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Abstract 

Recent advances in molecular diagnostics and portable sequencing technologies have significantly expanded the technical capabilities of decentralized 
diagnostic platforms. Point-of-care (POC) diagnostics have emerged as essential tools for improving the surveillance and control of zoonotic diseases 
within the One Health framework. Despite this, translating these innovations into systematic, routine field implementation remains limited. This 
perspective argues that the primary barriers are no longer technological performance but rather the complex challenges of large-scale implementation. 
These challenges include fragmented governance, regulatory heterogeneity, economic constraints, logistical hurdles, workforce capacity, and 
insufficient integration among human, animal, and environmental health systems. Through a critical analysis of current evidence, this manuscript 
identifies a gap between technological innovation and operational implementation and advocates a transition from device-centric innovation to 
integrated diagnostic ecosystems that support coordinated One Health surveillance. Strategic directions are discussed, including adaptable diagnostic 
platforms, interoperable diagnostic networks, digital integration of surveillance systems, operational decentralization, and unified regulatory 
pathways. Collectively, these strategies could accelerate the translation of emerging diagnostic technologies into sustainable field applications, 
maximizing their potential to strengthen early detection, integrated surveillance, and preparedness for current and future zoonotic threats. 
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Introduction  

In the context of the global impact of infectious diseases, 
zoonotic diseases constitute one of the greatest global 
public health challenges because of their high incidence, 
pandemic potential, and substantial socioeconomic 
impact. In Europe, zoonoses remain a persistent public 
health concern owing to the continued burden of endemic 
infections and the increasing emergence of novel 
pathogens. Their epidemiology is shaped by complex 
interactions among environmental change, climate 
variability, wildlife ecology, livestock production, and 
human activities. In this perspective, zoonotic diseases 
represent a cornerstone of the One Health framework, 
which recognizes the interdependence of human, animal, 
and environmental health [1].  

The European Food Safety Authority (EFSA) and the 
European Centre for Disease Prevention and Control 
(ECDC) regularly monitor zoonotic diseases through 
coordinated surveillance programs involving European 
Union Member States, the United Kingdom, and 
collaborating countries [2]. According to their most recent 
report, campylobacteriosis, salmonellosis, Shiga toxin-
producing Escherichia coli (STEC) infections, invasive 
listeriosis, and echinococcosis remain the most frequently 
reported zoonoses in humans. In addition, vector-borne 
zoonoses are becoming increasingly important, with their 
transmission dynamics strongly influenced by climate 

change [3]. Recently, the ECDC has pointed out that 
outbreaks of West Nile virus and Chikungunya in Europe 
are associated with rising temperatures, altered rainfall 
patterns, and prolonged warm seasons, which facilitate 
the expansion and persistence of vector populations and 
transmission cycles [4].  

In the United States, the Centers for Disease Control 
and Prevention (CDC), together with the U.S. Department 
of Agriculture (USDA) and the Department of the Interior 
(DOI), released in 2025 the first National One Health 
Framework to Address Zoonotic Diseases and Advance 
Public Health Preparedness (NOHF-Zoonoses, 2025–
2029), establishing federal-level coordination across 
human, animal, and environmental health sectors [5]. 
Comparable multisectoral efforts have emerged in Asia, 
where China has progressively integrated One Health 
principles into its national health governance architecture 
[6] and in Latin America, where the Pan American Health 
Organization (PAHO) has coordinated regional One 
Health initiatives across nine countries since 2021 [7]. 
These parallel developments indicate that the 
implementation gap discussed in this manuscript reflects 
a global challenge.  

These epidemiological trends underscore the growing 
need for diagnostic systems capable of rapidly detecting 
zoonotic pathogens and enabling timely surveillance, 
outbreak response, and disease control. According to a 
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World Health Organization (WHO) report, zoonoses 
account for more than 60% of emerging infectious 
diseases globally [8]. However, conventional diagnostic 
techniques have intrinsic limitations, including non-
immediate response times, variable sensitivity, and the 
need for centralized infrastructure, which inevitably 
produce a time lag between infection, diagnosis, and 
health intervention, particularly in peripheral contexts 
and during acute outbreaks [9].  

In this context, these limitations have accelerated the 
development of rapid, decentralized point-of-care (POC) 
diagnostic platforms that can be deployed directly in field 
and community settings. The global infectious disease 
POC diagnostics market was estimated to exceed US$53 
billion in 2024, reflecting growing demand for rapid, 
accessible diagnostic technologies. European regulatory 
frameworks are increasingly oriented toward evaluating 
decentralized technologies, as evidenced by Regulation 
(EU) 2017/746 on in vitro diagnostic medical devices 
(IVDR). This legislation introduces more stringent 
requirements for analytical and clinical validation, post-
market surveillance, and the evaluation of diagnostic 
device performance, directly influencing the development 
and implementation of new POC platforms [10].  

