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Abstract
Background: A resilient public health supply chain will ensure the sustainability and accessibility of essential medicines 
during a conflict as demonstrated during the war in Sudan. 
Aim: To assess the resilience and strategies adopted to sustain and strengthen public health supply chain during the war 
in Sudan.
Methods: We conducted a comprehensive review and analysis of electronic databases for information on public health 
supply chain systems during the war in Sudan between the period April 2023 to December 2024; particularly information 
relating to governance and leadership, procurement and financial resources, warehousing and storage, distribution and 
logistics, supply chain workforce, and information systems.
Results: The National Medical Supplies Fund adopted some strategies to enhance public health supply chain during 
the war, including diversification and decentralisation. These measures improved medicine availability, strengthened 
storage and distribution systems and facilitated the recovery 70% of the cold chain capacity. Essential health products 
were delivered to 17 of 18 states, although the quantity and frequency of deliveries varied according to the security and 
access conditions. The supplies covered 90% of the functional health facilities. 
Conclusion: Despite the complex war challenges, Sudan's health supply chain achieved remarkable resilience, 
strengthening performance and delivery of essential health products, and reducing the negative effects of the war.
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Introduction
Ensuring access to safe, efficacious, quality medicines 
is central to the achievement of the United Nations 
Sustainable Development Goal 3: “ensure healthy lives 
and promote well-being for all” (1). This goal is critical to 
strengthening health systems and supporting Universal 
Health Coverage; a strategic priority for WHO and many 
countries (2–4). 

Sudan’s large size and challenging environment 
require substantial investment in the health supply chain 
to ensure availability of essential medical interventions 
(5). In Sudan, the National Medical Supplies Fund (NMSF) 
is a semi-autonomous government entity responsible for 
the procurement, storage and distribution of medicines 
and other medical products, based on the concept of cost 
recovery (5). NMSF has implemented reforms through 
several initiatives and interventions across public 
health supply chain functions to improve geographic, 
physical and economic accessibility of quality essential 
medicines and other health products (6). These initiatives 
include, for example, adoption of a new procurement 
policy with cross-subsidisation, long-term contracts and 
pooled electronic procurement (the first of its kind in 
Africa). NMSF introduced an online supply service and 

outsourced transportation of medical products to boost 
the efficiency of the distribution system (6).  

NMSF established branches in 17 states and invested 
approximately US$ 48 million to strengthen these 
branches and improve the national health supply chain. 
This investment included the construction of warehouses, 
provision of supervision cars and temperature-controlled 
vehicles, implementation of comprehensive human 
resource development programmes, refurbishment of 
pharmacies, and installation of computers and software. 
Since 2010, an enterprise resource planning system 
and an electronic logistics management information 
system have been operated at central and state levels 
to enhance efficiency and transparency across supply 
chain operations (6). These comprehensive reforms and 
investment in the supply chain have had a significant 
impact on the performance of Sudan’s national supply 
system for essential medicines (7).

The current war erupted on 15 April 2023 in Khartoum 
and spread across most states, causing political instability 
and serious health, social and economic consequences 
for the entire population (8,9). The war has resulted in a 
shortage of medicines due to looting of strategic stocks 
and fleets; extensive damage to NMSF warehouses in 8 
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states; and difficulties in delivering medicines caused 
by insecurity, destruction of infrastructure, increasing 
service costs, and fuel shortages. For example, NMSF lost 
more than 130 vehicles, including supervision vehicles 
and temperature-controlled trucks, in Khartoum and 
other war-affected states. The war has caused shortages 
of health workers at all levels. NMSF lost its data centre 
in Khartoum State, resulting in the loss of its enterprise 
resource planning system and the electronic logistics 
management information system (10,11). The overall 
financial losses in the health supply chain due to the 
war have been estimated to be more than US$ 500 
million  (10,11). 

The war highlights the importance of establishing 
a resilient public health supply chain to ensure the 
sustainability and accessibility of life-saving and essential 
medicines across the country. To address the supply 
chain challenges during the war, NMSF and the Federal 
Ministry of Health (FMOH) implemented strategies 
to ensure sustainable procurement and distribution 
of essential medicines and continuity of health supply 
services throughout Sudan (10,11). This study assessed the 
resilience of the public health supply chain and the early 
preparedness, capacity, management, and strategies 
that were adopted by NMSF and FMOH to sustain and 
strengthen the health care supply chain during the war. 

