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ABSTRACT
Aim: This review examines low-cost interventions for reducing neonatal mortality and morbidity in low- and middle-income 
countries (LMICs).
Methods: A systematic PubMed search and neonatal care data from World Health Organization (2014–2024) were used to 
revise interventions including prenatal care, early essential newborn care (EENC), resuscitation and therapeutic hypothermia, 
Kangaroo mother care (KMC), respiratory support, breastfeeding, sepsis prevention, safe neonatal transfer, neonatal network 
in LMICs and suggestions for improvement. Out of 9295 initially identified articles, 252 studies were selected as relevant to the 
research objectives.
Results: In LMICs, the use of antenatal corticosteroids and magnesium sulfate remains limited in routine obstetric practice. 
Although EENC, KMC and early breastfeeding significantly reduce neonatal mortality, these interventions are under-prioritised 
and insufficiently implemented. Neonatal resuscitation and respiratory support are constrained by inadequate equipment and a 
shortage of trained healthcare personnel. Healthcare-associated sepsis, compounded by antibiotic resistance, continues to strain 
neonatal intensive care units. Additionally, unsafe neonatal transfers and poor coordination among different levels of neonatal 
care highlight the need for better integration within regional health systems.
Conclusions: To reduce neonatal mortality and enhance care in LMICs, systematic training, effective implementation and the 
sustainable delivery of proven, low-cost, high-impact interventions are urgently needed.

1   |   Background

The first 28 days after birth, the neonatal period, is the most 
vulnerable period for a child. Despite a global decline in the 

neonatal mortality rate, 2.3 million newborn infants still died 
in 2022, according to the United Nations Inter-agency Group for 
Child Mortality Estimation. Most deaths occur in low-income 
and middle-income countries (LMICs) within the first 3 days of 
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life. Common causes of death among newborns in LMICs in-
clude preterm birth and its complications, as well as neonatal 
infections, perinatal asphyxia and congenital anomalies [1]. 
Newborns dying in the neonatal period often suffer from con-
ditions associated with a lack of quality prenatal care, care at 
birth, as well as treatment immediately after birth and in the 
first days of life. The aim of this review was to investigate low-
cost interventions that could reduce neonatal morbidity and 
mortality rates, including prenatal, perinatal and postnatal care.

2   |   Method

The authors, who are all senior neonatologists, discussed neo-
natal morbidity and mortality in LMICs and listed low-cost in-
terventions to reduce these outcomes. These included prenatal 
care with antenatal corticosteroid and magnesium sulfate, early 
essential newborn care (EENC), resuscitation and therapeutic 
hypothermia, Kangaroo mother care (KMC), early continuous 
positive airway pressure (CPAP) for preterm newborns and sur-
factant therapy, breastfeeding, sepsis prevention, safe neonatal 
transfer and neonatal network care implementation. For each 
issue, we aimed to describe current burdens, standard recom-
mendations for clinical practices, gaps in practices in LMICs 
and suggestions for improvement.

We then searched on PubMed with key words (neonatal mor-
tality OR neonatal morbidity) AND (low-income OR middle-
income countries) from 2014 to 2024. This search yielded 9295 
articles. We then narrowed the results further with additional 
terms related to interventions using the keywords of (neona-
tal mortality OR neonatal morbidity) AND (low-income OR 
middle-income countries) AND (antenatal corticosteroids OR 
magnesium sulfate OR early essential newborn care OR neo-
natal resuscitation OR therapeutic hypothermia OR Kangaroo 
Mother care OR CPAP OR surfactant OR breastfeeding OR 
neonatal sepsis OR safe transfer OR neonatal network care). 
This resulted in 1594 articles. We then filtered the articles to 
focus on those of higher methodological quality including clin-
ical study, clinical trial, meta-analysis, multicenter study, ran-
domised controlled trial, review or systematic review in English 
language. This narrowed down the results to 592 articles. After 
reviewing the titles and abstracts, we identified 252 articles that 
were most relevant to our research topic and aligned with the 

objectives of our study. We also included data from the World 
Health Organization related to EENC in Western Pacific Region 
from 2014 to 2024. The first author scanned all studies' titles and 
selected appropriate articles for information. The first author 
wrote the first draft and the other authors added information 
and references when needed.