Rapid advances in molecular biology, biomedical 
engineering, digital health, and artificial intelligence have 
transformed the landscape of infectious disease 
diagnostics. These innovations have greatly improved the 
ability to detect pathogens early, monitor disease 
transmission, predict epidemiological risk, and support 
evidence-based surveillance and control strategies [11, 
12]. Innovations in molecular diagnostics, advanced 
analytical capabilities, and technologies based on artificial 
intelligence (AI) and biomedical engineering enable early 
detection, epidemiological risk prediction, and real-time 
monitoring [13]. In this context, rapid diagnosis, effective 
surveillance, and monitoring are essential to limit the 
spread of zoonotic diseases. Among these technologies, 
molecular diagnostic platforms have demonstrated 
particularly strong potential for One Health surveillance.  

Next-generation sequencing (NGS) technologies enable 
the parallel analysis of millions of DNA or RNA fragments, 
allowing comprehensive characterization of pathogens, 
detection of antimicrobial resistance (AMR) genes, and 
real-time epidemiological surveillance [14]. Whole 
genome sequencing (WGS) has become the gold standard 
for outbreak investigation, source attribution, and 
genomic surveillance, whereas metagenomic next-
generation sequencing (mNGS) enables unbiased 
detection of bacteria, viruses, fungi, and parasites directly 
from complex clinical samples without prior knowledge of 
the causative pathogen. Because mNGS is not target-
specific, it is particularly valuable for detecting mixed 
infections, emerging pathogens, and unexpected etiologic 

agents that may be missed by conventional targeted 
molecular assays, making it a powerful tool for future One 
Health diagnostic systems [14]. 

Alongside molecular technologies, biosensors 
integrated with nanomaterials are rapidly expanding the 
capabilities of infectious disease diagnostics. 
Incorporating nanomaterials has substantially improved 
the sensitivity, specificity, conductivity, and analytical 
performance of conventional biosensors, enabling faster 
and more accurate pathogen detection. Among these 
emerging technologies, CRISPR is one of the most 
promising innovations. Beyond genome editing, CRISPR 
systems can be adapted for highly specific and sensitive 
pathogen detection [15]. Thanks to the sequence 
specificity of guide RNAs and Cas effectors, CRISPR 
biosensors have been developed to detect numerous 
pathogens, including SARS-CoV-2, Ebola and Dengue 
viruses, Mycobacterium tuberculosis, Staphylococcus 
aureus, Escherichia coli, and Salmonella enteritidis [16].  

Research in the field of AI is increasingly prominent. 
Thanks to its enormous data-processing capacity, the 
decision support it can provide, and its ability to recognize 
patterns. AI can enable accurate identification of 
microorganisms, assess epidemic trends, and predict 
potential antibiotic resistance. In high-throughput 
sequencing (HTS), AI demonstrates high efficacy in 
multiple resistance analysis and quality control of 
sequencing data [12].  

Machine learning algorithms can be used to develop 
tools for rapid pathogen detection, thanks to their ability 
to efficiently and rationally manage and update sequence 
identification and classification [17, 18]. When applied to 
epidemiological, clinical, and environmental datasets, 
these algorithms can identify patterns of disease spread, 
pinpoint high-risk areas in advance, and support the 
development of targeted preventive strategies. 
Nanotechnology further complements these advances by 
improving biosensor performance and enabling highly 
sensitive detection of pathogens at very low 
concentrations. Integrating nanobiosensors with AI-
driven analytical platforms has the potential to further 
improve diagnostic accuracy through real-time data 
analysis, automated interpretation, and reduced operator-
dependent variability [13].  

Collectively, advances in AI, genomic sequencing, 
biosensors, nanotechnology, CRISPR systems, and smart 
diagnostic tools are transforming the landscape of 
zoonotic disease diagnostics and creating unprecedented 
opportunities for rapid, decentralized, and precision 
surveillance. However, technological innovation alone is 
insufficient to achieve meaningful public health impact. 
Effective implementation requires robust digital 
infrastructure, interoperable data-sharing systems, secure 
cloud-based platforms, and coordinated integration of AI, 
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genomic surveillance, and public health networks. 
Without these supporting systems, even the most 
advanced diagnostic technologies cannot be fully 
translated into routine field practice.  

Despite technological innovation, recent scientific 
literature highlights a paradox: the pace of developing and 
validating new technologies does not match the pace at 
which they translate into widespread, accessible 
operational tools in the field. This manuscript examines 
the scientific, regulatory, economic, and operational 
barriers that limit the widespread implementation of POC 
diagnostics for zoonotic diseases and discusses strategies 
to translate technological innovation into integrated 
diagnostic ecosystems that strengthen One Health 
surveillance and preparedness. A “diagnostic ecosystem” 
is an integrated framework that connects diagnostic 
technologies with trained personnel, data systems, 
laboratory and connectivity infrastructure, supply chains, 
and governance to support effective One Health 
surveillance. By linking innovative diagnostic platforms 
with real-time data, genomic surveillance, interconnected 
laboratory networks, coordinated supply systems, and 
harmonized standards, this framework enables diagnostic 
information to move efficiently from detection to decision-
making. Within this ecosystem, POC platforms can 
strengthen early detection, surveillance, preparedness, 
and coordinated responses to zoonotic threats. POC 
diagnostics are therefore considered a cross-sectoral area 
encompassing both human and veterinary applications 
within the One Health framework. Rather than treating 
diagnostic technologies as separate tools for individual 
sectors, this manuscript examines their role as integrated 
components of surveillance systems aimed at improving 
the early detection, monitoring, and control of zoonotic 
threats. 

