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Abstract: Neonatal sepsis causes significant global morbidity and mortality, with the highest burden in resource-limited settings
where 99% of neonatal deaths occur. There are multiple challenges to achieving successful treatment of neonates in this setting. Firstly,
reliable and low-cost strategies for risk identification are urgently needed to facilitate treatment as early as possible. Improved
laboratory capacity to allow identification of causative organisms would support antimicrobial stewardship. Antibiotic treatment is still
hampered by availability, but also increasingly by antimicrobial resistance — making surveillance of organisms and judicious antibiotic
use a priority. Finally, supportive care is key in the management of the neonate with sepsis and has been underrecognized as a priority
in resource-limited settings. This includes fluid balance and nutritional support in the acute phase, and follow-up care in order to
mitigate complications and optimise long-term outcomes. There is much more work to be done in identifying the holistic needs of
neonates and their families to provide effective family-integrated interventions and complete the package of neonatal sepsis manage-
ment in resource-limited settings.
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Introduction
Enabling children to thrive (rather than simply survive) has been highlighted as crucial global health targets by both the
United Nations and the World Health Organization.'”” Neonatal sepsis remains a key barrier to this goal. It is an
important cause of morbidity and mortality globally, with an estimated incidence of 6.31 million cases globally and
230,000 deaths in 2019.% This burden is disproportionately felt in resource-limited settings. The incidence of clinically
suspected sepsis in low- and middle-income countries (LMICs) is estimated at 166 per 1000 live births and laboratory
confirmed sepsis at 46.9 per 1000 live births,* with significant variation between individual countries and settings.’
LMICs accounted for 93.91% of the world’s total incident cases of and deaths from neonatal sepsis in 2019.> Although
the burden of neonatal sepsis has decreased in high-income countries (HICs) over the last few decades, both incidence
and resulting mortality have increased in LMICs.®

This high mortality burden in LMICs is mostly preventable, linked to persistent sociodemographic challenges such as
poverty and lack of education for women,” and to health system challenges relating to both provision and utilisation of services
posed by limited resources.® Inadequate access to care across the continuum from preconception, antenatal,” intrapartum,'® to
postnatal periods impacts the risk of sepsis and adverse consequences for vulnerable neonates.'"'? For those who can access
care, there is further risk due to suboptimal quality of care, lack of availability of antibiotics'* and antimicrobial resistance.'*'

Researchers, clinicians, and policymakers have rightly focused on strategies to improve prevention, access to
antibiotic treatment, and antimicrobial resistance, to combat neonatal sepsis in resource-limited settings. However,

there has been less focus on developing a more holistic approach to managing neonatal sepsis in order to optimise
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outcomes. Providing supportive and family-integrated care during acute illness, and longer-term follow-up, is necessary
to ensure that infants not only survive but subsequently “thrive”;'®'® these strategies should be integrated into the
medical management of neonatal sepsis.

This review aims to summarise the key knowledge and implementation gaps in managing neonatal sepsis in resource-limited
settings. Challenges surrounding diagnostics and antimicrobials will be discussed, but key research priorities will also be
highlighted relating to supportive care, family-integrated care, and follow-up in this vulnerable population. We argue that
a holistic approach is critical to reducing the unacceptably high morbidity and mortality from neonatal sepsis in resource-limited

settings.

Background
Definitions and Aetiology

There is no consensus definition for neonatal sepsis. Common themes from the literature include isolation of an infective
organism from blood or cerebrospinal fluid (CSF) samples, biochemical abnormalities such as raised C-reactive protein
(CRP), and clinical features such as fever and apnoea.'®*® Although the “gold standard” for diagnosis is a positive
culture from either blood or CSF, most neonates treated for suspected sepsis have negative blood cultures.>' This may
reflect the level of caution used by neonatologists to commence treatment empirically, or the poor sensitivity of blood
cultures when blood volumes of 0.5mL of blood or less are used.*?

Neonatal sepsis is typically divided into early-onset disease (EOD) and late-onset disease (LOD). There is no clear
consensus on the cutoff point between EOD and LOD, although many investigators and the UK’s National Institute for
Health and Care Excellence (NICE) consider EOD to be that which presents at 72 hours or before.>> > This distinction
reflects the likely aetiology of the infection, with EOD resulting from vertical transmission of a pathogen from the mother
at delivery or just prior, whether transplacental or ascending from the maternal genitourinary tract. LOD results either
from vertical transmission, or horizontal transmission of a pathogen from the neonate’s surrounding environment.**
These two methods of transmission have obvious implications for prevention — reducing EOD depends on prevention and
early treatment of maternal intrapartum infection, whereas reducing LOD depends more on infection control practices
and management of indwelling devices in neonatal units.

Causative organisms vary according to geographical location and timing of infection. EOD is often caused by
organisms that colonise the maternal genitourinary tract, with Group B Streptococcus (GBS) and Escherichia coli
causing up to 70% of EOD in preterm infants in high-resource settings.”* However, research from low- and middle-
income countries highlights a potential difference in causative organisms, with Klebsiella, Staphylococcus, Serratia, and
Burkholderia species dominating in one facility-based study.* Results may vary elsewhere with sampling methods and
setting. For LOD, coagulase-negative staphylococci (CONS) are the main pathogens, causing up to 47.4% of disease in
low- and middle-income countries.?®

Clearly, strategies for reducing morbidity and mortality will differ between EOD and LOD due to their differing
actiologies, although some issues, such as antimicrobial resistance, are relevant to both. This review will primarily focus
on EOD; EOD has an estimated 2.6 times higher incidence than LOD globally, and a higher mortality.?” Additionally,
some of the principal risk factors for LOD (such as mechanical ventilation, intravascular catheterisation, and surgery) are
less relevant in a resource-limited setting where fewer neonates born at the extremes of prematurity survive and
subsequently require prolonged and complex hospitalisations associated with LOD.?*

Sequelae

Globally, severe infection is the direct cause of up to 26% of neonatal deaths.?® Data on the short-term consequences of
neonatal sepsis focus mainly on neonates who are born prematurely or at a low birthweight.?’ A meta-analysis found that
neonates with sepsis who were born before 34 completed weeks’ gestation and/or with birthweight <1500g, were almost
twice as likely to die before hospital discharge (pooled relative risk 1.83, 95% CI 1.41-2.37) than those without sepsis.
They were also statistically more likely to suffer adverse consequences including periventricular leukomalacia, intraven-
tricular haemorrhage, and respiratory distress syndrome compared to neonates without sepsis.*’
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Survivors of neonatal sepsis are at high risk of adverse longer-term consequences. The negative effect on neurode-
velopment is well recognised; infants who have survived neonatal sepsis are twice as likely to develop cerebral palsy, in
addition to being more likely to have cognitive impairment, psychomotor delay, and visual and auditory impairment.®*-*°
Whilst there is limited evidence of developmental outcomes following neonatal sepsis from LMICs, 39% of infants
surviving neonatal meningitis in Jordan were found to have neurodevelopmental impairment, and 47.7% of very low
birthweight infants in Brazil surviving sepsis.>' Infants with neonatal sepsis are also at higher risk of impaired physical

development, including reduced height, weight, and head size.?**?

Diagnostics

Rapid and accurate diagnostics are essential to improving the treatment of neonatal sepsis. These can be broadly divided
into three categories: risk stratification and scoring to identify those at risk; microbiological testing to identify causative
organisms and confirm a diagnosis; and biochemistry tests to monitor inflammation and response to treatment. All three
approaches are core features of sepsis management in high-income countries, and all three must be improved to ensure
adequate treatment in LMICs.

Risk Stratification
To maximise the chance of successful treatment, antibiotics for suspected neonatal sepsis should be initiated as soon as

possible, >

and so should not be delayed whilst awaiting biochemical or microbiological confirmation of the diagnosis.
However, clinical signs of sepsis in the neonatal period are notoriously vague and often overlap with signs of other
neonatal conditions or reflect the normal physiological process of transitioning to extrauterine life.***> Therefore, timely
identification of neonates at high risk of sepsis is essential, but also a major challenge. A variety of risk stratification and
risk scoring systems exist primarily in HICs to facilitate the decision to start empirical antibiotic therapy after birth.>>*
These consider maternal and perinatal risk factors for neonatal sepsis such as known GBS colonisation or intrapartum
fever and may also include signs on clinical examination. These systems not only help to standardise the decision to
initiate treatment but can also reduce antibiotic usage — by 75% in an American study.>’

In resource-limited settings, clinicians lack an accurate and pragmatic risk stratification system. Few existing models have
been developed or validated for use in LMICs, and those that have demonstrate high sensitivity but low specificity.*® This can
lead to unnecessary treatment, overburdening an already resource-constrained system; in such settings a more specific model
to “rule out” sepsis is likely to be more useful. Additionally, existing models which have been adopted in high-resource
settings often require relatively detailed information about the antenatal and perinatal history, such as maternal GBS

colonisation status and gestation, which may not be available in settings with limited antenatal care provision.*

Microbiology
Identification of a causative organism of neonatal sepsis is a cornerstone of antimicrobial stewardship and allows
clinicians to ensure a neonate has been adequately treated with the correct antibiotics.*>***!' The mainstay of micro-
biological diagnosis of neonatal sepsis is blood culture, with initial results usually in 3648 hours depending on
laboratory, although its sensitivity is affected by the small blood volumes sent in neonatal samples, and reliability
dependent on adequate skin preparation to avoid contamination and false-positive results.*** In resource-limited
settings, the use of blood cultures is challenged by the prohibitive cost of consumables — such as blood culture bottles —
and the longer transport time from patient to laboratory, particularly at high temperatures.*>

Newer techniques are gaining traction in high-resource settings, such as molecular diagnostic platforms.***¢ These
techniques may be able to provide a more rapid diagnosis and require less labour time from laboratory staff.***’

4648 and are at

However, the accuracy of these tests is not yet sufficient to entirely replace traditional culture methods,
present too costly to be used in a resource-limited setting.***** Many commercially available kits have too high
a sensitivity leading to false positives where a contaminant has been detected, and do not yet provide any information

on antimicrobial susceptibility.**
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Biochemistry

Given the time required for diagnosis via culture, biochemical tests form an established part of neonatal sepsis
management in high-resource settings. Biomarkers such as CRP and more recently, procalcitonin (PCT), are used as
markers of inflammation to inform a diagnosis of neonatal sepsis and monitor response to treatment.*> CRP, although
non-specific, can be helpful in deciding the duration of antibiotic therapy with serial measurements and is relatively
inexpensive.*>* Although biomarkers may provide additional data to aid clinical decision-making, they are not specific
enough to be used independently to make or eliminate a diagnosis of sepsis.

