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

To assess the safety and effectiveness of shorter versus longer duration antibiotic regimens for the treatment of culture-positive neonatal
sepsis with or without meningitis.
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BACKGROUND

Description of the condition

Neonatal sepsis, occurring before 28 days' corrected age, is
a leading cause of death globally (Lawn 2014). In adults and
children, international consensus definitions of sepsis include
multi-organ dysfunction and bacteraemia (Singer 2016). However,
no international consensus definition for neonatal sepsis exists
(Wynn 2016). In lieu, culture-positive or proven neonatal sepsis
has been defined as clinical and laboratory criteria consistent with
infection combined with the growth of bacteria in blood culture
(Isaacs 1995). Despite significant improvements in global neonatal
mortality rates (Liu 2016), an estimated 16% of global neonatal
mortality was attributed to sepsis, meningitis or lower respiratory
tract infections in 2019 (Perin 2022).

Neonates, in particular preterm infants, are at increased risk
of sepsis due to immune system immaturity and reduced
placental transfer of maternal antibodies (Camacho-Gonzalez
2013). Neonatal sepsis may be difficult to diagnose as the clinical
manifestations may be non-specific (Camacho-Gonzalez 2013),
and difficult to distinguish from those of non-infectious aetiology
(Polin 2012). Culture-positive sepsis may be suspected by the
presence of clinical signs that have been validated to predict
bacteraemia, including signs of shock, abnormal body temperature
and respiratory insufficiency (Okascharoen 2005; Okascharoen
2007). Laboratory tests including white cell count and acute-
phase reactants are commonly used. However, they have limited
diagnostic accuracy in predicting culture-positive sepsis (Wynn
2016). A diagnosis of culture-positive sepsis requires a positive
blood culture, which has been reported to occurin 3.7% of all blood
cultures processed in a high-income setting (Connell 2007), and in
47% of infants with early-onset sepsis (EOS) in a low-income setting
(Kayange 2010). True positive results may be limited by resource
availability and the volume of blood collected (Connell 2007).

The population estimate for neonatal sepsis is reported to be
28.2 per 1000 livebirths (Fleischmann 2021). There is a higher
burden in low- and middle-income countries (Fleischmann-Struzek
2018), with the incidence of neonatal sepsis reported to be
39.3 to 46.9 per 1000 live births (Fleischmann 2021; Milton
2022), compared to 17.22 per 1000 livebirths in high-income
countries (Fleischmann 2021). The reported mortality rate is
variable, but most recent reports are between 11% and 19%
(Fleischmann 2021). In addition to short-term neonatal mortality
and longer-term death following discharge, neonatal sepsis carries
significant morbidity with an increased risk of respiratory distress
syndrome, intraventricular haemorrhage (IVH), meningitis, multi-
organ failure, bronchopulmonary dysplasia (BPD) and poorer
neurodevelopmental outcomes compared to controls without
sepsis (Bakhuizen 2014; Schlapbach 2011).

Neonatal sepsis is categorised into EOS and late-onset sepsis (LOS)
distinguished by timing and mode of infection acquisition, and
therefore causative pathogens. EOS is commonly defined as sepsis
occurring before 72 hours after birth (Cortese 2016; Korang 2021a;
NICE 2021), and is a vertically acquired infection (mother to infant)
from the antenatal or intrapartum period (Camacho-Gonzalez
2013). In high-income countries, the EOS incidence is reported to
be between 0.7 and 0.79 per 1000 livebirths (Cailes 2018; Schrag
2016). In low- and middle-income countries, there is significant
variability in reported incidence from 0.9 to 77 per 1000 livebirths

(Sands 2022). Risk factors for EOS include prematurity, low
birthweight, maternal Group B streptococcus (GBS) colonisation,
chorioamnionitis, premature rupture of membranes and prolonged
rupture of membranes (greater than 18 hours) (Camacho-Gonzalez
2013). The incidence of EOS is reported to have an inverse
relationship to birthweight and gestational age (GA) (Fleischmann
2021).

The most common causative pathogens of EOS in high-income
countries include GBS and Escherichia coli (E coli), and to a
lesser extent Listeria monocytogenes, other Streptococci species,
Staphylococcus aureus and Haemophilus influenzae (Stoll 2011;
Vergnano 2011). Klebsiella species, Staphylococcus aureus and
E coli are the most prevalent causative organisms in low- and
middle-income countries, with far fewer infections caused by GBS
(Vergnano 2005; Zaidi 2009).

LOS usually occurs after 72 hours of birth (Cortese 2016; Korang
2021b; NICE 2021). The overall incidence of LOS was reported as
9.5 per 1000 live births (Fleischmann 2021), with an incidence of 2.2
per 1000 live births reported in a high-income setting (Cailes 2018),
and a variable incidence of 4.9 to 16.9 per 1000 live births in low-
and middle-income settings (Al-Taiar 2013; Hammoud 2012). Risk
factors for LOS include prematurity; low birthweight; delay in early
breast milk feeding; prolonged use of parenteral nutrition; invasive
interventions including intravascular catheterisation, mechanical
ventilation and surgery; and underlying cardiac and respiratory
disease (Boghossian 2013; Dong 2015; Leal 2012; Stoll 2002; Tsai
2014a). Central line-associated bloodstream infection (CLABSI) is
a category of LOS defined by the Centers for Disease Control
and Prevention as a primary bloodstream infection in a patient
with a central line in situ 48 hours prior to development of the
bloodstream infection, and not related to infection at another site
(O'Grady 2011). Coagulase negative staphylococci (CoNS) is the
predominant causative organism in high-income countries with an
incidence of 8.25 per 1000 catheter-days (Zipursky 2019). Gram-
negative or resistant organisms are more likely to be causative in
resource-limited settings (Jenkins 2017), with an incidence of 2.6 to
60 per 1000 catheter-days reported (Rosenthal 2009).

