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KEY POINTS
 Despite impressive advancements for the care of preterm infants in high-income countries, the greatest reduction in global neonatal mortality can be achieved by ensuring
universal access to essential newborn care, such as clean delivery, cord care, and immediate warmth of infants, both for facility-based and in-home births.
 Low-income countries suffer from a significant shortage of resources and health care professionals amidst burgeoning needs. Global mobilization and innovative solutions are
required to address this gap.
 Intervention packages are being implemented to achieve Millennium Development Goals
4 and 5, combining health care system improvements along a continuum of care (preconception, antenatal, childbirth, and postnatal) and also involving actions from the community, primary care, referral, and governmental levels.
 High-resource institutions can play a vital role in improving the care of newborns globally,
particularly through engaging in twinning initiatives, which help to build health care infrastructure with global partners in low-resource settings.
 As global neonatal mortality is reduced, outcomes need to be measured, including
tracking for incremental increase in childhood rates of disability.
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INTRODUCTION

The fourth Millennium Development Goal (MDG) targets a two-thirds reduction of
the under-5-year mortality (U5MR) between 1990 and 2015 (from 90 deaths per
1000 live births to 30). Although progress has been made, the rate of U5MR reduction has averaged 2.6% annually worldwide (2000–2010), less than the 4.4% rate
that is required to reach the MDG goal. Neonatal deaths account for approximately
3 million of the total 7.6 million under-5 deaths annually, primarily related to
preterm birth complications (14% of under-5 deaths), intrapartum-related complications (9%), and neonatal sepsis or meningitis (5%) (Fig. 1).1 Approximately
99% of neonatal deaths occur in low-income and middle-income countries, up
to two-thirds of which are preventable.2 More than half the total neonatal deaths
occur in 5 countries: India, Nigeria, Pakistan, China, and the Democratic Republic
of the Congo.
The reduction in U5MR has been faster among children aged 1 to 59 months
than neonates (2.9% reduction per year compared with 2.1%, respectively). This
disparity has resulted in an increase in the proportion of under-5 child deaths
occurring among newborns, from 37% to 44% (1990–2012).3 These numbers do
not capture the huge and equal burden of third-trimester stillbirths, which are not
tracked in the MDGs, thereby underestimating the childbirth-related deaths by
almost half.
Given these statistics, the issue of newborn deaths has gained attention on
the world’s agenda over the past decade, coupled with increased awareness of

Fig. 1. Global causes of childhood deaths in 2010. Note that more than 60% of neonatal
deaths are associated with low birth weight (causes that led to <1% of deaths are not
shown). (From Liu L, Johnson HL, Cousens S, et al. Global, regional, and national causes
of child mortality: an updated systematic analysis for 2010 with time trends since 2000.
Lancet 2012;379(9832):2155; with permission.)
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maternal health and the continuum of care (Fig. 2).4 The Lancet Neonatal Survival
Series first brought newborns into the global spotlight in 2005. More recently,
stakeholders drafted the Global Newborn Action Plan (2013–14), a roadmap
outlining specific objectives and goals to reduce preventable neonatal deaths,
and the Lancet released the Every Newborn Series, outlining the status of global
neonatal health (2014). Global leaders are also now determining how to prioritize neonatal health issues in the post-2015 United Nations (UN) development
agenda.
The authors of this article recognize that the majority of its readers are employed in tertiary care, high-technology centers, and work under the assumption
that the necessary resources to care for acutely ill mothers and newborns will
be available. The purpose of this article is to provide an overview of health
care for newborns who are born outside that setting, in low-income and

Fig. 2. Timeline pertaining to global newborn health, January 2000 to December 2013.
GAVI, Global Alliance for Vaccines and Immunisation; IPU, Inter-Parliamentary Union;
MNCH, maternal, newborn, and child health; PEPFAR, President’s Emergency Plan for
AIDS Relief; RMNCH, reproductive, maternal, newborn, and child health and nutrition.
(From Darmstadt GL, Kinney MV, Chopra M, et al. Who has been caring for the baby? Lancet
2014;384(9938):179; with permission.)
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Table 1
Example of a referral facility in a low-income country
Demographics

Sole facility serving a rural population of 500,000 people
MMR 545/100,000 live births (US rate is 24/100,000)
NMR 52/1000 live births (US rate is 4/1000)

Facility/resources

Total bed capacity for 300 patients
Intermittent access to electricity
No access to ambulances nor adequate roads for patient transport
Newborn unit has limited supplies, including:
2 functioning isolettes
Cup and nasogastric tube feedings
Limited phototherapy equipment
Limited number of oxygen concentrators for use with nasal cannula
(no ventilators)

Staffing

Physician/patient ratio is 1:75 (trained to level of a general practitioner;
no pediatricians)
Nurse/patient ratio is 1:30–70, depending on shift
There are no neonatal specialists available for patient consultations

Abbreviations: MMR, maternal mortality rate; NMR, neonatal mortality rate.

middle-income countries. To best enter that paradigm, envision the setting outlined in Table 1. With that reality in mind, this article outlines challenges surrounding care for newborns under resource limitations, efforts to address the
challenges, and controversies therein.

