Leclercq 1999; Musiime 2015; Schultze
1971; Selimoglu 2007; Wargo 2014).

The most common adverse eGects caused by vancomycin are fever,
phlebitis, and, in rare cases, nephrotoxicity and ototoxicity (Rybak
2009). However, in addition to the development of resistance
towards vancomycin, one must also consider that observational
studies suggest a 3- to 4-fold increase in nephrotoxicity when
aminoglycosides are combined with vancomycin (Farber 1983;
Hailemeskel 1999; Rybak 2009; Sorrell 1985).

Cefotaxime, which is considered an alternative first-line agent,
might have a broad spectrum of activity. However, cefotaxime
is also associated with increased risk of death and invasive
candidiasis in non-randomised studies (Clark 2006a; Cotten 2006;
Stockmann 2014).

In addition to the specific adverse eGects of each antibiotic,
extended use of antibiotics is also associated with higher risk of
neonatal candidaemia (Filioti 2007; Spiliopoulou 2012).

How the intervention might work

Antibiotics are antimicrobial drugs that treat and prevent bacterial
infections by either killing or inhibiting the growth of the
bacteria (Waksman 1947). They can be classified based on:
1) their mechanism of action (bactericidal or bacteriostatic);
2) bacterial spectrum (broad or narrow); and 3) chemical
structure (e.g. penicillins, macrolides, quinolones, tetracyclines, or
aminoglycosides) (Bérdy 2005).
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A combination of diGerent antibiotics might have several
advantages. Firstly, it is thought to provide an enhanced eGect
beyond the additive eGects of the individual therapies (Allan 1985).
Secondly, it can be used to broaden the spectrum of antibiotic
coverage when used empirically to increase the chances of covering
the alleged causative bacteria. Thirdly, a combination therapy
is thought to suppress the development of subpopulations of
microorganisms resistant to antibiotics (Allan 1985; Milatovic 1987;
Tamma 2012).

Why it is important to do this review

Despite the high burden of neonatal sepsis, high-quality evidence
in diagnosis and treatment is scarce (Zea-Vera 2015). Yet, in
adults, appropriate empirical antibiotic treatment halves the
fatality associated with sepsis (Ibrahim 2000; Leibovici 1998;
Paul 2010). Due to the diagnostic challenges of sepsis, and the
relative immunosuppression of the newborn, many neonates
receive antibiotics for suspected sepsis. In fact, antibiotics have
become the most commonly used therapeutics in NICUs (Clark
2006b). Studies suggest that up to 95% of newborns treated with
antibiotics for suspected sepsis prove to have no evidence of
infection (Bedford Russell 2015; Cantey 2015; Luck 2003). This
presumed inappropriate use of antibiotics seems to contribute to
the development and spread of resistant pathogens in the NICUs,
and seems to be associated with adverse events (e.g. invasive
candidiasis, and increased antimicrobial resistance) (Clark 2006a;
Cordero 2003; Cotten 2006; Cotten 2009; Foster 2006; Kuppala
2011).

The Cochrane Review published in 2005 concluded that there
is inadequate evidence from randomised trials in favour of any
particular antibiotic regimen for the treatment of suspected late-
onset neonatal sepsis (Gordon 2005). No other systematic review
has been conducted to date to assess the eGects of diGerent
antibiotic regimens for suspected late-onset sepsis. There is
therefore an urgent need for an updated systematic review that
assesses the eGects of diGerent antibiotic regimens for late-onset
sepsis, taking into account both risks of systematic errors and
random errors (Jakobsen 2014).

O B J E C T I V E S

To compare the beneficial and harmful eGects of diGerent antibiotic
regimens for neonates with late-onset sepsis.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised, quasi-randomised, and cluster-randomised clinical
trials. We will include trials regardless of publication type,
publication status, publication date, and language. We will exclude
crossover trials.

Types of participants

Participants suspected of or diagnosed with late-onset sepsis (as
defined by the trial authors).

We will include participants if described as newborns or 72
hours of life or more (at randomisation), suspected or diagnosed

with neonatal sepsis, meningitis, osteomyelitis, endocarditis, or
necrotising enterocolitis.

We will exclude trials that assess treatment of fungal infections.

Types of interventions

We will accept any type of antibiotic or combination of antibiotics,
such as the following.