Methods
We conducted a comprehensive desk review of multiple 
data sources containing information and insight on 
Sudan’s public health supply chain system during the 
war. The review involved searches in the following 
electronic databases: digital library searches, such as 
WHO IRIS; grey literature, including relevant FMOH 
and NMSF documents, such as policies, emergency 
response reports, evaluation reports, statistical records, 
and health and national supply chain strategies; and 
situation reports of United Nations agencies in Sudan. 
The study covered the period from the onset of the war 

in April 2023 to December 2024. Specifically, databases 
such as PubMed and Google Scholar were searched 
using the following keywords: health supply chain or 
medical supply chain or pharmaceutical supply chain, 
health system, resilience, sustainability, emergency, 
crisis or conflict or war, strategies, response, assessment 
framework, Sudan, alongside the logical operators AND/
OR to refine the search. The searches covered the period 
2010–2024. 

We assessed 6 thematic areas of the supply chain 
system: governance and leadership, procurement 
and financial resources, warehousing and storage, 
distribution and logistics, supply chain workforce, and 
information systems. We applied the logical frameworks 
(input–process–output–outcome) as the assessment 
and evaluation tools. WHO considers this framework 
as added value because it brings together indicators and 
data sources across the entire supply chain. It is designed 
to assess the management of health system investment 
and performance, which is essential for national decision-
making (12). Qualitative and quantitative indicators were 
used to monitor activities and measure the output and 
short to intermediate outcome (Table 1). These indicators 
were evaluated against the benchmarks or standards to 
assess whether the measures implemented by FMOH 
and NMSF improved health supply chain performance 
and sustainability during the war.

Before starting the data collection, ethics clearance 
was obtained from the NMSF Research Ethics Committee. 

Results and discussion
The input–process–output–outcome framework as-
sessed the inputs (human and financial resources, health 
commodities, infrastructure and technology); processes 
(emergency management, measures and strategies im-
plemented by NMSF to sustain the public health supply 
chain during the war); outputs; and short to intermedi-

Table 1 Indicators used to assess health supply chain resilience 
Thematic area Indicators 
Governance and leadership Up-to-date national health supply strategy linked to national needs and priorities (12)

Designated entity or structure with responsibility for the recovery following a public health event (13)

National supply chain strategies that define the role of health supply services during emergency preparedness, 
response and recovery (13)
Stakeholders are involved in national health planning and review (14)

Supply chain workforce Ability of the health workforce to operate in multiple positions in a team or facility, especially when 
emergencies lead to absence of existing workers (14,15).
Number of staff responsible for procurement and supply management who have been trained appropriately 
(13,16,17)

Procurement and financing Availability of essential medicines;  calculated as the number of NMSF key items with at least 1-month stock 
divided by the total number of key items (16,17)

Storage Infrastructure upgrade (central and/or peripheral level), including physical warehouse infrastructure upgrade/
increase of storage capacity (18)

Distribution Percentage of health facilities that deliver prioritised health supply services (minimum 80%) (16)

Information system Percentage of districts and hubs that submit timely, complete, accurate reports (inventory control, financial and 
received reports) at the national level (12,13)
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Table 2 Thematic analysis structured by an input–process–output–outcome framework
Thematic Inputs and processes/strategies Outputs and short-intermediate outcomes
Governance 
and 
leadership

•	 Established and activated advisory and technical com-
mittees 

•	 Coordinated with partners and donors
•	 Identified and prioritised a list of essential medicines to 

be secured through purchase or provided by donor
•	 Developed a 5-years Sudan national humanitarian re-

sponse, reform and recovery supply chain strategy.
•	 Transferred the supply management to NMSF’s branch 

in Al-Jazeera State, Kassala State  and subsequently to 
Red Sea State after the rebel Rapid Support Forces occu-
pied NMSF premises and warehouses in Khartoum

•	 During the first 2 weeks of the war, NMSF distributed > 200 
lifesaving medicines to 21 hospitals in Khartoum and other 
states

•	 During the first 6 months of the war, a national health supply 
chain strategy was developed, with the active participation of 
various stakeholders (governmental entities, donors, NGOs, 
etc.)

•	 Implemented early response and measures 
•	 Maintained uninterrupted operations of the supply chain

Procurement 
and financial 
resources

•	 Sourced health products from multiple suppliers 
•	 Applied diverse procurement mechanisms
•	 Introduced a swap mechanism with UNDP, through 

which NMSF deposited local currency into UNDP ac-
count, and UNDP allocated the equivalent amount in US 
dollars for purchasing medicines for NMSF (19)

•	 Secured funding through grants and donation from oth-
er countries and UN organizations

•	 Collaborated with the Ministry of Finance and National 
Economy to allocate emergency funds

•	 Partnered with National Health Insurance Fund
•	 Reallocated resources between supply chain budget lines
•	 Task shifting for NMSF staff

•	 Improvement in the availability of medicines as a result of the 
emergency interventions and measures taken by NMSF

•	 Emergency and lifesaving medicines availability increased 
from 45% in 2023 to 82% in 2024 