3   |   Results

3.1   |   Prenatal Care

Caring for preterm newborn infants should start from the pre-
natal period onwards with the availability of routine pregnancy 
care and additional interventions when necessary. The WHO 
recommends antenatal corticosteroids for pregnant women be-
tween 24 and 34 weeks of gestation at risk of delivering within 
7 days, with a repeat course if still at high risk after 7 days [2, 3]. 
Data from developed countries demonstrated a significant re-
duction in neonatal mortality rates, severe respiratory distress 
syndrome and intraventricular haemorrhage among preterm 
infants under 34 weeks of gestation who had received antenatal 
corticosteroids [4]. Data from LMICs also revealed a substantial 
decrease in intrauterine and early neonatal mortality rates with 
antenatal corticosteroids use, without an increase in maternal 
infection rates [5]. Despite these potential benefits, the routine 
implementation of this intervention remains low in LMICs. A 
WHO multicenter study on maternal and newborn health re-
vealed significant disparities in the use of antenatal corticoste-
roids across nations ranging from 16% to 91%, with a median of 
54% [6]. Data from eight countries in the Western Pacific region 
in 2018–2020 showed that only 60% of pregnant women who 
gave birth at 24–34 weeks of gestation received antenatal cor-
ticosteroids [7]. This highlights a substantial gap in obstetrical 
clinical practices in LMICs [6].

In addition to antenatal corticosteroids, magnesium sulfate 
is another crucial intervention recommended by the WHO 
for pregnant women under 32 weeks of gestation at risk of 
preterm birth within 24 h to prevent cerebral palsy in infants 
[3]. Numerous studies have demonstrated that administration of 
antenatal magnesium sulfate improves neonatal mortality rates, 
reduces intraventricular haemorrhage and decreases the inci-
dence of cerebral palsy. Despite the growing recognition among 
obstetricians in recent years regarding the benefits of antenatal 
magnesium sulfate administration, clinical practice remains 
inconsistent across obstetric care units, particularly in low-
resource settings [8]. Reports from nine priority countries in the 
Western Pacific region showed that only 28% of pregnant women 
delivered at before 32 weeks of gestation were given magnesium 
sulfate [7]. To scale up the use of antenatal corticosteroids and 
antenatal magnesium sulfate, updated national guidelines are 
essential, along with active collaboration between obstetricians 
and neonatologists to enhance clinical practices [3].

3.2   |   Early Essential Newborn Care

The first few hours of life represent a period of critical transition 
for newborns, as they adapt to the extrauterine environment. 
However, studies have shown that approximately two-thirds of 

Summary

•	 Antenatal corticosteroids and magnesium sulfate are 
effective but remain underused. In addition, essen-
tial newborn care practices including skin-to-skin 
contact, Kangaroo mother care and breastfeeding re-
main insufficiently implemented in low- and middle-
income countries.

•	 Barriers such as limited equipment, staff shortages, 
antibiotic resistance and unsafe neonatal transfers 
hinder care quality.

•	 Systematic training and sustainable delivery of low-
cost, high-impact interventions are critical to improv-
ing neonatal outcomes.
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neonatal deaths occurred within the first 3 days of life. These 
deaths were often preventable through simple interventions 
[9]. EENC has demonstrated significant effectiveness in reduc-
ing neonatal mortality and morbidity [10, 11]. It encompasses a 
package of evidence-based practices immediately after delivery 
that are recommended by the WHO. Firstly, the newborn should 
be thoroughly dried with a clean, dry towel within the first 30 s 
postpartum to prevent hypothermia and to stimulate breathing. 
Secondly, continuous skin-to-skin contact (SSC) between mother 
and infant for at least 90 min postpartum can promote thermo-
regulation, reduce the risk of neonatal infections and facilitate 
early and exclusive breastfeeding. Additional benefits include 
stress reduction for both mother and infant, enhanced placental 
expulsion and decreased maternal bleeding [12]. Delayed cord 
clamping until the umbilical cord pulsations cease naturally or 
for at least one to 3 min after birth is the third step. Delayed cord 
clamping has been shown to reduce the risk of anaemia in in-
fants as well as the risk of mortality and intraventricular haem-
orrhages in preterm infants [13]. Finally, support is given to the 
mother to give early and exclusive breastfeeding to her newborn. 
Colostrum provides high-energy content, which prevents hypo-
glycaemia and hypothermia. It also contains a rich supply of an-
tibodies and immune factors, which provide protection against 
infections during the neonatal period and even protect children 
from pneumonia later in life [14]. Breastfeeding in the first hour 
has been shown to significantly reduce the risk of newborn mor-
tality in LMICs compared to feeding delayed for 2 h or longer 
[15]. A study from Nepal showed that EENC reduced the risk 
of mortality rates by 70% compared to newborns who did not 
receive all four components of EENC [10]. Moreover, EENC re-
duced admissions to the neonatal intensive care unit (NICU) by 
up to 30% [11].

