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Executive Summary

Fragmented specimen referral systems, that ensure samples reach off-site laboratories for testing, remain a
major barrier to timely diagnosis, effective patient management and early outbreak detection across many
low- and middle-income countries (LMICs). Disease-specific programs have historically built siloed specimen
referral systems with parallel transport routes, data systems and governance structures, resulting in
duplication, inefficiency and high costs, with systems often dependent on single donors. Drawing on insights
from large, multicountry programs and assessments, this paper outlines practical approaches for redesigning
specimen referrals into coordinated national networks while optimizing resources. Country case studies
highlight pragmatic frameworks centered on coordination and harmonization, including segmenting
specimen flows — routine or high-volume vs. urgent, low-volume — leveraging existing transport systems
and adding cost-efficient, on-demand capacity for outbreak-prone diseases. Effective networks require strong
governance, unified guidelines, diversified and shared financing models and robust performance monitoring.
When implemented purposefully, integrated specimen referral networks can reduce costs, improve
efficiency, maintain or reduce turnaround times, enhance responsiveness and resilience during outbreaks and
strengthen national diagnostic capacity. We conclude with actionable recommendations for governments and
partners transitioning from fragmented, donor-dependent systems to coordinated, government-owned

networks.
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This paper draws on the experience and leadership of governments and Ministries of Health (MoHs) across
the countries featured. We are grateful to the public health professionals, partners and donors who
continue to design, implement and strengthen specimen referral systems in challenging environments.
Their commitment to improving access to diagnostics and strengthening health systems made this work
possible.
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1. Introduction: What is a Specimen Referral System and Why Does it Matter?

The ability of a health system to move clinical and surveillance specimens rapidly, safely and reliably from the
point of collection to a testing laboratory — and to return results — is a vital piece of the diagnostic network,
underpinning patient care, outbreak detection and pandemic preparedness. The physical movement of
specimens, along with all the components required to support it, constitutes a specimen referral system (SRS).
It is common and necessary to have more than one SRS in a country: to connect different tiers of the health
system and to serve specimen flows that differ in volume, urgency and handling requirements. Taken
together, these systems ideally form a cohesive specimen referral network (SRN), defined as an
interconnected group of SRSs comprising all components and processes required for patient specimens to be
tested at locations different from where they were collected (Nichols 2021). The benefit of networking
individual systems is that certain components can be shared across the network, such as a national or
subnational management layer, reducing duplication and increasing efficiency.

Historically, however, SRSs have been fragmented. Priority programs within MoHs, such as HIV/AIDS,
tuberculosis, polio and others, have built parallel transport networks, data flows and governance structures
to meet program-specific targets. While this approach addressed immediate donor priorities, it has produced
a landscape characterized by redundancy, inefficiency and fragility, with networks overly dependent on single
funding streames.

Integration has therefore become a central objective for improving the efficiency and resilience of diagnostic
systems. Yet integration is not an end in itself; it is a means to strengthen efficiency, effectiveness and
sustainability. Rather than “integrating” systems into a single, uniform solution — which may not meet every
requirement of each program it serves — we recommend adoption of a network approach that connects
distinct systems while allowing them to retain some autonomy around handling, timeliness and
responsiveness. This model emphasizes interoperability, coordination and harmonization, ensuring systems
work together without requiring deep structural consolidation. It provides flexibility, scalability and resilience
while avoiding the complexity and rigidity often associated with the vague term “integration.”

An emphasis on allowing distinct systems to share certain aspects is critical for making a network responsive
to various needs. For example, the current environment prioritizes a heightened imperative for pandemic
readiness requiring speed and responsiveness, in addition to routine, scheduled systems for clinical
monitoring, coupled with drastically tightening global health budgets. Systems built on emergency or single-
donor financing must now sustain operations while absorbing surge demand without structural collapse.

Drawing on practical lessons from large, multicountry programs and assessments, primarily across sub-
Saharan Africa (see Figure 1), this paper examines what integration means in practice, when it works, where
it breaks down and how to redesign it effectively.
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Figure 1: Countries featured in case studies (outlined in Section 4 of this paper)

We argue that effective integration requires stratification of needs in the design phase — for example,
distinguishing between routine, high-volume specimen flows and urgent, on-demand needs — and then
coordinating these through a unified network. This includes building unified governance structures to manage
the network, which is as critical as any transport or logistics investment. We present a framework for MoHs
transitioning from fragmented, donor-dependent SRSs toward diversified, harmonized and coordinated
government-owned SRNs.

2. What is the Current State of Specimen Referral Systems and How Did We Get Here?

2.1 The Siloed Legacy

For decades, if a health facility or clinic needed to send a sample for TB diagnosis and a sample for polio
surveillance, two separate referral mechanisms and transport modes would be used: one vehicle might arrive
at the facility and transport a sputum sample for TB, while a health worker would hand-carry a stool sample
for polio, on the same or different days, funded by different donors and monitored by incompatible data
systems. The cost of this redundancy extends beyond finance: vehicles routinely leave facilities with excess
carrying capacity that could have transported other specimens. Even where transport has been consolidated
— for example, one courier picking up multiple specimen types — data systems, management layers and
logistics planning frequently remain segregated.
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This siloed structure reflects the history of global health financing. Major vertical programs and global health
initiatives — the U.S. President’s Emergency Plan for AIDS Relief, the Global Fund to Fight AIDS, Tuberculosis
and Malaria, the Global Polio Eradication Initiative and others — created the infrastructure needed to meet
their specific targets, without an overarching architecture designed to serve the entire health system.

2.2 The New Imperative

The post-COVID-19 era and the current financing environment have underscored the cost of fragmentation
and emphasized the need for resource efficiency. Systems built on donor-specific, time-limited grants cannot
be sustained indefinitely. The next generation of SRNs must layer outbreak response capacity on top of other
transport systems, rather than build parallel emergency systems that depend on extraordinary financing.
These networks also require strong, unified leadership, governance and coordination, as well as data systems
that provide visibility into performance and link to broader health information systems (see Figure 2 for a
graphic representation of this transition).