Recommendations

The most important gaps in sepsis diagnostics to improve treatment are a lack of accurate risk stratification tools, and
a lack of laboratory infrastructure. We recommend firstly that researchers develop and validate a new risk stratification
model specifically for use in a resource-limited setting, with attention paid to the practicality of included risk factors so
that the model can be used in routine clinical practice.

Secondly, investment in laboratory infrastructure and capacity building would have a sustained impact on the success
of treatment of neonatal sepsis, also attracting research.*” We believe that this investment should be focused on
innovative “tropicalized” culture methods, such as using animals adapted to warm climates to produce agar,”' and in
laboratory staff training and retention, whilst reliable alternatives to culture methods become affordable for large-scale
adoption in resource-limited settings. Improving the reliability of culture results using these new methods would improve
understanding of local resistance patterns and facilitate decisions about antibiotic choices for empirical therapy. As
clinicians gain confidence in the accuracy and utility of these blood culture results, increased demand for blood culture
testing may help to drive down the price of a single test.

Antimicrobial Treatment

Treatment with antibiotics is the mainstay of neonatal sepsis management. Guidelines recommend intravenous or
intramuscular treatment depending on the setting, for 36 hours to 7 days depending on the strength of suspicion of
sepsis, with oral antibiotics rarely used in HICs.**> The WHO recommends ampicillin (or penicillin) and gentamicin as
first-line in hospital, which is in accordance with UK NICE guidelines, or oral amoxicillin where the suspicion of sepsis
is lower, and families are unable to access hospital care.”>*>> All of these are classified as “Access” antibiotics
according to the WHO’s AWaRe scheme (a tool to support antimicrobial stewardship) and included in the Essential
Medicines List.”* However, the success of treatment hinges upon two factors, both of which can be problematic in the
resource-limited setting: access and susceptibility.

Access to Antibiotics
Although consumption of antimicrobials has increased (by 36% between 2000 and 2010), many resource-limited settings

still struggle with access to these critically important medicines, causing increased mortality and morbidity.'* A study of

5

56 countries’ antibiotic usage found significant variation,>® although this was seen less for neonatal compared to

paediatric sepsis.’® The problem with antibiotic supply is no longer simply with access, but also with the appropriateness
of prescriptions. The increase in consumption appears to be occurring primarily in LMICs with increasing economic
growth, particularly where antibiotics are available for sale over-the-counter.* Previous studies have found significant

antibiotic exposure in children in LMICs, but frequently with inappropriate prescriptions or choices; one study of eight

557

LMICs found that the mean number of antibiotic prescriptions issued to children under 5 was 24. The mean number

1.°® Access remains variable for newer

of antibiotic prescriptions per child by age 5 in the USA is estimated at 8.2
antibiotics too — one study found that only 12 new chemical entities between 1999 and 2014 were sold in more than 10
countries.”® It must also be remembered that the availability of an affordable antibiotic does not guarantee its quality —
robust quality assurance and regulation are needed to ensure sufficient active ingredients to treat sepsis and avoid driving

resistance. '
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Antimicrobial Resistance

Resistance to currently available antibiotics has been increasing over many years and is now attracting the academic and
policy attention it deserves. Neonatal sepsis is no exception, and it is impossible within the scope of this review to
adequately describe all the factors contributing to its rise. Common causative organisms such as Klebsiella and E. coli
have demonstrated resistance rates to first-line antibiotics of over 85% in South Asia and Africa,®"** and over 80%
resistance to cephalosporins.”>®® Unsurprisingly, this has a substantial impact on treatment success rates. Multidrug-
resistant organisms are estimated to cause 30% of all deaths from neonatal sepsis. "

Neonatal antimicrobial resistance can be seen as a consequence of the relative lack of pharmacological knowledge in
this population. Correct dosing and regimen duration are both key tools to ensure successful treatment of bacterial
infection without the development of resistant species. Questions of “which dose” or “how long” may depend on the
pathogen as well as the patient to balance side effects, intensity of selection pressure, and risk of undertreatment.®*
Although the knowledge base is improving, much of pharmacodynamic and pharmacokinetic understanding in neonates
is still extrapolated from adult patients, with comparatively fewer studies available in neonates and significant inter-
patient variability depending on gestational age and disease state.®> ¢

Interestingly, despite the unregulated availability of antibiotics “over-The-counter” in many resource-limited settings,
some studies have found lower rates of antimicrobial resistance in community settings compared to hospitals.®® This
raises the possibility that oral antibiotic therapy could still be successful for mild illnesses, avoiding the need for broad-
spectrum intravenous treatment and admission to hospital, even in areas with high resistance rates in the hospital setting.
Clinicians should continue to use first-line, targeted antibiotics and community-based treatment where possible, to avoid
patients contributing to, and being inoculated with, resistant pathogens in secondary care.

Data also suggest that antibiotics are in general overprescribed for the neonatal population; in South Asia, over 70%
of possible serious bacterial infections in neonates did not have an identified cause, and almost half of those which had
a cause identified were viral.* It is possible that many episodes of neonatal “infection” have a cause that is not bacterial,
making the prescription of antibiotics for many of these episodes of presumed bacterial infection unnecessary. This
practice represents a significant risk of increasing antimicrobial resistance, unless strategies for confirming bacterial

pathogens are improved.

Recommendations

Antimicrobial resistance should be regularly reported, and these data collated by policymakers to inform appropriate
regimens to healthcare workers in different settings. As part of this, dichotomies in resistance rates — such as that seen
between community and hospital settings — should be verified, to allow the use of first-line antibiotics wherever possible
and the reservation of second-line antibiotics for necessary cases only. Furthermore, the apparent overuse of antibiotics is
likely to be a key factor driving antimicrobial resistance in neonatal sepsis and other infectious diseases and must be
tackled as a matter of public health urgency.®® This issue links back to the problem of diagnostics and risk stratification —
without strengthening these systems, antibiotic use cannot be significantly reduced without risking the undertreatment of
this vulnerable population.

Supportive Care

While antibiotics are the definitive treatment for neonatal sepsis, neonates should receive adequate supportive care,
aiming to maintain physiological stability during their antibiotic therapy and recovery, to optimise their outcomes.’> This
may include respiratory, cardiovascular, and feeding support.”’ A meta-analysis found that neonates with sepsis are
almost twice as likely to develop respiratory distress syndrome, almost 20 times more likely to develop multiple organ
failure, and have almost double the mortality when compared to neonates without sepsis.”” Although more intensive
measures such as inotropic support’' and even extracorporeal membrane oxygenation’> may form part of this care in
high-resource settings, we will focus on aspects applicable in the resource-limited setting: transfer to specialist hospitals,
respiratory support, and nutrition.
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Transfer
In resource-limited settings, a significant proportion of deliveries take place outside of a tertiary health facility, whether at
home or in a smaller clinic or hospital. The prevalence of home births in LMICs is estimated to be 28%.” One study of
Demographic and Health Surveys in 74 countries found that, in 13 countries, less than half of births took place in an
institutional delivery service.”* Non-institutional deliveries are more common among women who are poorer, less
educated, or live in rural areas, and this inequality is increasing in many LMICs.”* In some resource-limited settings
such as Zimbabwe and Tanzania, there has been a very minimal increase in institutional delivery since 1990.7*

When neonates are born at home or in smaller facilities and become unwell with sepsis, they require transfer to
a more specialised facility to receive the appropriate care.’> However, transfer to another facility often takes place via
taxi, bus, or even motorcycle in resource-limited settings.”>"’® Journeys can also be very long — a mean time of 3 hours
and 49 minutes was found in one South African study’’ — highlighting the need for improvements in safe transport
strategies. Common consequences of these transfers are hypoglycaemia and hypothermia, which are associated with

worse outcomes.”>’%7879

Respiratory
Tachypnoea, apnoea, and other forms of respiratory distress are common signs of neonatal sepsis’’ and may require
respiratory support to maintain oxygenation and ventilation. Hypoxia has been reported in up to 23.1% of sick neonates
in LMICs,*® and the resulting respiratory acidosis is linked to long-term adverse neurodevelopmental outcomes.®

In a high-resource setting, neonates unable to sustain sufficient ventilation or oxygenation are assisted by a range of
respiratory support options from nasal cannula oxygen to high-frequency oscillatory ventilation, depending on the
severity of their disease.**** However, the more invasive interventions such as mechanical ventilation require costly
equipment, reliable access to electricity, and close monitoring, generating a higher per-patient cost compared to older age
groups.® They are therefore currently unavailable in many resource-limited settings, which is estimated to have
a significant impact on neonatal mortality in these populations.®

Innovative alternatives to mechanical ventilation have been developed and successfully adopted in some resource-
limited settings, such as bubble continuous positive airway pressure (bCPAP).*® This provides continuous positive airway
pressure via simple and inexpensive equipment and has been found to be safe for use in neonates.***” However, many
resource-limited settings utilise improvised bCPAP, which does not humidify or warm the air delivered to the infant, and
lack adequate infrastructure relating to staff training, setup, and maintenance of equipment.®**° There is scarce evidence
regarding the specific needs for respiratory support in resource-limited settings on which to base future innovations.”®

Nutrition

Nutrition is essential for all neonates to survive, grow, and develop, and is of particular importance for neonates who are
unwell (including those with sepsis). Pro-inflammatory cytokines cause protein catabolism during neonatal sepsis, as
deaminated amino acids are used for gluconeogenesis to maintain glucose supply for the developing neonatal brain.”’
The severity of illness is associated with slower rates of growth and decreased fat-free mass, which are in turn associated
with worse neurodevelopmental outcomes and future metabolic disease.”’