• Broad-spectrum beta-lactam antibiotics, defined as broad-
spectrum penicillins (e.g. ampicillin, amoxicillin, piperacillin,
ticarcillin, carbenicillin, and mezlocillin), cephalosporins
(e.g. cefazolin, cephalexin, cefuroxime, cefotetan, cefoxitin,
ceIriaxone, cefotaxime, ceIazidime, cefepime, cefazolin,
ceIobiprole, ceIolozane, and cefoperazone), carbapenems
(e.g. imipenem, meropenem, doripenem, and ertapenem), and
monobactams (e.g. aztreonam). Narrow-spectrum antibiotics
will include narrow-spectrum penicillins (e.g. oxacillin,
cloxacillin, dicloxacillin, nafcillin, methicillin, and penicillin G).

• Beta-lactam antibiotics with beta-lactamase inhibitors such as
avibactam, clavulanic acid, sulbactam, and tazobactam.

• Combination of beta-lactam with aminoglycoside (e.g.
gentamycin).

• Combination of beta-lactam with glycopeptide (e.g. vancomycin
and teicoplanin).

• Combination of glycopeptide with aminoglycoside.

We plan to assess the following comparisons.

• Aminoglycoside added to any type of antibiotic versus any type
of antibiotic (same antibiotic as in the experimental group).

• Broad-spectrum beta-lactam antibiotic and aminoglycoside
versus narrow-spectrum beta-lactam antibiotic (as defined in
the above) and aminoglycoside (same aminoglycoside as in the
experimental group).

• Beta-lactam antibiotic (as defined in the above) and
aminoglycoside versus beta-lactam antibiotic and glycopeptide.

• Any other used antibiotic regimen (not included in the above-
mentioned comparisons) versus any other used antibiotic
regimen (not included in the above-mentioned comparisons).

Types of outcome measures

Primary outcomes

• All cause mortality.

Secondary outcomes

• Proportion of participants with one or more serious adverse
event. We will define a serious adverse event as any
untoward medical occurrence that resulted in death, was
life-threatening, jeopardised the participant, was persistent,
led to significant disability, hospitalisation, or prolonged
hospitalisation (Hubbard 1997). As we expect the reporting of
serious adverse events in many trials to be very heterogeneous
and not strictly according to the recommendations regarding
good clinical practice from The International Council for
Harmonisation of Technical Requirements for Pharmaceuticals
for Human Use (ICH-GCP) (Hubbard 1997), we will include the
event as a serious adverse event if the trial authors either: 1)
use the term ‘serious adverse event' but not refer to ICH-GCP,
or 2) report the proportion of participants with an event we
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consider fulfil the ICH-GCP definition. If several of such events
are reported, we will choose the highest proportion reported in
each trial to avoid double-counting.

• Respiratory support, defined as the proportion of participants
who received respiratory support, such as non-invasive
ventilation (e.g. continuous positive airway pressure (CPAP)) or
invasive ventilation (e.g. respirator).

• Circulatory support, defined as the proportion of participants
who received circulatory support such as fluid bolus or
vasoactive medication (e.g. inotropes or vasopressors).

• Nephrotoxicity (as defined by the trial author).

• Presence of moderate-to-severe neurological developmental
and sensory impairment (defined as a functional abnormality
in the function of the brain, spinal cord, muscles, nerves, eyes
or ears, or as any significant lag in a child's physical or motor,
cognitive, behavioural, emotional or social development, in
comparison with other children of the same age and sex within
similar environments. If formal evaluation tools were used to
assess neurodevelopmental impairment, we will use a threshold
of – 2 standard deviations (SDs) of the normal. Furthermore,
severe brain injury per se is included, such as intraventricular
haemorrhage grade 3 and 4 (Papile 1978; Volpe 2008) and
periventricular leukomalacia.

• Necrotising enterocolitis during or aIer treatment, defined by
Bells criteria 2 (Bell 1978).

• Ototoxicity as defined by the trial authors.

We will assess all the dichotomised outcomes as proportions.

We will use the trial results reported at maximum follow-up.
However, if the trial authors report results at multiple time points,
we will primarily use the results reported at the time point closest
to 1 year.

Search methods for identification of studies

We will use the criteria and standard methods of Cochrane
and Cochrane Neonatal (see the Cochrane Neonatal search
strategy for Specialized Register). We will search for errata or
retractions from included studies published in full-text on PubMed
(www.ncbi.nlm.nih.gov/pubmed) and report the date this was
done within the review.

Electronic searches

We will conduct a comprehensive search including: Cochrane
Central Register of Controlled Trials (CENTRAL) in the Cochrane
Library; Ovid MEDLINE® and Epub Ahead of Print, In-Process
& Other Non-Indexed Citations, Daily and Versions® (1946 to
current); and CINAHL (1981 to current). We will not apply language
restrictions. The draI search strategy is in Appendix 1.