CHALLENGES

When considering the world’s least developed countries, approximately 46% of
deliveries are attended by a skilled birth attendant, and only 43% of births occur in facilities that may or may not have appropriate equipment to handle maternal or
neonatal emergencies.5 In addition, in most of South Asia and sub-Saharan Africa,
fewer than 5% of facility-based births are estimated to have access to neonatal intensive care.6 The following sections describe a few of the many challenges in delivering
effective care in those settings.
The 3 Delays

Time is of the essence when addressing maternal and newborn medical emergencies, and in low-resource countries, there are pervasive issues that result in gaps in
provider coverage and delays at critical periods (Fig. 3). Approximately 46% of all
maternal deaths and 40% of all stillbirths and neonatal deaths occur in a 48-hour
window: at the time of labor and the day of birth.7 In countries most affected by
neonatal mortality, there is approximately 60% coverage for skilled attendance at
birth,8 but often there is only 1 provider to attend to both newborn and maternal
emergencies. Investigators frequently cite the 3-delay classification scheme to
describe causes related to delays in health care delivery for mothers and newborns: (1) delay in recognition of the problem and the decision to seek care; (2)
delay in reaching a health facility; and (3) delay in receiving quality care at the
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Fig. 3. Coverage of selected interventions (interventions modeled and not shown on graph
have estimated coverage <10% in the 75 Countdown countries) to improve neonatal health
in Countdown countries (weighted average). Countdown countries include 75 low-resource
countries where greater than 95% of global maternal and child deaths occur. IPTp, intermittent preventive treatment in pregnancy; ITN, insecticide-treated bed nets; PPROM, preterm
premature rupture of membranes. (From Bhutta ZA, Das JK, Bahl R, et al. Can available
interventions end preventable deaths in mothers, newborn babies, and stillbirths, and at
what cost? Lancet 2014;384(9940):361; with permission.)

facility.9 Examples of infrastructural issues in low-income countries that contribute
to these 3 categories of delays are outlined in Table 2.
The severity and the number of barriers leading to delays in care in low-income
countries are difficult to fathom if one’s career is nested in a tertiary-care center in
Table 2
Examples of issues that contribute to delays in health care delivery for mothers and newborns
in low-resource countries
(1) Delay in recognition of the problem and
the decision to seek care

Insufficient health literacy of the mother
Maternal cultural factors influencing choice
of medical care or decision for home birth
Paucity or undertraining of CHWs or TBAs
Lack of community mobilization

(2) Delay in reaching a health facility

Geographic barriers (eg, mountains, rivers,
distance, difficult terrain)
Communication barriers
Inability to pay for transport
Lack of transportation (public or private;
non-existent or suboptimal emergency
medical system)

(3) Delay in receiving quality care at the
facility

Shortage of health care personnel
Insufficient training of clinicians
Lack of supplies
Financial barriers for patient (ie, pay before
service model)
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Box 1
Clinical case scenario in a low-resource setting
A 16-year-old G2P1 woman is 33 weeks pregnant. She lives in Lesotho, in a hut in a rural mountainous region. She has not received antenatal care, does not know the danger signs for when
she should seek care, and there is no community health worker in that region to recognize
that she has preeclampsia (delay 1). After several days of worsening edema and severe headaches, she decides to seek medical advice, necessitating a 2-hour walk down the mountainside,
a 3-hour walk on the road, a 4-hour wait for the bus, and an additional 3-hour drive to the nearest health facility (delay 2). Once at the hospital, she is admitted, is noted to be hypertensive, but
is not evaluated by a physician until 10 hours later, because of overnight staffing issues. Furthermore, she is not treated for her preeclampsia until her family members gather enough money to
purchase intravenous magnesium sulfate. She and the baby are not monitored overnight, and a
cesarean section is not performed until she tells the nurse she has not felt fetal movement for
several hours (delay 3). The infant emerges apneic and bradycardic. The nurse in attendance stimulates and dries the infant without a response, but she does not have the appropriate training or
supplies to perform bag-and-mask ventilation. She asks a security officer to notify another physician that the infant is in distress; response time requires 15 additional minutes, during which the
infant dies (delay 3). The infant’s cause of death is erroneously classified as a stillbirth.

a high-income country. Consider the case example in Box 1. Variations of that scenario regularly occur in low-resource settings, necessitating interventions as microscopic as modifying individual care-seeking behaviors and as macroscopic as
implementing maternal and newborn health policy changes.
Health Worker Migration

Even if physical barriers were improved, such as transportation infrastructure,
there remains a paucity of trained personnel to deliver care. In general, regions
that have high maternal and neonatal mortality also have the fewest physicians
per capita (Fig. 4),10 complicated by significant urban-rural disparities within
many of those regions. The long-standing issue of brain drain, pertaining to

Fig. 4. Global distribution of (A) early neonatal mortality, (B) maternal mortality, (C) physician workforce, and (D) midwife workforce (territories are resized according to the subject
of interest). (From worldmapper.org. Ó Copyright Sasi Group (University of Sheffield) and
Mark Newman (University of Michigan).)
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international migration of skilled health care workers from low-resource areas
(particularly sub-Saharan Africa, Asia, and Pacific countries) to high-resource
areas, has contributed to a strikingly disproportionate allocation of health care
personnel. Although high-income countries have only one-third of the world’s population, they contain three-fourths of the world’s physicians. High-income countries have also secured 89% of the world’s migrating physicians, two-thirds of
whom originated from low-income or low-middle–income countries. Similar statistics exist for the nursing workforce. Africa carries approximately 24% of the global
burden of disease but has only 3% of the health care workforce and 1% of the
world’s financial resources to tackle the issues.11 The motivation for health care
personnel to migrate is multifactorial, often beginning with a lack of local training
infrastructure to gain expertise, and sustained by better economic and lifestyle
prospects elsewhere. In addition, there are no universal codes of practice on international recruitment of health personnel, although some high-income countries
have implemented policies to mitigate targeted recruitment from low-income
countries.12 Approximately 25% of US accredited postgraduate medical training
positions are filled by foreign medical graduates annually, many of whom remain
stateside for their careers.
Insufficient Supplies

Health service provision assessments (facility-based audits) in 6 countries in subSaharan Africa showed that only 15% of hospitals were equipped to provide basic
neonatal resuscitation.13 Similar supply shortages permeate other low-resource regions. In 2012, the UN Commission on Life-Saving Commodities for Women’s and
Children’s Health identified 13 life-saving commodities, which, if more widely
accessed and properly used, could cumulatively save the lives of more than 6 million
women and children at a cost of $2.6 billion over 5 years.14 Suggested newborn supplies were injectable antibiotics, antenatal corticosteroids, chlorhexidine, and resuscitation equipment.
Scalability and Sustainability