Hypoglycaemia has also been found to be common in neonatal sepsis in a resource-limited setting, present in 32% of
septic neonates in a study in India.”” In Ethiopia, a study found that neonates with sepsis were three times more likely to
be hypoglycaemic than those without sepsis.”® This could relate to the increased metabolic demand during sepsis, but
also to the poor feeding/ feed intolerance often seen in unwell neonates. Hypoglycaemia is also associated with higher
mortality from sepsis when compared to normoglycaemic neonates.”

In a high-resource setting, nutritional support can be provided via enteral feeding with a nasogastric (NG) tube,
intravenous (IV) fluids, or total parenteral nutrition (TPN) via a central venous line. TPN is usually unavailable in
resource-limited settings,”* and although many hospitals are able to provide intravenous fluids, many do not have fluid
pumps or pre-mixed fluids, meaning the fluids must be prepared on the unit introducing a risk of infection.'? Feeding
practice in resource-limited settings is highly dependent on enteral feeding with maternal breastmilk, which is deemed to
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be safe even for very low birthweight infants,”* but there is little evidence to support specific practices to introduce or
increase feeding in sick neonates,”” and few centres have milk banks to support mothers unable to breastfeed or express
milk.'?

Recommendations

The main gap in the question of providing supportive treatments to neonates with sepsis is the lack of context-specific
evidence. Little evidence exists as to how to improve the quality of neonatal transport, and although the issues of hypothermia
and hypoglycaemia are well recognised, high-quality trials are needed to determine which interventions to mitigate these
issues are most effective, and cost-effective.”® In-utero transfer (before birth) is often preferable to postnatal transfer, if the
mother is medically stable and delivery is not imminent.”® This requires timely assessment and recognition of pregnancies at
risk of neonatal complications, safe transport options, and robust links between health clinics, secondary and tertiary care,
which are often lacking in resource limited settings. Prognostic scoring may help to allocate scarce resources to the highest-
risk transfers.” Additionally, much more evidence is required about the nature of respiratory distress and hypoxia in septic
neonates in resource-limited settings to quantify the need and allow development of innovative strategies to provide support,
such as those not requiring external gas supply. More robust, randomised trials are also required to test the effectiveness of
simple treatments for hypoglycaemia in the resource-limited setting, such as oral dextrose gel,”’ and to clarify optimal enteral
feeding guidelines for feed intolerance in unwell neonates.

Family-Integrated Care

Family-integrated care (FICare) is a model of neonatal care which aims to integrate parents as core members of the caregiving
team in the neonatal intensive care unit (NICU) and reduce some of the negative impacts of the NICU environment.”® Painful,
invasive procedures and separation from parents during the newborn period are linked with adverse neurodevelopmental and
behavioural outcomes” — of which survivors of neonatal sepsis are already at higher risk. FICare has been found to promote
family bonding, feeding, growth, parental well-being, shorter hospital stays, and improve neurodevelopment, in a variety of
settings.”®” For example, introduction of FICare in one neonatal unit improved breastfeeding rates at discharge by over 10%,
in addition to statistically significant improvements in daily weight gain.'® There are multiple factors that can contribute to
care being family-integrated within any neonatal unit, most relevant to neonates undergoing treatment for sepsis are the
promotion of breastfeeding and kangaroo mother care (KMC).”

Breastfeeding
Breastfeeding has numerous positive impacts on the health and wellbeing of all neonates, including reduced overall and
infection-related mortality.'®' The benefits extend into adulthood, with lower rates of obesity and type 2 diabetes compared to
those who are not.'** These benefits may relate to differences in the neonatal gut microbiota between exclusively breastfed and
non-exclusively breastfed infants that have consistently been seen across different populations.'®?

Breastfeeding promotion is of particular relevance to neonates being treated for sepsis, because antibiotics have
a significant and persistent impact on their microbiota, including reduced diversity, lower concentrations of protective species
such as Bacteroidetes, and higher concentrations of Enterobacteriaceae.'® """ Breastmilk plays an important role in the
restoration of a healthy microbiota post-antibiotics; human milk oligosaccharides increase the levels of “healthy” bacteria such
as Bifidobacteria, which in turn reduce gut permeability.'® They may also reduce the growth of potentially pathogenic
bacteria such as GBS.'”® Therefore, breastfeeding is a crucial intervention not only to support nutritional requirements and
catch-up growth for the recovering neonate but crucially to minimise the harmful effects of antibiotic therapy.

Kangaroo Mother Care

KMC is a model of care designed specifically for preterm and low birthweight neonates, distinguishing it from FICare
which is intended for all neonates, but has overlapping features and benefits. It warrants inclusion in this review due to its
recommendation as an essential standard of care for all stable preterm/low birthweight babies (who are at increased risk

of sepsis),'” with research underway to assess the safety and impact in unstable babies.'"
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In the hospital setting, KMC involves skin-to-skin contact with the mother as much as possible (ideally at least 18
hours per day) and frequent breastfeeding (ideally exclusive).”® Of all the parent-involved interactions studied in a meta-
review, KMC was found to have the most consistent positive effect across infant and parental outcomes.''" Skin-to-skin
contact helps to regulate neonatal body temperature, particularly in cold environments or resource-limited settings
without technology to keep neonates warm.''? It may also improve respiratory and cardiovascular stability,''* improve

cerebral blood flow,'"* 15 116,117

regulate stress, - and help relieve pain during clinical procedures.
There are two aspects of KMC that are specifically beneficial to neonates being treated for sepsis, in addition to the
generally positive effects it can have on any neonate living within the stressful and painful environment of the NICU.

118

Firstly, KMC is associated with increased rates of successful breastfeeding ° and reduced time to initiation of

breastfeeding,'"”

which can help to repair the microbiota after antibiotics as discussed above. Secondly, skin-to-skin
contact is also associated with changes to the microbiota including a lower prevalence of organisms associated with gut
dysfunction and other pathogenic species,'*® which may relate to the stress reduction and successful breastfeeding
associated with skin-to-skin contact.'?' However, much of the research regarding the benefits of KMC focuses on
preterm infants, and term babies are also at risk of neonatal sepsis, particularly in the resource-limited setting. Further
research into changes in the microbiota and its associations with disease is required in order to make firm
recommendations.'?° Finally, although contact with the mother seems preferable for infection control to handling by
multiple healthcare workers or incubator sharing in resource-limited settings, particularly where neonatal wards may be
crowded, further study is needed to ensure that skin-to-skin contact does not expose vulnerable neonates to pathogenic

organisms.

Recommendations

There are clear, evidence-based benefits of family-integrated care models, including KMC. These benefits are both short
term, such as improved establishment of breastfeeding and healthy microbiota, and longer term with improved growth
and neurodevelopmental outcomes. However, much of the evidence for holistic, family-integrated initiatives comes from
high-resource settings; more evidence is required to determine the most impactful, feasible, and acceptable interventions
in the resource-limited setting. Additionally, given the differences in epidemiology of neonatal and childhood illnesses,
more research is needed into the composition of neonates’ microbiota in a resource-limited setting, and how this relates
to health and disease.

Follow-Up

Follow-up care is a standard part of neonatal practice in high-resource settings.'?*'?*> Neonates born prematurely, with
low birthweight, or who are significantly unwell during their neonatal period, are followed up with attention paid to
growth, nutrition, and development.'?*+123 Longitudinal surveillance with a healthcare professional enables early identi-
fication of issues and timely referral for interventions to improve outcomes for NICU graduates. This is relevant for
survivors of neonatal sepsis due to the well-described impacts on physical and neurological development.?**? Finally,
follow-up also presents an opportunity for health promotion by reviewing vaccination status and providing parental

education on safe sleep and other essential health topics.'*

Neurodevelopment
Neonatal sepsis is linked with adverse neurodevelopmental outcomes, including cognitive impairment and psychomotor
delay.?**° It is recommended that at-risk neonates have regular neurodevelopmental assessments during their first 2 years
of life,'** to enable early intervention when they are not reaching developmental milestones. Hearing assessment should
also form part of follow-up,'? as prompt identification of hearing impairment and intervention (assistive devices, speech
therapy) may improve outcomes.'*® Hearing impairment may also result from ototoxic antibiotic use, particularly where
routine monitoring may not be possible.'?’

The evidence base regarding early neurodevelopmental interventions for neonates is growing,'**'*? but more
research is needed, particularly in resource-limited settings, to determine which interventions should be prioritised for

those identified to have developmental delay. Interventions focused on parenting skills and optimising the caregiving
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environment have received increasing attention, and studies have shown promising results for improved infant and family
outcomes.'** At the population level, monitoring of neurodevelopment in neonates surviving sepsis will aid in planning
for the provision of services to promote development and education.