The evidence discussed in this perspective was 
identified through a critical synthesis of scientific 
literature, institutional reports, and documented field 
applications related to POC diagnostics and zoonotic 
disease surveillance. The examples were deliberately 
selected to illustrate recurring implementation patterns 
and challenges across technological, regulatory, and 
geographic contexts, rather than to provide an exhaustive 
systematic assessment of all available evidence. The focus 
has been intentionally placed on implementation barriers 
and unresolved bottlenecks, rather than on technological 
advances and successful validation studies. Therefore, the 
discussion should not be interpreted as an assessment of 
the failures of POC technologies per se, but rather as an 
analysis of the systemic factors that limit their 
implementation in routine practice. 

Point-of-care diagnostics for zoonotic diseases: 
current landscape 

Among the main applications of the technological 
innovations mentioned, POC diagnostics represents a 
concrete response to the need for rapid diagnosis, 
especially in zoonoses, and occupies a central position in 
the sector's development prospects. "Point-of-care 
testing" (POCT) refers to diagnostic platforms performed 
directly at or near the site of patient care, thereby reducing 
dependence on centralized laboratories and shortening 
the time between sample collection and clinical decision-
making [19]. The implementation of POCT represents a 
fundamental shift in diagnostic practice. Rather than 
transporting samples to centralized laboratories, 
diagnostic capability is brought directly to the point of 
need, enabling earlier case detection and more rapid 
public health interventions. Successfully implementing 
this paradigm requires coordination among clinicians, 
veterinarians, laboratory scientists, engineers, public 
health authorities, and regulatory agencies. 

This logic explains why recent scientific literature 
considers the development and implementation of POCTs 
among the most promising diagnostic applications for 
zoonoses. Shortening the time between sampling and 
diagnosis reduces the period during which infections 
remain undetected, facilitating timely treatment, outbreak 
containment, and more effective epidemiological 
surveillance [20]. The ever-growing market and 
projections indicating it could double in value by 2033 
reflect the potential of these tests in business and 
application fields [10]. The constant advancement of 
innovative technologies and intensive research in the 
fields of molecular diagnostics, biosensors, microfluidics, 
and AI represent an important economic and technical 
driver of POC diagnostics [16]. Within this category, there 
are currently different types of tests that differ mainly in 
their adoption and the technology used.  

Although polymerase chain reaction (PCR) has 
traditionally been laboratory-based, portable PCR 
platforms have successfully expanded its use in 
decentralized settings. One representative example is the 
Truenat system, a battery-powered, chip-based PCR 
platform originally developed for malaria diagnosis in 
resource-limited settings. Truenat assays are performed 
using the Truelab Uno® portable analyzer, which serves 
as the platform for chip-based molecular testing. Designed 
to overcome the limited sensitivity of microscopy and 
rapid antigen tests, particularly in patients with low 
parasitemia, Truenat demonstrated superior diagnostic 
performance and correctly identified mixed Plasmodium 
falciparum and Plasmodium vivax infections that were 
frequently missed by conventional diagnostic methods 
[21]. Based on these results, the same authors proposed 
considering its use not only for individual diagnosis but 
also as a tool for active surveillance and support for 
epidemiological interventions in the field.  
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However, diagnostic performance remains pathogen-
dependent. For tuberculosis, the sensitivity of Truenat 
MTB was 80.5% in one Ugandan study, compared with 
GeneXpert Ultra, but declined to 34.4% in a Tanzanian 
evaluation, underscoring the importance of disease-
specific validation before widespread implementation 
[22]. Despite advances in molecular diagnostics, 
immunoassays, particularly lateral flow assays (LFAs), 
remain the most widely used POC technology because of 
their simplicity, rapid turnaround time, and low cost. In 
contrast, PCR-based platforms require more sophisticated 
instrumentation, supply chains, and quality assurance 
systems, which continue to limit their deployment in many 
resource-limited settings. 

More recent technologies, such as CRISPR-based 
platforms and nucleic acid amplification tests, offer 

substantially higher analytical sensitivity than many 
conventional POC assays but have yet to achieve 
widespread implementation because of manufacturing, 
regulatory, and technology-transfer challenges [23]. In 
this sense, CRISPR-based diagnostics such as 
"SHERLOCK" and "DETECTR" combine nucleic acid 
amplification with collateral cleavage-mediated 
fluorescent or colorimetric detection, providing highly 
sensitive pathogen identification within simplified 
workflows that are well suited for decentralized testing 
[24]. Other devices used include so-called "lab-on-chip" 
microfluidic devices and multiplex tests on paper, tools 
that detect multiple pathogens simultaneously, expanding 
diagnostic capacity [10]. The principal POC diagnostic 
technologies currently available for zoonotic disease 
surveillance are summarized in Table 1.  

Table 1: The main POC platforms used, along with their strengths and limitations. 

*These are illustrative data extracted from articles and reviews that address application contexts and conditions different from those discussed in this 
perspective. Since the articles on the technologies discussed in the text do not provide cost information, these values should not be used for direct 
comparisons among technologies and should be interpreted only as indicative estimates.

