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Abstract

Background Small and sick newborn care (SSNC) is critical for national neonatal mortality reduction targets by 2030.
Investment cases could inform implementation planning and enable coordinated resource mobilisation. We outline
development of an investment case for Tanzania to estimate additional financing for scaling up SSNC to 80% of dis-
tricts as part of health sector strategies to meet the country’s targets.

Methods We followed five steps: (1) reviewed national targets, policies and guidelines; (2) modelled potential
health benefits by increased coverage of SSNC using the Lives Saved Tool; (3) estimated setup and running costs
using the Neonatal Device Planning and Costing Tool, applying two scenarios: (A) all new neonatal units and devices
with optimal staffing, and (B) half new and half modifying, upgrading, or adding resources to existing neonatal units;
(4) calculated budget impact and return on investment (ROI) and (5) identified potential financing opportunities.

Results Neonatal mortality rate was forecast to fall from 20 to 13 per 1000 live births with scale-up of SSNC, super-
seding the government 2025 target of 15, and close to the 2030 Sustainable Development Goal 3.2 target of <12. At
85% endline coverage, estimated cumulative lives saved were 36,600 by 2025 and 80,000 by 2030. Total incremental
costs were estimated at US$166 million for scenario A (US$112 million set up and US$54 million for running costs)
and US$90 million for scenario B (US$65 million setup and US$25 million for running costs). Setup costs were driven
by infrastructure (83%) and running costs by human resources (60%). Cost per capita was US$0.93 and the ROl is esti-
mated to be between US$8-12 for every dollar invested.

Conclusions ROl for SSNC is higher compared to other health investments, noting many deaths averted fol-

lowed by full lifespan. This is conservative since disability averted is not included. Budget impact analysis estimated
a required 2.3% increase in total government health expenditure per capita from US$40.62 in 2020, which is consid-
ered affordable, and the government has already allocated additional funding. Our proposed five-step SSNC invest-
ment case has potential for other countries wanting to accelerate progress.
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Key findings

WHAT WAS KNOWN?

« With less than a decade to the Sustainable Development Goals (SDGs)
deadline, 63 countries, the majority of which are low- and middle-
income countries (LMIC), are off track to achieving SDG target 3.2

of reducing newborn deaths to 12 or less per 1000 live births.

- Despite newborn deaths contributing to nearly half of all‘under 5’
deaths globally, domestic and external investment in newborn care is still
low.

- From official development assistance data with donor analyses

from 2002 to 2019, of the US$142M support for Reproductive, Maternal,
Newborn and Child Health interventions, only <US$1M was targeted

for newborn-specific interventions.

« We found no published national investment cases for small and sick
newborn care (SSNC) to inform resource allocation for SSNC, especially
for African countries which have the biggest survival and investment gaps.
- To address this need, we developed an investment case proposing

a five-step process based on analyses and learnings from Tanzania,
providing evidence-based analyses to inform cost drivers and return

on investment for SSNC scale-up

WHAT WAS DONE THAT IS NEW?

We developed a five-step framework by adapting guidance

from the Global Financing Facility (GFF) investment case framework

for Low Middle-Income Countries on how to develop a sound invest-
ment case:

Step 1: Policy imperatives

Step 2: Impact modelling - Using the Lives Saved Tool widely used

to estimate health gains in RMNCH interventions.

Step 3: Costing — Micro-costing approach using Activity Based Costing
Method

Step 4: Return on investment (ROI)

Step 5: Financing, implementation, resilience, and communication

- The five-step process was refined with inputs from the Tanzanian
government, multi-disciplinary stakeholders, government guidelines
and national standards (e.g., costed floor plans).

- Widely available approaches and tools are sufficient to gather required
data (e.g, impact estimation tools such as LiST, costing approaches such
as Activity Based Costing).

« Completion of these analyses for Tanzania was achievable in six months.

WHAT WAS FOUND?

- Step 1: Policy imperative- Tanzania's has committed through its One
Plan Il 2021/22-2025/26 to reduce the Neonatal Mortality Rate (NMR)
to 15 per 1000 live births by 2025 and to 12 or less by 2030.

- Step 2: Impact modelling-Tanzania is projected to meet the One Plan
II'NMR target by 2025 and slightly miss the SDG target by 2030, unless
a combined package of care including obstetric and newborn care

is implemented.

- Step 3: Costing (Set up and running costs) - Infrastructure is the main
cost driver but once amortized it is affordable. Human resources, espe-
cially nurses'salaries, drive the running costs.

- Step 4: ROI - Cost per death averted was estimated between US$4,297
and US$5,142 by 2030 considering sensitivity analysis of the run-

ning costs. For every US$1 invested there is a potential return

of between US$8 and USS$12 making it a worthwhile investment.

- Step 5: Financing, implementation, resilience, and communication —
Government and implementing partners’commitment is key to attain
effective coverage.

WHAT NEXT?

- Investing in SSNC in Tanzania has the potential for high impact and high
return on investment. The budget impact is affordable once the set-up
costs are amortized, and the ROl is high. However, delaying investment
may result in not meeting the SDG targets by 2030.

« Implementation will require a major focus on human resources,
especially in rural areas.
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- The investment case returns are focused on mortality, resulting in an
underestimation but there is limited long-term cohort data on neonatal
outcomes in African contexts.

- Economic research priorities include more formal cost-effectiveness
analyses on primary data and method to better track domestic financing
for maternal, neonatal, and childcare programmes.

