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Executive summary

The next pandemic is not a question of if, but when. The lessons learned from COVID-19 have highlighted the
critical importance of rapid diagnosis, decentralized testing, real-time surveillance, and coordinated response
mechanisms. Building resilient healthcare systems requires more than new technologies—it requires
integrated diagnostic ecosystems capable of adapting quickly to emerging threats. The UniHealth project
explores how innovative point-of-care molecular diagnostics can help transform Europe's preparedness
landscape, enabling faster detection, earlier intervention, and more effective responses to future infectious
disease outbreaks.

Recent outbreaks of Ebola virus disease and other emerging infectious threats remind us that pandemic
preparedness remains an ongoing global challenge. The ability to rapidly develop, validate, deploy and scale
user and patient friendly diagnostic solutions continues to be one of the most critical determinants of
outbreak control and healthcare resilience.



The UniHealth Project Solution
Why UniHealth Matters Today

The recent resurgence of Ebola outbreaks and the continued emergence of novel infectious threats highlight the
importance of maintaining diagnostic preparedness beyond COVID-19. While vaccines and therapeutics remain
essential tools, rapid diagnostics represent the first actionable line of defense, enabling timely clinical decisions,
surveillance activities, outbreak containment measures, and public health interventions. The UniHealth project was
established to address this critical gap by developing an integrated ecosystem capable of accelerating the journey from
pathogens-related health outbreaks to diagnostic deployment while reflecting upon the importance of the societal
contexts and the public understanding and acceptance of the solutions for their implementation.

The recent COVID-19 pandemic triggered an unprecedented global health emergency with severe socioeconomic
consequences and widespread human suffering. It also exposed significant vulnerabilities in healthcare systems and
highlighted gaps in global preparedness and response capacity. The key question remains: how can we better prepare
for future pandemics and avoid a crisis of similar magnitude?

In response, major international stakeholders — including the European Union (EU), the World Health Organization
(WHO), the Coalition for Epidemic Preparedness Innovations (CEPI), national governments, and public health agencies
— have proposed a broad range of measures aimed at strengthening preparedness, improving resilience, and
accelerating responses to future health threats. As part of this preparedness strategy, Europe has mobilized substantial
resources to support both innovative long-term research and mature technologies ready for rapid implementation.
Investments have focused on vaccination strategies, surveillance systems, healthcare infrastructure, and the
integration of new digital and diagnostic technologies to support a more resilient and a healthier society.

During COVID-19, point-of-care testing (POCT) has mostly relied on antigen-detecting rapid tests in a lateral flow
format. Those protein-based assays were suitable for COVID-19 but showed lower sensitivity and specificity if not
stored at adequate temperaturel. Additionally, sensitivity of antigen-detecting tests can be low for emerging
pathogens if virus concentrations are not high, as illustrated in children during the 2009 H1N1 swine flu?. For Ebola
viruses, Ag-RDT clinical sensitivity has remained drastically below the clinical 95% threshold established by WHO?. For
SARS-COV-2, this performance can be improved using for example technologies such as diamond nanoparticles in a
quantum-detection framework?, but similar achievements for other viruses including Ebola viruses are not available.

A sensitive test ideally amenable to POC use is thus of paramount importance to enable robust detection of infected
individuals, treat and isolate them and trace contacts to prevent spread®. Indeed, rapid and accurate diagnosis remains
the critical first step in managing both existing and emerging infectious diseases. Within the EU-funded research
project UniHealth, we are developing broad-spectrum and highly specific molecular diagnostic tools for point-of-care
applications. Our work focuses on the detection of infectious pathogens, including coronaviruses, influenza viruses
(including avian strains), and emerging arboviruses such as Dengue, Zika, and West Nile. Our long-term objective is to
deliver diagnostic solutions that combine laboratory-grade performance with the simplicity, speed, and affordability
associated with rapid antigen testing. A central challenge we address is the speed and adaptability of diagnostic
development in response to newly emerging pathogens and to diverse settings in which these new emergences take
place. In practical terms, this means determining how rapidly reliable molecular tests can be designed and deployed
following the emergence of a novel virus.

Finally, the COVID-19 pandemic highlighted the need for a rigorous assessment of barriers in POCT adoption in the
different phases of the response. Robust diagnostic performance, rapid development and deployment are of
paramount importance. However, the regulatory framework, the procurrent pathway, the logistics including stocks
and the public health/clinical guidelines of implementation are equally critical. Barriers or enabling behaviors link to
people’s beliefs as well as the wider policy framework especially when test results are linked with the ability to work.
Trust underpins the implementation of effective pandemic preparedness and response making communication of
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scientific findings and developments in diagnostics important for the next pandemic. In our Consortium we adopted a
holistic view and dedicated research resources to understand barriers, enablers and the fundamentals of trust in POCT.