Field applications 

Although technological advances have greatly expanded 
the capabilities of POC diagnostics, their true value is best 
illustrated by successful field implementation. Several 
recent examples show how innovative diagnostic 
platforms have improved outbreak response and disease 
surveillance in real-world conditions. One of the earliest 
and most influential examples was the deployment of the 

portable Oxford Nanopore Technologies MinION 
sequencer during the 2014–2016 Ebola outbreak in 
Guinea. This pocket-sized device enabled the 
establishment of a mobile genomic laboratory that 
generated whole-genome sequencing data within 24 h of 
sample collection, eliminating delays associated with 
transporting samples to centralized laboratories. Its 
portability, ease of operation, and minimal infrastructure 

Technology Diagnostic principle Strengths Main limitations Relative 
cost 

Application 
example 

Ref. 

Lateral Flow 
Assays (LFA) 

Immunochromatographic 
detection of 
antigens/antibodies 

Low cost, ease of 
use 

Lower sensitivity 
than molecular 
testing 

< $5/test* 
[25] 

Rapid diagnosis of 
zoonoses and field 
surveillance 

[23] 

PCR on chip 
(Truenat) 

Nucleic acid 
amplification on a chip 

High accuracy, 
identification of 
coinfections 

Higher costs, 
critical supply 
chains 

$13.20/test* 
[26] 

Malaria, 
tuberculosis 

[21, 22] 

GeneXpert 
(Xpert 
MTB/RIF) 

Automated PCR Automated 
workflow, large-
scale 
implementation 

Variable sensitivity, 
high costs 

$12.63/test* 
[26] 

Tuberculosis 
control 

[27] 

CRISPR-based 
assays 
(SHERLOCK, 
DETECTR, 
CRISPR/Cas13) 

Collateral cleavage, 
isothermal amplification 

High sensitivity 
and specificity, 
simplified 
workflows 

Technology 
transfer is still 
limited 

$5–15/test* 
[28]   

Surveillance of 
infectious diseases 

[24, 29, 
30] 

Lab-on-chip and 
paper-based 
multiplex assays 

Microfluidics Low sample 
volume, 
multiplexing, 
portability, high 
degree of 
integration 

Limited production 
and 
standardization 
across sample 
types and 
environmental 
conditions 

$9.5/test* 
[31] 

 
Multi-pathogen 
diagnosis 

[10] 

Nanopore 
sequencing 
(MinION) 

 
Genomic sequencing 

Field genomic 
analysis, 
identification, and 
epidemiological 
tracking 

Requires 
bioinformatics 
skills and sample 
preparation 

$115–
173/test* [32] 

Ebola, Lassa fever [33, 34] 
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requirements demonstrated the feasibility of real-time 
genomic surveillance in outbreak settings [33]. The same 
platform was subsequently adopted by the Institute for 
Lassa Fever Research and Control in Nigeria, 
demonstrating that portable sequencing could be 
successfully applied to the surveillance of other high-
priority zoonotic pathogens, including Lassa virus [34].  

Beyond emergency outbreak response, the greatest 
value of POC diagnostics lies in their sustainable 
integration into routine healthcare systems, particularly in 
low-resource settings where access to centralized 
laboratories is limited. A representative example is the 
GeneXpert (Xpert MTB/RIF) platform, which has been 
widely implemented across several African countries for 
diagnosing Mycobacterium tuberculosis. Large-scale 
implementation of this automated molecular platform was 
associated with a fourfold increase in tuberculosis case 
detection between 2015 and 2018, and treatment success 
rates reached 92.6%, illustrating the public health impact 
achievable when POC diagnostics are effectively 
integrated into national healthcare systems [27]. These 
achievements were achieved despite the platform's 
limitations, including higher costs and variability in 
diagnostic sensitivity across settings. 

The surveillance of highly pathogenic avian influenza 
(HPAI) further illustrates the importance of POC 
diagnostics within a One Health framework, in which 
monitoring animal reservoirs is essential to prevent 
zoonotic transmission to humans. Researchers at the 
China Animal Health and Epidemiology Center (CAHEC) 
developed a CRISPR/Cas13a-based diagnostic platform 
that combines isothermal amplification with lateral-flow 
detection for rapid surveillance of avian influenza in 
poultry [30]. Although RT-qPCR remains the reference 
method for avian influenza diagnosis, its dependence on 
specialized laboratories and trained personnel limits its 
use in rural and resource-constrained settings. The 
CAHEC assay addresses these limitations by delivering 
results in approximately 40 min at 37°C, enabling direct 
visual interpretation using a lateral flow strip, and 
requiring no advanced laboratory instrumentation [30]. 
The most significant aspect was validation on clinical 
samples (380 in total), in which the test showed high 
agreement with the reference RT-qPCR. In addition, 
evaluation against multiple poultry pathogens, including 
H3, H7, H9, and H10 avian influenza subtypes, infectious 
bronchitis virus, Newcastle disease virus, and avian 
rotavirus, confirmed high analytical specificity with no 
evidence of cross-reactivity [30]. 