Background

Investment in small and sick newborn care (SSNC) is
needed to achieve the Sustainable Development Goal
(SD@) 3.2 target of reducing preventable neonatal deaths
to <12 per 1000 live births by 2030 [1, 2]. Globally, 2.3
million newborns die during their first 28 days after
birth, accounting for half of the deaths amongst chil-
dren under 5 years of age [1, 2]. Approximately 98% of
these deaths occur in low- and middle-income countries
(LMIC) [2], with the leading causes being preterm birth,
neonatal infections, and intrapartum injury [1, 3, 4].
Despite the burden of newborn mortality, investment in
cost-effective, evidenced-based newborn care interven-
tions is lacking or limited. In 2019, there was US$15.9
billion in official development assistance for reproduc-
tive, maternal, newborn, and child health (RMNCH),
yet only 10% of official development assistance men-
tions newborns, and less than 1% includes interventions
for neonatal care [5]. As the deadline for the 2030 SDGs
approaches, 63 LMIC are off-track to achieve target 3.2
[1]. Political commitment and effective resource mobi-
lisation techniques are urgently required to accelerate
progress [6].

The Every Newborn Action Plan (ENAP), launched in
2014 was accompanied by a WHO resolution endorsed
by all member states, providing a roadmap of strategic
actions for ending preventable newborn mortality and
stillbirths [4]. ENAP coverage targets call for countries
to ensure 80% of districts have at least one level-2 inpa-
tient unit to care for small and sick newborns by 2025,
with respiratory support including provision of continu-
ous positive airway pressure (CPAP) (simply referred
to as level-2 care in this paper) [5, 7]. Standard of care
at this level includes thermal care, kangaroo mother
care (KMC) for all stable neonates weighing <2000g,
assisted feeding and intravenous fluids, safe adminis-
tration of oxygen, neonatal sepsis management with
injected antibiotics, management of neonatal jaundice
with phototherapy, management of neonatal encepha-
lopathy, detection of congenital abnormalities and
referral or management of birth defects. Level-2 SSNC
also encompasses management of preterm respiratory
distress with CPAP, follow-up of at-risk newborns and
exchange transfusion [4, 8].
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Currently, 106 country governments are commit-
ted to reaching newborn survival targets and scaling up
SSNC, but there are gaps in implementation, especially in
resource allocation [9], noting strained health budgets fol-
lowing the COVID-19 pandemic. However, despite recent
focus on neonatal care in hospitals compared to obstetric
care, there are major investment gaps for SSNC which
require the right space, infrastructure, more skilled health
workers especially neonatal nurses, adequate devices,
drugs and consumables, and individual-level data to meas-
ure and improve quality of care [2, 3,9, 10]. Notably, across
sub—Saharan Africa, many hospitals have no neonatal unit
or have a small room with limited devices and staff [10].

With various competing health budget demands, and
scarce funding for newborn care, it is essential to exam-
ine whether the scale-up of care services for small and
sick newborns represents a smart investment for coun-
tries. To deliver on political commitments, health plan-
ners must identify which interventions to invest in, and
at what coverage levels, as well as assess costs and eco-
nomic returns on these investments. Governments want
to prioritise high-return investments, but inadequate
data and tools for cost and benefit estimation can hinder
evidence-based decision-making for resource allocation
[7, 8]. Addressing this gap will provide data for more
ambitious investment to get countries back on track
towards achieving newborn targets.

Aim and objectives

This paper is part of a supplement reporting findings and
learnings from NEST360, an alliance of partners, includ-
ing four African governments (Kenya , Malawi, Nige-
ria and Tanzania), working to reduce neonatal inpatient
deaths by improving level-2 newborn care in hospitals.

Step 1:
Policy Imperatives
& guidelines

* SDG 3.2 newborn
status.

* ENAP targets

* SSNC content. personnel

Tools excel-
based tools &
One Health

tool

Step 3:
Planning &
Costing
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In this paper, we aim to describe the development and
results of an investment case to support country com-
mitments to meet the ENAP and SDG targets by scaling
level-2 SSNC. The paper addresses two objectives:

1. Develop a generic investment case template

to estimate the incremental costs, and health and
economic benefits of national SSNC scale-up.
2. Apply the template in Tanzania for SSNC scale-up
of at least 80% of districts having one unit offering
level-2 care (plus CPAP) to meet ENAP target 4. In
Tanzania, this translates to 146 District Hospitals and
25 Regional Referral Hospitals.

Methods

Overview

To develop an analytical framework of the SSNC invest-
ment case, we adapted a five-step approach from the
Global Financing Facility (GFF) investment case frame-
work guidance for LMIC (Fig. 1) [11]. We then applied
this five-step framework to develop an investment case
for national SSNC scale-up in Tanzania with leadership
from the Tanzania Ministry of Health and inputs from
a multidisciplinary team of researchers, neonatologists,
biomedical experts, clinicians, health economists, health
management information systems and quality improve-
ment experts.