Nutrition

Unwell neonates, including those with neonatal sepsis, may struggle to establish feeding and lose excessive weight during the
newborn period due to both poor feeding and increased requirements. Follow-up care is a key opportunity to monitor
longitudinal growth and offer nutritional interventions, and advise parents on optimal dietary choices and feeding strategies.'**
This is key for promoting long-term outcomes — early stunting is associated with reduced educational attainment, which can
have a far-reaching effect on the child and their families’ future.'** Whilst breastfeeding is recommended where possible,
more research is required to establish specifically which vitamins should be supplemented in growth-restricted or post-NICU
infants.'*> Even nutritional interventions that are deemed useful in later infancy in resource-limited settings, such as vitamin

A supplementation, have limited data to support their adoption in the neonatal period.'*

Recommendations

Although follow-up care provides opportunities to monitor and intervene to improve development, nutrition, and
parenting, more research is required in order to prioritise and plan follow-up services in a resource-limited setting.
Firstly, without monitoring developmental and nutritional outcomes, it is difficult to anticipate the level of need among
survivors of neonatal sepsis. It also remains to be seen which developmental interventions are most effective. Finally,
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follow-up clinic attendance is affected by multiple sociodemographic factors in resource-limited settings ~ — attention

must be paid to ensuring services are accessible and equitable.

Multidisciplinary and Antenatal Considerations

Although this review has focused on the management of neonates with early-onset sepsis, it must also be recognised that
prevention is far better than cure. Whilst the above strategies will help to improve mortality and morbidity from early-
onset disease, prevention of sepsis begins during antenatal care — and even before. In the resource-limited setting,
maternal and intrapartum factors such as hypertension and preterm labour were linked with increased risk of clinical and
laboratory-confirmed sepsis.* Unsurprisingly, wider sociodemographic factors such as household income and rural
residence also increased risk.* Tackling these issues is beyond the scope of this review, but the importance of multi-
disciplinary collaboration between maternity, primary care, and public health cannot be overstated.

Conclusions

The current body of evidence on the management of neonatal sepsis is often focused on the timeliness and choice of
antibiotic therapy; how best to diagnose neonatal sepsis, the likely causative organisms in that particular setting, and the
optimal combination of antibiotics. However, as discussed in this paper, a holistic package of interventions accompany-
ing antibiotic therapy is needed in order to ensure the septic neonate has the best possible chance of both “surviving and
thriving”. More research is required to determine which interventions and structures to support wider medical facilities,
neurodevelopment, nutrition, and parenting, should be prioritized as health systems develop.

Abbreviations

LMIC, Low- and middle-income country; HIC, High-income country; CSF, Cerebrospinal fluid; CRP, C-reactive protein;
EOD, Early-onset disease; LOD, Late-onset disease; NICE, National Institute for Health and Care Excellence; GBS,
Group B Streptococcus; CONS, Coagulase-negative Staphylococci; PCT, Procalcitonin; RR, Relative risk; bCPAP,
Bubble continuous positive airway pressure; NG, Nasogastric; IV, Intravenous; TPN, Total parenteral nutrition;
FICare, Family-integrated care; KMC, Kangaroo mother care; NICU: Neonatal intensive care unit.

Funding
This work was supported by the Wellcome Trust (reference 228357/Z/23/Z) as part of the CREATE PhD Scheme.

Research and Reports in Tropical Medicine 2023:14 https: 129

Dove:


https://www.dovepress.com
https://www.dovepress.com

Sturrock et al Dove

Disclosure
The authors report no conflicts of interest in this work.

References
1. United Nations Development Programme. Sustainable Development Goals. Available from: https://www.undp.org/sustainable-development-
goals. Accessed December 2, 2023.
2. United Nations, World Health Organisation. The Global Strategy for Women's, Children’s, and Adolescents’ Health; 2015.
3. LiJ, Xiang L, Chen X, et al. Global, regional, and national burden of neonatal sepsis and other neonatal infections, 1990-2019: findings from
the Global Burden of Disease Study 2019. Eur J Pediatr. 2023;182(5):2335-2343. doi:10.1007/s00431-023-04911-7

4. Milton R, Gillespie D, Dyer C, et al. Neonatal sepsis and mortality in low-income and middle-income countries from a facility-based birth cohort: an
international multisite prospective observational study. Lancet Glob Health. 2022;10(5):¢661-72. doi:10.1016/S2214-109X(22)00043-2

5. Vergnano S. Neonatal sepsis: an international perspective. Arch Dis Child - Fetal Neonatal Ed. 2005;90(3):F220—224. doi:10.1136/
adc.2002.022863

6. LiJ, Shen L, Qian K. Global, regional, and national incidence and mortality of neonatal sepsis and other neonatal infections, 1990-2019. Front
Public Health. 2023;11:1139832. doi:10.3389/fpubh.2023.1139832

7. Yaya S, Bishwajit G, Okonofua F, Uthman OA. Under five mortality patterns and associated maternal risk factors in sub-Saharan Africa: a
multi-country analysis. PLoS One. 2018;13(10):0205977. doi:10.1371/journal.pone.0205977

8. Chou VB, Walker N, Kanyangarara M. Estimating the global impact of poor quality of care on maternal and neonatal outcomes in 81 low- and
middle-income countries: a modeling study. PLOS Med. 2019;16(12):1002990. doi:10.1371/journal.pmed.1002990

9. Benova L, Tuncalp O, Moran AC, Campbell OMR. Not just a number: examining coverage and content of antenatal care in low-income and
middle-income countries. BMJ Glob Health. 2018;3(2):¢000779. doi:10.1136/bmjgh-2018-000779

10. UNICEEF. Delivering for Women: Improving Maternal Health Services to Save Lives; 2022.

11. Anindya K, Marthias T, Vellakkal S, et al. Socioeconomic inequalities in effective service coverage for reproductive, maternal, newborn, and
child health: a comparative analysis of 39 low-income and middle-income countries. EClinicalMedicine. 2021;40:101103. doi:10.1016/].
eclinm.2021.101103

12. Narayanan I, Nsungwa-Sabiti J, Lusyati S, et al. Facility readiness in low and middle-income countries to address care of high risk/ small and
sick newborns. Matern Health Neonatol Perinatol. 2019;5(1):10. doi:10.1186/s40748-019-0105-9

13. Laxminarayan R, Matsoso P, Pant S, et al. Access to effective antimicrobials: a worldwide challenge. The Lancet. 2016;387(10014):168-175.
doi:10.1016/S0140-6736(15)00474-2

14. Thomson KM, Dyer C, Liu F, et al. Effects of antibiotic resistance, drug target attainment, bacterial pathogenicity and virulence, and antibiotic
access and affordability on outcomes in neonatal sepsis: an international microbiology and drug evaluation prospective substudy
(BARNARDS). Lancet Infect Dis. 2021;21(12):1677-1688. doi:10.1016/S1473-3099(21)00050-5

15. Russell NJ, Stohr W, Plakkal N, et al. Patterns of antibiotic use, pathogens, and prediction of mortality in hospitalized neonates and young
infants with sepsis: a global neonatal sepsis observational cohort study (NeoOBS). PLOS Med. 2023;20(6):¢1004179. doi:10.1371/journal.
pmed.1004179

16. Bhutta ZA, Das JK, Bahl R, et al. Can available interventions end preventable deaths in mothers, newborn babies, and stillbirths, and at what
cost? The Lancet. 2014;384(9940):347-370. doi:10.1016/S0140-6736(14)60792-3

17. Giannoni E, Agyeman PKA, Stocker M, et al. Neonatal Sepsis of Early Onset, and Hospital-Acquired and Community-Acquired Late Onset:
a Prospective Population-Based Cohort Study. J Pediatr. 2018;201:106—114.e4. doi:10.1016/j.jpeds.2018.05.048

18. Ding X, Zhu L, Zhang R, Wang L, Wang TT, Latour JM. Effects of family-centred care interventions on preterm infants and parents in neonatal
intensive care units: a systematic review and meta-analysis of randomised controlled trials. Aust Crit Care. 2019;32(1):63—75. doi:10.1016/].
aucc.2018.10.007

19. McGovern M, Giannoni E, Kuester H, et al. Challenges in developing a consensus definition of neonatal sepsis. Pediatr Res. 2020;88(1):14-26.
doi:10.1038/541390-020-0785-x

20. Wynn JL. Defining neonatal sepsis. Curr Opin Pediatr. 2016;28(2):135-140. doi:10.1097/MOP.0000000000000315

21. Cantey JB, Baird SD. Ending the Culture of Culture-Negative Sepsis in the Neonatal ICU. Pediatrics. 2017;140(4):¢20170044. doi:10.1542/
peds.2017-0044

22. Huber S, Hetzer B, Crazzolara R, Orth-Héller D. The correct blood volume for paediatric blood cultures: a conundrum? Clin Microbiol Infect.
2020;26(2):168-173. doi:10.1016/j.cmi.2019.10.006

23. Shane AL, Stoll BJ. Neonatal sepsis: progress towards improved outcomes. J Infect. 2014;68:S24-32. doi:10.1016/j.jinf.2013.09.011

24. Simonsen KA, Anderson-Berry AL, Delair SF, Davies HD. Early-Onset Neonatal Sepsis. Clin Microbiol Rev. 2014;27(1):21-47. doi:10.1128/
CMR.00031-13

25. National Institute for Health and Care Excellence. Neonatal Infection: Antibiotics for Prevention and Treatment; 2021.