However, the implementation of EENC has not been properly 
applied in many countries. Reports from nine countries of the 
Western Pacific Region in 2018–2020 showed that 72% of term 
newborns had immediate SSC, and 29% had immediate and pro-
longed SSC. Proportions of term newborns that had early and 
exclusive breastfeeding were 57% and 83%, respectively. The re-
sults for preterm and/or low birth weight newborns were even 
poorer: 43% had immediate SCC, 11% had immediate and pro-
longed SSC, 32% had early breastfeeding, and 76% had exclusive 
breastfeeding [7].

3.3   |   Neonatal Resuscitation and Therapeutic 
Hypothermia

Perinatal asphyxia is the second leading cause of neonatal death, 
following preterm birth and its complications. While most neo-
nates adapt well to life outside the uterus, some require assis-
tance for stabilisation or resuscitation. Neonatal resuscitation 
includes thermal protection, airway clearance, positive pressure 
ventilation, chest compressions, endotracheal intubation and the 
use of medications. Depending on the condition of the neonate, 
some or all of these steps may be necessary for recovery. These 
steps must be carried out timely, accurately and with safety to 
ensure optimal outcomes.

Studies have shown that neonatal resuscitation practices remained 
suboptimal in some healthcare facilities in LMICs. For instance, 

a study in Uganda found that positive pressure ventilation was 
initiated late due to inappropriate practices, such as excessive 
stimulation and suctioning of secretions [16]. Another study con-
ducted in Vietnam found that 25% of first attempts at endotracheal 
intubation during neonatal resuscitation in the delivery room 
were unsuccessful. Furthermore, the duration of intubation was 
frequently longer than the recommended best practice guidelines 
[17]. These delays and interruptions in the initiation of positive 
pressure ventilation or suboptimal management during resuscita-
tion underscored the critical need for continuous training. In addi-
tion, adequate resources should be allocated to improve the quality 
of neonatal resuscitation in resource-limited settings. Recent data 
on laryngeal mask airways have shown them to be safe for use 
in neonatal resuscitation by low-cadre healthcare providers, such 
as midwives. This subsequently provided promising options in 
LMICs in neonatal resuscitation [18].

Therapeutic hypothermia has been a standard of care for near-
term and term newborns with moderate-to-severe hypoxic–
ischemic encephalopathy in developed countries for many years; 
whereas in LMICs, there have been little to no differences in 
clinical outcomes among neonates with hypoxic–ischemic en-
cephalopathy receiving therapeutic hypothermia or not. The 
discrepancy may be attributed to challenges in managing com-
plications during cooling, such as gastric haemorrhage, pul-
monary haemorrhage, infections or underlying comorbidities 
leading to hypoxic–ischemic encephalopathy, which contribute 
to increased mortality during cooling [19]. Improvements in in-
frastructure, management of complications and overall neona-
tal care are also needed to achieve optimal results. For facilities 
without the capability for cooling, appropriately stabilising the 
infant during transportation is equally important in improving 
the infant's prognosis. A study from Northern Vietnam showed 
that the use of phase change material mattresses throughout 
the transfer period was safe and effective. This method was also 
considered for implementation as an initial cooling approach, 
maintained throughout the transport process for facilities 
with limited resources, to ensure cooling occurs within 6 h of 
birth [20].