Further searches will be performed in Embase for pharmaceutical
publications and ZETOC for abstracts of scientific conferences/
symposia. We will crosscheck references from identified studies for
possible additional studies.

We will search the World Health Organization (WHO) International
Clinical Trials Registry Platform (ICTRP) (www.who.int/ictrp/
search/en/) and the US National Library of Medicine’s
ClinicalTrials.gov (clinicaltrials.gov) via Cochrane CENTRAL.
Additionally, we will search the ISRCTN Registry (www.isrctn.com/)

for any unique trials not found through the Cochrane CENTRAL
search.

We will search all databases from their inception to the present
and we will impose no restriction on language of publication. If
we identify any papers in a language not known by the review
author group, we will seek help. This will be acknowledged in the
Acknowledgements section of the review.

Searching other resources

We will check the reference lists of all relevant primary trials and
reviews for additional references.

To identify unpublished trials we will also search clinical trial
registers of Europe and the USA, websites of pharmaceutical
companies, and websites of the US Food and Drug Administration
(FDA) and the European Medicines Agency.

Data collection and analysis

Selection of studies

Two review authors (SKK and SS) will independently screen
titles and abstracts. We will retrieve all relevant full-text study
reports/publication and two review authors (SKK and SS) will
independently screen the full texts and identify trials for inclusion,
and identify and record reasons for exclusion of the ineligible
studies. We will resolve any disagreement through discussion or, if
required, by consulting a third review author (JCJ). We will record
the selection process in suGicient detail to complete a PRISMA flow
diagram (Moher 2009), and a ‘Characteristics of excluded studies'
table.

Data extraction and management

We will use data collection forms for trial characteristics and
outcome data that we pilot on at least one trial included in
the review. Two review authors (SKK and SS) will extract trial
characteristics from included trials. We will extract the following
trials characteristics.

• Methods: trial design, total duration of the trial, number of trial
centres and location, trial setting, withdrawals, and date of the
trial.

• Participants: number of participants in each intervention group,
mean age, age range, gender, diagnostic criteria, inclusion
criteria, and exclusion criteria.

• Interventions: intervention and comparison.

• Outcomes: primary and secondary outcomes specified and
collected, and time points reported.

• Notes: funding for trial, and notable conflicts of interest of trial
authors.

Two review authors (SKK and SS) will independently extract
outcome data from included trials. We will note in the
‘Characteristics of included studies' table if the trial authors did not
report outcome data in a usable way. We will resolve disagreements
by consensus or by involving a third review author (JCJ). One
review author (SKK) will transfer data into the Review Manager 5
(RevMan 5) file (Review Manager 2014). We will double-check that
data are entered correctly by comparing the data presented in the
systematic review with the study reports. A second review author
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(SS) will spot-check study characteristics for accuracy against the
trial report.

Assessment of risk of bias in included studies

Two review authors (SKK and SS) will independently assess the
risk of bias (low, high, or unclear) of all included trials using the
Cochrane ‘Risk of bias’ tool for the following domains (Higgins
2019).

• Sequence generation (selection bias).

• Allocation concealment (selection bias).

• Blinding of participants and personnel (performance bias).

• Blinding of outcome assessment (detection bias).

• Incomplete outcome data (attrition bias).

• Selective reporting (reporting bias).

• Any other bias.

We will resolve any disagreements by discussion or by consulting
a third review author (JCJ). See Appendix 2 for a more detailed
description of risk of bias for each domain.

Assesment of bias in conducting the systematic review

We will conduct the review according to this published protocol and
report any deviations from it in the ‘DiGerences between protocol
and review' section of the published review.

Measures of treatment e2ect

We will calculate risk ratios (RRs) with 95% confidence intervals
(CIs) for dichotomous outcomes.

Unit of analysis issues

The unit of analysis will be the participating infant in individually
randomised trials and the neonatal unit (or sub-unit) for cluster-
randomised trials. For cluster-randomised trials, we will undertake
analyses at the level of the individual while accounting for the
clustering in the data using the methods recommended in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2019).

Dealing with missing data

We will not impute missing values for any outcomes in our primary
analysis. In two of our sensitivity analyses, we will impute data (see
‘Sensitivity analysis').

We will contact investigators and trial sponsors in order to verify key
trial characteristics and obtain missing numerical outcome data
when possible (e.g. when we identify a study as an abstract only).