26. Dong Y, Speer CP. Late-onset neonatal sepsis: recent developments. Arch Dis Child - Fetal Neonatal Ed. 2015;100(3):F257-F263. doi:10.1136/
archdischild-2014-306213

27. Fleischmann C, Reichert F, Cassini A, et al. Global incidence and mortality of neonatal sepsis: a systematic review and meta-analysis. Arch Dis
Child. 2021;106(8):745-752. doi:10.1136/archdischild-2020-320217

28. Lawn JE, Cousens S, Zupan J. 4 million neonatal deaths: when? Where? Why? The Lancet. 2005;365(9462):891-900. doi:10.1016/S0140-
6736(05)71048-5

29. Bakhuizen SE, De Haan TR, Teune MJ, et al. Meta-analysis shows that infants who have suffered neonatal sepsis face an increased risk of
mortality and severe complications. Acta Paediatr. 2014;103(12):1211-1218. doi:10.1111/apa.12764

30. Mitha A, Foix-L’Hélias L, Arnaud C, et al. Neonatal Infection and 5-year Neurodevelopmental Outcome of Very Preterm Infants. Pediatrics.
2013;132(2):¢372-80. doi:10.1542/peds.2012-3979

130 https: Research and Reports in Tropical Medicine 2023:14

Dove!


https://www.undp.org/sustainable-development-goals
https://www.undp.org/sustainable-development-goals
https://doi.org/10.1007/s00431-023-04911-7
https://doi.org/10.1016/S2214-109X(22)00043-2
https://doi.org/10.1136/adc.2002.022863
https://doi.org/10.1136/adc.2002.022863
https://doi.org/10.3389/fpubh.2023.1139832
https://doi.org/10.1371/journal.pone.0205977
https://doi.org/10.1371/journal.pmed.1002990
https://doi.org/10.1136/bmjgh-2018-000779
https://doi.org/10.1016/j.eclinm.2021.101103
https://doi.org/10.1016/j.eclinm.2021.101103
https://doi.org/10.1186/s40748-019-0105-9
https://doi.org/10.1016/S0140-6736(15)00474-2
https://doi.org/10.1016/S1473-3099(21)00050-5
https://doi.org/10.1371/journal.pmed.1004179
https://doi.org/10.1371/journal.pmed.1004179
https://doi.org/10.1016/S0140-6736(14)60792-3
https://doi.org/10.1016/j.jpeds.2018.05.048
https://doi.org/10.1016/j.aucc.2018.10.007
https://doi.org/10.1016/j.aucc.2018.10.007
https://doi.org/10.1038/s41390-020-0785-x
https://doi.org/10.1097/MOP.0000000000000315
https://doi.org/10.1542/peds.2017-0044
https://doi.org/10.1542/peds.2017-0044
https://doi.org/10.1016/j.cmi.2019.10.006
https://doi.org/10.1016/j.jinf.2013.09.011
https://doi.org/10.1128/CMR.00031-13
https://doi.org/10.1128/CMR.00031-13
https://doi.org/10.1136/archdischild-2014-306213
https://doi.org/10.1136/archdischild-2014-306213
https://doi.org/10.1136/archdischild-2020-320217
https://doi.org/10.1016/S0140-6736(05)71048-5
https://doi.org/10.1016/S0140-6736(05)71048-5
https://doi.org/10.1111/apa.12764
https://doi.org/10.1542/peds.2012-3979
https://www.dovepress.com
https://www.dovepress.com

Dove

Sturrock et al

31. Milner KM, Neal EFG, Roberts G, Steer AC, Duke T. Long-term neurodevelopmental outcome in high-risk newborns in resource-limited
settings: a systematic review of the literature. Paediatr Int Child Health. 2015;35(3):227-242. doi:10.1179/2046905515Y.0000000043

32. Flannery DD, Jensen EA, Tomlinson LA, Yu Y, Ying GS, Binenbaum G. Poor postnatal weight growth is a late finding after sepsis in very
preterm infants. Arch Dis Child - Fetal Neonatal Ed. 2021;106(3):298-304. doi:10.1136/archdischild-2020-320221

33. Al-Matary A, Al Sulaiman M, Al-Otaiby S, Qaraqei M, Al-Matary M. Association between the timing of antibiotics administration and
outcome of neonatal sepsis. J Infect Public Health. 2022;15(6):643—647. doi:10.1016/j.jiph.2022.05.004

34. Camacho-Gonzalez A, Spearman PW, Stoll BJ. Neonatal Infectious Diseases. Pediatr Clin North Am. 2013;60(2):367-389. doi:10.1016/].
pcl.2012.12.003

35. Zea-Vera A, Ochoa TJ. Challenges in the diagnosis and management of neonatal sepsis. J Trop Pediatr. 2015;61(1):1-13. doi:10.1093/tropej/
fmu079

36. Kaiser Permanente. Probability of Neonatal Early-Onset Sepsis Based on Maternal Risk Factors and the Infant’s Clinical Presentation. Available
from: https://neonatalsepsiscalculator.kaiserpermanente.org. Accessed December 2, 2023.

37. Romano-Clarke G, Merrit K, Ziady E, et al. Reducing Blood Culture and Antibiotic Usage in Neonates: using Quality Improvement Science to
Guide Implementation of a Neonatal Early-Onset Sepsis Calculator. Adv Neonatal Care. 2022;22(4):309-316. doi:10.1097/
ANC.0000000000000932

38. Neal SR, Musorowegomo D, Gannon H, et al. Clinical prediction models to diagnose neonatal sepsis: a scoping review protocol. BMJ Open.
2020;10(8):¢039712. doi:10.1136/bmjopen-2020-039712

39. Kuzniewicz MW, Walsh EM, Li S, Fischer A, Escobar GJ. Development and Implementation of an Early-Onset Sepsis Calculator to Guide
Antibiotic Management in Late Preterm and Term Neonates. Jt Comm J Qual Patient Saf. 2016;42(5):232-239. doi:10.1016/s1553-7250(16)
42030-1

40. Public Health England. Start Smart - Then Focus Antimicrobial Stewardship Toolkit for English Hospitals; 2015.

41. Beekmann SE, Diekema DJ, Chapin KC, Doern GV. Effects of Rapid Detection of Bloodstream Infections on Length of Hospitalization and
Hospital Charges. J Clin Microbiol. 2003;41(7):3119-3125. doi:10.1128/JCM.41.7.3119-3125.2003

42. Buttery JP. Blood cultures in newborns and children: optimising an everyday test. Arch Dis Child - Fetal Neonatal Ed. 2002;87(1):25F-28 .
doi:10.1136/fn.87.1.F25

43. Mancini N, Carletti S, Ghidoli N, Cichero P, Burioni R, Clementi M. The Era of Molecular and Other Non-Culture-Based Methods in Diagnosis
of Sepsis. Clin Microbiol Rev. 2010;23(1):235-251. doi:10.1128/CMR.00043-09

44, Ombelet S, Barbé B, Affolabi D, et al. Best Practices of Blood Cultures in Low- and Middle-Income Countries. Front Med. 2019;6:131.
doi:10.3389/fmed.2019.00131

45. Ling CL, Roberts T, Soeng S, et al. Impact of delays to incubation and storage temperature on blood culture results: a multi-centre study. BMC
Infect Dis. 2021;21(1):173. doi:10.1186/s12879-021-05872-8

46. Pammi M, Flores A, Leeflang M, Versalovic J. Molecular Assays in the Diagnosis of Neonatal Sepsis: a Systematic Review and Meta-analysis.
Pediatrics. 2011;128(4):e973-85. doi:10.1542/peds.2011-1208

47. Dierikx T, Budding A, Bos M, et al. Potential of Molecular Culture in Early Onset Neonatal Sepsis Diagnosis: a Proof of Principle Study.
Microorganisms. 2023;11(4):960. doi:10.3390/microorganisms 11040960

48. Pammi M, Flores A, Versalovic J, Leeflang MM. Molecular assays for the diagnosis of sepsis in neonates. Cochrane Database Syst Rev.
2017;2017(2). doi:10.1002/14651858.CD011926.pub2

49. Otu A, Nsutebu EF, Hirst JE, Thompson K, Walker K, Yaya S. How to close the maternal and neonatal sepsis gap in sub-Saharan Africa. BMJ
Glob Health. 2020;5(4):€002348. doi:10.1136/bmjgh-2020-002348

50. Celik TH, Hanna M, Canpolat FE, Pammi M. Diagnosis of neonatal sepsis: the past, present and future. Pediatr Res. 2022;91(2):337-350.
doi:10.1038/541390-021-01696-z

51. Ombelet S, Ronat JB, Walsh T, et al. Clinical bacteriology in low-resource settings: today’s solutions. Lancet Infect Dis. 2018;18(8):e248-58.
doi:10.1016/S1473-3099(18)30093-8

52. World Health Organization. Guideline: Managing Possible Serious Bacterial Infection in Young Infants When Referral is Not Feasible; 2015.

53. World Health Organization. Pocket Book of Hospital Care for Children. 2nd ed. 2013.

54. World Health Organization. AWaRe Classification; 2021.

55. Li G, Bielicki JA, Ahmed ASMNU, et al. Towards understanding global patterns of antimicrobial use and resistance in neonatal sepsis: insights
from the NeoAMR network. Arch Dis Child. 2020;105(1):26-31. doi:10.1136/archdischild-2019-316816

56. Hsia Y, Lee BR, Versporten A, et al. Use of the WHO Access, Watch, and Reserve classification to define patterns of hospital antibiotic use
(AWaRe): an analysis of paediatric survey data from 56 countries. Lancet Glob Health. 2019;7(7):e861-71. doi:10.1016/S2214-109X(19)
30071-3

57. Fink G, D’Acremont V, Leslie HH, Cohen J. Antibiotic exposure among children younger than 5 years in low-income and middle-income
countries: a cross-sectional study of nationally representative facility-based and household-based surveys. Lancet Infect Dis. 2020;20
(2):179-187. doi:10.1016/S1473-3099(19)30572-9

58. Kissler SM, Wang B, Mehrotra A, Barnett M, Grad YH. Prescribing of antibiotics and other drugs to children from birth to age 5 in the United
States: an observational study [Internet]. Epidemiology. 2021.