3.4   |   KMC

Based on a meta-analysis of 345 data points from 41 countries, 
covering 131 296 765 live births, the estimated distribution 
of preterm births by gestational age group includes 84% born 
between 32 and 37 weeks, 10% between 28 and 32 weeks, and 
5% under 28 weeks [21]. For the majority of preterm infants 
≥ 32 weeks of gestation, care typically does not necessitate com-
plex or highly technical interventions [22]. It is estimated that 
75% of neonatal deaths can be prevented with effective, low-cost 
interventions [23]. One of these interventions is KMC, which 
consists of four components: prolonged SSC with the mother or 
a family member until the infant is full-term; exclusive breast-
feeding through direct breastfeeding or other feeding methods 
when direct breastfeeding is not yet possible (such as through an 
orogastric tube, cup or spoon); close monitoring and early dis-
charge from the hospital [22].

KMC is recommended for infants weighing < 2500 g and/or 
preterm infants < 37 weeks of gestation. It is a simple, effective 
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and low-cost intervention that can significantly improve the 
health outcomes of preterm infants, particularly in developing 
countries with limited resources [24].

KMC offers numerous benefits for as well newborns as mothers, 
the healthcare system and the community [3, 25]. It helps re-
duce hypothermia by 78% in preterm, low-birth-weight infants 
< 2000 g. Infants receiving KMC show more stable cardiopul-
monary function and oxygen saturation compared to infants 
not receiving KMC [26]. The SSC position, with the infant lying 
prone on the mother's chest, head higher than the body, can help 
reduce gastroesophageal reflux, increase breast milk intake 
and prevent hypoglycemia [27]. KMC helps newborns maintain 
their body temperature and conserve their energy [28] and in-
crease weight gain compared to those not receiving KMC [29]. 
Furthermore, it promotes mother-infant bonding, increases in-
stinctive behaviours, makes infants more alert, stimulates the 
sucking reflex and timely breastfeeding, hereby increasing the 
rate of exclusive breastfeeding and its duration [26]. It actively 
involves mothers in their newborns' care and increases their 
self-confidence. SSC can also promote relaxation and reduce 
stress in mothers. By reducing the need for expensive inter-
ventions and hospital stays, KMC can also significantly lower 
healthcare costs and bring benefits for the healthcare system.

KMC can contribute to a significant reduction in neonatal mor-
tality and morbidity, particularly in developing countries with 
limited resources [30, 31]. However, for several reasons, KMC 
has not been well implemented. Data from the Philippines, 
Colombia, Ethiopia, Bangladesh and Vietnam showed that 
< 30%–50% of all preterm infants received KMC [25]. Data from 
nine priority countries in the Western Pacific Region showed 
that just 49% of preterm newborns under 2000 g received any 
form of KMC, and only 10% had continuous KMC [7]. A meta-
analysis of over 112 studies, with most data from 2010 to 2015 
across multiple countries together with WHO data, showed that 
the implementation of KMC faced several barriers. The princi-
pal barriers were low maternal awareness and inadequate train-
ing and support of healthcare workers. Furthermore, KMC may 
also not be socially acceptable in certain cultural contexts [32].

3.5   |   Enhancing Exclusive Breastfeeding

Breastfeeding stands as an optimal solution for providing nutri-
tion to infants and young children and simultaneously serves 
as the most effective strategy for preventing child mortality and 
morbidity. It is estimated that over 800 000 deaths in children 
under 5 years of age could be prevented annually if breastfeeding 
practices were intensified across nations [33]. Abundant scien-
tific evidence from various countries highlights the life-saving 
potential of breastfeeding. A 2003–2004 study in Ghana involv-
ing 10 947 newborns revealed that 16% of neonatal deaths could 
be prevented if infants were breastfed within the first day, with 
early initiation of breastfeeding within the first hour demon-
strating a 22% reduction in neonatal mortality [34]. Similarly, 
a 2008 study of more than 22 000 mother-infant pairs in Nepal 
showed that early breastfeeding within 1 h after birth reduced 
the risk of infection-related mortality by 2–12 times compared 
to infants with delayed breastfeeding initiation [35]. In the im-
mediate postpartum period, mothers often experience stress, 

anxiety and a sense of insecurity following labour and delivery. 
Separating newborns from their mothers after birth further ex-
acerbates stress, leading to decreased oxytocin and prolactin 
secretion, negatively impacting breastfeeding initiation and suc-
cess. Therefore, the WHO recommends respectful care and con-
tinuous support during labour, delivery and postpartum while 
avoiding unnecessary mother-infant separation practices.