From Parallel Disease Programs to an Integrated Specimen Referral Network (SRN)
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Figure 2: From vertical silos to a harmonized and coordinated network
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3. What Do We Mean by "Integration" and Why Does It Matter?

The term “integration” is frequently invoked without a clear definition of what is to be integrated — transport
and logistics, governance, data systems or other elements — at what level, whether national or subnational,
or to what end, such as improving efficiency or reducing costs. In the context of specimen referrals,
integration can refer to a spectrum of approaches. These include harmonizing specific elements across
systems, such as aligning data standards or packaging protocols; leveraging a well-established SRS to extend
service to a newly formed one; and developing a unified SRN governance structure that spans multiple disease
programs. Integration does not mean treating all specimen flows identically — and in most cases, they should
not be treated identically, as different specimen types have distinct requirements for timeliness, quality, cost
efficiency, coverage and biosafety.

A harmonized and interconnected SRN offers concrete benefits: reduced duplication of infrastructure, more
sustainable cost structures and a stronger platform for clinical diagnosis, surveillance and rapid outbreak
response. It also creates resilience: a network serving multiple programs is less vulnerable to the withdrawal
of any single donor. However, these benefits are only realized when integration is implemented purposefully,
with a clear understanding of which components can be shared and which must remain disease specific. It is
important to note that a coordinated network does not necessarily improve turnaround times (TATs); rather,
it ensures that each system is designed to consistently meet the required TAT for its specific use case.

3.1 Integration Across Health Programs: What Can Be Shared, Leveraged, or Harmonized

The guiding principle of integration planning should be to harmonize and leverage what you can but
differentiate where you must. Transport infrastructure, governance structures, data standards and cold-chain
equipment management can often be shared across programs. Biosafety and quality standards and timeliness
needs, however, may necessitate specific handling and transport frequencies even within an otherwise
integrated network.

One significant concern among disease-specific programs is that integration could undermine performance
by reducing the focused attention provided by a vertical system. However, evidence suggests that well-
designed integration can maintain performance and allow for improvements. The Polio Lab Sample Transport
program, funded by the Gates Foundation and implemented by VillageReach and partners across 15 countries
in sub-Saharan Africa, showed that speed and quality of polio specimen referrals, underpinned by a robust
data system, were not sacrificed when existing infrastructure for other programs was leveraged. Across eight
countries that were not meeting polio sample timeliness targets at baseline in 2022, transport time from
health facilities to the national capital decreased by nearly four days on average, a reduction of more than
50% by mid-2025.

This concept of layering disease surveillance samples onto other SRSs was broadened beyond polio in the
Integrated Laboratory Transport Systems to Stop Qutbreaks program funded by Takeda Pharmaceutical Co. Ltd.’s
Global Corporate Social Responsibility Program via VillageReach. In Guinea, where the program funded the
transport of infectious disease samples to the national level, transport time decreased by an average of 43%
from 2024 to 2025 across polio and seven other epidemic-prone diseases; all samples moved through a single,
national SRS supported by FHI 360.
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3.2 Stratifying Specimen Flows: Routine vs Urgent

One of the most consequential decisions in integration design is how to handle the fundamental difference
in urgency across specimen types. Broadly, specimen flows and timeliness requirements can be grouped into
two categories (see Figure 3):

1. Routine (scheduled) flow: High-volume, predictable specimens transported through fixed-route,
scheduled logistics operations. The primary economic driver is cost efficiency through volume and
predictability. This model has been common in countries with high HIV and/or TB burdens.

e Urgent (on-demand) flow: Low-volume, unpredictable specimens requiring rapid transport within a
short time frame, typically 24 to 72 hours. An on-demand dispatch model is appropriate here. This
model may also be appropriate for ad hoc requests such as temporary rerouting due to laboratory
issues, including equipment downtime, lack of staff or lack of reagents for testing.

High-volume, predictable, nonurgent samples are well suited to scheduled transport. For example, HIV viral
load samples are collected at anticipated intervals from HIV-positive patients on treatment and can generally
tolerate a 24- to 48-hour delay between collection and transfer to a laboratory. This allows for efficient, fixed-
route courier operations — one to two visits per week — and route optimization. Using dried blood spots as
samples also allows for a delay between sample collection and arrival at a laboratory for testing; however,
dried blood spots for early infant diagnosis of HIV require faster transfer than the sample type alone would
suggest due to the urgent nature of early infant diagnosis linked to the high mortality of an infant with
undiagnosed or untreated HIV.

Other samples are urgent due to the potential for rapid spread, including samples for TB, polio, measles, Ebola
and other epidemic-prone diseases. Surveillance specimens — including stool samples for polio, measles
serology, viral hemorrhagic fever specimens and samples for cholera or mpox investigation — are not only
time-sensitive but also unpredictable in their collection location and frequency. Polio guidelines require that
stool samples reach an in-country laboratory within 72 hours of the second sample being collected from a
patient. For these time-critical and unpredictable samples, an on-demand transport model is essential, with
rapid dispatch on request and minimal delays along the journey to the national level. See Figure 3 for a graphic
description of scheduled vs. on-demand transportation.

Stratifying Specimen Transportation Models Based on Need
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Figure 3: Designing a transport model for an SRS based on need
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Guinea is a prime example of how a stratified, integrated approach can improve performance for time-critical
samples. Specimens for epidemic-prone diseases are transported on-demand, by private transporters or
hospital ambulances depending on urgency, while other samples are moved through the same network on a
fixed schedule. Before the introduction and scale-up of the integrated SRS, polio specimens took an average
of 7.6 days from collection to arrival at the national level in 2022, before being shipped internationally to
Dakar for testing. Under the PLST program, transport times decreased progressively from 3.5 days in 2023 to
3.3 days in 2024, and further to 2.1 days in 2025 under the Takeda program. Since 2025, polio samples have
had a timeliness target of 72 hours, or three days, from sample collection to receipt at the national level.

3.3 What Should Remain Program-Specific

As previously mentioned, each sample type has specific requirements for timeliness (measured by time
between sample collection from the patient and testing), quality (the conditions under which the samples are
collected, stored and transported such as temperature control and handling) and biosafety (how potentially
hazardous a sample is to other people and the environment). These differences may necessitate distinct
transport and logistics approaches, even within an integrated network.