UniHealth's Diagnostic Innovation Ecosystem for Pandemic Preparedness and
Rapid Response

The UniHealth project has generated a portfolio of complementary technologies, methodologies, and operational
approaches designed to strengthen preparedness for emerging infectious disease threats. Rather than focusing on a
single diagnostic product, the project has established an integrated innovation ecosystem encompassing
bioinformatics, assay development, point-of-care testing platforms, surveillance capabilities, and regulatory readiness.
These solutions collectively address key challenges associated with pandemic preparedness, including the rapid
development of new diagnostic assays, decentralized testing, real-time surveillance, cross-border healthcare and
environmental support, enabling the accelerated deployment of validated diagnostic technologies. By combining
scientific innovation with practical implementation considerations, UniHealth provides a framework for translating
research outcomes into deployable solutions capable of supporting public health responses during future outbreaks.
The following sections summarize the principal technologies and innovations developed within the project and their
potential contribution to resilient healthcare systems and global health security.

» Availability of Robust Bioinformatics Tools for Rapid Primer Design and Assay Optimization

Our approach is based on the use of isothermal amplification technologies, particularly the Loop-Mediated Isothermal
Amplification (LAMP) and its variants, including RT-LAMP and RT-DAMP. These methods operate at a constant
temperature of approximately 65°C and are recognized for their robustness, high sensitivity, and compatibility with
crude clinical samples, making them particularly suitable for decentralized and point-of-care testing. However, the
development of LAMP-based assays — including primer design, testing, and optimization — depends strongly on the
genetic variability of the target pathogen. Using a single reference genome, such as the initial SARS-CoV-2 sequence
released at the beginning of the pandemic, primer sets can typically be designed within minutes using commercially
available software tools. Experimental validation and assay optimization may then require several additional days,
excluding primer synthesis and delivery times.

The challenge becomes significantly greater when dealing with genetically heterogeneous pathogens or rapidly
mutating viruses. In such cases, multiple genome sequences must be analyzed to ensure both inclusivity and high
specificity of the assay. This process requires advanced bioinformatics workflows and can substantially increase
development time. Although several commercial bioinformatics solutions are available, they often remain limited in
their adaptability to different nucleic acid testing methodologies, scalability to large and diverse datasets, and ability
to account for phylogenetically complex intra-virus diversity. To address these challenges, the UniHealth project has
developed a versatile, alighment-free workflow that can be adapted to multiple nucleic acid tests methodologies and
streamlines the identification of high-coverage primer and oligonucleotide designs across genetically diverse
pathogens. For example, when applied to a target presenting an extensive genetic diversity such as HIV-1/2, the
workflow achieved >98% coverage for RPA and PCR and 95% coverage for LAMP and gPCR primer designs, using only
one to three primer systems per assay within a 2-hour runtime.
» Demonstration of Robust Analytical Performance in Crude Clinical Samples

Laboratory optimization assays should undergo clinical validation in relevant environments by end users. This
is the most exciting but also most challenging part within the process of a molecular diagnostic assay
development process. At this stage, analytical limitations arising from the heterogenicity of a real sample will,
inevitably, be encountered, alongside other issues such as end-users’ ability to adapt their routine analytical
procedures to a new method within a short period. In our project, we have performed extensive validation in four
different sites, three in Europe and one in N. Africa (Tunisia). This has provided us with unique experience
regarding the analytical, clinical, operational and cultural limitations encountered in different parts of the world
and has demonstrated the adaptability of UniHealth solutions across diverse Mediterranean healthcare
settings. Importantly, we have gained experience in how researchers and technology providers can work
together with clinical doctors and healthcare providers to facilitate rapid troubleshooting and implementation
of mitigation plans to overcome risks. Overall, it is feasible to perform clinical validation of an assay in less than
one month, provided that most challenges have been addressed beforehand, including the development of an
optimized master mix for the LAMP reaction and the use of a mature and well-tested detection technology.



» Sensitive and Operationally Simple Point-of-Care Detection Technologies

In addition to the design of optimized primers, the selected detection methodology is a main concern for point-of-care
applications, calling for a portable, simple but also robust and reliable technique. In our project, we have been using
real time colorimetric LAMP to obtain quantitative results outside a centralized lab. The device used for this purpose
(PEBBLE) is a handheld portable system allowing the parallel testing of six samples, including a reference one. The
method has been developed during the COVID pandemic for near-point-of-care use and obtained fast track
certification. Within UniHealth, the PEBBLE device has been used alongside an optimized universal mix to detect
emerging pathogens in several body fluids (saliva, swab, urine, plasma and serum) but also in mosquito samples as
part of our environmental monitoring and One-Health approach. The deployment of PEBBLE within the Tunisian
framework highlighted its capability to act as a dual-purpose screening platform, effectively bridging real-time
human diagnostic needs with rapid field-screening of mosquito pools in high-risk zones. The development of a
pocket size, end point colorimetric device, for the detection of two samples in even more resource limited
conditions has signaled the project’s contribution towards home testing.