Supporting breastfeeding should be a continuous process initi-
ated from prenatal consultation onwards. During the hospital 
stay, supporting breastfeeding includes encouragement of fre-
quent feedings, on demand, to stimulate milk production and 
to meet the infant's nutritional needs. It is important to provide 
mothers with ongoing support, especially during the initial 
learning phase of breastfeeding, answering their questions, con-
cerns and offering positive reinforcement to boost their confi-
dence. Wherever possible, breastmilk access in the NICU needs 
to be enhanced by minimising separation between mothers and 
infants, allowing mothers to stay with their infants and breast-
feed directly. Health facilities also need to support mothers with 
frequent milk expression and storage. For infants unable to 
latch directly, mothers should have access to breast pumps and 
should be provided with instructions on proper milk expression 
techniques. NICU staff should be able to maintain open com-
munication and collaboration with mothers regarding the in-
fant's feeding needs and the availability of breast milk. Regular 
updates and feedback can help mothers feel involved and sup-
ported in their breastfeeding journey.

Finally, the role of human milk banks in promoting breastfeed-
ing needs to be highlighted. The WHO states donor human 
milk from human milk banks is the best alternative when 
the mother's own milk is not available for preterm infants [3]. 
Human milk banks play a crucial role in promoting breastfeed-
ing practices beyond simply collecting, storing and distributing 
pasteurised breast milk. They actively engage in initiatives that 
encourage and support mothers to breastfeed their newborns. 
Human milk banks also reach out to mothers, particularly those 
in underserved communities in providing education and coun-
selling on the benefits of breastfeeding as well as the importance 
of exclusive breastfeeding.

3.6   |   Early CPAP and Surfactant for Preterm 
Newborns

Respiratory distress is a leading cause of admission to neonatal 
units, with a prevalence of over 3% among newborns and ac-
counting for more than 50% of all the NICU admissions [36, 37]. 
Early diagnosis and treatment immediately after birth can help 
in reducing severe complications that can lead to death or long-
term morbidity. Most premature infants can initiate breathing 
on their own, but very premature infants can quickly decompen-
sate if not supported. Surfactant deficiency, hypothermia and 
hypoglycemia further increase the severity of the respiratory 
distress. If respiratory support is delayed until admission to a 
NICU, it is often less effective as alveolar micro-collapse pro-
gresses, increasing the risk of mechanical ventilation and sur-
factant use. Many studies have shown that providing respiratory 
support as soon as the newborn infant starts breathing reduced 
the need for oxygen, endotracheal intubation and surfactant 
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administration. It also reduced the rate of admission to a NICU 
and the risk of mechanical ventilation-related complications 
such as pneumonia, chronic lung disease and retinopathy of 
prematurity [36]. The WHO recommends that CPAP should 
be given to all preterm newborns with respiratory distress and 
that prophylactic CPAP should be considered for preterm new-
borns < 32 weeks of gestation even without respiratory distress 
[3]. However, in LMICs, CPAP is often not available in delivery 
rooms. Nevertheless, in hospitals with high-risk pregnancies, 
CPAP with pressure or flow stability in delivery rooms is an es-
sential piece of equipment for newborn care [38]. Additionally, 
the prone position is considered better in infants with respira-
tory distress because it reduces the pressure difference across 
the lungs between the chest and back, helps to increase venti-
lation uniformity and reduces hyperinflation of chest alveoli 
and the collapse of back alveoli as compared to the supine po-
sition. Prone positioning also reduces ventilator-associated lung 
injury due to over-distension of the alveoli because it improves 
ventilation-perfusion matching by reducing compressive pres-
sure and increasing blood flow to the lungs in the back region. 
Therefore, infants with respiratory distress immediately after 
birth should be placed in KMC position to receive the dual ben-
efits of both SSC and the prone position [39].