Programmatic factors also influence where and how samples are collected. For clinical purposes, specimens
are generally collected at designated health facilities with the capacity to collect and refer samples, thus
transport coverage is limited to defined sites linked to specific laboratories. In contrast, surveillance and
outbreak response samples may originate anywhere, including community settings, requiring nationwide
coverage even if only a handful of sites need service at any given time. In short, each SRS must be designed
with careful consideration of its pickup and delivery points, as well as any intermediate stops.

Poorly designed integration can create significant risks. Forcing urgent specimens into scheduled transport
routes can lead to missed timeliness targets, while funding on-demand services from routine budgets can
create unsustainable costs.

4. Redesign and Integration in Practice: Country Case Insights and Results

The following case studies illustrate how countries have approached integration across diverse resource,
governance and epidemiological contexts. Each case highlights the ways in which governance architecture,
financing structures and logistics design shape integration outcomes. Figure 4 summarizes key dimensions of
SRSs across nine countries, followed by detailed highlights from each in the following subsections.
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Country Case Study Comparison: Key Integration Dimensions
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Figure 4: SRS comparisons across key integration dimensions by country

4.1 South Africa: Insurance provides funding for robust, daily transport for all samples

South Africa operates one of the most mature, integrated SRNs in sub-Saharan Africa. A 2023 U.S. Agency for
International Development-funded TB diagnostic network assessment found that, under the supervision of
the National Health Laboratory Service, the SRS covers all approximately 4,200 public health facilities — all
geolocated and mapped — and provides access to diagnostics for about 90% of the population within 5
kilometers of a health facility, or 97% within 10 kilometers. Barcoding of requisition forms, specimen registers
and collection containers, tied into a robust laboratory information system, enables online tracking of
specimens and results across disease programs and tiers.

A key enabler of this system is financing. NHLS can generate funds through South Africa’s national health
insurance schemes, making it less dependent on donor funding than many other countries in the region. This
domestic financing allows sustained investment in the SRN, which NHLS prioritizes as a core component of
the national diagnostic network.

South Africa's example demonstrates what a fully integrated, government-led network can achieve in terms
of coverage and continuity. The main gap that persists even in this high-capacity system is that weekend and
on-demand transport remain less formalized, and additional guidance is needed to prevent wait times outside
scheduled operating windows.
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4.2 Laos: Clear SRN governance leadership designated and provides coordination for all
health programs

Unlike many sub-Saharan African countries attempting to break down existing program silos, Laos is building
its integrated SRN largely from scratch, taking a governance-first approach. The National Center for
Laboratory and Epidemiology has been formally designated by the director general of health as the
coordinating and oversight body for all specimen referrals across clinical and surveillance programs — a
widely recognized mandate across stakeholders. National policies supporting integrated specimen referrals
have been developed, as has a specimen referral technical working group that convenes regularly with all
stakeholders represented, creating a strong foundation before major operational investments.

In practice, however, assessments conducted between 2022 and 2025 indicate that operational integration
— particularly in transport — remains limited. This is driven by continued vertical program funding and
relatively low volumes of referred samples, with patient referrals still common. Multiple SRSs operate in
parallel across projects and specimen types, using different transport mechanisms at various levels of the
health system. Despite these constraints, having a clear leader who can advocate for strong individual SRSs
and a well-coordinated SRN, and who can coordinate funding across multiple donors and stakeholders, is the
best foundation for a well-functioning SRN. Similarly, having that leader spearhead a regularly convening and
inclusive TWG, is a key component to ‘integration’ that is missing in many countries.

4.3 Uganda: Incentivizing existing scheduled Hub System for on-demand responsiveness

Uganda's hub-and-spoke SRN, often referred to as the Hub System, covers nearly all public and private health
facilities countrywide, connecting them to 100 intermediate hubs and on to the national level. Initially
developed in 2011 as a system to transport samples for HIV early infant diagnosis, it has since expanded to
include any sample requiring referral across human health, extending into animal health. Most facilities
receive one to two scheduled pickups per week by motorcycle riders, or hub riders, who transport samples
to hub centers based at regional referral or general hospitals. From there, hub drivers transport samples to
the national level, usually at the same frequency. The system is operated and managed by CPHL, including
the vehicles and drivers or riders, and has been funded by the U.S. Centers for Disease Control and Prevention
and PEPFAR. Data from the Hub System is visible on a publicly available dashboard; however, much of this
data is digitized at the hub level, limiting real-time visibility at the individual specimen level from collection to
hub, despite shipment-level barcoding.

Despite this extensive coverage and integration, adoption has varied across programs. Prior to the PLST
program, it was common for surveillance officers to hand-carry polio samples to the Uganda Virus Research
Institute (UVRI) in Entebbe due to the system’s lack of on-demand responsiveness — while once- or twice-
weekly pickups were adequate for routine HIV or TB samples, they were insufficient for time-critical
specimens such as polio or Ebola, which require faster transport over longer distances. To address this gap,
the country began to use Gavi funding to pay an incentive to Hub riders and drivers to transport polio samples
more frequently than scheduled.
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The PLST project (implemented by UVRI with support from VillageReach) built on the Hub incentive model
and scaled it up. Rather than maintaining a parallel system by paying health workers to transport polio
samples, incentives were used to leverage the existing Hub System, which already had national coverage and
a strong logistics backbone.

The PLST project first piloted polio sample integration into the hub system in 30 districts, demonstrating that
transport timeliness and quality could be maintained within a single, integrated system. With performance
and cost remaining within acceptable thresholds, the government opted to expand this integrated model
nationwide, in line with its goal of establishing a sustainable, long-term SRN. The incentives for hub riders
continued and expanded to other outbreak-prone samples under the Takeda project.

4.4 Mozambique: Leveraging private logistics expertise to add on-demand services on top
of scheduled SRS

Mozambique’s SRN has similarities to Uganda’s in terms of impressive national coverage down to the primary
health facility level and the ability to transport and track multiple sample types. A key difference, however, is
that a private logistics company manages the operations of various SRSs across the country. According to a
2024 TB diagnostic network assessment, the USAID- and PEPFAR-funded AMOSTRA project initially
established scheduled specimen transport covering 157 of 162 districts, or 97%, with collection frequencies
of one to five times per week at 90% of covered sites.