Despite evidence to support many low-cost, high-impact interventions for newborns (Table 3), many barriers exist that inhibit implementation at local and national levels. In addition, effectiveness of an intervention in one context may not
equate to similar outcomes in a different region or community. Kangaroo mother
care (KMC) is a prime example. Although KMC has been successful in many
settings in Latin America, it has had slow uptake in South Asia, and implementation research is being conducted to understand why. Building on preexisting
infrastructure helps promote longer-term sustainability in settings with severe
resource limitations.15 Local champions, engagement of key stakeholders, and
ownership are required to promote both scalability and sustainability of neonatal
interventions.
Lack of Effective Prevention Strategies for Preterm Birth

Preterm births are globally the second most common cause of death for children under 5 years, and are a significant risk factor for long-term morbidity. Rates of preterm
births are rising in both low-income and high-income settings, and there are few effective public health prevention strategies. Additional investigation is required to understand the physiology of preterm births, to elicit the cause of increasing rates, and to
identify prevention strategies.16

755

756

St Clair et al

Table 3
Overview of interventions showing effect on selected neonatal outcomes (relative risk [95% confidence interval])
Stillbirth

Preterm Birth

Perinatal
Mortality

Small for
Gestational Age

Neonatal Mortality
0.90 (0.68–1.19)

PRECONCEPTION AND ANTENATAL INTERVENTIONS
Iron supplementation

—

0.88 (0.77–1.01)

—

—

Iron and folic acid supplementation

—

1.55 (0.40–6.00)

—

—

0.81 (0.51–1.30)

Multiple micronutrient supplementation

0.95 (0.85–1.06)

0.99 (0.97–1.02)

0.96 (0.84–1.10)

0.87 (0.83–0.92)

1.01 (0.89–1.16)

Calcium supplementation

—

0.76 (0.60–0.97)

0.90 (0.74–1.09)

1.01 (0.84–1.21)

1.07 (0.39–2.95)

Balanced energy protein supplementation

0.62 (0.40–0.98)

0.96 (0.80–1.15)

—

0.68 (0.49–0.89)

0.63 (0.37–1.06)
0.06 (0.02–0.2)

Tetanus toxoid immunization

—

—

—

—

Haemophilus influenzae type b vaccine

1.69 (0.41–6.94)

1.37 (0.20–9.16)

—

—

—

Influenza virus vaccine

—

0.77 (0.36–1.64)

—

—

—

Syphilis screening and treatment

0.18 (0.10–0.33)

0.36 (0.27–0.47)

—

—

0.20 (0.13–0.32)

Intermittent preventive treatment of malaria in pregnancy

0.96 (0.72–1.27)

0.86 (0.62–1.21)

0.83 (0.66–1.05)

0.65 (0.55–0.77)

0.69 (0.49–0.98)

Insecticide-treated bed nets

—

—

—

0.65 (0.55–0.77)

—

Maternal anthelminthic treatment

—

0.88 (0.43–1.78)

0.97 (0.68–1.40)

—

—

Lower genital infection screening and management

—

0.55 (0.41–0.75)

—

—

—

Prophylactic antibiotics

—

0.96 (0.70–1.33)

0.80 (0.31–2.06)

1.29 (0.42–3.96)

—

Antibiotic prophylaxis for group b Streptococcus colonization

—

—

—

—

0.19 (0.01–3.82)

Antibiotics for bacterial vaginosis

—

0.88 (0.71–1.09)

0.71 (0.36–1.39)

—

—

Asymptomatic bacteriuria treatment

—

0.37 (0.10–1.36)

—

—

—

Periodontal disease management

0.49 (0.26–0.94)

—

—

—

—

Antihypertensive for mild to moderate hypertension

1.14 (0.60–2.17)

1.02 (0.89–1.16)

0.96 (0.60–1.54)

1.04 (0.84–1.27)

0.79 (0.14–4.34)

Magnesium sulfate for prevention of preeclampsia

0.99 (0.87–1.12)

—

0.98 (0.88–1.10)

—

1.16 (0.94–1.42)

Calcium supplementation for hypertension

0.90 (0.74–1.09)

0.76 (0.60–0.97)

0.86 (0.70–1.07)

1.05 (0.86–1.29)

—

Antiplatelets for preeclampsia

1.15 (0.88–1.49)

0.92 (0.88–0.97)

0.89 (0.74–1.08)

0.90 (0.83–0.98)

0.89 (0.64–1.22)

Preconception diabetes education

—

0.83 (0.62–1.12)

0.31 (0.19–0.53)

—

—

Optimum vs suboptimum glucose control

0.51 (0.14–1.88)

—

0.40 (0.25–0.63)

—

—

Education/psychotherapy to quit smoking

—

0.79 (0.52–1.21)

—

—

—

Nicotine replacement therapy

—

0.77 (0.61–0.97)

—

—

—

—

0.49 (0.22–1.08)

—

—

—

Prenatal antidepressants

—

1.55 (1.38–1.74)

—

—

—

Doppler velocimetry

—

—

0.71 (0.52–0.98)

—

0.81 (0.53–1.24)

Fetal movement monitoring

0.65 (0.41–1.04)

1.12 (0.72–1.75)

—

—

—

Cesarean section for breech

—

—

0.33 (0.19–0.56)

—

—

Postterm labor induction

0.28 (0.05–1.67)

—

0.30 (0.09–0.99)

—

—

Antibiotics for preterm premature rupture of membrane

—

—

—

—

0.88 (0.80–0.97)

Steroids for preterm labor

—

—

—

0.96 (0.63–1.44)

0.47 (0.35–0.64)