Using the five-step framework to develop an investment
case for national SSNC scale-up in Tanzania

Step 1: Country policy imperatives and guidelines

We reviewed Tanzanian documentary resources to
deduce requirements to deliver level-2 SSNC in the

Step 5:
Financing &
Implementation

* Calculate costs
for scale up
e.g., devices,
infrastructure

Budget impact
analysis

Financing windows
When e.g., phasing

Who, what, when
indicators

Call for action

Fig. 1 Five-step investment case framework. Abbreviations: SDG; Sustainable Development Goal, ENAP; Every Newborn Action Plan, SSNC; Small
and Sick newborn care LiST; Lives Saved Tool. Adapted from World Bank Global Financing Facility Investment case framework: [11]
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country [12-15]. Inputs included policy documents and
guidelines, such as the national One Plan III [12], existing
newborn-specific guidelines, and novel national costed
newborn unit floor plans for district and regional facili-
ties (Additional file 1), plus guidelines for medicines and
devices as well as human resources for health. Tanzania’s
commitments to improving neonatal survival includes
improving intrapartum care and resuscitation, and scale-
up of quality Neonatal Care Units with management of
sepsis and prematurity, including KMC [16]. Linked sys-
tems changes involve Health Management Information
Systems data to capture neonatal indicators, neonatal
audit, and introduction of competence-based training on
newborn health [16].

Step 2: Health impact modelling using the Lives Saved Tool
(LiST)

We estimated potential health benefits of SSNC scale-
up across mainland Tanzania and Zanzibar using LiST.
LiST allows users to model potential gains from acceler-
ating coverage of high-impact interventions for RMNCH
and is widely used to estimate health gains and inform
national plans [17, 18]. LiST has pre-populated data
inputs including demographic data and country-specific
health status metrics based on the most recent United
Nations (UN) estimates and demographic surveys. UN
estimates do not separate Mainland Tanzania and Zan-
zibar; hence, combined estimates were available, preclud-
ing ability to calculate separate health benefits. The lives
saved estimates are generated by changing coverage lev-
els for evidence-based interventions which have set effec-
tiveness levels for causes-specific mortality impact based
on published reviews. When multiple interventions
target the same cause of death, the impact is calculated
sequentially to avoid double counting the number of
prevented deaths [17-19].
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The high-impact SSNC interventions included in
LiST are based on The Lancet series (Table 1, see fur-
ther details of the LIST SSNC interventions in Addi-
tional file 2). We used the LiST prepopulated number
of annual births and neonatal deaths and cause-specific
mortality. Based on Tanzania’s annual number of new-
born births (i.e., 2.15 million) [16], we estimated that
10% of live births would require SSNC. We applied
an average admission of seven days, estimated using
NEST360 alliance data in Tanzania [12, 15]. We applied
an endline coverage estimate of 85% for all interven-
tions by 2025 and 2030 starting with a baseline (2021)
coverage of 10% of all interventions (Table 1). Two
scale-up time periods were used for analyses, 2021—
2030 for the SDG and 2021-2025 for the current
national target in Tanzania.

Step 3: Planning and costing
We employed a normative micro-costing approach using
the Activity Based Costing (ABC) approach to estimate
incremental costs from a health provider perspective [20,
21]. A novel, ABC Neonatal Device Planning and Cost-
ing Tool [22] was used to estimate some of the setup costs
related to neonatal furniture and devices. All costs were
expressed using 2022 US dollars (1 US$=2,339 Tanzanian
shillings (TZS)). Inflation was not incorporated because
reporting costs in US dollars help smooth inflationary
spikes. Capital assets were annualised using a discount rate
of 3% over their useful years; infrastructure for 20 years,
and ward furniture and neonatal devices for five years.
Incremental cost estimates included setup and running
costs required to scale SSNC to 146 District Hospital and
25 Regional Referral Hospitals (total 171 hospitals) in
Mainland Tanzania which would enable reaching the tar-
geted 85% coverage of interventions. Costing was done
for Mainland Tanzania only, due to differing governance

Table 1 Interventions for modelling impact of small and sick newborn care scale-up, using the Lives Saved tool (LiST)

Interventions included in Small and sick Cause of death

newborn care package

Intervention
Effectiveness® %

Baseline Coverage
(2021) %

Target Coverage 2021
to 2025 and 2021 to
2030 (%)

Preterm birth direct com-
plications

Kangaroo Mother Care

Care for prematurity ((including CPAP/respira-
tory)

Injectable antibiotics for neonatal sepsis Neonatal infections
Supportive care for neonatal sepsis

Supportive care for intrapartum complica-
tions

Intrapartum complica-
tions (previously called
“birth asphyxia”)

Supportive care for congenital conditions Congenital conditions

51 (Note: 47% affected
fraction)

90

90
90
10

10

10

10

10
10
10

85

85

85

85

Abbreviations: CPAP Continuous positive airway pressure,
2 Effect estimated from [2].
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and budgeting processes compared to Zanzibar. Setup
costs included infrastructure, ward furniture and fix-
tures, and neonatal devices. Running costs included
human resources, medical supplies and device consum-
ables, neonatal medicines, maintenance, and data and
quality improvement systems (Additional file 3). Most of
the cost estimates used were provided by the government
and reflected actual costs they had incurred, resulting in
minimal uncertainty.

Scale-up costing scenarios

Two scenarios were simulated both with a baseline year
of 2021. Scenario A would be the ‘best case’; with all new
infrastructure and devices, fully adhering to optimal
national guidelines such as nurse to baby ratios. Scenario
B assumed a ‘halfway case’; with half of buildings and
devices new and the remainder renovated, and halfway to
the optimal HR ratios.

Scenario A considered the incremental setup costs of
establishing completely new SSNC units in 171 hospi-
tals, including the acquisition of new ward furniture,
fixtures, and neonatal devices needed for level-2 and par-
tial level-3 SSNC care at District Hospital and Regional
Referral Hospitals (Additional file 4) [23]. We used exist-
ing government costed floor plans to estimate infrastruc-
ture costs. Running costs were based on operationalising
each newborn unit, adhering to all government stand-
ards for quality care provision. Table 2 outlines how each
input for both set up and running costs were estimated.