To ensure assay reliability, the UniHealth project will also establish a framework for a global External Quality
Assurance (EQA) program for the PEBBLE instrument, supporting its use in future pandemics. EQA plays a critical
role for newly developed methods and assays by ensuring the accuracy, robustness, and reproducibility of
diagnostic results.

» Decentralized and Manufacturable Molecular Diagnostics for Pandemic Preparedness
An important lesson from the COVID-19 pandemic was that diagnostic performance alone is insufficient to ensure
effective outbreak response. The ability to manufacture, distribute, and deploy testing technologies at scale proved
equally critical. Many advanced molecular diagnostic platforms rely on complex architectures involving microfluidics,
specialized electronics, semiconductor components, and highly centralized manufacturing processes. While these
systems can deliver excellent analytical performance, their dependence on specialized supply chains and a limited
number of production facilities can create bottlenecks during periods of global demand.

Within the UniHealth ecosystem, the PIXL platform was developed, allowing the testing of two samples in a pocket-
size device, suitable as well for home-testing. This novel technology has been developed with an additional objective:
to enable molecular diagnostics that are not only sensitive and reliable, but also inherently manufacturable and
deployable across diverse geographical regions. By minimizing reliance on microfluidics, highly specialized electronic
assemblies, and other supply-constrained components, PIXL simplifies the manufacturing process and reduces
dependency on complex global supply chains. This design philosophy allows production to be established closer to the
point of need, supporting local or regional manufacturing strategies and strengthening diagnostic sovereignty.

This capability has important implications for pandemic preparedness. During global health emergencies, dependence
on a single manufacturer or a small number of suppliers can severely limit access to diagnostic testing, particularly in
low-resource settings or regions facing logistical constraints. A platform that can be manufactured using widely
available components and standard industrial processes provides greater flexibility for technology transfer, local
production, and rapid scale-up. Such distributed manufacturing capacity can help ensure that countries retain access
to critical diagnostic tools even when international supply chains are disrupted.

At the same time, PIXL maintains the operational simplicity required for decentralized testing environments. Its
workflow is designed to achieve the ease of use associated with rapid tests while delivering the analytical performance
expected of molecular diagnostics. This combination of accessibility, manufacturability, and molecular-level
performance addresses a key challenge identified during recent pandemics: ensuring that high-quality diagnostics can
be produced and deployed rapidly, equitably, and at scale.

By prioritizing user-friendly design and manufacturing accessibility alongside analytical performance, PIXL contributes
to the broader UniHealth vision of building sustainable diagnostic preparedness infrastructure. Rather than relying
exclusively on centralized production models, the platform supports a future in which diagnostic capacity can be
distributed, locally manufactured, and rapidly mobilized in response to emerging public health threats.

Medical-Grade Universal Reagents: Accelerating Assay Deployment from Primer Design to Clinical Testing

A critical enabler of rapid diagnostic development within the UniHealth ecosystem is the availability of a medically
certified Universal MasterMix specifically optimized for use with the PEBBLE and PIXL detection platforms.
Traditionally, the development of a new molecular diagnostic assay requires multiple rounds of reagent optimization,
including adjustment of enzyme concentrations, buffer compositions, amplification conditions, and analytical



performance testing. These iterative optimization cycles can extend development timelines by weeks or months,
delaying the deployment of urgently needed diagnostic solutions during emerging outbreaks.

The Universal MasterMix, developed within the UniHealth framework, addresses this challenge by providing a fully
validated, medical-grade reagent formulation that supports a broad range of molecular assays with minimal
adaptation requirements. Once pathogen-specific primers have been designed through the UniHealth bioinformatics
workflow, developers can proceed immediately to analytical verification and clinical validation using a standardized
reagent system, without extensive chemistry optimization. This significantly reduces assay development complexity,
improves reproducibility across laboratories, and lowers barriers to rapid deployment in decentralized testing
environments.