CoNS is the predominant causative pathogen reported for LOS
(particularly CLABSI), with Staphylococcus aureus, E coli, Klebsiella
species, Enterobacter species, Pseudomonas species and Candida
also commonly isolated (Dong 2015; Isaacs 1996; Vergnano 2005;
Vergnano 2011). Some organisms are associated with a significantly
increased risk of mortality, such as Pseudomonas aeruginosa with
a mortality rate of up to 52.3% (Gordon 2006). Certain organisms
such as Serratia marcescans cause increased morbidity such
as increased home oxygen use and poorer neurodevelopmental
outcomes associated with meningitis and subsequent brain
abscess (Campbell 1992; Coggins 2023). Increased mortality
rates are also seen with multiple-drug-resistant organisms. The
mortality rate for infants with carbapenem-resistant gram-negative
organisms has been documented to be significantly higher (34%)
compared to non-carbapenem-resistant gram-negative organisms
(13%) (Thomas 2022).

Meningitis is often included in the definition of neonatal sepsis as
isolation of bacteria in cerebrospinal fluid (CSF) is often associated
with bacteraemia (ANZNN 2023; Flannery 2022). The incidence of
neonatal meningitis ranges from 0.1 to 6.1 per 1000 live births
(El-Naggar 2019; Thaver 2009), with the most common causative
organisms reported to be E coli and GBS (El-Naggar 2019). The

Shorter versus longer duration antibiotic regimens for treatment of culture-positive neonatal sepsis (Protocol) 2
Copyright © 2024 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

reported incidence of meningitis in association with sepsis is
between 20% and 30% for EOS, and 10% for LOS (Isaacs 1995), and
the presence of meningitis may impact the duration of antibiotics
provided (Shane 2017). Given these reasons, this review will
consider neonatal meningitis in association with bacteraemia.

However, differentiating neonatal sepsis from other morbidities
such as respiratory disease can be challenging. Blood culture
sensitivity is often low in neonates secondary to low colony
count bacteraemia and limited blood volume available for culture
(Connell 2007; Schelonka 1996). Suspected neonatal sepsis with
negative blood culture results will be considered in the review titled
"Shorter versus longer duration antibiotic regimens for treatment
of suspected neonatal sepsis" (Legge 2023).

Description of the intervention

The appropriate use of antibiotics has resulted in a reduction
in neonatal mortality from sepsis (Benitz 1999; Mukhopadhyay
2019; Zaidi 2011). Antibiotics are the most commonly prescribed
medication for neonates in the hospital setting (Clark 2006; Stark
2022). Rates of antibiotic use in very low birth weight infants
have been reported to be between 85% and 94% (Cordero
2003; Ting 2016). Neonates pose unique challenges that influence
antibiotic use, including the diagnostic difficulty of identifying
infection and frequent occurrence of clinical symptoms of sepsis
in the absence of positive cultures (Gkentzi 2019). Adverse
effects of antibiotics may be related to dose or duration of
treatment, and include hypersensitivity reactions, nephrotoxicity
or ototoxicity with aminoglycosides or vancomycin, and bone
marrow suppression with cephalosporins (Mukhopadhyay 2019).

Treatment is usually commenced empirically when infection or
sepsis is suspected. Targeted treatment is continued once the
source of infection is confirmed or a causative pathogen is
isolated. Choice of antibiotic is based on the clinical setting,
timing of onset of symptoms, suspected site of infection, and
geographical and antimicrobial resistance considerations. Two
Cochrane reviews concluded that there is currently insufficient
evidence to recommend one antibiotic regimen over another
for both EOS (Korang 2021a), and LOS (Korang 2021b). EOS is
commonly treated with a combination of a beta-lactam antibiotic
(benzylpenicillin or ampicillin) and an aminoglycoside (gentamicin)
(Dong 2015; Manan 2016; NICE 2021; Vergnano 2011). Third-
generation cephalosporins are used for EOS in the instance of
suspected meningitis, if aminoglycosides are contraindicated or if
gram-negative bacteria are isolated (NICE 2021). Third-generation
cephalosporins are generally not recommended as initial treatment
due to their association with increased risk of Candida infection
(Benjamin 2006), and emergence of antibiotic resistance (de Man
2000; Murki 2010). LOS has been recommended to be treated
with narrow-spectrum antibiotics guided by local susceptibility
and resistance data (Isaacs 2006). Common treatment regimens
include a penicillin such as flucloxacillin plus gentamicin (Dong
2015; NICE 2021; Vergnano 2011). Alternatives include the use of
vancomycin for resistant CoNS (Dong 2015), and cephalosporins
(Al-Taiar 2013; Cortese 2016). In the instance of antibiotic-resistant
organisms, targeted treatment with appropriate antibiotics such as
carbapenems for treatment of extended spectrum beta-lactamase
producing gram-negative bacilli is required (Shane 2017).

The recommended duration of antibiotic treatment is variable,
commonly being between seven and 21 days (Camacho-Gonzalez

2013; Cortese 2016). Recommendations include a minimum of
seven days for bloodstream infections, 14 days for gram-positive
meningitis and 21 days for gram-negative meningitis (Shane
2017). Guidelines recommend evaluating duration of antibiotics for
suspected EOS at 36 hours and continuing treatment for seven days
or longer in culture-proven sepsis, or if sepsis has been strongly
suspected (NICE 2021). For LOS, recommendations are to review
at 48 hours, and recommended duration of ongoing treatment is
variable from less than seven days to much longer treatment times
depending on source and pathogen isolated (NICE 2021).

How the intervention might work

Optimising antibiotic treatment includes selecting the appropriate
agent(s), route, dose and dosing regimen with regard to optimal
pharmacokinetics (Mukhopadhyay 2019), and duration of therapy
to both prevent antibiotic resistance and complications, and
minimise the risk of infection recurrence.