Basic emergency obstetric care

—

—

—

—

0.60 (0.48–0.60)

Comprehensive emergency obstetric care

—

—

—

—

0.15 (0.12–0.32)

Skilled birth care

—

—

—

—

0.75 (0.70–0.85)

Clean birth practices at home

—

—

—

—

0.85 (0.80–0.90)

Clean birth practices at facility

—

—

—

—

0.73 (0.64–0.76)

NEWBORN AND NEONATAL INTERVENTIONS
Delayed cord clamping in full-term neonates

—

—

—

—

0.37 (0.04–3.41)

Umbilical cord antiseptics

—

—

—

—

0.77 (0.63–0.94)

Neonatal resuscitation at home

—

—

—

—

0.80 (0.75–0.85)

Neonatal resuscitation at facility

—

—

—

—

0.70 (0.59–0.84)

Anticonvulsants for asphyxia

—

—

—

—

0.87 (0.54–1.40)

Hypothermia for hypoxic ischemic encephalopathy

—

—

—

—

0.75 (0.64–0.88)

Continuous positive airway pressure for respiratory distress
syndrome

—

—

0.52 (0.32–0.87)

—

—
(continued on next page)
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Table 3
(continued )

Surfactant therapy for respiratory distress syndrome

Stillbirth

Preterm Birth

Perinatal
Mortality

Small for
Gestational Age

Neonatal Mortality

—

—

—

—

0.68 (0.57–0.82)

Preventive surfactant therapy for preterm neonates

—

—

—

—

0.60 (0.47–0.77)

Antibiotics for meconium aspiration syndrome

—

—

—

—

1.29 (0.36–4.54)

Systemic steroids for meconium aspiration syndrome

—

—

—

—

0.61 (0.22–1.71)

Inhaled steroids for meconium aspiration syndrome

—

—

—

—

0.39 (0.08–1.94)

Surfactant lung lavage for meconium aspiration syndrome

—

—

—

—

0.38 (0.09–1.57)

Bolus surfactant for meconium aspiration syndrome

—

—

—

—

0.80 (0.39–1.66)

Topical emollient therapy

—

—

—

—

0.73 (0.56–0.94)

Hypothermia prevention for preterm infants

—

—

—

—

0.80 (0.55–0.92)

Kangaroo mother care in preterm infants

—

—

—

—

0.60 (0.39–0.93)

Oral antibiotics for pneumonia

—

—

—

—

0.58 (0.41–0.82)

Injectable antibiotics for pneumonia

—

—

—

—

0.25 (0.19–0.30)

Antibiotics for sepsis

—

—

—

—

0.35 (0.30–0.50)

Numbers in bold indicate a significant effect, whereas nonbold data indicate no significant effect. — indicates no evidence.
From Bhutta ZA, Das JK, Bahl R, et al. Can available interventions end preventable deaths in mothers, newborn babies, and stillbirths, and at what cost? Lancet
2014;384(9940):349–50; with permission.
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Minimal Infrastructure to Track Progress

Although there are clear actions to reduce maternal and newborn morbidity and
mortality globally, there is insufficient infrastructure to evaluate and show measurable
outcomes. Most births (and deaths) in low-income countries may never be counted.
Data collection is hindered at many levels, including invisible deaths from unregistered
home births, poor vital registration in rural areas and in facility-based health information systems, and misclassification of deaths as stillbirths.
CURRENT EFFORTS

“It always seems impossible until it’s done.” Although the world is by no means
“done” in achieving health equity for all newborns, Nelson Mandela’s words
embrace the striking improvements that have occurred globally to achieve the
MDGs over the past decade. This section outlines a few of those efforts to improve
global neonatal health.
Educational Initiatives

In 2009, the World Health Organization (WHO) estimated that it would take an
additional 2.4 million physicians, nurses, and midwives to meet the world’s health
needs, along with an extra 1.9 million pharmacists, health aides, technicians, and
other auxiliary personnel.11 To mitigate brain drain and promote sustainability,
governmental and non-governmental organizations (NGOs) are allocating more resources toward educational initiatives for local providers. Clinical practice guidelines, such as those provided in Integrated Management of Childhood Illnesses
(IMCI)17 and Integrated Management of Pregnancy and Childbirth, have been
developed for community health workers (CHWs) and rural providers and tailored
to various health literacy levels to promote recognition, stabilization, and referral
of ill mothers and newborns. Considered a major step forward in addressing
newborn issues, IMCI incorporated young infant (<2 months) guidelines in 2005.
Examples of curriculum designed for low-resource settings include Helping Babies
Breathe (HBB) (neonatal resuscitation) and the WHO essential newborn care
course. Some countries offer perinatal diploma programs for general practitioners.
Twinning programs are growing worldwide, involving partnerships between institutions from high-income countries and low-income or low-middle–income countries
to improve clinical, educational, and research capacity in the low-resource regions. The Human Resources for Health Program in Rwanda is one such
example.18
Task Shifting

Keeping in line with the “use what you have” mentality, many countries have adopted
task shifting strategies by training cadres of workers to perform tasks that would
normally be performed only by clinicians with higher levels of training. For example,
cesarean surgical training programs have been developed for non-physician clinicians19 (midlevel providers) in low-resource settings with favorable outcomes. A
2011 systematic analysis of 6 nonrandomized controlled trials20 reported that rates
of maternal and perinatal deaths did not differ between physician and trained nonphysician groups, although postoperative complications were higher in the nonphysician group. In 2012, WHO issued a maternal and newborn task shifting guide,
outlining interventions that could safely and effectively be delivered by different levels
of trained providers.21
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Clinical Care

Recognizing that newborn health is heavily intertwined with maternal health, global
efforts are moving toward packaged approaches to clinical system improvements
to achieve MDGs 4 and 5. Such approaches ideally combine interventions along a
continuum of care (preconception, antenatal, childbirth, and postnatal) and also
involve actions from the community, primary care, referral, and governmental levels
(Fig. 5).
Essential care for all newborns