For respiratory distress syndrome in neonates, when oxygen 
requirement is high regardless of CPAP support, surfactant 
replacement therapy should be administered early to prevent 
progressive atelectasis, which can lead to higher oxygen require-
ments and the need for invasive positive pressure ventilation. 
Advances in clinical practice, particularly with the early initi-
ation of CPAP, have allowed less surfactant therapy to achieve 
high efficacy while minimising the risks associated with inva-
sive mechanical ventilation and ventilator-induced lung injury 
[40]. In parallel with CPAP support, the use of less invasive sur-
factant administration has gained widespread clinical adoption 
[41]. Other methods such as surfactant administration through 
laryngeal mask airway are being investigated to overcome the 
lack of trained personnel for intubation [42]. One important bar-
rier for surfactant therapy in LMICs is high cost, which needs to 
be further tackled by several international partners.

3.7   |   Prevention of Neonatal Sepsis

Neonatal sepsis is a leading cause of neonatal morbidity and 
mortality, particularly in preterm and low-birth-weight infants. 
Screening, effective management of early onset sepsis and mi-
nimising healthcare-associated sepsis risk factors in NICU are 
important goals in the prevention of neonatal sepsis [43].

Group B streptococcus (GBS) is a leading cause of early neona-
tal onset sepsis. A systematic review of 122 studies showed that 
the risk of early neonatal onset sepsis increased if mothers were 
infected or colonised with GBS. In 2015, it was estimated that 
3.5 million GBS-associated preterm births occurred worldwide, 
with Africa accounting for 54% of estimated cases and 65% of 
overall perinatal deaths. The burden of GBS on LMICs is sub-
stantial [44]. Early screening and treatment of GBS-positive 
mothers is an efficacious approach in preventing neonatal sep-
sis. Nevertheless, screening programmes are predominantly 
implemented in developed nations, with scarce research data 

from developing countries regarding maternal and neonatal in-
fections [45]. Findings from six international studies investigat-
ing GBS screening found that both the financial burden and the 
high caesarean delivery rates reduce adherence to GBS screen-
ing. Therefore, in addition to implementing appropriate screen-
ing programmes, solutions to raise awareness and improve 
adherence are crucial to ensure effective antenatal prevention 
[46]. Universal screening and treatment of pregnant women 
with GBS vaginal infections should be implemented in routine 
antenatal care settings, and especially in cases of preterm pre-
labour rupture of membranes, antibiotic therapy should be initi-
ated promptly upon hospital admission [47].

Healthcare-associated sepsis is the leading cause of mortality in 
the NICU. The incidence of late-onset sepsis in preterm infants 
varies from 20% to 38% within the first 120 days of life, with 
mortality rates ranging from 13% to 19% [48, 49]. Survivors often 
experience prolonged hospital stays, increased risk of necrotis-
ing enterocolitis, bronchopulmonary dysplasia and developmen-
tal delay [50].

Factors increased healthcare-associated sepsis included low 
birth weight, invasive interventions, prolonged use of central 
venous catheters, overcrowded NICU and poor hand hygiene 
[51]. Although non-invasive ventilation strategies help reduce 
lung injury and lower the incidence of ventilator-associated 
pneumonia, not all units are able to implement these strategies. 
Prolonged invasive mechanical ventilation remains a challenge 
in the care of extremely preterm and very low birth weight in-
fants [52]. Delayed enteral feeding, due to poor milk tolerance, 
not only prolongs parenteral nutrition but also increases the risk 
of infection and necrotising enterocolitis [53]. Moreover, lim-
itations in infrastructure and a lack of coordination between 
obstetric and paediatric specialties increase the isolation of 
high-risk infants in intensive care units, causing a missed op-
portunity for early breast milk exposure.

There are many important strategies for healthcare-associated 
sepsis prevention and management that should be focused on. 
Ensuring strict hand hygiene practices among NICU staff is the 
most effective measure to prevent healthcare-associated infec-
tions. Ongoing training and monitoring are essential to main-
taining high standards [54]. Promoting practices that reduce 
mother-infant separation, such as EENC, helps lower NICU 
admissions and reduces unnecessary antibiotic use, benefiting 
both infant health and healthcare efficiency [11]. Establishing 
clear criteria for NICU admissions based on the level of care 
needed helps manage overcrowding. Rational space allocation 
allows for better mother-infant bonding, which supports breast-
feeding and reduces healthcare strain [25]. Adhering to aseptic 
procedures, using checklists and closely monitoring intravenous 
lines are crucial for preventing infections and ensuring proper 
care during medical interventions [55]. Antibiotic resistance 
is also an issue that contributes to the difficulty in controlling 
sepsis in the NICU. The prolonged use of broad-spectrum anti-
biotics over the past decades has contributed to the increase in 
multi-drug-resistant Gram-negative bacteria, raising the risk of 
neonatal mortality [56]. Rational use of antibiotics is very im-
portant in clinical practice, including the appropriate selection 
of initial antibiotics and stopping antibiotics immediately once 
the course is completed or if there is no evidence of infection. 
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Using antibiotics based on blood culture results helps reduce 
overuse and resistance. Effective antibiotic stewardship min-
imises the risks of multidrug-resistant infections and reduces 
treatment costs [57].