A reduction in the duration of antibiotic treatment for
management of neonatal infection may have significant benefits,
including reduction in antibiotic resistance, healthcare costs,
and complications associated with prolonged antibiotic use
and intravascular access. Higher antibiotic use rates have been
associated with higher rates of neonatal mortality, periventricular
leukomalacia (PVL), chronic lung disease (CLD) and retinopathy
of prematurity (ROP) in infants without culture-proven sepsis,
with outcomes worse for those with the highest antibiotic use
rates (Ting 2016). There is evidence to suggest that shorter
antibiotic courses are appropriate for treatment of neonatal
infection, with one retrospective observational study finding that
five days of vancomycin for management of uncomplicated CoNS
in very low birthweight infants is associated with satisfactory
outcomes compared to longer treatment courses (Linder 2013).
Additionally, there are studies in children indicating that four days
of ceftriaxone for management of bacterial meningitis is a safe
alternative to seven days of treatment (Roine 2000), and there is
no difference in mortality or recurrence of infection between 10
and 14 days of intravenous antibiotics for uncomplicated gram-
negative bacteraemia (Park 2014). Following a systematic review
of the available literature, evidence-based recommendations for
the duration of antibiotic therapy for bacteraemia, pneumonia,
meningitis and other site infections are available for children
(McMullan 2016). However, no such review exists for the neonatal
population.

The liberal prescription of antibiotics has led to the emergence of
global antibiotic resistance, which poses a major threat to human
health (Antimicrobial Resistance Collaborators 2022). Globally,
an estimated 214,000 neonatal sepsis deaths are attributable
to resistant pathogens each year (Laxminarayan 2016). This is
particularly true in neonatal units in low- and middle-income
countries, with reports of between 40% and 80% of gram-negative
organisms resistant to ampicillin, third-generation cephalosporins
or gentamicin (Al-Taiar 2013; Viswanathan 2012). However, it is also
a challenge in high-income countries. One cross-over trial carried
out in two similar neonatal intensive care units using separate
empirical antibiotic regimens demonstrated an 18-fold incidence of
resistant bacteria in the ampicillin/cefotaxime group compared to
the penicillin/tobramycin group (de Man 2000).

In addition to antimicrobial resistance, the prolonged and broad-
spectrum use of antibiotics in neonates is associated with
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increased risk of LOS, necrotising enterocolitis (NEC), fungal
infections including invasive candidiasis, and mortality (Cotten
2006; Cotten 2009; Kuppala 2011; Lee 2013). While poorer
neurodevelopmental outcomes including cerebral palsy, cognitive
impairment as measured by Bayley Scales of Infant Development,
hearing and visual impairment, are reported for infants with
neonatal sepsis (Bakhuizen 2014), there was a higher risk of
neurodevelopmental impairment reported for extremely preterm
infants treated with antibiotics for five days or more for a
blood culture-negative condition, compared to unaffected infants
(Mukhopadhyay 2021), suggesting a negative impact due to
antibiotic exposure. Recurrence rates of LOS have been reported to
be 21% to 30% (Makhoul 2002; Stoll 2002; Tsai 2014b), and while
uncommon, infections including septic arthritis, osteomyelitis and
abscess occur secondary to haematogenous bacterial spread and
are more likely in neonates who have had a central venous catheter
(Isaacs 2014; Pittard 1976). In episodes of recurrent LOS, up to
70% of causative pathogens differ from the causative pathogen
in the initial infection, suggesting that most recurrent infection is
secondary to re-infection rather than relapse of the initial episode
(Tsai2014b). However, relapse of initial infection occurs particularly
in the setting of gram-negative meningitis (Anderson 1990). It
must be considered that a longer duration of antibiotic treatment
may reduce relapse rates and recurrent infections from under
treatment, and that duration of treatment may also be influenced
by initial response to treatment.

The prolonged use of antibiotics requires longer periods of
indwelling catheter use with associated complications. Peripheral
intravenous extravasation occurs up to 70% of the time, while rates
of peripherally inserted central catheter (PICC) infiltration range
from 1% to 16% (Wu 2012). Severe extravasation causing necrosis
or cellulitis is less common (Wu 2012). Phlebitis is reported to occur
in 4% to 23% of newborns with PICC lines (Wu 2012). However, less
common, more serious complications of central catheters include
dysrhythmias, pleural or pericardial effusion, thromboembolism
and occlusion (Wu 2012).

Antibiotic use in the neonatal period is also associated with
altered gut microbiome (Reyman 2022), which is associated with an
increased risk of wheezing and infantile colic in infancy (Alm 2008;
Oosterloo 2018). The prolonged use of antibiotics may prolong
hospital stays and increase healthcare costs.

Why it is important to do this review

Neonatal sepsis results in substantial morbidity and mortality.
The vulnerability of the neonatal population and the diagnostic
challenges associated with neonatal sepsis result in the empirical
use of antibiotics. A conservative approach based on clinician
experience is frequently taken with respect to the duration of
antibiotic treatment. Reduction in the duration of antibiotic
treatment may decrease antibiotic resistance, secondary fungal
infections, NEC, duration of indwelling intravenous lines, and
subsequent line complications, length of hospital stay and
healthcare costs. However, it needs to be determined that thisis not
at the expense of safety, increased infection recurrence rates, and
increased morbidity and mortality.

This Cochrane review will aim to assess the efficacy and safety
of shorter versus longer duration antibiotic regimens for the
treatment of culture-positive sepsis in neonates.

OBJECTIVES

To assess the safety and effectiveness of shorter versus longer
duration antibiotic regimens for the treatment of culture-positive
neonatal sepsis with or without meningitis.

METHODS

Criteria for considering studies for this review
Types of studies

We will include randomised controlled trials (RCTs) comparing
different durations of antibiotic therapy for treatment of culture-
positive neonatal sepsis with or without meningitis. We will exclude
cross-over RCTs as the design is inappropriate to the clinical
context. We will exclude quasi-RCTs because they are inherently
prone to bias, and cluster-RCTs as they are unlikely to have
enough neonatal intensive care units of randomisation for reliable
evidence.