Assessment of heterogeneity

We visually inspect forest plots to assess signs of heterogeneity
and we will explore possible heterogeneity in our prespecified
subgroup analyses. We will also inspect trial characteristics across
trials to identify clinical heterogeneity. We will assess the presence

of statistical heterogeneity by the Chi2 test (threshold P < 0.10) and

measure the quantities of heterogeneity by the I2 statistic (Higgins
2002; Higgins 2003). If we detect moderate or high heterogeneity

(I2 ≥ 50%), we plan to explore the possible causes (e.g. diGerences
in study design, participants, interventions, or completeness of

outcome assessments). Ultimately, we may decide that a meta-
analysis should be avoided (Higgins 2019).

Assessment of reporting biases

We will use a funnel plot to assess publication bias if 10 or more
trials meet the inclusion criteria. We will visually inspect funnel
plots to assess the risk of bias. As we plan to report results when
we analyse dichotomous outcomes using RRs, we will not use any
test to assess funnel plot asymmetry when analysing dichotomous
outcomes (Higgins 2019).

Data synthesis

Meta-analysis

We will undertake this meta-analysis according to the guidance
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2019). We will use RevMan 5 to analyse data (Review
Manager 2014).

We will assess our intervention eGects using fixed-eGect meta-
analyses (Demets 1987), in accordance with the policies of the
Cochrane Neonatal review group. We will use one primary outcome
and, therefore, we will consider a P value of 0.05 or less as the
threshold for statistical significance (Jakobsen 2014). We will use
the 8-step procedure to assess if the threshold for significance are
crossed (Jakobsen 2014). Our primary conclusion will be based
on results with low risk of bias (Jakobsen 2014). Where data are
only available from one trial, we will use Fisher’s exact test for
dichotomous data (Fisher 1922).

Where multiple trial arms are reported in a single trial, we will
include only the relevant trial arms. If two comparisons are
combined in the same meta-analysis, we will halve the control
group to avoid double-counting.

Trial sequential analysis (TSA)

Traditional meta-analysis runs the risk of random errors due to
sparse data and repetitive testing of accumulating data when
updating reviews. We will therefore perform TSA on the outcomes,
in order to calculate the required information size and the
cumulative Z-curve’s breach of relevant trial sequential monitoring
boundaries (Brok 2008; Brok 2009; Thorlund 2009; Thorlund 2011;
TSA 2011; Wetterslev 2008; Wetterslev 2009; Wetterslev 2017). We
wish to control the risks of type I errors and type II errors. A more
detailed description of TSA can be found at www.ctu.dk/tsa/. We
will assess our TSA intervention eGects with both a random-eGects
model (DerSimonian 1986), and a fixed-eGect model (Demets 1987).
We will use the more conservative point estimate of the two
(Jakobsen 2014). The more conservative point estimate will be the
estimate closest to zero eGect. If the two estimates are similar, we
will use the estimate with the widest CI.

For dichotomous outcomes we will estimate the required
information size based on the observed, unweighted proportion
of patients with an outcome in the control group (the cumulative
proportion of patients with an event in the control groups relative
to all patients in the control groups), a relative risk reduction of
20%, an alpha of 5%, a beta of 20%, and diversity as suggested by
the trials in the meta-analysis.
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Subgroup analysis and investigation of heterogeneity

We plan to perform the following subgroup analyses for our primary
outcome.

• High risk of bias trials versus low risk of bias trials.

• Gestational age: term (≥ 37 weeks) compared to preterm.

• Trials from high-income countries compared to trials from
LMICs, as defined by the World Bank (World Bank 2017).

• Late-onset sepsis defined by: onset aIer 48 hours, aIer 72 hours,
aIer a week, or defined by the trial authors.

We will use the formal test for subgroup interactions in RevMan 5
(Review Manager 2014).

Sensitivity analysis

To assess the potential impact of the missing data, we will perform
the two following sensitivity analyses on the primary outcome and
the secondary outcome, serious adverse events.

• ‘Best-worst-case' scenario: we will assume that all participants
lost to follow-up in the experimental group have survived and
have had no serious adverse event; and all those participants
with missing outcomes in the control group have not survived
and have had a serious adverse event.

• ‘Worst-best-case' scenario: we will assume that all participants
lost to follow-up in the experimental group have not survived
and have had a serious adverse event; and that all those
participants lost to follow-up in the control group had survived
and had no serious adverse event.

We will present results of both scenarios in our review.

Other post-hoc sensitivity analyses may be warranted if we identify
unexpected clinical or statistical heterogeneity during our analysis
of the review results (Jakobsen 2014).