From a pandemic preparedness perspective, the impact of such a platform-ready reagent is substantial. During the
early stages of an outbreak, diagnostic development speed is often constrained not by primer design but by the time
required to optimize and validate assay chemistry. By eliminating this bottleneck, the Universal MasterMix transforms
the development pathway from a sequential process into a streamlined workflow in which new diagnostic tests can
be generated and deployed within days of pathogen genome availability. Combined with the PEBBLE and PIXL
platforms, this capability creates a highly agile diagnostic response infrastructure that can rapidly adapt to novel
viruses, emerging variants, and geographically expanding infectious threats.

Beyond emergency response, the availability of a certified universal reagent supports regulatory readiness and
technology transfer by ensuring that multiple assays are developed on a common, performance-characterized
foundation. This facilitates standardization, simplifies quality management activities, and enables faster scale-up
across healthcare systems and manufacturing partners. As a result, the Universal MasterMix represents not only a
technical innovation but also a strategic preparedness asset, strengthening Europe's capacity to rapidly translate
pathogen discovery into actionable diagnostic solutions during future public health emergencies.

» Training and Aligning Multidisciplinary Stakeholders Within Quality and Regulatory Frameworks

A significant legacy of the UniHealth project is the development of expertise and capacity across a diverse network of
stakeholders operating within highly regulated environments. The successful development and deployment of
innovative diagnostic solutions require close collaboration among researchers, clinicians, technology developers,
public health professionals, quality specialists, and regulatory experts. However, these groups often operate under
different priorities, methodologies, and professional cultures. UniHealth demonstrated the importance of establishing
a common framework based on quality, regulatory compliance, scientific rigor, and risk-based decision-making.
Through continuous collaboration, knowledge exchange and practical implementation activities, the project
contributes to the training and alignment of multidisciplinary stakeholders around shared development and validation
principles.

This capacity-building effort extends beyond the specific technologies developed within the project. By strengthening
understanding of quality management, performance evaluation, regulatory requirements, and implementation
challenges, UniHealth has helped create a more knowledgeable and prepared community capable of responding
efficiently to future public health threats. Such human capital and institutional learning represent critical components
of long-term healthcare resilience and innovation readiness.

» Quality by Design: Delivering Robust Diagnostic Innovation Under Accelerated Timelines
A key achievement of the UniHealth project has been the successful implementation of a Quality-by-Design approach
within a highly dynamic and multidisciplinary development environment. The project brought together experts from
molecular biology, bioinformatics, engineering, clinical practice, public health, quality assurance, and regulatory affairs,
all working within ambitious timelines driven by the need for rapid preparedness against emerging infectious disease
threats.

Traditionally, quality, performance, and regulatory considerations are incorporated progressively throughout the
development lifecycle. UniHealth demonstrated that these elements can be integrated from the outset, even under
compressed development schedules, through close collaboration among diverse stakeholders and the adoption of
structured development methodologies. This approach enabled the simultaneous advancement of assay design,
technology development, validation activities, and regulatory planning while maintaining a strong focus on scientific
rigor, traceability, and future deployment requirements.



The experience gained through UniHealth illustrates how Quality by Design can serve as a critical enabler of rapid
diagnostic innovation, supporting the development of reliable, scalable, and implementation-ready solutions capable
of responding effectively to future public health emergencies.
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From pathogen emergence to public health action:
an integrated pathway for rapid response and stronger preparedness.

Figure 1. The UniHealth Diagnostic Resilience Pyramid: From Pathogen Emergence to Public Health Action

» Regulatory Preparedness for Rapid Diagnostic Deployment
One of the less visible, yet highly impactful, achievements of the UniHealth project is the integration of regulatory
preparedness throughout the diagnostic development process. While scientific innovation is essential, the successful
deployment of diagnostic technologies ultimately depends on their ability to meet regulatory requirements and
generate the evidence necessary for clinical use and market access.

By incorporating regulatory considerations from the earliest stages of assay and technology development, UniHealth
has demonstrated a compliance-by-design approach that aligns scientific innovation with future implementation
needs. This includes the generation of performance evidence, risk management activities, documentation practices,
and validation strategies consistent with modern regulatory expectations.

This regulatory preparedness framework has the potential to significantly reduce the time required to transition future
diagnostic innovations from research environments into clinical and public health settings. As such, it represents a
valuable legacy of the project and a critical component of future pandemic preparedness efforts.