Scenario B considered the incremental setup costs of
establishing 50% new SSNC units amongst the 171 hos-
pitals (acquiring new ward furniture, fixtures, neonatal
devices), while renovating the remaining 50% (and sup-
plementing with existing resources to adhere to all gov-
ernment quality care standards). Running costs were
based on operationalising the 50% new units while utilis-
ing existent resources (e.g., human resources, etc.) in the
remaining 50% (Tables 2, 3, 4)

Incremental costs: type, quantity, and unit cost data sources
Costed items and quantities were identified by reviewing
Tanzanian government guidelines, neonatal inpatient data,
and Health Facility Assessment data from hospitals in Tan-
zania implementing with NEST360, and refined by expert
opinion [23, 25]. We used prevailing market prices in Tan-
zania, and where there were missing data, notably for some
medicines and medical devices, we sourced prices from
the Management Sciences for Health (MSH) international
price guide and UNICEF supply catalogue. Quantities were
multiplied by unit price of each item to determine total cost
per cost category. Table 2 details data sources and costing
scenario assumptions used to inform calculations.
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Step 4: Return on investment

A cost—benefit ratio was used to evaluate the return on
investment by directly comparing intervention costs
and health benefits, both calculated in dollars at pre-
sent value. This was done for scenario A only over the
period 2021-2030.

For the total setup costs, infrastructure was assumed
to have a useful life of 20 years, while devices and fur-
niture to have a useful life of 5 years (Table 5). We esti-
mated running costs assuming a gradual incremental
percentage based on the number of facilities function-
ing from 25% in 2021 to 100% in 2030, by which time all
171 facilities would be fully functional. All costs were
discounted at 3%.

We estimated the value of health benefits by monetis-
ing years of life saved. Given the modelled population was
all newborns, we assumed years of life saved to equate
to Tanzanian life expectancy (estimated at 66 years) [26]
multiplied by number of lives saved. We compared two
approaches to calculate the value of life years gained:
(1) multiplied years of life saved by 2.3 times constant
Gross Domestic Product (GDP) per capita for Tanzania
(US$1,039 in 2021) [26-28] and (2) multiplied years of
life saved by constant value of a statistical (VSL) Tanza-
nian life year (US$2,401) [29]. However, we used the sec-
ond method for sensitivity analyses. We assumed a GDP
growth of 3% annually in the 10 years (based on the last
ten years) [26]. We discounted the monetary value of lives
at 3% [21, 28].

Sensitivity analyses related to ROI We used the Value of
a Statistical Life as a measure of sensitivity analysis of the
benefits once lives are monetised.

We used the LiST intervention scale up coverage from
baseline to endline to 2030 to estimate the running costs
as part of sensitivity analyses.

For scenario B, we ran a sensitivity analysis on projected
health gains for 2025 as an outcome measure of the qual-
ity of care adhering to the two costing scenarios. We
altered effectiveness of each of the priority high-impact
interventions on LiST by 50% to represent scenario B,
which we hypothesise is inferior in quality of care and
thus effectiveness. However, we maintained effectiveness
of supportive care for congenital conditions and intrapar-
tum care because they are low-impact interventions.

Step 5: Financing, budget impact and implementation

We assessed the budget impact of SSNC scale-up on the
cost per capita. We used the defined scale-up scenarios and
a population estimate of 61.5 million [16, 26], which was
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Table 3 Incremental government staffing ratios compared against baseline required for two scenarios A and B to be modelled.
Baseline staffing ratios based on Health Facility Assessments conducted in seven hospitals in Tanzania by the NEST360 Alliance (5
facilities in October 2020 and 2 facilities in February 2021). Scenario A considered establishing and operating new additional neonatal for
scale-up. Scenario B considered modifying, upgrading, or adding resources to existing neonatal units, plus setting up new additional
units

WardStaff Cadres Baseline Modelling Scenarios
Scenario A Scenario B
Nurse (per cots) 111 1:4 1:8
Nursing Assistant 1 per unit 2 per room 1 per unit
Medical Doctor/ Paediatrician 1:20 cots 1:8 cots 1:12 cots
Clinical Officer Variable 1 per room 1 per room
Biomedical Technician 1 per hospital 1 per unit 1 (one per hospital)
Ward Clerk Variable 2 per unit >1 per newborn unit

Ward clerk >1 at least one health records personnel, who is not entirely attached to the newborn unit but can be shared with the health facility. Under scenario B, the
ward clerk is not costed, for District Hospital it's more health system costs and for Regional Referral Hospitals one ward clerk personnel is costed.

Table 4 Incremental staffing requirements per hospital type, based on modelled scenarios A and B. Scenario A considered
establishing and operating new additional neonatal for scale-up. Scenario B considered modifying, upgrading, or adding resources to
existing neonatal units, plus setting up new additional units

Ward Staff Cadres Scenario A Scenario B
District Regional District Regional
Nurse 13 20 7 10
Clinical Officer 4 Not charged 2 Not charged
Medical Doctor/Paediatrician 4 12 2 6
Nursing Assistant 3 9 1 5
Ward Clerk 2 2 Not charged 1
Biomedical Technician 1 1 Not charged Not charged

compared to total health expenditure (US$40 in 2020). Cost ~ Referral Hospitals are expected to have a partial neona-
per birth and cost per level of hospital care (i.e., District Hos-  tal intensive care unit (NICU) and Tertiary hospitals are
pital versus Regional Referral Hospitals) were all calculated  expected to have a full NICU for newborns requiring
as part of the unit analysis, with cost per birth estimated more intensive care.
using the annual total births estimate of 2.15 million [16].