Summary of findings and assessment of the certainty of the
evidence

We will create a ‘Summary of findings' table using the
prespecified primary outcome (all-cause mortality) and five

secondary outcomes (serious adverse events, respiratory
support, circulatory support, nephrotoxicity, and neurological
developmental impairment) at maximum follow-up. We will use
the GRADE approach, as outlined in the GRADE Handbook, to
assess the certainty of evidence for our primary outcomes and
five secondary outcomes (serious adverse events, respiratory
support, circulatory support, nephrotoxicity, and neurological
developmental impairment) (Schünemann 2013).

Two review authors will independently assess the certainty of
the evidence for each of the outcomes above. We will consider
evidence from randomised controlled trials as high quality, but will
downgrade the quality of the evidence by one level for serious (or
two levels for very serious) limitations based upon the following:
design (risk of bias), consistency across studies, directness of the
evidence, precision of estimates, and presence of publication bias.
We will use the GRADEpro Guideline Development Tool to create a
‘Summary of findings’ table to report the quality of the evidence
(GRADEpro GDT).

The GRADE approach results in an assessment of the quality of a
body of evidence in one of four grades, as follows.

• High: we are very confident that the true eGect lies close to that
of the estimate of the eGect.

• Moderate: we are moderately confident in the eGect estimate.
The true eGect is likely to be close to the estimate of the eGect,
but there is a possibility that it is substantially diGerent.

• Low: our confidence in the eGect estimate is limited. The true
eGect may be substantially diGerent from the estimate of the
eGect.

• Very low: we have very little confidence in the eGect estimate.
The true eGect is likely to be substantially diGerent from the
estimate of eGect.

A C K N O W L E D G E M E N T S

We have based the Methods section of this protocol on a standard
template used by Cochrane Neonatal.

Antibiotic regimens for late-onset neonatal sepsis (Protocol)
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A D D I T I O N A L   T A B L E S
 

Clinical criteria Laboratory criteria

• Abdominal distension

• Skin and subcutaneous lesions such as petechial rash, abscesses, sclerema

• Cardiovascular signs (tachycardia/bradycardia, hypotension, poor perfusion)

• Respiratory signs (apnoea, cyanosis, tachypnoea, need for ventilator, increased oxygen
requirement)

• Abnormal temperature (fever or hypothermia)

• Central nervous system signs (lethargy, hypotonia, seizure)

• Feeding problems

• White blood cell (WBC)

• Immature to total WBC ratio

• Platelet count

• C-reactive protein

• Metabolic acidosis

• Neutropenia

• Abnormal fibrinogen

• Hyperglycaemia and hypoglycaemia

Table 1.   Commonly used clinical and laboratory criteria of sepsis 

Abbreviations: WBC: white blood cell.
 

 

A P P E N D I C E S

Appendix 1. Search strategies

MEDLINE via Ovid

 

1 exp Neonatal Sepsis/

2 (sepsis adj3 (neonat$ or neo nat$)).ti,ab

3 (sepsis adj3 (newborn$ or new born$ or newly born$)).ti,ab.

4 (septic$ adj3 (neonat$ or neo nat$)).ti,ab.

5 (septic$ adj3 (newborn$ or new born$ or newly born$)).ti,ab.

6 (infect$ adj3 (neonat$ or neo nat$)).ti,ab.

7 (infect$ adj3 (newborn$ or new born$ or newly born$)).ti,ab.

8 (bacter$ adj3 (neonat$ or neo nat$)).ti,ab.

9 (bacter$ adj3 (newborn$ or new born$ or newly born$)).ti,ab.

10 (gram adj2 negative).ti,ab.

11 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10

12 exp Anti-Bacterial Agents/
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13 antibiot$.ti,ab.

14 antimicrob$.ti,ab.

15 lactam$.ti,ab.

16 aminoglycoside$.ti,ab.

17 glycoprotein.ti,ab.

18 (penicillin or oxacillin or cloxacillin or dicloxacillin or nafcillin or methicillin).ti,ab.

19 (ampicillin or amoxicillin or piperacillin or ticarcillin or carbenicillin or mezlocillin).ti,ab.

20 (cephalosporins or cefazolin or cephalexin or cefuroxime or cefotetan or cefoxitin or ceftriaxone or
cefotaxime or ceftazidime or cefepime or cefazolin or ceftobiprole or cefoperazone).ti,ab.

21 (carbapenems or imipenem or meropenem or doripenem or ertapenem).ti,ab.