We will include studies reported as full-text. We will consider
unpublished studies or studies published as abstract only as
eligible for inclusion in the review if the study author can confirm
methods and data.

Types of participants

We will include term and preterm neonates admitted to a
healthcare setting and receiving systemic antibiotic treatment
(intravenous or intramuscular) for neonatal culture-positive sepsis
with or without meningitis.

We will define a neonate as an infant aged up to and including 28
days' corrected age. We will include studies assessing antibiotic
treatment of culture-positive sepsis with or without meningitis.

We will define neonatal culture-positive sepsis by clinical or
laboratory criteria, or both, consistent with sepsis (as defined by
study authors) combined with growth of bacteria in blood culture.

EOS will include infection occurring before 72 hours after birth and
LOS will include infection occurring 72 hours or greater after birth
(NICE 2021).

Meningitis as defined by the study authors.

We will define central line-associated bloodstream infection as a
primary bacteraemia in a neonate with a central line in situ within
the 48-hour period before development of the bacteraemia and not
related to an infection at another site.

For studies that include only a subset of relevant participants, we
will contact study authors to obtain relevant data. We will include
the study if the majority of the participants are eligible.

We will exclude studies that include infants with sepsis secondary
to fungaemia or viral infection.

Types of interventions
We will include any antibiotic regimens (intravenous or
intramuscular administration), with or without the co-

administration of antibiotic, antifungal or antiviral medications.
Studies will only be eligible if co-administration of antibiotic,
antifungal or antiviral medications is to both the treatment and
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control groups. We will compare shorter versus longer duration
regimens of antibiotic therapy, defined as a minimum difference in
treatment time of two days.

We will consider studies in the following treatment time epochs for
comparison.

1. Fewer than seven days versus seven days or greater to fewer
than 10 days

2. Seven days or greater to fewer than 10 days versus 10 days or
greater to fewer than 14 days

3. 10days or greater to fewer than 14 days versus 14 days or greater
to fewer than 21 days

4. 14 days orgreaterto fewerthan 21 days versus 21 days or greater

5. Wewillreport studies with duration of treatment for both groups
within the same time epoch separately.

We will report all treatment arms of each study in the
'Characteristics of included studies' table.

Types of outcome measures

The following outcome measures do not form part of the eligibility
criteria.

Primary outcomes

1. All-cause mortality prior to hospital discharge.

2. Treatment failure defined as either of the following within 14
days of ceasing antibiotics:
a. recurrence of clinical sepsis (as defined by study authors)
with recommencement of antibiotics; or

b. growth of identical bacteria on blood culture.

Secondary outcomes

1. Infant mortality to 12 months of age (latest time reported).
2. Days of hospital stay to initial discharge.

3. Secondary bacterial infection may include septic arthritis,
osteomyelitis, abscess or other as defined by the study authors
during or after antibiotic treatment within three months of
hospital discharge.

4. New-onset fungal infection is defined as growth of a
pathogenic fungal organism in a sterile site (blood culture, urine
or CSF) within three months of hospital discharge.

5. Growth of extended spectrum resistance or multi-resistant
bacteria on blood, urine or CSF culture, or surface swab
after commencement of antibiotic treatment and within three
months of hospital discharge.

6. aNecrotising enterocolitis (NEC) (defined as Bell's stage Il or
greater, or any grade requiring surgery) (Bell 1978).

7. asevere complications of intravenous therapy including
extravasation injury and thromboembolism, as defined by study
authors.

8. acomplications of antibiotic therapy including nephrotoxicity,
ototoxicity, cytopenia, diarrhoea, fever or rash.

9. aDuration (days) of respiratory support including non-
invasive respiratory support (e.g. continuous positive airway
pressure) or mechanical ventilation.

10.aMechanical ventilation defined as the requirement for
mechanical ventilation by endotracheal tube.

11.Neurosensory disability in survivors; measured beyond one-
year postmenstrual age (PMA) and defined as any of:
a. cerebral palsy (Gross Motor Functioning Classification
System (GMFCS) category 2 to 5);
b. developmental delay more than two standard deviations
below the population mean on standardised testing;

c. blindness (visual acuity less than 6/60);
d. deafness (hearing impairment requiring amplification).

12.Chronic lung disease (CLD)/bronchopulmonary dysplasia
(BPD) defined as the need for respiratory support
(supplemental oxygen or assisted ventilation, or both) at 36
weeks' PMA.

13.2Intraventricular haemorrhage (IVH), defined as grade Il and
IV (Papile 1978).

14.acystic periventricular leukomalacia (PVL) diagnosed on
ultrasound or magnetic resonance imaging.

15.2Retinopathy of prematurity (ROP), defined as stage 3 or
greater.

aThe outcomes will be reported up to hospital discharge unless
otherwise specified.

Search methods for identification of studies

An Information Specialist (MF) wrote the search strategy for Ovid
MEDLINE, which is presented in Appendix 1. This strategy will
be translated for other databases, using appropriate syntax and
controlled vocabulary. Methodological filters will be used to limit
retrieval to RCTs and systematic reviews. Searches for systematic
reviews on topics related to this review will be limited to the past
two years. Searches for trials will be conducted without language,
publication year, publication type or publication status restrictions.

We will document searches in sufficient detail to inform a study flow
(PRISMA) diagram (Page 2021a; Page 2021b).

Electronic searches

We will search the following databases.

1. Cochrane Central Register of Controlled Trials (CENTRAL), via
CRS

2. Ovid MEDLINE(R) All
3. Ovid Embase (1974 to date of search)
4. Epistemonikos (www.epistemonikos.org)

Searching other resources

We will identify trial registration records using CENTRAL and by
independent searches of:

1. US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (clinicaltrials.gov);

2. World Health Organization International Clinical Trials Registry
Platform (ICTRP) (trialsearch.who.int/Default.aspx).

We will identify conference abstracts using CENTRAL and the
following conference websites:

1. PAS (Pediatric Academic Societies) (www.pas-meeting.org/past-
abstracts/);
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2. European Society for Paediatric Infectious Diseases
(www.espid.org/content.aspx?