The model of engaging transporters, vehicle ownership and vehicle operation differs from Uganda’s, as there
is a commercial fourth-party logistics provider, Africa Global Logistics, contracted by the U.S. government.
The 4PL solicits bids across each province, inviting transport companies, or third-party logistics providers, and
selecting them based on capacity, experience and capabilities. This results in a set of 3PLs based in each
province that split up scheduled routes. This model allows transport operations to be managed by logistics
experts without requiring the 4PL to own vehicles or hire drivers or riders directly. A similar model is used in
Burkina Faso, although the 4PL there is a parastatal agency rather than a private, commercial company.
Further, the 4PL uses electronic systems that enable shipment creation, route planning and monitoring and
chain-of-custody tracking, with data shared through dashboards with the MoH and its stakeholders.

Building on a scheduled network, the 4PL also coordinated ad hoc requests. These were initially designed to
address gaps in laboratory capacity (such as staffing shortages, equipment failures or reagent stockouts
requiring rerouting of samples) but are also critical for time-sensitive surveillance needs, including polio.

Up until late 2024, polio and other urgent specimens could be transported by the scheduled network, if the

transporter was already visiting the facility where a case was identified. If not, health facility staff were able
to request an on-demand pickup funded by the PLST project but still managed by the same 4PL.
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A unique feature of Mozambique’s specimen referral ecosystem was that health workers could call Alo Vida,
the national toll-free health hotline, to request pickup while providing key information about the case/sample;
when this channel was not accessible, provincial and central focal points would be contacted directly to
arrange transport.

Rather than constructing a separate on-demand SRS for polio, the PLST project worked with the existing 4PL
provider, to add an urgent service onto the routine system between collection sites and provincial/national
levels. Through this approach, polio transport time to the national level was reduced by 50%, from 13.7 days
at baseline (2022) to 6.8 days in the final project quarter of 2024. In late 2024, the on-demand component
was transitioned to the USG-funded AMOSTRA project.

This approach enabled rapid response without the cost and inefficiency of maintaining dedicated idle vehicles
for low-frequency, urgent specimens. However, the legacy system — under which the MoH (National Public
Health Directorate), with WHO support, manages polio samples once they reach provincial level, routing them
through the national laboratory in Maputo before shipment by DHL to the National Institute of Communicable
Diseases (NICD) in South Africa by flight — remains in place, and these additional segments were not covered
by the PLST project. Thus, polio samples still traveled through multiple systems funded by different donors,
even though the in-country 4PL, AGL, could have potentially coordinated the entire network, including
international shipment.

4.5 Malawi: Stratifying health program needs using different transport managers

Malawi's primary SRS was built by a single NGO transport provider, or 3PL, which procures its own vehicles
and employs riders and drivers, covering approximately 95% of public health facilities, or 810 of 855. Initially
funded by the U.S. CDC and PEPFAR to transport HIV samples, the system has since expanded to TB and other
samples. Most health facilities receive scheduled pickups twice per week, with limited on-demand service
available in 11 districts using route optimization technology, primarily constrained by funding.

When the PLST project began, VillageReach initially used the same transport provider for polio samples under
a separate contract for on-demand services. To support urgent needs, PLST introduced performance-based
payments, where transporters are rewarded for exceeding timeliness targets and penalized for
underperformance. This approach strengthens accountability and aligns incentives with rapid, reliable
referrals. Following a competitive rebidding process, another company was selected to transport polio and
other outbreak-prone specimens — including mpox and measles — primarily due to cost considerations.

Since PLST began, it has helped improve acute flaccid paralysis sample transport timeliness to the national
level from 5.8 days in 2022 to 3.3 days in the last quarter of 2025, a reduction of 43%. Like in Mozambique,
the scheduled system may also transport surveillance samples if that 3PL’s vehicle happens to be at the health
facility when a case is identified and samples are collected. However, if there is no vehicle scheduled, an on-
demand service is triggered using a USSD-based system, a key innovation in Malawi.
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A USSD system was chosen due to limited internet and smartphone access in the country; it allows health
workers to use basic mobile phones to send SMS-based case notifications and request sample pickup. When
first introduced in 2023, 71% of suspected polio cases were notified via the USSD system, but only 21% of
specimens were requested for on-demand pickup by the 3PL. As the USSD system has expanded to additional
surveillance samples in 2025 under the Takeda program, overall utilization declined. Training and job aid
distribution are currently ongoing to increase usage of this low-cost data capture system.

As Malawi lacks an in-country testing lab for polio, samples are referred to NICD in South Africa for testing
with WHO responsible for international transport. Transport time to the international lab initially improved
from 21.1 days (2022) to 9.1 days (2023); however, performance improvements proved unsustainable
throughout 2024-2025, despite the sustained timeliness to the national level, highlighting bottlenecks
between the national level and the international laboratory.

Like Mozambique, multiple 3PLs provide differentiated services around transporting samples. However,
unlike in Mozambique, there is no 4PL provider in Malawi to coordinate between the routine, scheduled SRS
prioritized by the MoH Health Technical Support Services (HTSS) Directorate and the urgent, on-demand SRS
utilized primarily by the Public Health Institute of Malawi (PHIM for outbreak-prone samples). This lack of
centralized coordination creates fragmentation in both operations and data systems, limiting visibility and
efficiency. A 4PL could oversee all logistics, including to international laboratories, tracking performance of all
segments and resolving bottlenecks.

4.6 Burkina Faso: Parastatal government agency steps in as 4PL partner for SRS

Burkina Faso shares similarities with Mozambique’s logistics management model, in which a 4PL manages
multiple 3PLs across the country to create a cohesive SRN, referred to as SITEB, that can accommodate any
sample. However, the 4PL in Burkina Faso is not a private, for-profit commercial company — it is the National
Post, or La Poste Burkina Faso, a parastatal agency with some autonomy from the government around
managerial decisions but publicly funded. Multiple countries use, or have used, their national postal service
for referring specimens, including Nigeria, Uganda, Tanzania, Niger and Mali. One benefit of using the national
post is financial sustainability: If host country governments are to take on financing for their SRSs in the future,
it is easier for them to directly contract with and pay another government agency than it is a private,
commercial company. La Poste in Burkina Faso has been a trusted partner of the MoH since the initiation of
the first SRS (Dama 2020).