In referring to the care of healthy newborns, there is a bundle of provisions dubbed
by WHO as “essential newborn care,” including thermal care (drying, warming,
skin-to-skin, and delayed bathing), hygienic cord and skin care (hand washing,
delayed cord care, chlorhexidine), early and exclusive breastfeeding, and neonatal
resuscitation if not breathing at birth.22 Efforts are being made to ensure that all
newborns receive these services at birth, although coverage globally varies
significantly.
Special care for small or sick newborns

The care of sick and preterm newborns becomes more complicated in low-resource
settings. Approximately 15 million babies are born preterm annually, and two-thirds

Fig. 5. Integrated maternal, newborn, and child health service delivery packages. ANC,
antenatal care; CPAP, continuous positive airway pressure; HIV, human immunodeficiency
virus; IPTi, intermittent preventive treatment in infants; IPTp, intermittent preventive treatment during pregnancy for malaria; ORS, oral rehydration solution; PMTCT, prevention of
maternal to child transmission of HIV; pPROM, prelabor premature rupture of membranes;
STI, sexually transmitted infection; TOP, termination of pregnancy. (From Lawn JE, Kinney
MV, Black RE, et al. Newborn survival: a multi-country analysis of a decade of change. Health
Policy Plan 2012;27(Suppl 3):iii9; with permission.)
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of them are born in low-income countries. More than 85% are between 32 and
37 weeks of gestation; 10% are between 28 and less than 32 weeks gestation, and
5% less than 28 weeks. South Asia and sub-Saharan Africa account for more than
three-quarters of the world’s newborn deaths caused by preterm complications.22
An additional 10.6 million babies are born with low birth weight and are growth
restricted at term23 and carry higher risk of mortality and other neonatal morbidities.24
It is unrealistic to envision neonatal intensive care unit (NICU)-level care for these newborns globally, particularly when many of them are not even receiving essential care.
However, apart from ventilation, there are many low-cost measures that are feasible
and could save lives, especially for infants more than 28 weeks gestation. Table 4 outlines the tools and technology required to implement those measures in low-resource
facilities.
Noteworthy examples of low-cost, high-impact interventions for preterm infants
include kangaroo mother care (KMC) and low-cost bubble continuous positive airway
pressure (CPAP). KMC was developed in 1978 by a Colombian pediatrician. Originally
introduced out of necessity because of limited hospital resources, mothers were
asked to provide continuous skin-to-skin contact with their low birth weight infants
to promote warmth and breastfeeding. Over time, this methodology has demonstrated
positive impacts for both newborns and mothers, with particular importance in
improving neurocognitive outcomes and decreasing mortality in preterm infants
(Table 5). In contrast to many medical advancements that eventually trickle down to
low-resource regions, this approach was developed and used first in low- and
middle-income countries, and is now gaining popularity in high-income countries,
although global implementation has faced many barriers.
Over the past several years, NICUs in high-income countries have increased their
utilization of non-invasive respiratory support for newborns with respiratory distress,
with evidence that it is superior to intubation, surfactant, and ventilation.25 Non-invasive respiratory support, such as CPAP, is a reasonable intervention for low-income
regions with medical centers that are staffed with pediatricians but are insufficiently
resourced to provide mechanical ventilation. Bubble CPAP, widely used in highincome countries, can cost approximately $6000 for a device stateside. Alternative
low-cost bubble CPAP systems have been designed, costing approximately $350,
with maintenance costs of less than $1 every 2 years.26 A Malawi-based study recently
reported a 27% absolute improvement in survival for neonates with respiratory
distress syndrome treated with CPAP when compared with standard therapy (nasal
oxygen), with the greatest beneficial effect observed in neonates with very low birth
weight, respiratory distress syndrome, or sepsis.27
Research and Quality Improvement

Collaborations have formed to promote capacity building for research to effectively
measure outcomes of health initiatives in various settings. One example is the African
Newborn Network, a network of research studies funded in whole or part by the Bill and
Melinda Gates Foundation through the Saving Newborn Lives Program of Save the
Children. This collaboration, involving researchers, ministries of health, UN agencies,
and technical assistance partners across Africa, is testing various community-based
initiatives for newborn health to determine which interventions are effective and
scalable in African settings. Participating countries include Ethiopia, Ghana, Malawi,
Mali, Mozambique, South Africa, Tanzania, and Uganda, most of which are also measuring costs of interventions through the Cost of Integrated Newborn care tool.
Quality improvement methodologies have also yielded a decrease in perinatal mortality in low-income countries. Perinatal mortality audits, or systematic inquiries into
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Table 4
Tools, technologies, and innovations required for the care of preterm babies
Priority Packages and Interventions

Current Technology/Tools

Technological Innovations Required

Essential newborn care and extra care for
preterm babies
Thermal care (drying, warming, skin-to-skin,
and delayed bathing)
Early initiation, exclusive breastfeeding
Hygienic cord and skin care

Protocols for care, training materials, and job aids
Materials for counseling, health education, and
health promotion
Weighing scales
Cord clamp and scissors, clean birth kit if
appropriate
Vitamin K for LBW babies

Generic communications and counseling toolkit for
local adaptation
Generic, modular training kit for adaptation, novel
methods (eg cell phone prompts)
Birth kits for frontline workers
Chlorhexidine preparations for application to the
umbilical cord
Simplified approaches to identifying preterm babies
such as foot size

Neonatal resuscitation for babies who do not
breathe at birth

Materials for training and job aids
Training manikins
Newborn resuscitation devices (bag-and-mask)
Suction devices
Resuscitation stations with overhead heater
Clock with large face and second hand