Group=archives&Page=archive_aem).

We will screen the reference lists of included studies and related
systematic reviews for studies not identified by the database
searches.

We will search for errata or retractions for included studies
published on PubMed (www.ncbi.nlm.nih.gov/pubmed).

We will contact the corresponding investigator for information
if we identify any relevant unpublished trials. We will consider
unpublished studies or studies published as abstract only as
eligible for inclusion in the review if the study author can confirm
methods and data.

Data collection and analysis

We will collect information regarding the method of randomisation,
blinding, intervention, stratification and whether the trial was
single or multi-centre for each included study. We will note
information regarding trial participants including GA, corrected
GA, birthweight, diagnosis of sepsis, EOS, LOS, meningitis, CLABSI,
Gram stain or type of pathogenic bacteria or both on culture (blood
or CSF, or both), method of antibiotic administration, length of
antibiotic administration (days) and low- or high-income country
setting. We will analyse the clinical outcomes noted above in Types
of outcome measures.

Where studies have multiple publications, we will collate the
reports of the same study, so that each study, rather than each
report, is the unit of interest for the review, and such studies have a
single identifier with multiple references.

In the event we identify and include studies by review authors,
we will have two independent review authors undertake the
following: screening and selection, data extraction, risk of bias
assessment and assess certainty of evidence. In the event multiple
review authors are involved in an included study, we will recruit
independent colleagues to undertake these tasks.

Selection of studies

We will manage search results using Endnote (Endnote). We will
remove duplicates using both bibliographic management software
and Covidence.

We will assess titles and abstracts in two ways: using Cochrane's
Screen4Me (S4M) system (S4M), and by author screening. The S4M
system includes three levels of assessment for identifying non-RCT
records: Known Assessments, RCT Classifier, and Cochrane Crowd;
assessments and further information on S4M are available in the
literature (Marshall 2018; Noel-Storr 2020; Noel-Storr 2021; Thomas
2021). We will document the S4M process in the review.

Two review authors (AL, JM) will independently screen title
and abstracts remaining after S4M classification. Two review
authors (AL, JM) will independently screen the full-texts of any
references included following title/abstract screening. We will
resolve disagreements by discussion, or by consulting a third
review author (AG).

We will document the reasons for excluding studies during full-text
review in the 'Characteristics of excluded studies' table. We will also

provide any information we can obtain about ongoing studies. We
will record the selection process in sufficient detail to complete a
PRISMA flow diagram (Page 2021a; Page 2021b).

Data extraction and management

Two review authors (AL and AG) will independently extract data
using a data extraction form integrated with a modified version
of the Cochrane Effective Practice and Organisation of Care Group
data collection checklist (EPOC). We will pilot the form within the
review team using a sample of included studies. We will extract the
following characteristics from each included study.

1. Administrative details: study author(s); published or
unpublished; year of publication; year in which study was
conducted; presence of vested interests by study authors; details
or other relevant papers cited.

2. Study characteristics: study registration, study design type,
study setting, number of study centres and location, informed
consent, ethics approval, completeness of follow-up (e.g.
greater than 80%).

3. Participants: number randomised, number lost to follow-up/
withdrawn, number analysed, mean GA, GA range, mean
chronological age, chronological age range, sex, birthweight,
bacterial organism culture results or Gram stain of bacterial
organism isolated, or both, diagnosis of sepsis, meningitis or
CLABSI, inclusion and exclusion criteria.

4. Interventions: mode of antibiotic administration, duration of
administration, type of antibiotic(s), dose of antibiotic(s).

5. Outcomes as specified above under Types of outcome
measures.

We will resolve any disagreements by discussion.

We will describe ongoing studies identified by our search and
document available information such as the primary author,
research question(s), methods and outcome measures, together
with an estimate of the anticipated reporting date in the
'Characteristics of ongoing studies' table.

Should any queries arise, or in cases where additional data
are required, we will contact study investigators/authors for
clarification. Two review authors (AL and AG) will use Cochrane
statistical software for data entry (RevMan 2024).

Assessment of risk of bias in included studies

Two of three review authors (AL or JM and AG) will independently
assess the risk of bias (low, high or unclear) of all included trials
using the Cochrane RoB 1 tool for the following domains (Higgins
2011).

. 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

No s wN e

We will resolve any disagreements by discussion or by consulting
a third review author (AG). See Appendix 2 for a more detailed
description of the risk of bias for each domain.
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Measures of treatment effect
Dichotomous data

For dichotomous data, we will present results using risk ratios
(RR) and risk differences (RD) with 95% confidence intervals (Cls).
We will calculate the number needed to treat for an additional
beneficial outcome (NNTB), or the number needed to treat for
an additional harmful outcome (NNTH) with 95% Cls if there is a
significant reduction (or increase) in RD.

Continuous data

For continuous data, we will use the mean difference (MD)
when trials measured outcomes in the same way. We will use
the standardised mean difference (SMD) to combine trials that
measured the same outcome but used different methods. Where
trials reported continuous data as median and interquartile range
(IQR) and data passed the test of skewness, we will convert median
to mean and estimate the standard deviation as IQR/1.35.

If data are not reported in a format that can be entered directly
into a meta-analysis, we will convert them to the required format
using the information in Chapter 6 of the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2022a).

Unit of analysis issues

We will perform the primary analysis per individual as randomised.

If any trials have multiple arms that are compared against the
same control condition that will be included in the same meta-
analysis, we will either combine groups to create a single pair-wise
comparison, or select one pair of interventions and exclude the
others.

Dealing with missing data

We intend to carry out analysis on an intention-to-treat basis
for all included outcomes. Whenever possible, we will analyse
all participants in the treatment group to which they were
randomised, regardless of the actual treatment received. We will
assess losses by performing sensitivity analysis according to risk of
bias. We will address the potential impact of missing data on the
findings of the review in the 'Discussion’ section.