In addition, we explored windows of financing and pre-  Step 2: Impact analysis
sented findings to policymakers to enable targeting of the  LiST estimates showed substantial additional lives

investment at national and international levels. saved through scaled-up SSNC interventions. At
an endline coverage of 85% with a base year of 2021
Results for both scenarios, there were an estimated 36,600
Results are reported according to the five-step framework. cumulative lives saved by 2025 (35% deaths averted)
and 80,000 by 2030 (41% deaths averted). Subse-
Step 1: Country policy imperatives and guidelines quently, the NMR would reduce to 13 per 1000 live

According to Tanzania neonatal care guidelines, all Dis-  births by 2025 (Fig. 2) superseding the government
trict Hospitals must have a fully functional level-2 inpa-  target of 15. However, at the same endline coverage,
tient unit to care for sick and small newborns. At District  the NMR remained at 13 per 1000 live births by 2030,
level of care, the newborn unit is considered fully func-  slightly missing the SDG 3.2 target of 12 (Fig. 3). The
tional when it has a general neonatal ward (GNW), potential additional lives saved was greatest for neo-
an isolation room, and a KMC room and high depend- natal prematurity (48%), followed by neonatal sepsis
ency unit (HDU). In addition to these rooms, Regional (34%), and neonatal pneumonia (16%). Congenital
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Fig. 2 Projected lives saved with level-2 small and sick newborn care scale-up in Tanzania (including Zanzibar) using Lives Saved Tool modelling

by 2025

Neonatal Mortality Rate per 1000 live births

25 4

200 195
20 . 18.7

Rl 16.0
T 150 140

15 - 14.0 13.0

———————————————————————— 12
10 - /

2030 SDG

5 Target
0
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Fig. 3 Projected lives saved with level-2 small and sick newborn care scale-up in Tanzania (including Zanzibar) using Lives Saved Tool modelling

by 2030

conditions and intrapartum care both accounted for
3% of the lives saved.

Step 3: Planning and costing
Total scale-up costs
The total one-off incremental costs for scenario A were
US$166 million (US$112 million District Hospitals and
US$54 million for Regional Referral Hospitals) and for sce-
nario B were US$90 million (US$65 million and for District
Hospitals and US$25 million Regional Referral Hospitals).
Once the capital assets were annualised, the total
annual incremental costs for scenario A were US$57
million (US$41 million for District Hospitals and
US$16 million for Regional Referral Hospitals) and for
scenario B were US$28 million (US$20 million for Dis-
trict Hospitals and US$8 million for Regional Referral
Hospitals). The cost of human resources was the main

cost driver, accounting for 50% of the total costs. Set-
up cost was relatively low accounting for approximately
22% of the total costs. For example, in scenario A, the
equivalent annual cost of capital assets for District
Hospitals was US$6 million, while the human resource
cost was US$23 million.

The annualised incremental cost per hospital for sce-
nario A were US$274,000 per District Hospital and
US$645,000 per Regional Referral Hospitals and for
scenario B were US$130,000 per District Hospital and
US$312,000 per Regional Referral Hospitals (Fig. 4).

Set-up costs

At both levels of hospital and for both scenarios, infra-
structure contributed to ~83% of total incremental set up
costs, while neonatal devices contributed 11%. For sce-
nario A, the total incremental cost of District Hospitals
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Fig. 4 Total incremental costs* for scale-up of level-2 small and sick newborn care units in 146 District hospitals and 25 Regional Referral hospitals
in Tanzania, based on two modelled scenarios and stratified by level of hospital. Scenario A considered establishing and operating new units in all
171 hospitals. Scenario B considered modifying, upgrading, or adding resources to existing neonatal units in 50% of the hospitals and establishing
and operating new units in the remaining 50% of hospitals. For a district hospital the total incremental cost is US$274,000 for scenario A and US$

130,000 for scenario B

scale-up was US$65 million while for Regional Referral
Hospitals was estimated to cost slightly lower at US$48
million. For scenario B the total incremental set up
cost for District Hospitals was US$38 million while for
Regional Referral Hospitals was US$28 million (Fig. 5).

Per hospital, the cost of either building or upgrading
a District Hospitals was lower than Regional Referral
Hospitals in both scenarios. For scenario A, the incre-
mental cost per District Hospitals was US$448,000
(infrastructure; US$358,0000, ward furniture and fix-
tures; US$50,000, and neonatal devices; US$40,000)
and US$1.9 million for Regional Referral Hospitals
infrastructure; US$1.6 million, ward furniture and fix-
tures; US$70,000 and neonatal devices; US$ 275,000).
While for scenario B costs per District Hospitals were
US$258,000 and US$1.1 million (Fig. 5).

Running costs

Human resources were the main running cost driver at
both levels of hospital and for both scenarios, account-
ing for approximately 60% of running costs. Medical
supplies and device consumables accounted for nearly
20% of incremental running costs, and capital assets

maintenance contributed to 5% of these costs. In both
levels of hospital care and scenarios, neonatal medi-
cines and data systems cumulatively contributed to 15%
of the costs.