3.8   |   Safe Transfer Is a Critical Component 
of Neonatal Care

While prenatal transfer is the safest mode of transfer for new-
borns, postpartum transfers also occur when a facility is inad-
equately equipped to manage the newborns' medical condition. 
Unsafe transfers significantly contribute to worsening out-
comes, increasing the risk of mortality and morbidity [58].

A study conducted in a tertiary care centre in North India iden-
tified the most common problems encountered during neonatal 
transport to be hypothermia, shock and the need for cardiopul-
monary resuscitation. This study also reported a mortality rate 
exceeding 30%, with over half of these deaths occurring within 
the first 24 h after transferring. Mortality was directly linked to 
issues arising before, during and after the transport process [59]. 
Another study of 552 neonates transferred from peripheral hos-
pitals to a tertiary hospital in Southern Vietnam revealed that 
14 infants (2.5%) experienced cardiac arrest prior to admission, 
with the leading cause being endotracheal tube displacement 
during the transfer. Additionally, 24.2% of infants went into 
shock within 12 h of admission to NICU. The mortality rate was 
still significantly high, accounting for 23.5% of the total [60].

Challenges and consequences of unsafe transfers are numer-
ous. Firstly, there is often a lack of appropriate transfer vehicles 
and a shortage of skilled personnel to handle transport-related 
emergencies. This leads to unprepared quick transfers hinder-
ing proper stabilisation before and during the transfer jour-
ney. Secondly, monitoring and recording abnormal events 
throughout the transfer process is often neglected. Thirdly, poor 
communication and collaboration are common. Inadequate 
inter-facility communication and the absence of adequate spe-
cialised support compromise the professionalism of the health-
care team. By focusing on these challenges, a healthcare system 
can and should be created for safe transfers, ensuring that every 
newborn receives the most optimal care.

If an emergency delivery precludes prenatal transfer, infants 
should be transferred postnatally when the facility exceeds 
its treatment capabilities, ensuring, however, initial stabili-
sation. Mothers and infants should be transferred together. 
Maintaining stable blood glucose, temperature, respiratory and 
circulatory stability, performing laboratory tests and providing 
family support is the key to safe patient transfer. Maintaining 
stable infant thermoregulation during transfer is crucial. If the 
infant requires respiratory support or intravenous fluids during 
transfer, a transport incubator is the appropriate equipment. 
However, modern transport incubators are not widely available, 
especially in LMICs, making SSC with the mother or a caregiver 
a safe and effective method for preventing hypothermia in in-
fants. These practices are recommended by the WHO and cur-
rently practised by many district and provincial hospitals during 
transfers in LMICs [3]. Safe and stable transfer following resus-
citation is an integral component of neonatal care, minimising 

adverse events during transport and optimising outcomes for 
neonates. By adhering to established transfer principles, main-
taining open communication between sending and receiving 
units, and using effective thermoregulation strategies, we can 
ensure that every infant receives the safest and most effective 
care during transfer, maximising their chances of survival and 
limitation of complications.

3.9   |   Establishing Geographically Distributed 
Neonatal Care Networks

A geographically distributed neonatal care network serves as an 
organisational framework for implementing and operating com-
prehensive neonatal care services. The establishment of such a 
network within each country's region depends on various fac-
tors, including geographical characteristics, socioeconomic con-
ditions and the level of healthcare infrastructure development. 
Healthcare models in LMICs are typically structured according 
to a pyramid model, with primary care facilities at the base, fol-
lowed by secondary and tertiary care facilities at ascending lev-
els. Clinical practice has highlighted the lack of organisational 
support among healthcare facilities in terms of neonatal care 
unit organisation, specialised issues in neonatal disease man-
agement and the absence of communication and support when 
infants require transfer from basic care units to specialised units 
to ensure safe transfer [61].