Assessment of heterogeneity

We will describe the clinical diversity and methodological
variability of the evidence narratively and in tables. Tables will
include data on study characteristics such as design features,
population characteristics and intervention details.

To assess statistical heterogeneity, we will visually inspect forest
plots and describe the direction and magnitude of effects and the
degree of overlap between Cls. We will also consider the statistics
generated in forest plots that measure statistical heterogeneity.
We will use the 12 statistic to quantify inconsistencies between the
trials in each analysis. We will also consider the P value from the
Chi? test to assess if this heterogeneity is significant (P < 0.1). If we
identify substantial heterogeneity, we will report the finding and
explore possible explanatory factors using prespecified subgroup
and sensitivity analysis.

We will grade the degree of heterogeneity as:

1. 0% to 40% might not represent important heterogeneity;
2. 30% to 60% may represent moderate heterogeneity;

3. 50% to 90% may represent substantial heterogeneity;

4. more than 75% may represent considerable heterogeneity.

We will use a rough guideline to interpret the 12 value rather than a
simple threshold, and our interpretation will take into account an
understanding that measures of heterogeneity (I2 statistic and Tau)
will be estimated with high uncertainty when the number of studies
is small (Deeks 2022).

Assessment of reporting biases

We will assess reporting bias by comparing the stated primary
outcomes and secondary outcomes and reported outcomes. Where
study protocols are available, we will compare these to the full
publications to determine the likelihood of reporting bias. We will
document studies using the interventions in a potentially eligible
infant population but not reporting on any of the primary and
secondary outcomes in the 'Characteristics of included studies'
tables.

We will use funnel plots to screen for publication bias where
there are a sufficient number of studies (10 or more) reporting
the same outcome. If publication bias is suggested by a significant
asymmetry of the funnel plot on visual assessment, we will
incorporate this in our assessment of certainty of evidence (Egger
1997). If our review includes fewer than 10 studies, the ability
to detect publication bias will be largely diminished, and we will
simply note our inability to rule out possible publication bias or
small-study effects.

Data synthesis

If we identify multiple studies that we consider to be sufficiently
similar, we will perform meta-analysis using Review Manager
(RevMan 2024). For categorical outcomes, we will calculate the
typical estimates of RR and RD, each with its 95% Cl; for continuous
outcomes, we will calculate the MD or the SMD, each with its 95%
Cl. We will use a fixed-effect model to allow for weighting according
to study size to combine data where it is reasonable to assume
that studies were estimating the same underlying treatment effect.
We will explore heterogeneity, and if present, we will try to explain
this based on the different study characteristics and subgroup
analyses. We will explore bias through sensitivity analyses. We
will use forest plots to provide graphical representation of the
study data. If we judge meta-analysis to be inappropriate, we will
refer to methodological guidance from Chapter 12 of the Cochrane
Handbook for Systematic Reviews of Interventions (McKenzie 2023),
and synthesis without meta-analysis (SWiM) reporting guidance
(Campbell 2020). We will create a table with studies ordered by
risk of bias, and calculate standardised effect estimates for each
study. This table will be modelled on the worked example, Table
12.4.b from the Cochrane Handbook for Systematic Reviews of
Interventions (McKenzie 2023). A forest plot will be used to provide
graphical representation of the data.

Subgroup analysis and investigation of heterogeneity

We will interpret tests for subgroup differences in effects with
caution, given the potential for confounding with other study
characteristics and the observational nature of the comparisons
(Deeks 2022). In particular, subgroup analyses with fewer than
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five studies per category are unlikely to be adequate to ascertain
valid differences in effects and will not be highlighted in our
results. When subgroup comparisons are possible, we will conduct
stratified meta-analysis and a formal statistical test for interaction
to examine subgroup differences that could account for effect
heterogeneity (e.g. Cochran's Q test, meta-regression) (Deeks
2022).

We plan to carry out the following subgroup analyses of factors that
may contribute to heterogeneity in the effects of the intervention.

1. Preterm infants (less than 37 weeks' GA) or low birthweight
(less than 2500 g); term infants (37 weeks' GA or greater) or
birthweight (2500 g or greater).

2. Type of organism: gram-positive bacteria; gram-negative
bacteria.

3. Type of infection: neonatal culture-positive sepsis without
meningitis; neonatal culture-positive sepsis with meningitis;
CLABSI.

4. Timing of sepsis: EOS (before 72 hours); LOS (after 72 hours).

We will use the following outcomes in subgroup analyses if
there are enough studies reporting to support valid subgroup
comparisons (at least five studies per subgroup).

All-cause mortality prior to hospital discharge.
Treatment failure within 14 days of ceasing antibiotics.
Days of hospital stay to initial discharge.

New-onset fungal infection defined as growth of a pathogenic
fungal organism in a sterile site (blood culture, urine or CSF)
within three months of hospital discharge.

5. Growth of extended spectrum resistance or multi-resistant
bacteria after commencement of antibiotic treatment and
within three months of hospital discharge.

6. Severe complications of intravenous therapy prior to hospital
discharge.

7. Neurosensory disability in survivors measured beyond one-year

PMA.

> wn e

Sensitivity analysis

We will explore methodological heterogeneity using sensitivity
analyses. We will perform sensitivity analyses by excluding trials
of lower quality based on a lack of any of the following: adequate
randomisation, allocation concealment and less than 10% loss to
follow-up. As the intervention is unlikely to be adequately blinded,
we will notinclude blinding as a criterion in the sensitivity analysis.

Summary of findings and assessment of the certainty of the
evidence

We will use the GRADE approach as outlined in the GRADE
Handbook (Schiinemann 2013), to assess the certainty of evidence
for the following (clinically relevant) outcomes.

5. Growth of extended spectrum resistance or multi-resistant
bacteria after commencement of antibiotic treatment and
within three months of hospital discharge.