22 (monobactams or aztreonam).ti,ab.

23 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22

24 11 and 23

25 exp Infant/

26 (infan$ or newborn or neonat$ or premature or very low birth weight or low birth weight or VLBW
or LBW).mp.

27 25 or 26

28 24 and 27

29 randomised controlled trial.pt.

30 controlled clinical trial.pt.

31 randomized.ab.

32 placebo.ab.

33 clinical trials as topic.sh.

34 randomly.ab.

35 trial.ti.

36 29 or 30 or 31 or 32 or 33 or 34 or 35

37 exp animals/ not humans.sh.

38 36 not 37

39 28 and 38

  (Continued)
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PubMed

(((pubstatusaheadofprint OR publisher[sb] OR pubmednotmedline[sb]))) AND ((((((neonatal sepsis[MeSH Terms]) OR ((sepsis[Title/
Abstract] OR septic*[Title/Abstract] OR Infect*[Title/Abstract] OR bacter*[Title/Abstract] OR gram negative[Title/Abstract]))))
AND ((AntiBacterial Agents[MeSH Terms]) OR ((antibiot*[Title/Abstract] OR antimicrob*[Title/Abstract] OR lactam*[Title/Abstract]
OR aminoglycoside* [Title/Abstract] OR glycoprotein[Title/Abstract] OR penicillin[Title/Abstract] OR oxacillin[Title/Abstract] OR
cloxacillin[Title/Abstract] OR dicloxacillin[Title/Abstract] OR nafcillin[Title/Abstract] OR methicillin[Title/Abstract] OR ampicillin[Title/
Abstract] OR amoxicillin[Title/Abstract] OR piperacillin[Title/Abstract] OR ticarcillin[Title/Abstract] OR carbenicillin[Title/Abstract]
OR mezlocillin[Title/Abstract] OR cephalosporins[Title/Abstract] OR cefazolin[Title/Abstract] OR cephalexin[Title/Abstract] OR
cefuroxime[Title/Abstract] OR cefotetan[Title/Abstract] OR cefoxitin[Title/Abstract] OR ceIriaxone[Title/Abstract] OR cefotaxime[Title/
Abstract] OR ceIazidime[Title/Abstract] OR cefepime[Title/Abstract] OR cefazolin[Title/Abstract] OR ceIobiprole[Title/Abstract]
OR cefoperazone[Title/Abstract] OR carbapenems[Title/Abstract] OR imipenem[Title/Abstract] OR meropenem[Title/Abstract] OR
doripenem[Title/Abstract] OR ertapenem[Title/Abstract] OR monobactams[Title/Abstract] OR aztreonam[Title/Abstract]))))) AND (((infant,
newborn[MeSH] OR newborn OR neonate OR neonatal OR premature OR low birth weight OR VLBW OR LBW or infan* or neonat*) AND
(randomised controlled trial [pt] OR controlled clinical trial [pt] OR randomised [tiab] OR placebo [tiab] OR drug therapy [sh] OR randomly
[tiab] OR trial [tiab] OR groups [tiab]) NOT (animals [mh] NOT humans [mh]))))

Embase via Ovid

 

1 exp Neonatal Sepsis/

2 (sepsis adj3 (neonat* or neo nat*)).ti,ab.

3 (sepsis adj3 (newborn* or new born* or newly born*)).ti,ab.

4 (septic* adj3 (neonat* or neo nat*)).ti,ab.

5 (septic* adj3 (newborn* or new born* or newly born*)).ti,ab.

6 (infect* adj3 (neonat* or neo nat*)).ti,ab.

7 (infect* adj3 (newborn* or new born* or newly born*)).ti,ab.

8 (bacter* adj3 (neonat* or neo nat*)).ti,ab.

9 (bacter* adj3 (newborn* or new born* or newly born*)).ti,ab.

10 (gram adj2 negative).ti,ab.

11 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10

12 exp Anti-Bacterial Agents/

13 antibiot*.ti,ab.

14 antimicrob*.ti,ab.

15 lactam*.ti,ab.

16 aminoglycoside*.ti,ab.

17 glycoprotein.ti,ab.

18 (penicillin or oxacillin or cloxacillin or dicloxacillin or nafcillin or methicillin).ti,ab.

19 (ampicillin or amoxicillin or piperacillin or ticarcillin or carbenicillin or mezlocillin).ti,ab.
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20 (cephalosporins or cefazolin or cephalexin or cefuroxime or cefotetan or cefoxitin or ceftriaxone or
cefotaxime or ceftazidime or cefepime or cefazolin or ceftobiprole or cefoperazone).ti,ab.