4   |   Discussion

There are gaps that need to be addressed to reduce neona-
tal mortality and morbidity in LMICs. Establishing a regional 
neonatal care network is crucial to improve the quality of neo-
natal care. This involves creating a formal neonatal network, 
with neonatal units in tertiary hospitals acting as the network 
leaders. These tertiary hospitals would be responsible for de-
veloping and implementing standardised clinical guidelines for 
managing common neonatal conditions, ensuring consistency 
and quality across the country. In addition, neonatal guidelines 
must be adapted to suit all levels of care in the country. Tertiary 
hospitals should provide frequent support to maintain safe pre-
natal and neonatal transfers. This includes ensuring clear com-
munication before and during transportation, offering feedback 
and conducting regular training and education for healthcare 
professionals. These efforts would enhance the skills and com-
petencies of healthcare providers, particularly in local units. 
Monitoring and supervision should be based on data related to 
neonatal morbidity and mortality, with regular visits or online 
meetings with local hospitals becoming common practice.

Continuous education and training for all healthcare providers 
involved in maternal and neonatal care are essential for the suc-
cessful implementation of EENC, KMC, resuscitation practices, 
infection control and rational antibiotic use. Furthermore, rais-
ing awareness among the community about the importance of 
EENC, KMC and breastfeeding is crucial. Encouraging families 
to adopt these practices for their newborns can lead to improved 
neonatal outcomes. Dispelling myths and misconceptions sur-
rounding breastfeeding is an important part of improving neo-
natal care. Addressing common breastfeeding challenges faced 
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by mothers can also make a significant difference. In some 
cultural contexts, practices like KMC may not be socially ac-
ceptable. Addressing these barriers is vital for the success of 
neonatal care interventions.

Improving the quality of neonatal resuscitation is another key 
strategy. This includes ensuring the availability of neonatal 
resuscitation algorithms at each level of care, coupled with ap-
propriate training and equipment. Providing post-resuscitation 
care based on the condition of the neonate is also essential. 
Resuscitation algorithms must be integrated into the EENC 
to avoid conflicting guidelines and practices. The use of early 
CPAP, appropriate surfactant therapy for preterm neonates with 
respiratory distress syndrome, and cooling therapy for HIE 
should also be implemented while the need for low-cost equip-
ment such as cooling machines, respiratory support machines, 
surfactant and monitoring devices is essential in LMICs.

This review highlights cost-effective and feasible interven-
tions for resource-limited settings. Data on the burden of main 
causes of neonatal morbidity and mortality and gaps in clini-
cal practices in LMICs were available for some topics but not 
all. Although randomised controlled trials are considered the 
gold standard, they are challenging to implement in resource-
limited settings, so data for randomised controlled trials among 
clinical practices in LMICs were not widely available. Studies to 
describe the challenges in the implementation of EENC, KMC, 
therapeutic hypothermia, early CPAP or surfactant have been 
limited. Studies on inventions of low-cost equipment such as 
cooling machines, ventilators, non-invasive monitoring or drugs 
such as surfactant were also scarce. Furthermore, monitoring 
and evaluation mechanisms are often inadequate, making it 
difficult to assess the true effectiveness of interventions across 
diverse contexts.

5   |   Conclusion

Neonatal mortality and morbidity is a critical burden in LMICs 
because of various challenges in the implementation of effective 
measures. A suitable framework for low-cost interventions fo-
cusing on prenatal care, EENC and resuscitation, KMC, breast-
feeding, early CPAP for preterm newborns, sepsis prevention, 
safe transfer and regional neonatal network should be imple-
mented for improving the quality of neonatal care. Raising 
awareness among mothers and family through training pro-
grams will promote EENC, KMC and breastfeeding. Healthcare 
providers play a key role in supporting mothers and newborns 
before and after birth as well as in NICU settings to ensure in-
fants receive optimal nutrition and care; therefore, transfer of 
knowledge and training of healthcare workers is important in 
achieving this goal.
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