6. Severe complications of intravenous therapy prior to hospital
discharge.

7. Neurosensory disability in survivors measured beyond one-year
PMA.

Two of three review authors (AL, AG or DO) will independently
assess the certainty of evidence for each of the outcomes
above. We will consider evidence from RCTs as high certainty,
downgrading the evidence 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
GRADEpro GDT to create a summary of findings table to report the
certainty of evidence for shorter versus longer duration antibiotic
regimens for the following comparisons.

1. Fewer than seven days versus seven days or greater to fewer
than 10 days

2. Seven days or greater to fewer than 10 days versus 10 days or
greater to fewer than 14 days

3. 10daysor greater to fewer than 14 days versus 14 days or greater
to fewer than 21 days

4. 14 days orgreater to fewer than 21 days versus 21 days or greater

5. Wewillreport studies with duration of treatment for both groups
within the same time epoch separately

The GRADE approach results in an assessment of the certainty of a
body of evidence in one of the following four grades.

+ High certainty: we are very confident that the true effect lies
close to that of the estimate of the effect.

« Moderate certainty: we are moderately confident in the effect
estimate: the true effect is likely to be close to the estimate of the
effect, but there is a possibility that it is substantially different.

« Low certainty: our confidence in the effect estimate is limited:
the true effect may be substantially different from the estimate
of the effect.

« Very low certainty: we have very little confidence in the effect
estimate: the true effect is likely to be substantially different
from the estimate of effect.

We will report results with reference to Cochrane's MECIR Manual
for the reporting of new Cochrane intervention reviews. We
will report results in accordance with recommended narrative
statements as described in Chapter 15, Table 15.6.b of the Cochrane
Handbook for Systematic Reviews of Interventions (Schiinemann
2022).

We will justify all decisions to downgrade the certainty of the
evidence using footnotes and make comments to aid the reader's
understanding of the review where necessary.

1. All-cause mortality prior to hospital discharge.
2. Treatment failure within 14 days of ceasing antibiotics. Conduct of the review
3. Days of hospital stay to initial discharge. We will conduct the review according to this published protocol and
4. New-onset fungal infection defined as growth of a pathogenic ~ report any deviations from it in the 'Differences between protocol
fungal organism in a sterile site (blood culture, urine or CSF)  and review' section of the systematic review.
within three months of hospital discharge.
Shorter versus longer duration antibiotic regimens for treatment of culture-positive neonatal sepsis (Protocol) 8
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APPENDICES

Appendix 1. Search strategy MEDLINE

We will use the following search strategy for two related reviews:
Shorter versus longer duration antibiotic regimens for treatment of culture-positive neonatal sepsis (CD015555)
Shorter versus longer duration antibiotic regimens for treatment of suspected neonatal sepsis (CD016006)

The concept of treatment duration is not searchable in any reliable way, so we did not attempt it. Similarly, searching for culture-positive
versus suspected sepsis is not possible; thus, sepsis (and related conditions) have been searched.

The selection of keywords and subject headings for selected drugs is based on input from a clinical author who provided names of drugs
most frequently used to treat sepsis in the neonate population. We have not endeavoured to translate to keywords the names of every
antibiotic found in the Anti-bacterial MeSH explosion.

We did not use the heading anti-infective agents after reviewing all narrower terms with a clinical author, we determined the substances
were not antibiotics.

Some drug categories, such as quinolones do not fall under the anti-bacterial MeSH but, again, were named by clinicians as used in sepsis
treatment.

Meningitis and strep infections have been used as cognate terms for sepsis because clinical authors considered these infections closely
related to the occurrence of sepsis.

# Searches Ovid MEDLINE(R) All
1 exp sepsis/ or exp bacteremia/ or exp fungemia/ or exp shock, septic/
2 (sepsis or septic* or bacter?emi* or candidemia* or endotox?emi* or fungemi* or pyemia* or py-

ohemia* or pyaemia*).ti,ab,kw,kf.

3 (Blood* adj3 (infect® or poison*)).ti,ab,kw,kf.

4 exp Meningitis, Bacterial/

5 (meningiti* adj2 bacterial*).ti,ab,kw,kf.

6 (Meningiti* adj2 (Escherichia* coli or Haemophilu* or Listeria* or Meningococca* or penicillin-resis-

tant or pneumococca*)).ti,ab,kw,kf.

7 exp Streptococcal Infections/ or exp Streptococcus/

8 streptococc*.ti,ab,kw,kf.

9 Klebsiella/ or Enterobacter/ or exp Pseudomonas/

10 (Klebsiella* or Enterobacter* or Pseudomona®).ti,ab,kw,kf.

11 or/1-10 [Sepsis and associated]

12 exp anti-bacterial agents/

13 Anti-Infective Agents/ [Not exploding; MeSH says to prefer specifics-- which we have done; sub-

terms are irrelevant per clinician review]

14 (antibiotic* or antibacterial* or anti-bacteria* or antiinfecti* or anti-infecti* or bactericid*).ti,ab,k-
w,kf.
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(Continued)

15 exp Quinolines/

16 (quinolone? or quinoline?).ti,ab,kw,kf.

17 exp Sulfonamides/

18 sulfonamide™*.ti,ab,kw,kf.

19 exp Penicillins/ or exp beta-Lactams/ or beta-Lactamase Inhibitors/

20 (penicillin* or ampicillin* or Pentrexyl or Polycillin* or Ukapen or Amcill or Amcill or omnipen or
((beta Lactamase* or beta-Lactamase) adj2 (inhibitor* or antagonist?))).ti,ab,kw,kf.