In 2024, HPAI affected dairy cattle in the United States, 
marking the first documented case of transmission of this 
virus to a ruminant species. In response, the USDA 
imposed pre-movement testing on dairy cattle and 
implemented nationwide testing of raw milk [35]. The 

initial cases were identified through passive surveillance 
of affected livestock, which underestimated the true extent 
of the virus's spread. Retrospective monitoring of retail 
milk, however, confirmed the presence of viral RNA in 
more than one-third of the milk samples collected during 
the early phase of the outbreak [35]. This underscores how 
complete dependence on a passive surveillance strategy 
can delay the recognition of an outbreak even in highly 
industrialized surveillance systems. 

Together, these examples demonstrate that recent 
technological advances have moved beyond laboratory 
proof of concept and can provide substantial benefits for 
field surveillance, outbreak response, and disease control. 
However, they also illustrate that successful 
implementation depends not only on analytical 
performance but also on integration with healthcare 
infrastructure, workforce training, regulatory acceptance, 
and sustainable deployment strategies-issues that remain 
major barriers to the widespread adoption of POC 
diagnostics for zoonotic diseases. 

Key advantages 

As widely documented in the literature and discussed in 
the previous paragraphs, decentralized diagnostic 
technologies used in POC play a strategic role not only in 
the control and surveillance of infectious diseases but also 
in community-based care, the management of clinical 
emergencies, perioperative and hospital settings, the 
monitoring of chronic diseases, and numerous other 
health contexts [36, 37]. However, the reason these 
technologies are highly promising, especially for the 
diagnosis of zoonoses, is linked to specific interrelated 
characteristics. Portability, understood as independence 
from high-tech instrumentation and centralized 
laboratories, is the feature that most clearly underscores 
the intrinsic dynamism of POCTs.  

The elimination of this dependency reduces transport 
times and the associated risks of sample degradation and 
contamination [38]. The decentralization of diagnostic 
and instrumental capacities also favors the creation of 
more widespread, timely, and reactive surveillance 
networks, capable of integrating data obtained on the farm 
or on the patient, with epidemiological surveillance 
systems at the population level.  

Analytical speed, defined as the reduction in the time 
from sample collection to the availability of results, is 
another major advantage. Conventional laboratory testing 
involves multiple steps, including sample collection, 
transportation to a centralized laboratory, and subsequent 
processing, all of which contribute to delays. In contrast, 
POCT eliminates or minimizes these intermediate steps by 
bringing diagnostic capacity directly to the patient or the 
field [39]. The case of the MinION sequencer during the 
Ebola outbreak in Guinea mentioned above is exemplary, 
as a centralized workflow that would have required 
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shipping the sample to a reference laboratory would never 
have made genomic results available within 24 hours of 
collection. 

 Another characteristic is the ability to use these tests in 
low-resource settings. Diagnostic tests with high 
technological complexity can face application barriers in 
economic and logistical terms in certain contexts; in this 
sense, developing and disseminating POCT could bridge 
the gap in resource availability. The large-scale adoption 
of the GeneXpert system already mentioned in the control 
of tuberculosis has shown that, in conditions of scarcity of 
resources, the value of a POC test is measured primarily by 
its ability to be effectively adopted and maintained over 
time on a large scale.  

What remains to be critically examined is the extent to 
which, beyond individual applications and studies, these 
positive characteristics can be sustained and standardized 
to have a real impact on global health systems over time. 
There remains an open discussion about the extent to 
which regulatory, logistical, and infrastructural barriers 
contribute to widening the gap between the theoretical 
potential of technological innovations and their real 
impact. 

Understanding the implementation gap 

The validation of POCT platforms under controlled 
conditions does not directly guarantee equivalent 
performance in real-world contexts; the "Truenat" 
platform discussed above is a clear example. A reduction 
of more than 50% in the instrument's sensitivity, observed 
with the same device after use in Tanzania, is not an 
isolated case. Differences in reported Truenat sensitivity 
across studies conducted in different contexts preclude 
unequivocal attribution of the phenomenon to limitations 
of the technology itself. However, they highlight that 
diagnostic performance can vary significantly with 
changing operating conditions, underscoring the 
complexity of the transition from controlled validation to 
routine implementation in the field. This discrepancy is 
well known in the literature on decentralized diagnostics 
used in resource-constrained settings [40]. The 
implementation gap should not be interpreted as the 
consequence of a single causal pathway. Rather, it emerges 
from barriers operating at distinct but interacting levels, 
ranging from technological performance to health-system 
implementation and broader governance structures. 

The main point to discuss is the extent to which the 
difficulties encountered in transitioning the prototype to 
field use are attributable to the limitations of the 
technologies underlying the tool's development. At the 
implementation level, however, technological 
performance alone does not explain why many promising 
platforms fail to achieve widespread adoption. Even when 
analytical validation is successful, substantial barriers 
arise during technology transfer, large-scale 

manufacturing, financing, distribution, workforce 
training, and long-term maintenance. The transition from 
the prototype to market introduction constitutes the most 
challenging point within the entire application path, 
generating what have been defined as "leaks in the 
pipeline” [41]. Research funding rarely extends to the 
industrial and commercial enhancement phase, creating a 
structural gap that immediately blocks instrumental 
implementation. The management complexity of large-
scale production, distribution, and maintenance often 
exceeds the technological success achieved in the 
analytical validation phases. 