Although neonatal medicine accounted for only 8% of
the total incremental cost it is important to note that anti-
biotics accounted for approximately 30% of this cost. In
addition, the starter and refresher training for routine data
collection and quality improvement accounted for 70% of
the data system costs. Maintenance costs were relatively
higher for Regional Referral Hospitals (15% for scenario A
and 9% for scenario B), than for District Hospitals.

For scenario A, total incremental annual running
costs were at US$35 million for District Hospitals, and
lower for Regional Referral Hospitals, at US$12 mil-
lion (Fig. 6). For scenario B the incremental annual
running costs were at US$17 million for District Hos-
pitals, and lower for Regional Referral Hospitals, at
US$6 million.

Incremental running cost per hospital for Regional
Referral Hospital was double that of District Hospitals.
For scenario A, District Hospitals was estimated at US$
231,000 and US$ 561,000 per Regional Referral Hospital
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Fig.5 Set up Incremental costs for scale-up of level-2 small and sick newborn care units in 146 District hospitals and 25 Regional Referral hospitals
in Tanzania, based on two modelled scenarios and stratified by level of hospital. Scenario A considered establishing and operating new units in all
171 hospitals. Scenario B considered modifying, upgrading, or adding resources to existing neonatal units in 50% of the hospitals and establishing
and operating new units in the remaining 50% of hospitals. For a district hospital the set up incremental cost is US$448,000 for scenario A and US$

258,000 for scenario B

and for scenario B, operating costs were US$106,000 per
District hospitals and US$ 258,000 per Regional Referral
Hospital (Fig. 4).

Step 4: Return on investment

For scenario A, the Return on Investment (i.e., CBR)
was estimated between US$7-8 for every US dollar
invested by 2030 assuming constant GDP per capita
(no growth) (Additional file 5). The monetised ben-
efits from lives saved, assuming each newborn would
reach the estimated life expectancy in Tanzania, would
be between US$12.6 billion (GDP method) in 66 years,
which is a future value. However, at net present value,
it would be between US$1.8 (2030). Total incremental
costs to 2030 were estimated at US$376 million once
set up costs are annualized based on useful life (Addi-
tional file 5). Assuming an annual GDP growth rate
of 3% and similar costs the Return on Investment was
estimated to be between 8 and 12 (Tables 5, 6, 7 and 8,
See further details of the Return on Investment Esti-
mation in Additional file 5)

Using the VSL of Tanzania to monetise the lives saved
we estimated the future value at US$ 14.8billion and
US$2billion at net present value thus a very minimal
variation between the two methods. As for the costs
using the LIST to estimate running costs, the total costs
were estimated at US$343 million also a very slight
variation.

For scenario B, which represents reducing the effec-
tiveness of all interventions by half, NMR by 2025
would only reduce to 17.3 per 1000 live births by
both 2025 and 2030. The country would miss both
the national and SDQG targets if effectiveness of the
interventions were lowered because of poorer qual-
ity of care (i.e., by not reaching stipulated government
standards). Therefore, we did not do an ROI for this
scenario.

Step 5: Financing, budget impact and implementation

Based on total incremental costs for scenario A, we esti-
mated the cost per birth at US$26.61 and cost per capita
at US$0.93. A budget impact analysis estimated that for
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Fig. 6 Running Incremental costs for scale-up of level-2 small and sick newborn care units in 146 District hospitals and 25 Regional Referral
hospitals in Tanzania, based on two modelled scenarios and stratified by level of hospital. Scenario A considered establishing and operating new
units in all 171 hospitals. Scenario B considered modifying, upgrading, or adding resources to existing neonatal units in 50% of the hospitals

and establishing and operating new units in the remaining 50% of hospitals. For a district hospital the running incremental cost is US$231,000

for scenario A and US$ 106,000 for scenario B

Table 5 Estimating the return on investment. Estimating set up costs

Setup Costs Annualized Set Up Costs Costs To 2030 (USS) Source

(US$)
Infrastructure-20 years useful life 6,128,652.00 61,286,520.00 ABC COSTING
Ward Furniture and Fixtures-5 years useful life 1,832,054.00 18,320,540.00 ABC COSTING
Neonatal Devices-5 years useful life 2,770,864.00 27,708,640.00 ABC COSTING
Total Set Up Costs 10,731,570.00 107,315,700.00

All set up costs were discounted at 3%

SSNC scale-up to 171 hospitals in Tanzania, an increase
of 2% of government health expenditure per capita (from
US$40.62 in 2020) would be required (United Repub-
lic of Tanzania. Ministry of Health. National Health
Accounts for Financial Years 2017/18, 2018/19, and
2019/20. 2022. Government Unpulished document) [30].
Cost per death averted was estimated between US$ 4297
and US$ 5,142 by 2030 considering sensitivity analysis of
the running costs.

Tanzania is negotiating for an additional US$200
million in GFF funding, earmarked for investment in
RMNCH as part of their One Plan III implementation.
The Tanzanian Ministry of Health and Department of
Newborn and Child Health are advocating for a por-
tion of these funds to be allocated towards the imple-
mentation of this investment case for SSNC scale-up.
The COVID-19 pandemic has increased donors’ inter-
est in building resilient health systems, leading many
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Table 6 Estimating running costs — including human resources,
neonatal medicines, medical supplies and consumables,
maintenance and data and quality improvement. We assume a
gradual implementation of Scenario A as all facilities cannot be
built in the first year. Total incremental Running costs per year if
all is in place US$47,000,000

Year Percentage Gradual
implementation of
SSNC Scale up

Running Costs per year

2021 25% 11,750,000.00
2022 30% 14,100,000.00
2023 35% 16,450,000.00
2024 40% 18,800,000.00
2025 55% 25,850,000.00
2026 60% 28,200,000.00
2027 70% 32,900,000.00
2028 85% 39,950,000.00
2029 90% 42,300,000.00
2030 100% 47,000,000.00
Total Running 277,300,000.00
costs

programs in Tanzania to focus on training health
workers, developing communication materials, and
equipping health facilities with modern technologies.