Wide-scale novel logistics systems to increase
availability of devices for basic resuscitation and
training manikins
Additional innovation for resuscitation devices (eg,
upright bag-and-mask, adaptable, lower-cost
resuscitation stations)

Cloth or wrap for KMC
Baby hats

Generic communications and counseling toolkit for
local adaptation, Innovation to address cultural,
professional barriers
Generic, modular training kit and job aids for local
adaptation

All Babies

Preterm Babies
KMC for small babies (birthweight <2000 g)

Nasogastric tubes, feeding cups, breast milk pumps
Blood sugar testing sticks
Intravenous fluids including glucose and more
accurate giving sets
Syringe drivers
Injection antibiotics, 1-mL syringes/27-G needles,
preloaded syringes
Oxygen supply/concentrators
Nasal prongs, head boxes, other O2 delivery systems
Pulse oximeters to assess blood oxygen levels with
reusable cleanable neonatal probes
Bilirubinometers (table top and transcutaneous)
Phototherapy lamps and eye shades
Exchange transfusion kits
Hot cots, overhead heaters

Lower-cost and more robust versions of:
Blood sugar testing for babies on low volume
samples, heel pricks
Oxygen condensers, including portable options
Pulse oximeters and robust probes, including with
alternative power options
Syringe drivers able to take a range of syringes
Bilirubin testing devices, including lower-cost
transcutaneous devices
Hemoglobin and blood grouping, rhesus point
of care
Point of care for C-reactive protein/procalcitonin
Apnea alarm
Phototherapy devices such as portable Bilibed
(Medela, Switzerland) to provide both
phototherapy treatment and heat

Neonatal intensive care

CPAP devices with standardized safety features

Lower-cost robust CPAP equipment with
standardized settings
Neonatal intensive care context specific kits (eg,
district hospital) with ongoing support for quality
use and for equipment maintenance
Surfactant as more stable, lower-cost preparations

Note: this table refers to care after birth, so does not include interventions for the mother, such as antenatal steroids.
Abbreviations: CPAP, continuous positive airway pressure; LBW, low birth weight; RDS, respiratory distress syndrome.
From Howson CP, Kinney MV, Lawn JE, editors. Born too soon: the global action report on preterm birth. Geneva (Switzerland): March of Dimes, PMNCH, Save
the Children, World Health Organization; 2012. p. 73; with permission.
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Care of preterm babies with complications,
including:
Extra support for feeding preterm and
small babies
Case management of babies with signs
of infection
Safe oxygen management and supportive
care for RDS
Case management of babies with
significant jaundice
Managing seizures
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Table 5
Documented benefits of KMC when compared with conventional neonatal care in (1) low
birth weight infants and (2) healthy newborns
Low Birth Weight Infants51,52
Reduction in

Risk of mortality (RR 0.6, 95% CI 0.39–0.93)
Hypothermia (RR 0.23, 95% CI 0.10–0.55)
Length of hospital stay (typical MD 2.4 d, 95% CI 0.7–4.1)

Increase in

Infant growth
Breastfeeding
Mother-infant attachment
Psychomotor development

Healthy Newborns53
Increase in

Breastfeeding at 1–4 mo after birth (RR 1.27, 95% CI 1.06–1.53)
Cardiorespiratory stability for late preterm infants (MD 2.88, 95%
CI 0.53–5.23)
Blood glucose 75–90 min after birth (MD 10.56 mg/dL, 95% CI 8.4–12.72)

Abbreviations: CI, confidence interval; MD, mean difference; RR, relative risk.

the cause of maternal and neonatal deaths, have led to a 30% reduction in mortality in
low-resource settings in which the audit process is linked to solutions.28
For all quality and research efforts, there is continued recognition that the capturing
of denominator data (number of births) needs improvement in low-resource countries.
According to the United Nations Children’s Fund (UNICEF), in 2000, approximately 50
million births went unregistered, accounting for more than 40% of all estimated births
that year, with the unregistered rates most prominent in sub-Saharan Africa (70%) and
South Asia (63%). Governmental and NGOs are working to optimize birth registration
systems through training, advocacy, implementation of protocols, cell phone technology, and provision of resources.
Community Mobilization

Improvement of facility-based health care through clinical, research, and quality
improvement will help to address delay 3 (receiving care at the facility), but efforts
need to also solve delay 1 (recognition of the problem and the decision to seek
care) and delay 2 (reaching a health facility). Organizations are addressing those
delays through optimizing community education, increasing coverage with CHWs,
improving transport infrastructure, and promoting community mobilization. Community mobilization is defined as “a capacity-building process through which community
individuals, groups, or organizations plan, carry out, and evaluate activities on a participatory and sustained basis to improve their health and other needs, either on their
own initiative or stimulated by others.”29 Positive benefits have been observed in
low-resource settings from community mobilization strategies, including reduction
in maternal and neonatal mortality.30,31 Mobilization efforts vary widely based on a
community’s needs, but examples that address maternal and newborn health include
promoting community education surrounding antenatal care, increasing community
demand for skilled birth care, and improving the community’s capacity to bring pregnant women closer to health facilities when needed.32
Community-Based Interventions

Despite global efforts to improve women’s access to facility-based care, the reality is
that annually approximately 60 million women give birth outside facilities, primarily at
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home, 52 million of whom do not have trained birth attendants, particularly in remote
settings.33,34 There are generally 3 categories of community-based resources for
these women: (1) skilled birth attendants (accredited health professionals, such as
midwives, nurses, or physicians); (2) traditional birth attendants (TBAs, community
members who provide childbirth care, with varying levels of experience, non-salaried
or fee-for-service, and usually minimally trained); and (3) community health workers
(CHWs), employed or volunteer village health workers selected and trained to work
in the communities from which they come, sometimes possessing basic skills to
ensure clean deliveries, to recognize and treat neonatal infections, and to provide
basic neonatal resuscitation.33 For communities without skilled birth attendants, there
is a growing body of evidence highlighting the importance of CHWs and TBAs in
providing essential newborn care and in linking patients to health care systems
when needed.
Mobile Technology