Another unique feature of this partnership is the contracting: There is a performance basis around timeliness,
as in Malawi, but there is also a volume-based discount built in, so the more packages that are sent, the less
expensive it is to send each package. Also, when the agreement started, La Poste was to be paid a minimum
threshold per month, even if it did not ship any sample packages, because it had to train and ready staff
around the country to prioritize these important shipments if and when they were made available. The
volumes have grown to where the minimum threshold is met or exceeded every month.
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Initially, only samples for sentinel influenza surveillance were included, paid for by the U.S. CDC under the
Global Health Security Agenda, but the SITEB has expanded to incorporate any sample for human, animal or
environmental health. The current system with La Poste begins at the district level, due to the initial use case
for the SRS, and continues to the national level, leaving the health facility-to-district segment currently
uncovered (Dama 2024); however, there are imminent plans to expand to the health facility level.

In 2025, La Poste Burkina Faso transported 18,331 packages containing 47,806 specimens for nine health
programs, including TB and HIV as well as epidemic-prone diseases, from all 13 regions. Key performance
indicators (KPIs) included 100% of packages delivered in less than 24 hours (timeliness requirement), and
99.1% of specimens delivered in good condition at the laboratory (Burkina Faso Ministere de la Santé 2025).

4.7 Niger: Replicating SRS from neighboring country using the postal system and expanding
its reach to the entire SRN

Niger designed and implemented its first national SRS using funding from the PLST project, through in-country
partner Davycas. Like Burkina Faso, the system was built around one disease — in Niger, this was polio; in
Burkina Faso, it was influenza surveillance — but from the beginning, it was designed so that any sample could
use the same infrastructure and transportation. Before the organized SRS, health workers would collect polio
samples and then transport them to the national capital themselves. The local implementing PLST partner,
the same partner that contracts La Poste in Burkina Faso, also contracted with the national postal service,
Niger Poste, from the district to the national level using similar volume- and performance-based contracting.
However, because polio surveillance coverage must span the entire country, transportation from health
facilities to district hubs, where Niger Poste could take over, was initially required. For the first leg, from health
facilities to the district level, motorcycle taxis are used, and payments are transferred to health facilities or
districts for onward payment to the taxi riders. Initially, there was no 4PL connecting the motorcycle taxis to
Niger Poste; however, a new contract stipulates that Niger Poste take over that 4PL role and pay and manage
the individual taxi riders across the country. This would be a welcome innovation: It would allow for only one
payee for transportation, Niger Poste, instead of Niger Poste and transporters at more than 1,300 health
facilities, and better oversight, allowing for coordination across the entire network. Like Mozambique and
Malawi, polio testing is not available in-country, so WHO is responsible for samples traveling from Niamey to
Accra, Ghana, for laboratory analysis.

Since implementing the integrated SRS in 2022, transportation time to the national level for polio specimens
has reduced from 4.3 days to 3.2 days in the last quarter of 2025. The integrated SRN (also called SITEB in
Niger) transported 12,094 specimens in 2025, primarily driven by measles (39%), meningitis (18%), diphtheria
(16%) and polio (16%) specimens.

www.villagereach.org | 14


http://villagereach.org/

Niger is the one country where polio paved the way for an integrated system — in other words, the funding
for polio samples not only enabled the transport of polio samples but of other samples. Integration has
included meningitis, cholera, pertussis (whooping cough), diphtheria, measles (all of which have had recent
outbreaks) as well as jaundice and rift valley fever — in addition to polio (human and environmental
surveillance) samples. Once those samples are added into the calculation of cost per sample, it reduces this
metric to one of the lowest across all PLST program countries — $15 per sample transported from primary
health facility collection to national level (with a stop at the district hub on the way). Importantly, the Global
Fund has begun investing in SITEB to enable the addition of TB/HIV samples to the SRN that has been
established for outbreak-prone diseases. A contract has recently been signed with Niger Poste to serve as the
single 4PL coordinating the network.

4.8 Guinea: Low-cost SRS with hidden logistics and administrative costs (currently
absorbed by an NGO)

The prioritization of specimen referrals in Guinea began during and after the West African Ebola virus disease
outbreakin 2014-16, but the systems and network have come a long way since. In the aftermath of that Ebola
outbreak, funding became available to strengthen laboratories as part of global health security efforts, and
specimen referrals were given attention and funding unlike ever before — not only in Guinea (Fonjungo
2017). As part of laboratory strengthening, the U.S. CDC funded the development of a national specimen
referral policy, which focused on human disease surveillance (Standley 2019). The U.S. CDC, through a small
pilot project, and WHO, primarily for polio, also supported per diems and transport cost reimbursement for
health staff to hand-carry specimens using public transport from district to national level up to twice a week,
except for viral hemorrhagic fever samples, whereas health facilities were responsible for getting their
samples to the district level. Costs for samples to move with health workers were not only high, but this took
these valuable resources out of their posts and away from their duties. Further, they were incentivized by per
diems to travel — they were paid per trip instead of incentivizing efficiency to transport as many samples as
possible.