59. Kallberg C, Ardal C, Salvesen Blix H, et al. Introduction and geographic availability of new antibiotics approved between 1999 and 2014. PLoS
One. 2018;13(10):¢0205166. doi:10.1371/journal.pone.0205166

60. Mendelson M, Rettingen JA, Gopinathan U, et al. Maximising access to achieve appropriate human antimicrobial use in low-income and
middle-income countries. The Lancet. 2016;387(10014):188-198. doi:10.1016/S0140-6736(15)00547-4

61. Okomo U, Akpalu ENK, Le Doare K, et al. Aetiology of invasive bacterial infection and antimicrobial resistance in neonates in sub-Saharan
Africa: a systematic review and meta-analysis in line with the STROBE-NI reporting guidelines. Lancet Infect Dis. 2019;19(11):1219-1234.
doi:10.1016/S1473-3099(19)30414-1

62. Shah A, Mulla S, Revdiwala S. Neonatal sepsis: high antibiotic resistance of the bacterial pathogens in a neonatal intensive care unit of
a tertiary Care hospital. J Clin Neonatol. 2012;1(2):72. doi:10.4103/2249-4847.96753

Research and Reports in Tropical Medicine 2023:14 https: 131

Dove:


https://doi.org/10.1179/2046905515Y.0000000043
https://doi.org/10.1136/archdischild-2020-320221
https://doi.org/10.1016/j.jiph.2022.05.004
https://doi.org/10.1016/j.pcl.2012.12.003
https://doi.org/10.1016/j.pcl.2012.12.003
https://doi.org/10.1093/tropej/fmu079
https://doi.org/10.1093/tropej/fmu079
https://neonatalsepsiscalculator.kaiserpermanente.org
https://doi.org/10.1097/ANC.0000000000000932
https://doi.org/10.1097/ANC.0000000000000932
https://doi.org/10.1136/bmjopen-2020-039712
https://doi.org/10.1016/s1553-7250(16)42030-1
https://doi.org/10.1016/s1553-7250(16)42030-1
https://doi.org/10.1128/JCM.41.7.3119-3125.2003
https://doi.org/10.1136/fn.87.1.F25
https://doi.org/10.1128/CMR.00043-09
https://doi.org/10.3389/fmed.2019.00131
https://doi.org/10.1186/s12879-021-05872-8
https://doi.org/10.1542/peds.2011-1208
https://doi.org/10.3390/microorganisms11040960
https://doi.org/10.1002/14651858.CD011926.pub2
https://doi.org/10.1136/bmjgh-2020-002348
https://doi.org/10.1038/s41390-021-01696-z
https://doi.org/10.1016/S1473-3099(18)30093-8
https://doi.org/10.1136/archdischild-2019-316816
https://doi.org/10.1016/S2214-109X(19)30071-3
https://doi.org/10.1016/S2214-109X(19)30071-3
https://doi.org/10.1016/S1473-3099(19)30572-9
https://doi.org/10.1371/journal.pone.0205166
https://doi.org/10.1016/S0140-6736(15)00547-4
https://doi.org/10.1016/S1473-3099(19)30414-1
https://doi.org/10.4103/2249-4847.96753
https://www.dovepress.com
https://www.dovepress.com

Sturrock et al Dove

63

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

74.

75.

76.

71.

78.
79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.
95.

. Shah MH, McAleese S, Kadam S, et al. Emerging Antibiotic Resistance Patterns in a Neonatal Intensive Care Unit in Pune, India: a 2-Year
Retrospective Study. Front Pediatr. 2022;10:864115. doi:10.3389/fped.2022.864115

Raymond B. Five rules for resistance management in the antibiotic apocalypse, a road map for integrated microbial management. Evol Appl.
2019;12(6):1079-1091. doi:10.1111/eva.12808

Costenaro P, Minotti C, Cuppini E, Barbieri E, Giaquinto C, Dona D. Optimizing Antibiotic Treatment Strategies for Neonates and Children:
does Implementing Extended or Prolonged Infusion Provide any Advantage? Antibiotics. 2020;9(6):329. doi:10.3390/antibiotics9060329
Butranova OI, Ushkalova EA, Zyryanov SK, Chenkurov MS. Developmental Pharmacokinetics of Antibiotics Used in Neonatal ICU: focus on
Preterm Infants. Biomedicines. 2023;11(3):940. doi:10.3390/biomedicines11030940

Allegaert K, Van Den Anker J. Neonates are not just little children and need more finesse in dosing of antibiotics. Acta Clin Belg. 2019;74
(3):157-163. doi:10.1080/17843286.2018.1473094

Chaurasia S, Sivanandan S, Agarwal R, Ellis S, Sharland M, Sankar MJ. Neonatal sepsis in South Asia: huge burden and spiralling
antimicrobial resistance. BMJ. 2019;k5314. doi:10.1136/bmj.k5314

Saha SK, Schrag SJ, El Arifeen S, et al. Causes and incidence of community-acquired serious infections among young children in South Asia
(ANISA): an observational cohort study. The Lancet. 2018;392(10142):145-159. doi:10.1016/S0140-6736(18)31127-9

Bedford Russell AR. Neonatal sepsis. Paediatr Child Health. 2011;21(6):265-269. doi:10.1016/j.paed.2010.11.003

Ruoss JL, McPherson C, DiNardo J. Inotrope and Vasopressor Support in Neonates. NeoReviews. 2015;16(6):e351-61. doi:10.1542/neo.16-
6-e351

Ramanathan K, Yeo N, Alexander P, et al. Role of extracorporeal membrane oxygenation in children with sepsis: a systematic review and
meta-analysis. Crit Care. 2020;24(1):684. doi:10.1186/s13054-020-03418-z

Hernandez-Vasquez A, Chacon-Torrico H, Bendezu-Quispe G. Prevalence of home birth among 880,345 women in 67 low- and middle-income
countries: a meta-analysis of Demographic and Health Surveys. SSM - Popul Health. 2021;16:100955. doi:10.1016/j.ssmph.2021.100955
Hasan M, Magalhaes RJS, Fatima Y, Ahmed S. Levels, Trends, and Inequalities in Using Institutional Delivery Services in Low- and
Middle-Income Countries: a Stratified Analysis by Facility Type. Glob Health Sci Pract. 2021;9(1):78-88. doi:10.9745/GHSP-D-20-00533
Tette EMA, Nuertey BD, Akaateba D, Gandau NB. The Transport and Outcome of Sick Outborn Neonates Admitted to a Regional and District
Hospital in the Upper West Region of Ghana: a Cross-Sectional Study. Children. 2020;7(3):22. doi:10.3390/children7030022

Rathod D, Adhisivam B, Bhat BV. Transport of sick neonates to a tertiary care hospital, south India: condition at arrival and outcome. Trop
Doct. 2015;45(2):96-99. doi:10.1177/0049475514564270

Ashokcoomar P, Naidoo R. An analysis of inter-healthcare facility transfer of neonates within the eThekwini Health District of KwaZulu-Natal,
South Africa. S Afi- Med J. 2016;106(5):514. doi:10.7196/SAMJ.2016.v106i5.8554

Niermeyer S, Domek G. Neonatal transport in developing country settings: a systematic review. Pan American Health Organization. 2016.
Cavallin F, Contin A, Alfeu N, et al. Prognostic role of TOPS in ambulance-transferred neonates in a low-resource setting: a retrospective
observational study. BMC Pregnancy Childbirth. 2022;22(1):726. doi:10.1186/512884-022-05060-9

Subhi R, Adamson M, Campbell H, Weber M, Smith K, Duke T. The prevalence of hypoxaemia among ill children in developing countries:
a systematic review. Lancet Infect Dis. 2009;9(4):219-227. doi:10.1016/S1473-3099(09)70071-4

Goldstein RF, Thompson RJ, Ochler JM, Brazy JE. Influence of acidosis, hypoxemia, and hypotension on neurodevelopmental outcome in very
low birth weight infants. Pediatrics. 1995;95(2):238-243.