•	 Oncology medicines availability increased from 37% to 81% 
•	 Renal dialysis and transplantation supplies increased from 30% 

in 2023 to 90% in 2024
•	 Blood bank and haemophilia medications availability increased 

from 52% to 75%
•	 Cardiac catheters for diagnostic and treatment availability in-

creased from 27% to 75%

Warehousing 
and storage

•	 Implemented storage decentralisation policies 
•	 Established regional hubs 
•	 Transferred and redistributed stocks across NMSF 

states' warehouses and hubs, depending on changes in 
demand, displacement and security conditions 

•	 NMSF established 4 additional stores as regional hubs
•	 Restored 11% of the storage capacity lost at the central level 

during the early months of the war
•	 Early recovery of 70% of the lost cold chain through government 

support and donors
Distribution 
and logistics

•	  Adopted multiple distribution mechanisms, includ-
ing NMSF’s fleet, outsourcing delivery service, private 
trucks, and vehicles provided by UN agencies 

•	 Adopted NMSF distribution model
•	 Used adaptive alternative transportation modes, such as 

airdrops and riverine routes, to reach inaccessible states
•	 Cooperated with WHO, UNICEF, NGOs, local authori-

ties, civil society organizations and community groups 

•	 NMSF succeeded in delivering essential medicines and other 
health products at different quantities and frequencies to 17 of 
18 states, although the size and frequency of deliveries varied 
according to security and access conditions

•	 NMSF received, and distributed   >27600 tons of medicines 
and medical consumables, valued at US$ 123 million, through 
government, grants and donations

•	  Health products supplied through government and donation 
represented 64% and 36% of the total value of received and dis-
tributed health products, respectively 

•	 In states reached, NMSF succeeded in covering 90% of the 
functional health facilities, exceeding the minimum target of 
80% (16)

Supply chain 
workforce

•	 Assigned critical staff to operate the emergency supply 
chain functions (<15% of total workforce) 

•	 Implemented motivated policy 
•	 Provided a safe and suitable work environment
•	 Updated job descriptions and standard operating pro-

cedures 
•	 Implemented effective rewarding systems 
•	 Adapted the performance management system

•	 NMSF continued its training programmes and staff empower-
ment in regional hubs and accessible states 

•	 Training courses were conducted for more than 400 employ-
ees by the NMSF critical staff and directors of state branches, 
who were trained and qualified through the programme for 
strengthening and developing the health supply workforce that 
the NMSF has implemented since 2011

Information 
system

•	 Developed an Excel-based tracker and a paper-based 
logistics management information system

•	 Established basic inventory software at central Port 
Sudan

•	 Established the new data centre at Port Sudan
•	 Upgraded network infrastructure
•	 Introduced multiple communication channels including 

SMS, voice messages, and WhatsApp 
•	 Introduced a disaster recovery mechanism

•	 76% of states and hubs submitted complete reports (inventory 
control, financial and received reports) to the central level. 
The result was below the 90% standard due to several reasons, 
including disruption of the communication system, instability 
and displacement of health supply cadre, and security issues.

NMSF = National Medical Supplies Fund; UNDP = United Nations Development Programme
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ate outcomes, achieved through resilience of the public 
health supply chain (Table 2).

FMOH and NMSF responded rapidly and effectively 
to mitigate the negative impact of the war on vulnerable 
populations, by adopting strategies to strengthen 
the health supply chain resilience. These strategies 
were consistent with the literature on supply chain 
management and emergency response, and health 
system resilience as recommended by international 
organisations (20,21). 

Studies have shown that war-affected countries 
like Ethiopia, Nigeria, Syrian Arab Republic, Ukraine, 
and Yemen have adopted strategies similar to those 
used by Sudan to ensure sustainability and resilience 
of their health supply chains. These strategies include 
diversification, e.g. Nigeria’s decentralised drug supply, 
organised logistics hubs in Ukraine’s neighbouring 
countries; cooperation, e.g. Yemen’s partnerships to 
address critical health needs; and functional strategies, 
e.g. Ukraine’s supply chain digitalisation) (22–25).

Sudan is classified as a low-income country and 
is included in the list of fragile and conflict-affected 
situations (26). Such countries are exposed to sudden 
shock and compounding stressors on health systems, 
which increase the need to implement resilience 
interventions and strategies (absorption, adaptation 
and transformation) to maintain continuity of planned, 
essential health services (27). Low- and middle-income 
countries are vulnerable, lack resilience and face challenges 
in their health supply chain (28). These challenges include 
weak strategic planning and management, lack of 
clarity of roles and authority, underfunding, weak data 
management systems, low human resource capacity 
and capability, and absence of emergency supply chain 
protocols (28,29). NMSF considered these challenges 
when developing its strategies to strengthen the health 
supply chain resilience. The strategies did not focus only 
on the contingency and response phases, they included 
the recovery and transformative phases to improve 
prioritisation, planning, risk mitigation, and more 
effective supply chain performance (30). 