21 (Benzylpenicillin or Coliriocilina or Crystapen or "Or-pen" or Parcillin or Pekamin or Pengesod or
Penibiot or Penilevel or Peniroger or Pfizerpen or Sodiopen or Sodipen or Unicilina or Ursopen or
Van-Pen-G or Benpen or Floxacillin* or Fluorochloroxacillin* or Flucloxacillin* or beta lactamase?
or beta-lactamase? or Carbapenem* or Cephalosporin* or Cefotaxim* or Cephotaxim* or Cefotax-
im or Biosint or Cefradil or Taporin or Fotexina or Benaxima or Claforan or Primafen or Klaforan
or Meropenem™ or Merrem or ronem or penem or (Piperacillin adj2 Tazobactam) or Tazocin or
Tazocillin or Zosyn or Tazocel or Monobactam®).ti,ab,kw,kf. [Selected pencillins/beta lactamase]

22 Aminoglycosides/

23 Aminoglycoside*.ti,ab,kw,kf.

24 Gentamicins/

25 (Gentamycin* or Garamycin or Gentacycol or Gentavet or Genticin or G-Myticin or G Myticin or
GMyticin or Gentamicin).ti,ab,kw,kf.

26 Vancomycin/

27 (Vancomycin®* or AB-Vancomycin* or Vanco Azupharma or Diatracin or VANCO-cell or Vanco-saar or
Vancocin or Vancocine or Vancomicin*).ti,ab,kw,kf.

28 Metronidazole/

29 Metronidazol*.ti,ab,kw,kf.

30 Teicoplanin/ [glycopeptide]

31 (Teichomycin* or targocid?).ti,ab,kw,kf.

32 Glycopeptides/ [Proteins which contain carbohydrate groups attached covalently to the polypep-
tide chain. The protein moiety is the predominant group with the carbohydrate making up only a
small percentage of the total weight.]

33 Glycopeptid*.ti,ab,kw,kf.

34 or/12-33 [Antibiotics and related agents]

35 exp Infant, Newborn/ or Intensive Care, Neonatal/ or Intensive Care Units, Neonatal/ or Gestational
Age/

36 (babe or babes or baby* or babies or gestational age? or infant? or infantile or infancy or low birth
weight or low birthweight or neonat* or neo-nat* or newborn* or new born? or newly born or pre-
mature or pre-mature or pre-matures or prematures or prematurity or pre-maturity or preterm or
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foneneed preterms or pre term? or preemie or preemies or premies or premie or VLBW or VLBWI or VLBW-I or
VLBWSs or LBW or LBWI or LBWs or ELBW or ELBWI or ELBWs or NICU or NICUs).ti,ab,kw,kf.
37 or/35-36 [Filter: Neonatal Population 04-2022-MEDLINE]
38 randomized controlled trial.pt.
39 controlled clinical trial.pt.
40 randomized.ab.
41 placebo.ab.
42 clinical trials as topic.sh.
43 randomly.ab.
44 trial.ti.
45 or/38-44 [Cochrane HSSS-SP Maximizing RCT Filter]
46 (quasirandom™ or quasi-random* or random*).ti,ab,kw,kf.
47 (control* adj2 (group? or trial? or study)).ti,ab,kw,kf.
48 or/46-47 [Additional terms to increase sensitivity]
49 exp animals/ not humans/
50 (or/45,48) not 49 [RCT Filter]
51 meta-analysis/ or "systematic review"/ or network meta-analysis/ [/ finds same as.pt. syntax]
52 ((systematic* adj3 (review* or overview*)) or (methodologic* adj3 (review* or overview*))).ti,ab,k-
f,kw.
53 ((integrative adj3 (review* or overview®)) or (collaborative adj3 (review* or overview*)) or (pool*
adj3 analy*)).ti,ab,kf,kw.
54 (data synthes* or data extraction* or data abstraction*).ti,ab,kf,kw.
55 (hand search* or handsearch*).ti,ab,kf,kw.
56 (mantel haenszel or peto or der simonian or dersimonian or fixed effect* or latin square*).ti,ab,k-
f,kw.
57 meta-analysis as topic/ or network meta-analysis/
58 (meta analy* or metanaly* or meta regression* or metaregression®).ti,ab,kf,kw.
59 (medline or cochrane or pubmed or medlars or embase or cinahl).ab.
60 (cochrane or systematic review?).jw.
61 or/51-60 [SR filter-Medline; based on CADTH https://searchfilters.cadth.ca]
62 11 and 34 and 37 and 50 [Sepsis AND Antibiotics AND Neonates AND RCT]
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(Continued)
63 11 and 34 and 37 and 61 and ("2022" or "2023").yr. [SR Results]
64 or/62-63 [All results Medline]

Appendix 2. Risk of bias 1 tool
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:

1. low risk (any truly random process, e.g. random number table; computer random number generator);
2. highrisk (any non-random process, e.g. odd or even date of birth; hospital or clinic record number); or
3. unclear risk.

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:

1. low risk (e.g. telephone or central randomisation; consecutively numbered, sealed, opaque envelopes);
2. highrisk (open random allocation; unsealed or non-opaque envelopes, alternation; date of birth); or
3. unclear risk.

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. We will assess blinding separately for different outcomes or class of outcomes. We will categorise the
methods as:

1. low risk, high risk or unclear risk for participants; and
2. low risk, high risk or unclear risk for personnel.

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. We will assess blinding separately for different
outcomes or class of outcomes. We will categorise the methods as:

1. low risk for outcome assessors;
2. high risk for outcome assessors; or
3. unclear risk for outcome assessors.

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 sufficient information is reported or supplied by the trial authors, we will re-include missing
data in the analyses. We will categorise the methods as:

1. low risk (less than 20% missing data);
2. high risk (20% or greater missing data); or
3. unclearrisk.

Selective reporting bias. Are reports of the study free of the 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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1. lowrisk (whereitis clear that all the study's prespecified outcomes and all expected outcomes of interest to the review were reported);

2. highrisk (where not all the study's prespecified outcomes were reported; one or more reported primary outcomes were not prespecified
outcomes of interest and were reported incompletely and so could not be used; the study failed to include results of a key outcome that
would have been expected to have been reported); or

3. unclearrisk.

Other sources of bias. Was the study apparently free of other problems that could put it at 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:

1. low risk;
2. highrisk;
3. unclearrisk.

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