Seventy-five percent of the world has access to mobile phones (1 in every 6 African
owns a cell phone), allowing contact with populations that cannot otherwise be easily
reached. Small-scale projects using cell phones in low-resource settings have yielded
improvement in health care services, including improved registration of births, increased adherence to IMCI guidelines,35 improved maintenance of medication inventory, and improved vaccination reminder systems. In addition, compact laboratory
equipment such as a quarter-size microscope, designed to plug into cell phones for
a mobile laboratory, allow for telemedicine and improved diagnostic techniques in
the field.
Global Mobilization

Historically, there has been minimal oversight for organizations and individuals
involved in neonatal health initiatives in low-resource settings. Ministries of health
and global leaders are attempting to better coordinate the various stakeholders to
ensure that initiatives are evidence-based, synergistic, sustainable, and partnered
with local infrastructure. Some organizations that have assumed leadership roles in
those efforts are listed in Box 2.

Box 2
Examples of governmental organizations and NGOs that have assumed instrumental
leadership roles in addressing neonatal mortality
American Academy of Pediatrics (AAP)
Bill and Melinda Gates Foundation
The Canadian Neonatal Network
Maternal and Child Health Integrated Program (MCHIP)
Save the Children’s Saving Newborn Lives Program
Society for Education Action and Research in Community Health (SEARCH)
The Partnership for Maternal, Newborn and Child Health (PMNCH)
United Nations Children’s Fund (UNICEF)
US Agency for International Development (USAID)
World Health Organization (WHO)
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A recent large-scale collaborative effort involved the drafting of Every Newborn: An
Action Plan to End Preventable Deaths. The development of this report was led by
WHO and UNICEF, but many additional organizations participated in leadership roles,
and consultative input was obtained from various stakeholders. The action plan highlights 5 guiding principles and 5 strategic objectives in Box 3. It also sets forth targets
for incremental decreases in global neonatal mortality, with a goal reduction in global
neonatal mortality from 21 deaths/1000 live births to 7/1000 by 2035.
CONTROVERSIES

Few would debate the importance of essential newborn care and neonatal resuscitation. However, controversy arises with the implementation of these services in lowresource settings with varying degrees of health care coverage, complicated by
different cultural paradigms. This section provides examples of controversies that
have emerged out of efforts to address newborn health disparities.
Implementation Gaps: We Know What Works, But How Do We Implement and Scale
Up?

Despite increasing global consensus around essential maternal and child health interventions, there remain significant gaps in implementation (see Fig. 3). Dubbed as
the know-do gap (a disconnect between what is known to work and what is done in
practice), this gap in some situations is related to lack of resources, but in others,
the explanation is more complex and at times controversial.22 Implementation research in low-income and middle-income countries is necessary to address the
gaps in coverage, ensure buy-in and sustainability, and effect change.
Facility Versus Community Births: Where Do We Focus Our Efforts?

Worldwide, only 63% of births occur in facilities, with the rural poor in low-income
countries experiencing the highest rates of home births. In 1997, WHO lobbied for
countries to promote facility-based births for all women. Many countries successfully
made this transition. Latin American countries now on average achieve 90% coverage
for facility-based births; however, the average rate in the world’s least developed
countries remains at only 43%.5 The controversial question, therefore, is whether to
allocate limited training resources and supplies to facilities or to community-based interventions. Darmstadt and colleagues33 estimated that an average TBA assists 30
births annually: if trained, the TBA could save approximately 1 neonate for every
1000 births, or 1 neonate every 33 years, at a cost of US $3630 per life saved. The

Box 3
Summary of guiding principles and strategic objectives in the Every Newborn Action Plan
Guiding principles: country leadership, integration, equity, accountability, innovation
Strategic objectives
1. Strengthen and invest in care during labor, childbirth, and the first day and week of life
2. Improve the quality of maternal and newborn care
3. Reach every woman and every newborn to reduce inequities
4. Harness the power of parents, families, and communities
5. Count every newborn: measurement, program tracking, and accountability
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same training interventions in a facility, in which the patient numbers are greater and
resources are available to escalate care, would yield a more cost-effective approach
to saving lives. Low-income countries are struggling with resource allocation decisions to maximize lives saved yet still maintain health equity for the rural poor.
Lay Providers: How Much Empowerment Is Too Much?

Although countries strive for promoting births in facilities, the reality remains that universal access to clinics or hospitals for all women in labor is not possible now or in the
near future. That situation, coupled with the aforementioned critical shortage of health
care providers in low-resource areas, has resulted in the development of a growing
trend to train lay providers (CHWs and TBAs) in perinatal care practices. The role of
such providers, particularly TBAs, has been a source of controversy over the past
several decades, with fluctuating degrees of support from WHO. With increasing
data to suggest that community-based interventions reduce neonatal and perinatal
mortality,36,37 in 2012 the WHO outlined a list of maternal child health interventions
that could be considered for lay workers in the context of clinician shortages
(Box 4). In considering the top 3 causes of neonatal deaths ([1] preterm birth complications, [2] intrapartum-related complications, and [3] neonatal sepsis or meningitis),
there is evidence to support lay providers intervening in each, with the caveat being
that training infrastructure, oversight, outcomes tracking, and linkages to health
care systems are required components of lay provider clinical programs. Examples
are provided below. Controversy remains regarding whether such task shifting compromises appropriate standards of care for the rural poor.
Preterm birth complications

Preterm infants require extra attention for feeding, thermal support, and prevention of
infection. TBA and CHW training packages have incorporated some strategies for
addressing preterm infant needs, including promoting skin-to-skin contact. However,
further data are required to determine whether lay provider interventions for preterm
infants are effective in reducing neonatal mortality.