» Building Global Capacity for Regulatory-Compliant Technology Transfer
An important achievement of the UniHealth project has been the development of knowledge, competencies, and
collaborative practices that support regulatory-compliant technology transfer across diverse stakeholder groups and
geographical regions. Effective technology transfer extends beyond the exchange of scientific methods or technical
know-how; it also requires a shared understanding of quality, regulatory, clinical, and operational requirements to
ensure that technologies can be implemented consistently and safely across different settings. Through collaboration
among academic institutions, healthcare providers, technology developers, public health organizations, and regulatory
experts across Europe and North Africa, UniHealth has contributed to the harmonization of approaches for assay
development, validation, implementation, and performance evaluation. The active participation of Tunisia ensures that
the co-designed diagnostic protocols are perfectly tailored to meet the specific epidemiological needs and regulatory
requirements of the Euro-Mediterranean region, paving the way for seamless cross-continental epidemic responses.
This experience has enabled stakeholders with different backgrounds, expertise, and regulatory environments to work
within a common framework aligned with internationally recognized quality and regulatory principles. By familiarizing
participating organizations with the regulatory dimensions of diagnostic development and deployment, the project has
strengthened their ability to support future technology transfer activities, accelerate the adoption of innovative
solutions, and facilitate cross-border and cross-continental collaboration. Such capacity building represents a critical



component of future pandemic preparedness, ensuring that scientific innovations can be translated efficiently into
accessible healthcare solutions regardless of geographical location. Beyond the immediate outcomes of the project,

» Health Economic Benefits of Rapid and Decentralized Diagnostics

Beyond their clinical and public health benefits, rapid molecular diagnostic technologies have the potential to generate
significant economic value for healthcare systems and society. Early and accurate diagnosis can reduce unnecessary
treatments, improve patient management, support appropriate use of healthcare resources, and contribute to more
efficient disease control strategies. Decentralized diagnostic testing may also alleviate pressure on centralized
laboratories and healthcare facilities, reducing logistical costs, shortening turnaround times, and enabling earlier
clinical interventions. During infectious disease outbreaks, rapid detection and containment of cases can help limit
transmission, reduce hospitalization rates, and mitigate broader societal and economic disruption. From a pandemic
preparedness perspective, investments in diagnostic innovation should be viewed not only as healthcare expenditures
but also as strategic investments in resilience. The ability to rapidly detect emerging pathogens and deploy testing at
scale can significantly reduce the long-term costs associated with delayed outbreak recognition, healthcare system
overload, productivity losses, and emergency response measures. By enabling faster diagnosis, improved surveillance,
and more targeted public health interventions, technologies developed within the UniHealth project have the potential
to contribute to both improved health outcomes and more sustainable healthcare systems.

Beyond direct healthcare savings, rapid molecular diagnostics contribute to broader economic resilience by reducing
productivity losses, minimizing disruption to healthcare services, and supporting more effective public-health
interventions. Investments in diagnostic preparedness should therefore be viewed not merely as healthcare
expenditures, but as strategic investments in societal resilience and economic stability.
» Public understanding and acceptance of POC diagnostics

One crucial dimension for the development and use of rapid molecular diagnostic technologies is whether diverse
general publics accept, trust, and use them. The UniHealth project takes public acceptance, trust and use seriously: it
has investigated how selected European publics have used POC and other diagnostic testing in the past, and of their
expectations and preferences for such testing in future pandemics. Trust, for instance, extends not just to the diagnostic
test itself, but also to the health worker administering it and in the health care system is embedded. Although different
European adult populations, health workers, migrants and older adults expressed somewhat different preferences (a
consequence not only of their health systems, but also their living conditions and political economic contexts), these
populations investigated generally seek POC diagnostics during epidemics that are easily accessible, provide
understandable results, and offer guidance for post-test actions.

These public preferences and expectations of future diagnostic testing are being integrated into UniHealth POC
diagnostic devices. By attending and responding to these public priorities and preferences, the UniHealth project is
thus actively strengthening preparedness for future pandemics. If —and when — a future pandemic erupts, we will have
developed POC diagnostics that convene to — or that can be adapted to -- what diverse publics deem most important.

Conclusion: From Diagnostic Innovation to Diagnostic Resilience

UniHealth has demonstrated that the future of pandemic preparedness lies not in isolated diagnostic products, but in
integrated diagnostic ecosystems capable of rapidly translating pathogen discovery into actionable public-health
responses. By combining bioinformatics, decentralized molecular testing, surveillance, regulatory preparedness,
quality-by-design principles and international collaboration, the project provides a blueprint for strengthening
diagnostic resilience in Europe and beyond. As emerging infectious threats continue to evolve, the lessons,
technologies and collaborative frameworks developed within UniHealth offer a sustainable foundation for faster, more
coordinated and more effective responses to future health emergencies.

In this context, UniHealth should be viewed not only as a research project, but as a practical demonstration of how
Europe can build sustainable diagnostic resilience for future health emergencies. Indeed, our interdisciplinary
consortium provides a roadmap for building resilience for pandemic preparedness by including all components that
are equally required for this purpose.