Shi Y, Muniraman H, Biniwale M, Ramanathan R. A Review on Non-invasive Respiratory Support for Management of Respiratory Distress in
Extremely Preterm Infants. Front Pediatr. 2020;8:270. doi:10.3389/fped.2020.00270

Chakkarapani AA, Adappa R, Mohammad Ali SK, et al. “Current concepts in assisted mechanical ventilation in the neonate” - Part 2:
understanding various modes of mechanical ventilation and recommendations for individualized disease-based approach in neonates.
Int J Pediatr Adolesc Med. 2020;7(4):201-208. doi:10.1016/j.ijpam.2020.11.002

Hayman WR, Leuthner SR, Laventhal NT, Brousseau DC, Lagatta JM. Cost comparison of mechanically ventilated patients across the age span.
J Perinatol. 2015;35(12):1020-1026. doi:10.1038/jp.2015.131

Lategan I, Price C, Rhoda NR, Zar HJ, Tooke L. Respiratory Interventions for Preterm Infants in LMICs: a Prospective Study From Cape Town,
South Africa. Front Glob Womens Health. 2022;3:817817. doi:10.3389/fgwh.2022.817817

Ekhaguere OA, Mairami AB, Kirpalani H. Risk and benefits of Bubble Continuous Positive Airway Pressure for neonatal and childhood
respiratory diseases in Low- and Middle-Income countries. Paediatr Respir Rev. 2019;29:31-36. doi:10.1016/j.prrv.2018.04.004

Thukral A, Sankar MJ, Chandrasekaran A, Agarwal R, Paul VK. Efficacy and safety of CPAP in low- and middle-income countries. J Perinatol.
2016;36(S1):S21-S28. doi:10.1038/jp.2016.29

McCollum ED, Mvalo T, Eckerle M, et al. Bubble continuous positive airway pressure for children with high-risk conditions and severe
pneumonia in Malawi: an open label, randomised, controlled trial. Lancet Respir Med. 2019;7(11):964-974. doi:10.1016/S2213-2600(19)
30243-7

Kinshella MLW, Walker CR, Hiwa T, et al. Barriers and facilitators to implementing bubble CPAP to improve neonatal health in sub-Saharan
Africa: a systematic review. Public Health Rev. 2020;41(1):6. doi:10.1186/s40985-020-00124-7

Sivanandan S, Agarwal R, Sethi A. Respiratory distress in term neonates in low-resource settings. Semin Fetal Neonatal Med. 2017;22
(4):260-266. doi:10.1016/j.siny.2017.04.004

Ramel SE, Brown LD, Georgieff MK. The Impact of Neonatal Illness on Nutritional Requirements: one Size Does Not Fit All. Curr Pediatr
Rep. 2014;2(4):248-254. doi:10.1007/s40124-014-0059-3

Parvathi KSL, Soma SK, Thanda P. Incidence of glucose level abnormalities in neonatal sepsis and its association with mortality. Int J Contemp
Pediatr. 2020;7(12):2280. doi:10.18203/2349-3291.ijcp20205005

Sertsu A, Nigussie K, Eyeberu A, et al. Determinants of neonatal hypoglycemia among neonates admitted at Hiwot Fana Comprehensive
Specialized University Hospital, Eastern Ethiopia: a retrospective cross-sectional study. SAGE Open Med. 2022;10:205031212211418.
doi:10.1177/20503121221141801

World Health Organization. Guidelines on Optimal Feeding of Low Birth-Weight Infants in Low-and Middle-Income Countries; 2011.
Akindolire A, Talbert A, Sinha I, Embleton N, Allen S. Evidence that informs feeding practices in very low birthweight and very preterm
infants in sub-Saharan Africa: an overview of systematic reviews. BMJ Paediatr Open. 2020;4(1):¢000724. doi:10.1136/bmjpo-2020-000724

132

https: Research and Reports in Tropical Medicine 2023:14

Dove!


https://doi.org/10.3389/fped.2022.864115
https://doi.org/10.1111/eva.12808
https://doi.org/10.3390/antibiotics9060329
https://doi.org/10.3390/biomedicines11030940
https://doi.org/10.1080/17843286.2018.1473094
https://doi.org/10.1136/bmj.k5314
https://doi.org/10.1016/S0140-6736(18)31127-9
https://doi.org/10.1016/j.paed.2010.11.003
https://doi.org/10.1542/neo.16-6-e351
https://doi.org/10.1542/neo.16-6-e351
https://doi.org/10.1186/s13054-020-03418-z
https://doi.org/10.1016/j.ssmph.2021.100955
https://doi.org/10.9745/GHSP-D-20-00533
https://doi.org/10.3390/children7030022
https://doi.org/10.1177/0049475514564270
https://doi.org/10.7196/SAMJ.2016.v106i5.8554
https://doi.org/10.1186/s12884-022-05060-9
https://doi.org/10.1016/S1473-3099(09)70071-4
https://doi.org/10.3389/fped.2020.00270
https://doi.org/10.1016/j.ijpam.2020.11.002
https://doi.org/10.1038/jp.2015.131
https://doi.org/10.3389/fgwh.2022.817817
https://doi.org/10.1016/j.prrv.2018.04.004
https://doi.org/10.1038/jp.2016.29
https://doi.org/10.1016/S2213-2600(19)30243-7
https://doi.org/10.1016/S2213-2600(19)30243-7
https://doi.org/10.1186/s40985-020-00124-7
https://doi.org/10.1016/j.siny.2017.04.004
https://doi.org/10.1007/s40124-014-0059-3
https://doi.org/10.18203/2349-3291.ijcp20205005
https://doi.org/10.1177/20503121221141801
https://doi.org/10.1136/bmjpo-2020-000724
https://www.dovepress.com
https://www.dovepress.com

Dove

Sturrock et al

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.
124.

125.

126.

127.

Watson H, McLaren J, Carlisle N, et al. All the right moves: why in utero transfer is both important for the baby and difficult to achieve and new
strategies for change. F1000Research. 2020;9:979. doi:10.12688/f1000research.25923.1

Irvine LM, Harris DL. What are the barriers preventing the screening and management of neonatal hypoglycaemia in low-resource settings, and
how can they be overcome? Matern Health Neonatol Perinatol. 2023;9(1):8. doi:10.1186/s40748-023-00162-4

Waddington C, Van Veenendaal NR, O’Brien K, Patel N. for the International Steering Committee for Family Integrated Care. Family integrated
care: supporting parents as primary caregivers in the neonatal intensive care unit. Pediatr Investig. 2021;5(2):148—-154. doi:10.1002/ped4.12277
Franck LS, O’Brien K. The evolution of family-centered care: from supporting parent-delivered interventions to a model of family integrated
care. Birth Defects Res. 2019;111(15):1044—1059. doi:10.1002/bdr2.1521

O’Brien K, Robson K, Bracht M, et al. Effectiveness of Family Integrated Care in neonatal intensive care units on infant and parent outcomes:
a multicentre, multinational, cluster-randomised controlled trial. Lancet Child Adolesc Health. 2018;2(4):245-254. doi:10.1016/S2352-4642(18)
30039-7

Sankar MJ, Sinha B, Chowdhury R, et al. Optimal breastfeeding practices and infant and child mortality: a systematic review and meta-analysis.
Acta Paediatr. 2015;104(S467):3—13. doi:10.1111/apa.13147

Horta BL, Loret De Mola C, Victora CG. Long-term consequences of breastfeeding on cholesterol, obesity, systolic blood pressure and type 2
diabetes: a systematic review and meta-analysis. Acta Paediatr. 2015;104(S467):30-37. doi:10.1111/apa.13133

Ho NT, Li F, Lee-Sarwar KA, et al. Meta-analysis of effects of exclusive breastfeeding on infant gut microbiota across populations. Nat
Commun. 2018;9(1):4169. doi:10.1038/s41467-018-06473-x

Fouhy F, Guinane CM, Hussey S, et al. High-Throughput Sequencing Reveals the Incomplete, Short-Term Recovery of Infant Gut Microbiota
following Parenteral Antibiotic Treatment with Ampicillin and Gentamicin. Antimicrob Agents Chemother. 2012;56(11):5811-5820.
doi:10.1128/AAC.00789-12

Eck A, Rutten NBMM, Singendonk MMJ, et al. Neonatal microbiota development and the effect of early life antibiotics are determined by two
distinct settler types. PLoS One. 2020;15(2):¢0228133. doi:10.1371/journal.pone.0228133

Fjalstad JW, Esaiassen E, Juvet LK, Van Den Anker JN, Klingenberg C. Antibiotic therapy in neonates and impact on gut microbiota and
antibiotic resistance development: a systematic review. J Antimicrob Chemother. 2018;73(3):569-580. doi:10.1093/jac/dkx426

Van Daele E, Kamphorst K, Vlieger AM, et al. Effect of antibiotics in the first week of life on faecal microbiota development. Arch Dis Child -
Fetal Neonatal Ed. 2022;107(6):603—610. doi:10.1136/archdischild-2021-322861

Morreale C, Giaroni C, Baj A, et al. Effects of Perinatal Antibiotic Exposure and Neonatal Gut Microbiota. Antibiotics. 2023;12(2):258.
doi:10.3390/antibiotics 12020258

World Health Organization. WHO Recommendations for Care of the Preterm or Low-Birth-Weight Infant. Geneva: World Health Organization;
2022.

Medvedev MM, Tumukunde V, Mambule I, et al. Operationalising kangaroo Mother care before stabilisation amongst low birth Weight
Neonates in Africa (OMWaNA): protocol for a randomised controlled trial to examine mortality impact in Uganda. Trials. 2020;21(1):126.
doi:10.1186/s13063-019-4044-6

Puthussery S, Chutiyami M, Tseng PC, Kilby L, Kapadia J. Effectiveness of early intervention programs for parents of preterm infants: a
meta-review of systematic reviews. BMC Pediatr. 2018;18(1):223. do0i:10.1186/s12887-018-1205-9

Mori R, Khanna R, Pledge D, Nakayama T. Meta-analysis of physiological effects of skin-to-skin contact for newborns and mothers. Pediatr
Int. 2010;52(2):161-170. doi:10.1111/j.1442-200X.2009.02909.x

Linnér A, Lode Kolz K, Klemming S, et al. Immediate skin-to-skin contact may have beneficial effects on the cardiorespiratory stabilisation in
very preterm infants. Acta Paediatr. 2022;111(8):1507-1514. doi:10.1111/apa.16371

Korraa AA, El Nagger AAI, Mohamed RAES, Helmy NM. Impact of kangaroo mother care on cerebral blood flow of preterm infants. /tal
J Pediatr. 2014;40(1):83. doi:10.1186/s13052-014-0083-5

Ionio C, Ciuffo G, Landoni M. Parent-Infant Skin-to-Skin Contact and Stress Regulation: a Systematic Review of the Literature. /nt J Environ
Res Public Health. 2021;18(9):4695. doi:10.3390/ijerph18094695

Johnston C, Campbell-Yeo M, Fernandes A, Inglis D, Streiner D, Zee R. Skin-to-skin care for procedural pain in neonates. In: The Cochrane
Collaboration, editor. Cochrane Database of Systematic Reviews. Chichester, UK: John Wiley & Sons, Ltd; 2014:CD008435.