Effective management of the supply crisis by NMSF 
senior management, directors of NMSF state branches 
and dedicated committees helped to significantly 
mitigate the initial shock, and facilitated redistribution 
and allocation of resources, especially in remote and 
affected states. Recent experience suggests that resource 
allocation and redistribution are important to ensure 
that remote areas can meet their medical products 
needs. Compared with single centre efforts, regional 
and national multidisciplinary teams are stronger for 
emergency and disaster management, medical shortage 
response, and risk mitigation (30). 

One of the key factors that contributed to resilience 
in Sudan’s health supply chain was the reform and 
investments made over the past 14 years to establish 
NMSF branches in 17 states (6). Despite the challenges 
of the war, NMSF continued its investments in 

strengthening supply chain capacity and infrastructure. 
Such investment chains are essential for increased 
resourcing of health systems and resilience during 
pandemics, climate crisis, conflicts, and economic 
pressures (31). A study by the Organisation for Economic 
Co-operation and Development showed that during the 
COVID-19 pandemic, underinvestment in the health 
sector was one of the 3 major vulnerabilities, in addition 
to underprepared and understaffed health systems. 
The study recommended national, regional and global 
investment areas to improve the resilience of health 
systems before, during and after a crisis, including health 
promotion and disease prevention, health workforce, 
health information systems for better decision-making, 
and infrastructure (32).  

Local pharmaceutical manufacturing plays an 
important role in enhancing the resilience and 
sustainability of medicine supply. To achieve this, policies 
and reforms must be implemented, particularly given 
that all pharmaceutical manufacturers have concentrated 
in the Sudanese capital. The government should support 
a decentralised production strategy, to encourage and 
strengthen local pharmaceutical manufacturers through 
different mechanisms such as providing grants and 
loans, exemption from taxes, facilitating transfer of drug 
manufacturing technology from developed countries 
to local manufacturers, providing foreign exchange to 
enable local manufacturers to purchase raw materials, 
setting guidelines for local pricing to ensure affordability 
for patients, and facilitating international cooperation for 
the development and increase of local production (33,34).

Despite the resilience strategies implemented 
by FMOH and NMSF, this study revealed several 
weaknesses that should be addressed. The overall 
availability of essential medicines is still lower than the 
80% target set by WHO, including generics to treat major 
noncommunicable diseases (35). There is insufficient 
funding for emergency and there are difficulties in 
securing continuous supply and flow of information 
in the Darfur states due to complex challenges such as 
insecurity and a complicated political situation.

Table 3 highlights the key lessons from the NMSF 
response during the war in Sudan.

Conclusion 
Sudan's health supply chain has achieved remarkable 
resilience despite the complex war challenges. The 
strategies and interventions adopted during the crisis 
have strengthened the performance of NMSF, supported 
the rapid response, reduced the negative effects of the 
war, and facilitated the delivery of essential health 
products across the country. This study could be used as 
baseline information for further research on strategies 
related to health supply chain resilience in Sudan. 
Although achievements have been made in managing the 
supply chain, the challenges of the war require that NMSF 
continues to assess the health supply chain resilience, 
especially from different perspectives, such as those of 
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Table 3 Lessons learned from National Medical Supplies Fund response during the war in Sudan 
Domain Lesson learnt
Leadership and political commitments Strengthen governance and provide clearer leadership of the supply chain

Prompt implementation of emergency, contingency and strategic plans

Improve visibility and performance of  the health supply chain

Flexibility in response Creates success during crisis

Facilitate flexibility in procurement mechanisms

Rapid redirection of resources to the most needed areas

Excellence in managing human resources Improve the supply chain performance

Qualified and well-trained staff continue the training programmes during a crisis

Regional storage and distribution hubs Contributes to the rapid response to health needs

Improves accessibility in war-affected states

Optimises storage space

Adopting distribution model Use of alternative distribution routes (e.g. air, drones and riverine transport)

Maintain the flow of essential health products

International organizations and donor support Strengthen the supply chain capacity and  infrastructure

Unpredictable to secure sufficient and sustainable funding
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health providers and communities. Since resilience is a 
continuous process, we recommend sustained proactive 
actions, support, commitment, innovative solutions, 
and collaboration between NMSF and its local and 
international stakeholders to improve the resilience 

of Sudan’s health supply chain. Efforts should include 

mobilising funds, technical support, digital solutions, and 

policy advocacy to overcome supply chain disruptions 

and support long-term recovery.
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