Discussion

More ambitious investment in the care of small and sick
newborns is necessary to reach neonatal mortality tar-
gets, noting that 63 countries are currently off track for
their 2030 SDG targets for neonatal survival. National
scale-up of SSNC is a smart investment for Tanza-
nia, given the high ROI demonstrated in this study
of US$8-12 for every $1 invested. By reaching high

Table 7 Estimating the monetised health benefits
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Table 8 Estimating the return on investment

Social Benefits:
Total Benefit to 2030 US$1,897,154,151.13
Total Cost to 2030 US$ 376,296,700
ROI'1 50

Economic Benefits:
Total Benefit to 2030 US$ 1,250,070,111.94
Total Cost to 2030 US$ 376,296,700
ROI 2 33
Total ROI 83

Discounted At 3%
Discounted At 3%

Discounted At 3%
Discounted At 3%

Abbreviations: ROI Return on Investment

coverage (85%) of high-impact small and sick newborn
care, we estimated that the country would slightly miss
its national SDG of reducing neonatal mortality to <12
per 1000 live births by 2030. Scaling up appears afford-
able at US$0.97 per capital and with a 2.3% increase
in per capita health expenditure. However, delaying
investment could result in ineffective implementation,
quality care gaps, and failure to achieve the SDG target.
There is increasing political commitment to newborn
health in Tanzania, and additional funding has already
been allocated by the government especially for infra-
structure, but scale-up and sustaining high-quality care
necessitates dependable financing.

Scaling up SSNC in Tanzania across 80% of districts
was estimated to cost between US$159 million (sce-
nario A) and US$88 million (scenario B). The annual-
ised incremental costs per hospital for scenario A were
US$274,000 per District Hospital and US$645,000 per
Regional Referral Hospital. Scenario A is the 'best-case’
scenario where all units were assumed to be newly
built. Although this is higher set up cost, if this then

Inputs Value Approach/Source

Lives saved by 2030 80,000 Estimated for Lives Saved Tool

Life expectancy in Tanzania 66 From World Bank indicators [26]

Years of life lost averted using Tanzania life expectancy 5,280,000.00 Lives Saved multiplied by life expectancy

Gross domestic product (GDP) per capita US$ 1099 From World Bank Indicators

Value of a statistical life (VSL) year ) in Tanzania US$2527.7 using GDP approach

Monetised years of life lost averted future value US$13,346,256,000.00 GDP approach

Constant value of statistical life year in Tanzania US$ 2401 Minimal difference with GD Papproach

Future monetised lives saved US$12,677,280,000.00 VSL approach [29]

Present value of monetised lives US$1,897,154,151.13 Used GDP approach as not major differ-
ence with VSL

Age to enter labour force 20 From World Bank Indicators

Productive life years when one enters labour force 46 From World Bank Indicators

Productivity gains (future value) US$9,301,936,000.00 using GDP approach

Productivity gains (present value) US$1,250,070,111.94 using GDP approach

Abrreviations: GDP Gross Domestic Product, VSL Value of a Statistical Life year
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lasts 20 years the investment could prevent repeated
costs to renovate and rebuild every few years. Scenario
B is more affordable, assuming half of existing units can
be upgraded, and some units are newly built using the
national neonatal floor plan. However, since many hos-
pitals in the country are a very small room with a single
nurse, and functioning below optimal levels it is plausi-
ble that this approach would not achieve the same qual-
ity and therefore lower the level of impact [23, 24].

Set up costs were largely driven by infrastructure (83%
of set up costs) and running costs by human resources
(60% of running costs). Infrastructure plays a critical role
in SSNC outcomes, and drives set up costs, yet is nec-
essary for quality of care — both effective service provi-
sion and respect and dignity for families and workers.
Infrastructure for neonatal care has not been a focus
and standard hospital floor plans, even for maternity
units, may omit a newborn ward. Devices, often con-
sidered a major cost barrier to implementing quality
SSNC, accounted for a surprisingly affordable cost of less
than 15% of the set up costs. Maintenance systems and
training are important to prevent occurrence of ‘device
graveyards’ in low-resource settings. The higher device
concentration in Regional Referral Hospitals may explain
higher maintenance costs compared to District Hospi-
tals, [23, 24, 31]. Some previous analyses estimated lower
incremental costs for SSNC scale-up, but did not include
infrastructure, furniture, and devices costs in their esti-
mates, all critical components of SSNC [2, 27, 32, 33].
Multi-sectoral partnerships are key, particularly for infra-
structure investment [31].

Human resource total incremental costs (50%) were
higher than amortised infrastructure costs (22%) and this
is consistent with an investment case for Primary Health
Care in Kenya [21, 28], indicating the imperative for a
workforce planning to implement interventions once
infrastructure is in place. In Tanzania, it was estimated
that 2,500 additional nurses would be required to close
the scale-up gap under the recommended government
policy on staff-to-newborn ratios, with the biggest gap in
rural areas. Equitable human resource distribution is cru-
cial to avoid overcrowding of urban hospitals, which can
negatively impact quality of care and health outcomes
[30, 34, 35]. Training of the health workforce also needs
to be accounted for when planners are considering SSNC
scale-up costs [32].