As part of the USAID-funded Infectious Disease Detection and Surveillance project, an assessment was
conducted to provide a comprehensive picture of all specimen referrals and to make recommendations for
strengthening the overall network in Guinea and ensuring costs were lowered to improve sustainability. IDDS
then worked closely with the national laboratory directorate to co-design and implement a pilot system for
the referral of surveillance specimens across the three IDDS regions — but one that could be integrated in
the future with other diseases. Under the previous system, as described, health staff traveled with samples
— first to district and then to national level. However, the pilot removed the necessity of the health worker
carrying the samples themselves and instead allowed samples to move via motorcycle taxi, from health center
to district or regional hub, and on public transport, from district to the capital, Conakry, unaccompanied by a
health worker. This change mainly affected the cost of the system but also allowed health workers to remain
at post and provide care and treatment for their patients. Under the PLST project, implemented in Guinea by
FHI 360, this pilot was scaled nationally to all 38 districts between 2023 and 2024 and has been used by
various programs across human, animal and environmental health.
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An important addition was the introduction of a courier at national level to collect the samples from the bus
station in Conakry and deliver them to the various testing laboratories and EPI office (polio samples must be
transported onward to Dakar, Senegal, for testing — a segment funded by WHO). This step is necessary
because samples travel unaccompanied by health workers. This national courier was covered by the PLST
project when it came onboard. The SRN is also working more closely with the public transporters, via the
transport syndicates, at the hub level, where written signed agreements with costs, are in place. The SRN is
coordinated by an NGO (FHI 360), not technically a 4PL with transport management expertise, which is
currently under discussion with the DNL/MoH for longer-term handover of the system. The system also
benefits from a locally developed, real-time electronic sample tracking system, which is enabled by a GPS
tracker that also allows for real-time temperature monitoring.

These innovations have significantly reduced transport times, optimized logistics costs and strengthened the
overall performance of the epidemiological surveillance system in Guinea. As the integrated SRS scaled
nationally in 2023-2024, the volume of samples transported nearly doubled, rising from 3,988 in 2023 to
7,858 in 2024 (97% increase). In 2025, the first full year of the matured system at scale (and the first year of
the Takeda integrated program), sample volume remained relatively stable at 7,364 (-7% decrease). As the
system scaled and matured in 2024, more specimens were integrated into the system, notably HIV, TB and
hepatitis. At the same time, between 2023 and 2025, transport time for diseases of epidemic potential
decreased by 44% on average, demonstrating that increased sample volumes did not compromise
performance.

Guinea also has some of the lowest sample transport costs of countries that were in the PLST and/or Takeda
CSR programs — for the 12 months ending February 2026, the transport cost per sample is under $10 from
the health facility to the national level (with a stop at the district hub). However, the transport cost excludes
the cost of FHI 360 managing the network as the 4PL. To bring the total SRN costs to the forefront,
VillageReach conducted a cost analysis to include an estimate of these 4PL management fees. Although the
costs increase significantly, the SRN in Guinea remains affordable, which will hopefully contribute to long-
term sustainability — if each district across the country paid about $2,000 per year, which may be viable from
a district hospital budget, they could cover samples from any health facility in their catchment area all the
way to the national level.

4.9 Democratic Republic of Congo (DRC): Level jumping, mixed transport models, and
streamlined payments improve efficiency for time-critical samples

SRSs in the DRC remain fragmented, with most funding focused on HIV and TB. Before PLST, health workers
would carry polio samples to the national reference laboratory in Kinshasa, INRB. Since late 2022,
VillageReach has supported transport between health facilities and provincial EPI offices in seven provinces,
expanding to 11 provinces in 2025 with Takeda CSR funding and adding other priority surveillance samples,
including measles, yellow fever, cholera, mpox and viral hemorrhagic fever. The project uses local
transporters, or health workers where needed, to move samples to district and provincial levels, with
provincial 3PLs managing operations.
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These 3PLs were competitively selected and are either non-profit or for-profit entities. VillageReach serves as
a 4PL, overseeing 15 provincial 3PLs through tripartite contracts with Provincial Health Departments. From
the provincial level to Kinshasa, samples are typically flown, funded by WHO, except in Haut Lomami where
VillageReach manages end-to-end transport.

One innovative approach was borrowed from supply chain optimization: “level jumping”, which removes
intermediate stops (such as district/zone offices) to reduce delays. Transport follows the shortest route,
sometimes routing samples through neighboring provinces. Although all samples are for surveillance,
scheduled routes have been employed (generally two to three times per week) to reduce redundant trips and
save costs, while urgent samples (polio and Ebola) trigger same-day transport.

Another improvement is the reduction in payees: provincial 3PLs directly reimburse local transporters or
health workers when they cannot call out for transport, simplifying financial flows across a network that
includes about 10 transporters per district.

These approaches have significantly improved performance. Across the 11 provinces, polio transport time to
the provincial level decreased by an average of 49% compared to baseline (2022). In Haut Lomami, transport
to the national lab is now 62% faster (an average reduction of 9 days). As project support expanded to other
diseases, transport times improved by 28% between 2024 and 2025 for polio, measles, yellow fever and mpox
samples. The SRN covers a vast area of 187 districts and 3,621 health facilities, transporting 5,674 specimens
in 2025 alone, mainly mpox, polio and measles specimens.

The SRS has also strengthened outbreak response under the new Takeda CSR program. In 2025, it supported
transport of initial Ebola samples in Kasai province, contributing to outbreak confirmation, and continues to
support response efforts, including in lturi as of May 2026.

5. How to Set the Stage of Pragmatic Integration and Where are the Pitfalls?

Integration succeeds when the network is approached as a whole, considering all individual systems and
programmatic requirements, rather than attempting to meet all needs at all tiers with one SRS. The case
studies surface several consistent enablers, including:

e Strong leadership, governance and coordination among stakeholders who may participate in the
SRN.

e Approaching network design as a series of interconnected systems instead of fragmented individual
SRSs.

e Using a 4PL that is an expert in logistics and transport management.

There are also other aspects that could help facilitate the inclusion of other samples and programs into the
SRN, including harmonizing data systems and inclusive financing models — but there are few examples of
where these issues have been carefully considered and implemented effectively.
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5.1Governance First: Clear leadership drives inclusive TWG to guide and oversee network

No amount of operational investment will develop and sustain integration in the absence of strong
governance leadership, which must be identified and mandated by a MoH or One Health agency. A dedicated
national coordinator with cross-program authority needs to first be assigned to own and supervise the
integrated SRN. Once this clear leadership is established, the coordinator must call to action an inclusive
national specimen referral technical working group to request that all stakeholders who will use the SRN voice
requirements and agree on standards across all health programs. Broad, cross-sectoral membership includes
the Laboratory Directorate, national reference laboratories, disease and health programs, IT and digital
health, monitoring and evaluation, implementing partners, donors and others (see Figure 5). In many
instances, it makes technical sense for the Laboratory Directorate, or equivalent, within the MoH to be
assigned the lead role, since the laboratory is cross-cutting across programs and specimen referrals are
arguably an extension of the laboratory. The technical working group should have a consistent meeting
cadence at least quarterly, with signed minutes and tracked action items. After the national technical working
group is set up, technical working groups will likely need to be established at the subnational level.