Economic sustainability, logistics, and workforce 
development constitute complementary implementation 
barriers that influence whether diagnostic technologies 
can be maintained at scale. Economic barriers represent 
another often-overlooked limitation during the phases of 
technological development, not so much because of a lack 
of economic analysis, but rather because of the difficulty 
of predicting the overall costs required to maintain POC 
platforms. The cost of purchasing the test is a very 
important but relatively minor component from an 
economic point of view; in fact, to analyze the overall 
expenses, it is necessary to take into account other costs 
related to the maintenance of the instrumentation, the 
maintenance of the cold chain, the training of field 
personnel, and the procurement of consumables. In 
addition, when donor- and international-organization-
funded pilot projects are implemented in low-income 
countries, there is a lack of continuity and economic 
stability after the original project concludes [41].  

Economic challenges are closely related to logistical 
ones. A systematic review documented how stock-out 
situations in the use of malaria, syphilis, and HIV testing 
were often repeated in the management of the POCT 
testing supply chain in resource-limited settings [42]. This 
testifies that theoretical technological availability does not 
directly imply complete accessibility. In rural contexts, the 
difference is often made by infrastructures that we 
consider essential yet often taken for granted, such as 
stable energy access or grid connection, and which 
condition the effective operation of platforms that, despite 
being decentralized, require a minimum level of 
infrastructure [43].  

Staff training is no less important, as it can strongly 
affect the reliability of the data produced. Although several 
POCTs were designed for operators without a high level of 
specialized diagnostic competence, continuous training 
programs on the use of specific tests are essential. While it 
is important to develop tools that reduce reliance on highly 
specialized skills, basic staff training remains a strategic 
element. This is essential to ensure appropriate use of 
diagnostic technologies, especially in contexts where some 
tools still require more advanced interpretive skills.  
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Beyond implementation barriers, broader governance 
and regulatory structures also influence the successful 
deployment of POCT platforms. These barriers concern 
the coordination of diagnostic activities across human, 
animal, and environmental health systems within the One 
Health framework. To these problems is added another 
structural gap, linked to the inability to generate a truly 
unambiguous vision and an efficient management system 
between the health systems of human and animal 
medicine. The rhetoric of the One Health paradigm has 
now permeated the scientific literature, and government 
and institutional documents applying this paradigm are 
increasingly common [44]. Certainly, this represents an 
important step forward towards a systematic and holistic 
vision of health systems, but the lack of truly integrated 
governance between the human, animal, and 
environmental health sectors is holding back this process. 
This limitation represents a concrete obstacle to 
coordinating diagnostic and surveillance strategies and 
impedes the translation of the principles of health 
interconnection into shared operational practices [45]. 
This inability is even more limited in POCT platforms 
designed from the outset for use across human and 
veterinary clinical contexts.  

From a governance perspective, regulatory 
harmonization remains one of the most persistent 
obstacles to large-scale deployment. A significant barrier, 
especially in the field of POCT for monitoring zoonoses, is 
the regulatory framework. The EU, through the IVDR 
Regulation 2017/746, has adopted a harmonized 
regulatory framework for in vitro diagnostic medical 
devices for human medicine, whereas the application of 
this regulation to veterinary medicine is not 
homogeneous. In the EU, as highlighted by Potockova et 
al. (2020), there is no specific harmonized regulatory 
framework for veterinary POCTs, leading to 
fragmentation among Member States and low 
standardization of quality and marketing requirements 
[46]. In the United States, regulation is entrusted to the 
Food and Drug Administration (FDA) and is more 
structured while remaining risk-based. The products in 
this case are divided into different categories based on the 
level of pre-market control, and many POCTs are not 
subject to authorization based on overly stringent criteria, 
often relying on post-market surveillance. On the global 
scene, Japan adopts a more centralized and rigorous 
approach to veterinary POCTs, assimilating them to the 
regulation of devices used in human medicine. Japan also 
has a high degree of regulatory scrutiny and more 
stringent pre-market requirements than the United States.  

In Asia, the picture is also heterogeneous: in China, 
although a national One Health governance architecture 
has been formally established, recent assessments report 
that diagnostic technologies remain unevenly distributed 
across regions and that interdepartmental data-sharing is 

hindered by bureaucratic delays and inconsistent 
standards, despite stated policy commitments [6]. In Latin 
America, veterinary public health authorities in several 
countries have begun aligning national zoonotic 
surveillance strategies with the regional One Health policy 
launched by PAHO in 2021, although harmonized 
regulatory pathways for POC veterinary diagnostics 
remain in an early stage of development [7].  

Overall, a regulatory pattern emerges ranging from a 
fragmented and indirect system in the EU, through 
intermediate models in the United States and Latin 
America, to a more centralized and policy-driven yet 
unevenly implemented framework in China, up to a highly 
structured and restrictive set-up in Japan, highlighting a 
persistent lack of international standardization in the 
sector [46]. The main implementation gaps are 
summarized and illustrated in Figure 1. 