Box 4
WHO maternal and newborn health interventions through task shifting recommendations:
summary of interventions that can be considered for lay workers in the appropriate context
and training infrastructure
Recommend the option
Promotional interventions for maternal and newborn health
Continuous support during labor
Distribution of oral supplements to pregnant women (with targeted monitoring and
evaluation)
Consider the option only in the context of rigorous research
Prevention and treatment of postpartum hemorrhage
Management of puerperal sepsis using parenteral antibiotics before referral
Initiation and maintenance of kangaroo mother care
Delivery of antibiotics for neonatal sepsis
Delivery of neonatal resuscitation
Contraceptive delivery (not including intrauterine devices)
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Intrapartum-related complications

Over the last 2 decades, multiple studies have been performed using the modified
neonatal resuscitation program (NRP) curriculum for TBAs, with a wide variety of results, including: (1) the SEARCH (Society for Education Action and Research in Community Health) trial, which combined a TBA with a trained CHW, yielding a 60%
reduction in asphyxia-specific neonatal mortality38; (2) the First Breath Study, which
showed no change in neonatal mortality when comparing outcomes for rural TBAs
across 6 low-income countries trained with essential newborn care plus modified
NRP compared with only essential newborn care39; and (3) the Lufwanyama Neonatal
Survival Project in Zambia, which reported a 63% reduction (0.37, 0.17–0.81) in deaths
caused by birth asphyxia for infants born to TBAs who had been trained in modified
NRP.40 The Helping Babies Breathe (HBB) curriculum, implemented in 2010 (after
the aforementioned studies were performed), is targeted specifically toward providers
with lower health literacy, including CHWs and TBAs. Reduction in mortality has been
noted after HBB facility-based implementation,41 but further trials are necessary to
show mortality reduction from HBB training for TBAs and CHWs. In addition, as
asphyxia-related deaths decline, data collection needs to occur longitudinally to follow
whether there is an increase in disability rates for newborns who suffered intrapartum
hypoxia and survived.42
Neonatal infections

Evidence suggests that lay providers can decrease mortality related to neonatal infections with assistance from neonatal-specific tools to guide the assessment, management, and referral process.17,43 Previously controversial, many programs now use lay
providers to administer oral and intramuscular antibiotics for suspected infections.
Examples of successful lay provider intervention trials for sepsis include the SEARCH
trial in India (sepsis-specific neonatal mortality declined by 90%, P<.005),44 and the
Projahnmo Study Group in Bangladesh (neonatal mortality declined by 34%, absolute
risk reduction 0.66; 95% confidence interval 0.47–0.93).45 Data also support the lay
provider use of topical chlorhexidine for prevention of omphalitis and reduction of
neonatal mortality.46,47 Ongoing trials are using lay providers to provide oral antibiotic
regimens for suspected severe infections, a modality that has the potential to incite
controversy in both low-income and high-income countries if found to be effective.48
Educational Initiatives: Are We Draining Local Resources?

Although the natural response to international brain drain is to develop educational
initiatives from within a low-resource region to promote sustainability, an unexpected
consequence is the development of intermittent local brain drain. A common educational intervention involves a train-the-trainer model, in which foreigners train local
clinicians to become educators of a specific curriculum. However, during the initial
and future training rollouts, the local clinicians often do not have backup to cover their
clinical responsibilities, leaving patients without providers. Similar shortages occur
when NGOs hire local providers out of local health systems.
Stillbirths: Who Is Keeping Track?

Stillbirths, estimated at 2.65 million annually when referring to the death of a baby at
28 weeks gestation or more,49 are unaccounted for in the numerators when discussing
death statistics, are not counted in the MDGs, and are not tracked in the Global
Burden of Disease metrics. Approximately 98% of stillbirths occur in low-income
and middle-income countries, about half of which occur during labor and are potentially preventable with quality intrapartum obstetric care. Data collection on stillbirths
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is hampered by many factors, including misclassifications, differing classification
schemes, and non-reporting to avoid culpability. The inability to accurately quantify
stillbirth numbers leads to a gross underestimation of neonatal mortality. Experts
are advocating for a more universal classification system, improved data collection
of stillbirths, and counting of stillbirths in neonatal mortality as programs and policies
are developed to improve prioritization of interventions.49
Resources: Who Comes First, and Are We Outgrowing Ourselves?

An additional and overarching controversy involves the resources allocated for
saving newborn lives amidst a sea of other health care issues in underserved populations. The ethics of resource allocation are beyond the scope of this article, but
a pressing issue. Another concern, as our population increases by approximately
74 million people per year, is whether we are contributing to the issue of overpopulation with these efforts to save lives at birth. Although intuitively the answer is yes,
data from countries suggest otherwise. Broadly speaking, demographers have
shown that a decrease in child death rates is followed by a decrease in birth rates.
Such changes are of course multifactorial, and require contraceptive counseling and
services while concomitantly saving maternal and newborn lives in the quest for
global health equity.
SUMMARY

The MDGs and the Every Newborn Action Plan set high standards and prioritize the
care of newborns on the world’s agenda. The challenges in optimizing care at birth
are immense, yet there are many evidence-based interventions that could save
newborn lives if implemented more widely. The Global Investment Framework for
Women and Children’s Health estimates that an investment of US $5 per person
per year could prevent 147 million child deaths (including 60 million newborns), 32
million stillbirths, and 5 million maternal deaths by 2035, yielding an estimated
9-fold return on investment in the form of social and economic benefits over a
23-year period (2012–35).3,50 As initiatives are developed, it is crucial for organizations
and individuals to balance the “something is better than nothing” mentality with a
push for optimal standards of care in all regions of the world. Global partnerships,
innovative strategies, and ongoing audits of the effectiveness of interventions
are required in the attempts to save lives at birth.
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