21 (carbapenems or imipenem or meropenem or doripenem or ertapenem).ti,ab.

22 (monobactams or aztreonam).ti,ab.

23 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22

24 11 and 23

25 (infan* or newborn or neonat* or premature or very low birth weight or low birth weight or VLBW or
LBW).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer,
drug manufacturer, device trade name, keyword, floating subheading word]

26 exp infant/

27 25 or 26

28 (human not animal).mp. [mp=title, abstract, heading word, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword, floating subheading word]

29 (randomised controlled trial or controlled clinical trial or randomised or placebo or clinical trials as
topic or randomly or trial or clinical trial).mp. [mp=title, abstract, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade name, keyword, floating sub-
heading word]

30 27 and 28 and 29

31 24 and 30

  (Continued)

 
CINAHL

 

S1 (antibiot* OR antimicrob* OR lactam* OR aminoglycoside* OR glycoprotein OR penicillin OR
oxacillin OR cloxacillin OR dicloxacillin OR nafcillin OR methicillin OR ampicillin OR amoxicillin
OR piperacillin OR ticarcillin OR carbenicillin OR mezlocillin OR cephalosporins OR cefazolin OR
cephalexin OR cefuroxime OR cefotetan OR cefoxitin OR ceftriaxone OR cefotaxime OR ceftazidime
OR cefepime OR cefazolin OR ceftobiprole OR cefoperazone OR carbapenems OR imipenem OR
meropenem OR doripenem OR ertapenem OR monobactams OR aztreonam)

S2 (infan* OR newborn OR neonat* OR premature OR low birth weight OR VLBW OR LBW) AND (ran-
domised controlled trial OR controlled clinical trial OR randomised OR placebo OR clinical trials as
topic OR randomly OR trial OR PT clinical trial)

S3 (sepsis N3 (neonat* or neo nat*))

S4 (sepsis N3 (newborn* or new born* or newly born*))

S5 (septic* N3 (neonat* or neo nat*))

S6 (septic* N3 (newborn* or new born* or newly born*))

S7 (infect* N3 (neonat* or neo nat*))
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S8 (infect* N3 (newborn* or new born* or newly born*))

S9 (bacter* N3 (neonat* or neo nat*))

S10 (bacter* N3 (newborn* or new born* or newly born*)

S11 (gram N2 negative)

S12 S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11

S13 S1 AND S2 AND S12

  (Continued)

 
CRS Web

 

1 (infan* or newborn or neonat* or premature or preterm or very low birth weight or low birth weight
or VLBW or LBW) AND CENTRAL:TARGET

2 MESH DESCRIPTOR Neonatal Sepsis EXPLODE ALL AND CENTRAL:TARGET

3 (sepsis NEAR3 (neonat* or neo nat*)) AND CENTRAL:TARGET

4 (sepsis NEAR3 (newborn* or new born* or newly born*)) AND CENTRAL:TARGET

5 (septic* NEAR3 (neonat* or neo nat*)) AND CENTRAL:TARGET

6 (septic* NEAR3 (newborn* or new born* or newly born*)) AND CENTRAL:TARGET

7 (infect* NEAR3 (neonat* or neo nat*)) AND CENTRAL:TARGET

8 (infect* NEAR3 (newborn* or new born* or newly born*)) AND CENTRAL:TARGET

9 (bacter* NEAR3 (neonat* or neo nat*)) AND CENTRAL:TARGET

10 (bacter* NEAR3 (newborn* or new born* or newly born*)) AND CENTRAL:TARGET

11 (gram NEAR2 negative) AND CENTRAL:TARGET

12 #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11

13 MESH DESCRIPTOR Anti-Bacterial Agents EXPLODE ALL AND CENTRAL:TARGET

14 (antibiot* OR antimicrob* OR lactam* OR aminoglycoside* OR glycoprotein OR penicillin OR
oxacillin OR cloxacillin OR dicloxacillin OR nafcillin OR methicillin OR ampicillin OR amoxicillin
OR piperacillin OR ticarcillin OR carbenicillin OR mezlocillin OR cephalosporins OR cefazolin OR
cephalexin OR cefuroxime OR cefotetan OR cefoxitin OR ceftriaxone OR cefotaxime OR ceftazidime
OR cefepime OR cefazolin OR ceftobiprole OR cefoperazone OR carbapenems OR imipenem OR
meropenem OR doripenem OR ertapenem OR monobactams OR aztreonam) AND CENTRAL:TAR-
GET

15 #13 OR #14

16 #1 AND #12 AND #15
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Appendix 2. Risk of bias tool

We will use the standard methods of Cochrane and Cochrane Neonatal to assess the methodological quality of the included trials. For
each included trial, we will seek information regarding the method of randomisation, blinding, and reporting of all outcomes of all infants
enrolled in the trial. We will assess each criterion as being at either low, high, or unclear risk of bias. Two review authors will separately
assess each study. We will resolve any disagreement by discussion. We will add this information to the ‘Characteristics of included studies'
table. We will evaluate the following issues and enter the findings into the ‘Risk of bias' table.