This TWG and the National SRN coordinator will provide structure and governance for the entire SRN by
developing guidance and tools for establishing, implementing and monitoring. National specimen referral
guidelines should outline standards for the components and operational flow for all samples using a common
language and this should also include an M&E framework; whereas a national laboratory handbook can
incorporate disease-specific biosafety requirements and standard operating procedures (SOPs) as annexes.

National Specimen Referral Governance Structure
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Figure 5: Ideal governance structure for SRN
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Governance gaps and missteps: In a governance vacuum where no person/body has cross-program authority
to set and enforce common standards and has broad convening power, each program defaults to managing
its own system or there is a split between clinical and surveillance programs — in these instances, it is difficult
to have broad inclusion or ‘integration” of many sample types/programs served. In most countries, there is
resistance from health program managers (and donors) who are reluctant to join a common network where
their priorities and requirements may not be met. But to design a network that can meet the needs of all
programs, each program needs a seat at the table — without this governance and coordination, there will be
no true ‘integration’.

A lack of oversight into the entire specimen referral journey from sample collection to arrival at the testing
laboratory, including international destinations, can lead to missing targets. For example, in Malawi, although
the timely receipt of polio specimens at the national level has been sustained, the segment from national to
the international testing laboratory, which is overseen separately, has continued to see delays.

5.2 Network design for success

A design for an individual SRS needs to be carefully planned based on programmatic requirements, including
timeliness, quality, biosafety and coverage, with budgets and cost restrictions in mind. These SRSs are
composed of multiple components and complex logistics — and the complexity increases as these individual
systems are interconnected into a network. It is difficult to take all these requirements for one SRS into
consideration, and it is nearly impossible to do once multiple SRSs are included. Therefore, it is common to
use digital software applications to aid in this design process, which often will first start with the design and
potential optimization of the diagnostic network followed by a more in-depth look at the specimen referral
route and transport network.

These network design and optimization processes require significant amounts of data including:

e Geolocations of all health facilities covered by the SRN

o Differentiation of health facilities between collection points, testing laboratories (and identifying
which tests can be conducted at each location), and any intermediate aggregation points or hubs
where testing may or may not occur

e Linkages between collection points, testing laboratories and any intermediate hubs

e Disease burden and/or testing demand (current and estimated), disaggregated ideally to the sub-
national level of district or equivalent

e Transport mode

e Frequencies of transport and scheduled/routine vs. on-demand requirements

e Costs data around testing and transport costs
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Many countries have stopped at the diagnostic network optimization (DNO) stage without continuing
onwards to route optimization (an important distinction between the two is that route optimization is the
tactical question of how to move a vehicle from A to B most efficiently—whereas DNO asks whether testing
site B should exist at all, or whether specimens should be routed to site C with higher throughput and
quality assurance capacity) (Nichols 2021). Feeding multiple disease programs’ data (“integration”) into
these computerized models also allows for scenario planning when a country is exploring different types of
samples/programs to incorporate into their networks.

Network design gaps and missteps: The design of each SRS is based on meeting requirements of the health
system and program — one SRS can be designed to meet multiple program’s needs — but not everyone’s,
which is a common design mistake. It is better to group or stratify certain requirements such as how the
samples are generated (high/low volume, coverage area necessary, pickup and delivery tiers, scheduled vs.
on demand), the urgency required, quality/biosafety considerations/requirements, etc. As discussed in the
country examples, time-critical surveillance specimens may not be able to be easily fit into scheduled routes
designed for routine HIV monitoring without compromising disease surveillance performance targets and
outbreak response capacity.

5.3 Harmonized data systems are foundational but remain fragmented and
underemphasized

The most persistent gap in specimen referral integration is data. Although there were some examples of
innovative data systems cited in the country case studies, data availability and data systems are the largest
challenge for specimen referrals and, arguably, beyond in the health system. When we think about integration
of specimen referrals, we think about an interconnected web of systems that can move multiple or all
samples. Similarly, when we think about data integration, ideally, we would think about an interconnected
set of digital and paper systems. This data extends beyond specimen referral, which generally begins after the
sample is collected and ends when a sample is delivered at the testing laboratory, possibly with consideration
of test results’ return (see Figure 6), into clinical or surveillance data systems as well as laboratory systems —
of which there may be multiple of each type in one country. Like specimen referrals, it is acceptable to have
more than one data system, and a health system will need more than one to serve multiple purposes. The
important consideration is that these systems can talk to each other and that efforts are made to reduce
duplication of data entry, which is inefficient and uses a significant amount of health workers’ time.
Otherwise, data availability may be low, leading to a lack of visibility, performance monitoring and informed
decision-making ability.
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The Digital Handshake: Specimen Tracking Data Flow
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Figure 6: Specimen tracking data flow

One of the data tools with the greatest potential to have a significant impact on data for specimen referrals
and beyond is not one that was mentioned, such as USSD codes or toll-free health hotlines, nor is it barcodes,
which are often hailed as game changers but in reality require significant resources and logistics capacity to
implement and sustain. Printing and distributing barcodes to each health facility, in the quantity needed,
when needed, has been a challenge for most countries to implement and continue beyond limited studies or
low-volume sample types for certain programs. Instead, the ability to scan a handwritten form, digitize that
data and then, using an application programming interface, feed that data into the various data systems that
already exist, albeit perhaps in a fragmented way, has major potential. These optical character recognition
applications have existed for many years but recently have seen improvements in their accuracy and can be
combined with artificial intelligence to create a powerful tool. In addition, the ability of Al to create code
without knowing a programming language opens opportunities for improving existing data systems without
requiring coding expertise. Although these innovations are still relatively new, the rate at which they are
creating opportunities in data systems is rapid.