Gaps in current approaches 

Since the main limitation of POCT platforms for zoonoses 
appears to lie in organizational fragmentation and the lack 
of effective health governance systems, it is legitimate to 
ask why these problems persist despite being widely 
documented and discussed in the scientific literature. 
Understanding how the results of technological 
innovation are transformed into operational applications, 
and the processes by which these technologies are 
validated, financed, and brought to market, can help 
explain why they have failed to generate lasting systemic 
change. The criteria for defining characteristics during the 
analytical and clinical evaluation of tests, even in cases of 
greater rigor, are often established a posteriori, bypassing 
communication between those who develop the 
technology and those who use it in specific contexts.   

The Target Product Profile (TPP) approach defines the 
characteristics and minimum performance requirements 
of a diagnostic tool to address specific public health needs. 
In particular, it specifies critical parameters such as 
analytical sensitivity and specificity, ease of use, 
turnaround time, and cost-effectiveness. By establishing 
clear, evidence-based specifications early. The TPP 
facilitates alignment among developers, manufacturers, 
policymakers, and end-users, thereby accelerating 
product innovation and ensuring that newly developed 
diagnostic tools effectively meet operational 
requirements. It outlines the profile or desired 
characteristics of a target product designed for one or 
more specific diseases. TPPs indicate the intended use, 
target populations, and other desired product attributes, 
including safety and efficacy-related characteristics [47]. 
This approach is systematically adopted by WHO through 
the Diagnostics Technical Advisory Group for Neglected 
Tropical Diseases, which has coordinated the definition of 
disease-specific TPPs and, more recently, has updated 
them for diagnosing tuberculosis in peripheral settings 
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[48, 49]. This approach should also be implemented in a 
structured way in platforms dedicated to the control of 
zoonoses and, more generally, in the management of the 
main diseases considered within the One Health 

paradigm. WHO initiatives in the construction of TPPs for 
swine cysticercosis and tapeworm were important but 
remain isolated initiatives around specific diseases rather 
than practice methodologies [50].  

 

Figure 1: Key implementation gaps in the technology transfer process for POC platforms. Despite successful technological 
development and analytical and clinical validation, POC diagnostics may encounter multiple barriers before achieving effective 
implementation, including challenges in commercialization, One Health governance, financing, infrastructure and logistics, 
workforce training, and regulation. These interconnected “pipeline leaks” can compromise diagnostic performance and data 
reliability, limit the assessment of health impacts, increase inefficient use of resources, and weaken control over infectious and 
zoonotic diseases. Bridging these gaps is essential for sustainable and accessible POC implementation. 

A recent article, cross-referencing the main 
international databases on veterinary diagnostics, found 
that for a significant number of high-priority animal 
diseases, there is still no commercial diagnostic test 
available, including several of zoonotic relevance such as 
Nipah virus, anthrax, West Nile fever, porcine 
cysticercosis, leptospirosis, leishmaniasis, and Crimean-
Congo hemorrhagic fever [51]. The generative capacity of 
diagnostic innovation is closely linked to economic and 
organizational limits and is often linked to processes of 
scientific production and patent protection rather than to 
an operational demand formulated by the field health and 
veterinary systems [52].   

CRISPR-based diagnostics offer a concrete example of 
the discrepancy between patent-driven innovation and 

field-level operational demand. In the United States, in 
2020, the test developed by Sherlock Biosciences received 
Emergency Use Authorization from the FDA for COVID-
19 diagnosis, marking the world's first regulatory approval 
for a CRISPR-based diagnostic technology [53]. The 
company's case is nonetheless paradigmatic precisely 
because, despite this leading position and a strong 
intellectual-property portfolio in the field, Sherlock 
Biosciences was acquired by OraSure Technologies in 
December 2024 and subsequently redirected its 
commercialization strategy, moving away from its original 
focus on pathogen surveillance toward a self-administered 
test for sexually transmitted infections [54]. This 
highlights how a patent position with potential 
applicability across infectious diseases was redirected, 
rather than achieving full implementation in the 
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surveillance context for which it had originally been 
validated, toward a more commercially profitable clinical 
market. 

This generates a shift of scientific and industrial efforts 
constantly towards the next most promising platform 
before the previous one reached full implementation 
capacity [55]. The real problem is not the lack of valid 
technical solutions but the lack of design and economic 
incentives to transfer these solutions at scale to markets 
perceived as unprofitable [56]. The Lancet Commission on 
Diagnostics (2021) estimated that between 35% and 62% 
of the populations in low- and middle-income countries 
lack access to essential diagnostic resources for some of 
the most common diseases [57]. This highlights how the 
lack of private investment in research, production, and 
distribution is one of the main limiting factors.  