1. Sequence generation (checking for possible selection bias). Was the allocation sequence adequately generated?

For each included study, we will categorise the method used to generate the allocation sequence as:

• low risk (any truly random process e.g. random number table; computer random number generator);

• high risk (any non-random process e.g. odd or even date of birth; hospital or clinic record number); or

• unclear risk.

2. Allocation concealment (checking for possible selection bias). Was allocation adequately concealed?

For each included study, we will categorise the method used to conceal the allocation sequence as:

• low risk (e.g. telephone or central randomisation; consecutively numbered sealed opaque envelopes);

• high risk (open random allocation; unsealed or non-opaque envelopes, alternation; date of birth); or

• unclear risk

3. Blinding of participants and personnel (checking for possible performance bias). Was knowledge of the allocated intervention
adequately prevented during the study?

For each included study, we will categorise the methods used to blind study participants and personnel from knowledge of which
intervention a participant received. Blinding will be assessed separately for diGerent outcomes or class of outcomes. We will categorise
the methods as:

• low risk, high risk, or unclear risk for participants; and

• low risk, high risk, or unclear risk for personnel.

4. Blinding of outcome assessment (checking for possible detection bias). Was knowledge of the allocated intervention
adequately prevented at the time of outcome assessment?

For each included study, we will categorise the methods used to blind outcome assessment. Blinding will be assessed separately for
diGerent outcomes or class of outcomes. We will categorise the methods as:

• low risk for outcome assessors;

• high risk for outcome assessors; or

• unclear risk for outcome assessors.

5. Incomplete outcome data (checking for possible attrition bias through withdrawals, dropouts, protocol deviations). Were
incomplete outcome data adequately addressed?

For each included study and for each outcome, we will describe the completeness of data including attrition and exclusions from the
analysis. We will note whether attrition and exclusions were reported, the numbers included in the analysis at each stage (compared with
the total randomised participants), reasons for attrition or exclusion where reported, and whether missing data were balanced across
groups or were related to outcomes. Where suGicient information is reported or supplied by the trial authors, we will re-include missing
data in the analyses. We will categorise the methods as:

• low risk (< 20% missing data);

• high risk (≥ 20% missing data); or

• unclear risk.

6. Selective reporting bias. Are reports of the study free of suggestion of selective outcome reporting?

For each included study, we will describe how we investigated the possibility of selective outcome reporting bias and what we found. For
studies in which study protocols were published in advance, we will compare prespecified outcomes versus outcomes eventually reported
in the published results. If the study protocol was not published in advance, we will contact study authors to gain access to the study
protocol. We will assess the methods as:
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• low risk (where it is clear that all of the study's prespecified outcomes and all expected outcomes of interest to the review have been
reported);

• high risk (where not all the study's prespecified outcomes have been reported; one or more reported primary outcomes were not
prespecified outcomes of interest and are reported incompletely and so cannot be used; study fails to include results of a key outcome
that would have been expected to have been reported); or

• unclear risk.

7. Other sources of bias. Was the study apparently free of other problems that could put it at a high risk of bias?

For each included study, we will describe any important concerns we had about other possible sources of bias (e.g. whether there was a
potential source of bias related to the specific study design or whether the trial was stopped early due to some data-dependent process).
We will assess whether each study was free of other problems that could put it at risk of bias as:

• low risk;

• high risk;

• unclear risk.

If needed, we plan to explore the impact of the level of bias through undertaking sensitivity analyses.

W H A T ' S   N E W

 

Date Event Description

9 December 2019 Amended Authors have revised the protocol prior to conducting the updat-
ed review. This protocol and subsequent review will replace the
review of "Antibiotic regimens for suspected late onset sepsis in
newborn infants" (Gordon 2005).

 

H I S T O R Y

Protocol first published: Issue 12, 2020

 

Date Event Description

7 July 2016 Amended Converted to new review format.
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