Data systems integration gaps and missteps: Moving specimens through a unified SRN while managing data
separately by program is common. Fragmented data networks cause inefficiencies, increase the likelihood of
transcription errors and place an increased burden on health workers. Data teams within MoHs are common
but may not be adequately staffed and their reach and ability to influence design of all health data systems
may be limited.
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5.4 More cost-sharing financing models are needed for sustainability

When financial sustainability is discussed, the conversation focuses on governments taking over the costs of
the SRN, which are almost exclusively donor-funded in LMICs, except for government staff who contribute to
the system without any additional cost incurred. During the ongoing global health funding crisis, initiated by
the reorganization of U.S. government priorities, countries saw how dependent their SRSs and SRNs were on
single-donor funding. However, instead of focusing on who is paying, it would be better to start by diversifying
payers to include any health programs and donors that are using the system. An improved model would
allocate costs in proportion to use: a cost-per-sample framework in which each program is billed based on its
share of the transport load. This not only literally creates buy-in but also emphasizes meeting requirements
of anyone who is a paid customer receiving the service.

Cost sharing gaps and missteps: The dominant current financing model for SRSs — in which a single large
program pays the full cost of integrated referrals while other programs "hitch a ride" at no cost — creates
single-donor dependency for the whole system and can lead to individual program requirements going
unmet. However, it is also difficult for donors to share costs for one system serving multiple programs. This
was an issue discussed during the planning phase for the integrated SRN in Burkina Faso: even though there
was only one invoice/payee (La Poste), donors could not pay into a common ‘basket’. For some time, donors
sidestepped this issue by splitting up months where they would pay the invoice, but this may not be a
sustainable mechanism in the future.

5.5 Experienced private logistics providers, overseen by governments, may seem costlier
but there are benefits

A move toward outsourced 3PL and 4PL provider management models can reduce MoH’s exposure to
managing complex logistics and transport networks, vehicle maintenance failures and staff turnover. These
outsourced 3PLs and 4PLs were shown in the country case studies to span a range of entity types: parastatal
or semi-government, such as national postal systems in Burkina Faso and Niger; commercial or private for-
profit, such as a multinational 4PL in Mozambique; private not-for-profit, such as in Malawi and the DRC; and
private transporters used in multiple countries.

There are also benefits to outsourcing logistics and transport experts, including access to electronic tracking,
the ability to advertise, host and award bids using technical know-how and robust payment systems. These
outsourced contracts also can, and should, be performance-based — structured around successful, timely
delivery rather than inputs like vehicle availability — and must include provisions for KPI monitoring and
regular contract reviews. The contracts initially may be held by an implementing partner or the funder, but in
time, they should transition to government management. Malawi and the DRC are good examples of this
happening, where the implementing partner, or payer; 3PL, or transport provider; and a government agency,
or multiple local governments, all signed a contract so the government would provide contract oversight and
ultimately be responsible for results.
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Importantly, these outsourced arrangements differ from those that are managed by the government itself
(Uganda) or an NGO (Guinea) because in non-outsourced examples, there are ‘hidden’ costs of logistics and
transport management based on staff time required to maintain operations (not to mention also asking
health-focused staff to manage complex logistics systems).

Logistics management gaps and missteps: It is a common misperception that utilizing outsourced transport
and logistics expertise is ‘expensive’ as there are hidden costs in managing a complex logistics system yourself
— whether you are a government or NGO/implementing partner. A complete cost-benefit analysis will help
to understand true costs. In Guinea, VillageReach analyzed costs both with and without estimated
management fees incurred by the NGO managing the SRN, and this information is being shared with the
government to spark long-term planning and decisions related to transition and sustainability.

6.Conclusion

Through practical experience, we have learned that integration in the context of specimen referrals is less
about consolidation and more about coordination. Effective, integrated SRNs do not require samples to be
pooled and treated identically, but champion shared governance, unified standards and aligned data systems
to enable management of specimen flows within a single, coherent network architecture.

The country case studies presented here underscore several convergent lessons. First, governance must
precede and underpin operations: the SRN technical working group, the national SRN coordinator and the
policy mandate are not nice-to-haves — they are the network. Second, stratification of needs during design
is essential: routine, on-demand and urgent specimen flows have fundamentally different operational
requirements, and failing to distinguish between them is one of the most common and costly integration
design errors. Third, data integration must be treated as equal in priority to the other components of an SRS.
Fourth, financial diversification is a structural imperative: Any system that can collapse due to a single donor
decision is not sustainable, and innovative payment mechanisms and increased domestic financing must be
explored for long-term viability. Finally, the use of logistics expertise in the network has many benefits and
may not necessarily be more costly, but a cost-benefit analysis should be undertaken to understand the full
picture. Although these common themes have arisen, it is also clear through the country case studies and
beyond that there is no one-size-fits-all approach to each country’s specimen referrals.

To achieve well-coordinated, effective, efficient and responsive SRNs that can deliver both routine efficiency
and outbreak readiness, countries and their partners should first mandate a national coordinator for the
network and provide that coordinator with convening power. The coordinator, and their leadership of a
regularly meeting, specimen referral-focused technical working group, will be key to and should help
coordinate all activities — setting standards for the network and requirements for each program, designing
individual SRSs and the overall network, coordinating financing, monitoring performance and more. This is
the only path to true integration, and without this backbone in place, a disconnected series of fragmented
SRSs serving one program or a subset of programs will persist.
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All other components of each SRS, including transport and logistics, system design, data management and
performance monitoring, human resources, equipment and supplies and financing, should be managed
through the SRN coordinator and the SRN technical working group.

The transition to integrated, government-owned SRNs offers an opportunity to build more efficient, resilient,
accessible and equitable diagnostic networks — both for clinical patient management and for disease
surveillance, pandemic preparedness and outbreak response. Although countries are at different levels of
capability and maturity for their SRN, the lessons from the countries described here suggest that this
transition is achievable over time with the right plan for the network.
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https://www.stoptb.org/who-we-are/stop-tb-working-groups/global-laboratory-initiative-gli/gli-guidance-

and-tools/gli-specimen-referral-toolkit

https://www.villagereach.org/project/polio-laboratory-sample-transport/

https://www.villagereach.org/project/integrated-lab-transport-systems/

FOR MORE INFORMATION, PLEASE CONTACT
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