Boundy EO, Dastjerdi R, Spiegelman D, et al. Kangaroo Mother Care and Neonatal Outcomes: a Meta-analysis. Pediatrics. 2016;137(1):
€20152238. doi:10.1542/peds.2015-2238

Wang Y, Zhao T, Zhang Y, Li S, Cong X. Positive Effects of Kangaroo Mother Care on Long-Term Breastfeeding Rates, Growth, and
Neurodevelopment in Preterm Infants. Breastfeed Med. 2021;16(4):282-291. doi:10.1089/bfm.2020.0358

Mekonnen AG, Yehualashet SS, Bayleyegn AD. The effects of kangaroo mother care on the time to breastfeeding initiation among preterm and
LBW infants: a meta-analysis of published studies. Int Breastfeed J. 2019;14(1):12. doi:10.1186/s13006-019-0206-0

Govindarajan V, Devadas S, Shah PA, Diggikar S. Impact of Kangaroo Mother Care on Skin Microbiome of Very Preterm Infants - A Pilot
Study. Indian J Pediatr. 2023. doi:10.1007/s12098-023-04562-4

Hendricks-Munoz K, Xu J, Parikh H, et al. Skin-to-Skin Care and the Development of the Preterm Infant Oral Microbiome. 4m J Perinatol.
2015;32(13):1205-1216. doi:10.1055/5-0035-1552941

Chisholm P, Arasu A, Huertas-Ceballos A. Neurodevelopmental follow-up for high-risk neonates: current practice in Great Britain. Arch Dis
Child - Fetal Neonatal Ed. 2017;102(6):F558.1-F559. doi:10.1136/archdischild-2017-312983

National Institute for Health and Care Excellence. Guideline: Developmental Follow-Up of Children and Young People Born Preterm; 2017.
Zhang X, Donnelly B, Thomas J, et al. Growth in the High-Risk Newborn Infant Post-Discharge: results from a Neonatal Intensive Care Unit
Nutrition Follow-up Clinic. Nutr Clin Pract. 2020;35(4):738-744. doi:10.1002/ncp.10455

Pan American Health Organization. Evidence-based Clinical Practice Guidelines for the Follow-Up of At-Risk Neonates. Abriged Version.
2021.

Edmond K, Chadha S, Hunnicutt C, et al. Effectiveness of universal newborn hearing screening: a systematic review and meta-analysis. J Glob
Health. 2022;12:12006. doi:10.7189/jogh.12.12006

Garinis AC, Kemph A, Tharpe AM, Weitkamp JH, McEvoy C, Steyger PS. Monitoring neonates for ototoxicity. /nt J Audiol. 2018;57(sup4):
S54-61. doi:10.1080/14992027.2017.1339130

Research and Reports in Tropical Medicine 2023:14 https: 133

Dove:


https://doi.org/10.12688/f1000research.25923.1
https://doi.org/10.1186/s40748-023-00162-4
https://doi.org/10.1002/ped4.12277
https://doi.org/10.1002/bdr2.1521
https://doi.org/10.1016/S2352-4642(18)30039-7
https://doi.org/10.1016/S2352-4642(18)30039-7
https://doi.org/10.1111/apa.13147
https://doi.org/10.1111/apa.13133
https://doi.org/10.1038/s41467-018-06473-x
https://doi.org/10.1128/AAC.00789-12
https://doi.org/10.1371/journal.pone.0228133
https://doi.org/10.1093/jac/dkx426
https://doi.org/10.1136/archdischild-2021-322861
https://doi.org/10.3390/antibiotics12020258
https://doi.org/10.1186/s13063-019-4044-6
https://doi.org/10.1186/s12887-018-1205-9
https://doi.org/10.1111/j.1442-200X.2009.02909.x
https://doi.org/10.1111/apa.16371
https://doi.org/10.1186/s13052-014-0083-5
https://doi.org/10.3390/ijerph18094695
https://doi.org/10.1542/peds.2015-2238
https://doi.org/10.1089/bfm.2020.0358
https://doi.org/10.1186/s13006-019-0206-0
https://doi.org/10.1007/s12098-023-04562-4
https://doi.org/10.1055/s-0035-1552941
https://doi.org/10.1136/archdischild-2017-312983
https://doi.org/10.1002/ncp.10455
https://doi.org/10.7189/jogh.12.12006
https://doi.org/10.1080/14992027.2017.1339130
https://www.dovepress.com
https://www.dovepress.com

Sturrock et al Dove

128. Aita M, De Clifford Faugére G, Lavallée A, et al. Effectiveness of interventions on early neurodevelopment of preterm infants: a systematic
review and meta-analysis. BMC Pediatr. 2021;21(1):210. doi:10.1186/s12887-021-02559-6

129. McGlade A, Whittingham K, Barfoot J, Taylor L, Boyd RN. Efficacy of very early interventions on neurodevelopmental outcomes for infants
and toddlers at increased likelihood of or diagnosed with autism: a systematic review and meta-analysis. Autism Res. 2023;16(6):1145-1160.
doi:10.1002/aur.2924

130. Smythe T, Zuurmond M, Tann CJ, Gladstone M, Kuper H. Early intervention for children with developmental disabilities in low and middle-
income countries — the case for action. /nt Health. 2021;13(3):222-231. doi:10.1093/inthealth/ihaa044

131. Nanyunja C, Sadoo S, Kohli-Lynch M, et al. Early care and support for young children with developmental disabilities and their caregivers in
Uganda: the Baby Ubuntu feasibility trial. Front Pediatr. 2022;10:981976. doi:10.3389/fped.2022.981976

132. Benfer KA, Novak I, Morgan C, et al. Community-based parent-delivered early detection and intervention programme for infants at high risk of
cerebral palsy in a low-resource country (Learning through Everyday Activities with Parents (LEAP-CP)): protocol for a randomised controlled
trial. BMJ Open. 2018;8(6):¢021186. doi:10.1136/bmjopen-2017-021186

133. Montirosso R, Rosa E, Giorda R, et al. Early Parenting Intervention — biobehavioral Outcomes in infants with Neurodevelopmental Disabilities
(EPI-BOND): study protocol for an Italian multicentre randomised controlled trial. BMJ Open. 2020;10(7):¢035249. doi:10.1136/bmjopen-
2019-035249

134. Grantham-McGregor S, Cheung YB, Cueto S, Glewwe P, Richter L, Strupp B. Developmental potential in the first 5 years for children in
developing countries. The Lancet. 2007;369(9555):60—70. doi:10.1016/S0140-6736(07)60032-4

135. Aggett PJ, Agostoni C, Axelsson I, et al. Feeding Preterm Infants After Hospital Discharge: a Commentary by the ESPGHAN Committee on
Nutrition. J Pediatr Gastroenterol Nutr. 2006;42(5):596—603. doi:10.1097/01.mpg.0000221915.73264.c7

136. Haider BA, Sharma R, Bhutta ZA. Neonatal vitamin A supplementation for the prevention of mortality and morbidity in term neonates in low
and middle income countries. Cochrane Neonatal Group. 2017;2017(2):56.

137. Swearingen C, Simpson P, Cabacungan E, Cohen S. Social disparities negatively impact neonatal follow-up clinic attendance of premature
infants discharged from the neonatal intensive care unit. J Perinatol. 2020;40(5):790-797. doi:10.1038/s41372-020-0659-4

Research and Reports in Tropical Medicine Dove

Publish your work in this journal

Research and Reports in Tropical Medicine is an international, peer-reviewed, open access journal publishing original research, case reports,
editorials, reviews and commentaries on all areas of tropical medicine, including: Diseases and medicine in tropical regions; Entomology;
Epidemiology; Health economics issues; Infectious disease; Laboratory science and new technology in tropical medicine; Parasitology; Public
health medicine/health care policy in tropical regions; and Microbiology. The manuscript management system is completely online and includes a
very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/research-and-reports-in-tropical-medicine-journal

134 Ry in g Do Research and Reports in Tropical Medicine 2023:14


https://doi.org/10.1186/s12887-021-02559-6
https://doi.org/10.1002/aur.2924
https://doi.org/10.1093/inthealth/ihaa044
https://doi.org/10.3389/fped.2022.981976
https://doi.org/10.1136/bmjopen-2017-021186
https://doi.org/10.1136/bmjopen-2019-035249
https://doi.org/10.1136/bmjopen-2019-035249
https://doi.org/10.1016/S0140-6736(07)60032-4
https://doi.org/10.1097/01.mpg.0000221915.73264.c7
https://doi.org/10.1038/s41372-020-0659-4
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Background
	Definitions and Aetiology
	Sequelae

	Diagnostics
	Risk Stratification
	Microbiology
	Biochemistry
	Recommendations

	Antimicrobial Treatment
	Access to Antibiotics
	Antimicrobial Resistance
	Recommendations

	Supportive Care
	Transfer
	Respiratory
	Nutrition
	Recommendations

	Family-Integrated Care
	Breastfeeding
	Kangaroo Mother Care
	Recommendations

	Follow-Up
	Neurodevelopment
	Nutrition
	Recommendations

	Multidisciplinary and Antenatal Considerations
	Conclusions
	Abbreviations
	Funding
	Disclosure