The return on investment for SSNC scale-up was esti-
mated at US$8 and US$12 for every US dollar invested.
This was similar to the return on investment for mater-
nal and child health interventions (US$7) [36] and for
adolescent health (US$12) [36]. Given this high ROI
governments could consider allocating more funding for
newborn health as part of RMNCH budgets. It is possible
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that set up costs for adolescent or child health interven-
tions are less than for small and sick newborn interven-
tions, thus seeming like cheaper investment, but the
mortality gains are also lower hence the return on invest-
ments are similar. In addition, we may be likely to under-
estimate the benefits as we only focus on mortality and
do not include morbidity averted.

We estimated a budget impact of 2.3% on top of the cur-
rent government total health expenditure of US$40. This
is estimate can inform budget projections for scale up of
SSNC, but still subject to government actually allocating
resources [33]. Adopting a phased approach to implemen-
tation of the investment case more so to reach rural and
urban need, as was seen in the immunization coverage in
Tanzania, could increase feasibility [30, 37]. The Tanzanian
Government has already allocated new funding based on
these analyses. Leveraging other support towards new-
born health would also be critical. Donor funding has
been a leading source of financing for health interventions
in Tanzania, with priorities areas guided by the govern-
ment. Donor analyses for 2002-2019 indicated US$142M
support for RMNCH interventions, but newborn-specific
interventions made up <US$1M of the total aid [5]. While
there are efforts to track newborn funding from Offi-
cial Development Assistance there are limitations as this
data is self-reported from donors and may exclude other
donors [5]. LMIC are not able to track details for newborn
care within the National Health Accounts current set up as
there are no relevant budget lines.

Tanzanian hospitals implementing a newborn health sys-
tems package with the NEST360 Alliance reported struc-
tural gaps, insufficient trained healthcare workers, and
inadequate equipment at baseline [23]. Quality improve-
ment initiatives in these hospitals have been promising
[31]. Whilst focus on SSNC scale-up is high impact and
returns, to reach national neonatal target the country may
also need higher coverage and quality of maternity care to
reach the SDG3.2 target of NMR <12. High coverage and
quality of antenatal and maternity care as well as SSNC
would have higher impact on neonatal mortality and also
reduce stillbirths and maternal mortality [2].

Our investment case development approach had
strengths, including co-developing the five-step frame-
work with stakeholders, prioritizing interdisciplinary
engagement, and utilising the comprehensive ABC cost-
ing method with updated country-specific unit costs. We
also employed government-approved costed neonatal
floor units to cost infrastructure. Prior studies used the
LiST and One Health costing modules, which have lim-
ited cost inputs related to neonatal care [2, 27, 32, 33].
The LiST costing module includes only bag and mask and
antibiotics, not the requirements for SSNC. Hence, we
used LiST to estimate health benefits through lives saved
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but not to estimate costs while for the health benefits
we estimated impact for the entire country (Mainland
Tanzania plus Zanzibar), for the costing only the scale
up for Mainland Tanzania was included. However, there
are fewer facilities in Zanzibar and the number births in
Zanzibar only account for 3% of the total births annually.
Therefore, this gap is expected to have a marginal effect
on the results. The Government of Zanzibar also plans to
do a specific investment case.

Several challenges were encountered in the costing analy-
ses. First, costs included in the analysis are from the pro-
vider perspective, costs incurred by the patients were not
considered. Second, our focus was on level-2 care and the
more substantial costs of scaling level-3 neonatal intensive
units were not fully included; infrastructure and ward furni-
ture were fully costed while neonatal device costs included
only some of the devices required for level-3. Third, while
we did include estimates of costs of for some health system
bottlenecks such data strengthening and quality improve-
ment, we did not attempt to cost for context specific bot-
tlenecks such as leadership and governance.

LiST does not estimate morbidity averted nor account
for disability, and while ensuring newborn survival is a
global imperative, it is important for families and coun-
tries that newborns both survive and thrive. Our analyses
underestimated this potential benefit. For future studies
to account for morbidity averted, more cohort studies
would be needed to provide reliable data on disability to
be included in LiST. To ensure SSNC is incorporated into
other costing exercises for health strategic plans, more
comprehensive ingredient costs for SSNC inputs should
be included in widely used tools such as LiST [19] and
One Health [38].

Learnings from Tanzania’s application of the five-step
framework can guide use in other countries. Importantly
Tanzania had well-defined targets and existing policies
including a national neonatal unit floorplan, but lacked
comprehensive neonatal guidelines for staffing ratios,
medical devices, and medical drugs. A phased approach
for implementation of this investment case may include
focusing on rural areas at first before urban areas. It
would be valuable to monitor implementation for
accountability in Tanzania and to provide learnings for
other countries. To track financing for newborn health,
policymakers could consider including a budget line in
national and potentially sub-national health budgets.

Conclusion

Investment is crucial for countries to achieving neona-
tal mortality targets and reducing overall under-5 deaths
with limited time to 2030, noting that SDG 3.2 for new-
born survival cannot be achieved without increasing or
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redirecting resources to SSNC. Tanzania’s success with
Millenium Development Goals drives their ambition to
achieve the neonatal SDG, but resources must be lever-
aged for SSNC implementation. Investing in neonatal
health has high returns, but also moral arguments, to
change outcomes for the most vulnerable citizens and
reduce deaths which are affecting lose to 2.3 million fam-
ilies worldwide every year.
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