A recent example of intervention aimed at correcting 
this market imbalance is the "advance market 
commitments" (AMC) for neonatal diagnostics, which 
reduce manufacturers' economic risk by guaranteeing a 
minimum future demand and thus favor investment in 
research and development, even for diseases with limited 
commercial attractiveness, such as neonatal sepsis [58]. 
However, the mere introduction of economic incentives 
may not be sufficient to overcome all the distortions that 
characterize the global diagnostics sector. According to a 
recent article, the emphasis on simplicity, cost, and 
scalability in the "ASSURED" criteria promoted by the 
WHO could paradoxically highlight some inequalities that 
they intend to counteract [59]. In fact, this vision could 
impede the development of technologies tailored to 
specific clinical and diagnostic needs in small markets, 
thereby disadvantaging the most disadvantaged 
populations [59]. More expensive technologies, aimed at 
small populations and developed for very specific 
contexts, may be less attractive to financiers and 
producers.  

Even if there were economic incentives or regulatory 
initiatives, they would clash with the vertical nature of 
health planning. In fact, there is a tendency to develop 
well-defined guidelines, budgets, and logistical 
procedures to address specific, circumscribed problems, 
which often fail to provide useful tools for addressing 
transversal needs [60]. The design of multiplex diagnostic 
platforms conceived according to a One Health logic, 
capable of addressing complex and interconnected 
diagnostic problems, fails to find a complete application 
space within vertical health programs on either the human 
or animal health side [60, 61]. Overall, the combination of 
validation models that do not align with contexts of use, 
supply-based innovation processes, market imbalances, 
and health systems organized into vertical programs helps 
explain why many solutions, although technically valid 

and widely described in the literature, fail to pass the pilot 
or experimental phase. 

From individual tests to diagnostic ecosystems 

The analysis revealed that the implementation gap in POC 
diagnostics for zoonoses does not stem from a lack of 
effective technologies but rather from multiple barriers 
that act simultaneously along the path from research to 
field application. Economic, regulatory, logistical, and 
organizational factors combine to determine the success 
or failure of a diagnostic technology’s adoption. Certain 
strategic approaches could help reduce this gap and 
promote greater integration of diagnostic innovations into 
zoonosis surveillance and control systems. 

Innovation should not be limited to the platform itself, 
understood as the technical development of a single 
platform, but should encompass the network of diagnostic 
and logistical capabilities within which the platform 
operates. Creating a “diagnostic ecosystem” would mean 
integrating the human, veterinary, and environmental 
sectors through sampling sites and regional laboratories 
connected by standardized procedures for sample 
submission, diagnostic analysis, and structured workflows 
for reporting results. The Generalizable One Health 
Framework, proposed by researchers at the CDC and the 
Food and Agriculture Organization of the United Nations 
(FAO), is a fundamental, cutting-edge document in this 
regard. The proposed framework identifies laboratory 
systems as a cross-cutting pillar of zoonosis control and 
recommends that human, veterinary, and environmental 
laboratories share methods, equipment, and data 
wherever diagnostic procedures overlap [62]. Conceived 
in this way, a distributed network of interoperable tests 
can absorb the temporary loss of a platform, something 
that an isolated laboratory or a single POC platform is 
structurally incapable of doing.   

One Health digital diagnostics 

A diagnostic ecosystem becomes operationally meaningful 
only if the results it generates can be shared. Many modern 
POC platforms already feature readers connected to 
smartphones and the cloud. This enables near-real-time 
reporting, geospatial tracking of positive results, and 
automated quality-control telemetry, capabilities that 
were leveraged during the surge in OTC and POC testing 
throughout the COVID-19 pandemic [10]. What is lacking 
is not the ability to transmit results but the architecture 
that ensures the interconnection of data flows among the 
various healthcare sectors within the One Health 
framework.   

The One Health data integration framework, recently 
proposed for real-time pathogen surveillance and applied 
genomic epidemiology, demonstrates that combining 
laboratory diagnostic data with epidemiological and 
environmental data from different sectors can generate 
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early warning signals that would not be produced by any 
single data stream [61]. Evaluating interoperability 
standards during the POCT design phase, rather than 
adding connectivity after the product is brought to market, 
would allow diagnostic results to automatically feed into 
surveillance systems.  

Integration of machine learning into the 
proposed digital diagnostic ecosystem  

Machine learning (ML) could further strengthen One 
Health digital diagnostics by enabling the integrated 
analysis of data generated by decentralized point-of-care 
(POC) platforms alongside epidemiological, 
environmental, climatic, genomic, and animal health 
datasets. Such integration is particularly relevant to One 
Health surveillance because the emergence of infectious 
diseases and antimicrobial resistance are shaped by 
interactions among human, animal, and environmental 
populations, while ML approaches can accommodate 
heterogeneous, high-dimensional data across these 
domains [63, 64]. This could allow surveillance systems to 
move beyond retrospective reporting towards predictive 
and adaptive surveillance, including the identification of 
transmission patterns, spatial and temporal risk 
prediction, and the generation of early warning signals to 
support targeted interventions [63, 65]. Climate- and 
environment-informed ML models may be particularly 
valuable where environmental conditions influence 
pathogen transmission and geographic risk [66]. 

Moreover, ML algorithms could facilitate the 
automated interpretation of diagnostic outputs and 
genomic data, while supporting the analysis of sequencing 
data for antimicrobial resistance prediction. ML-based 
approaches have demonstrated potential for predicting 
phenotypic AMR from whole-genome sequencing data, 
including the application of Random Forest, XGBoost, and 
other algorithms across multiple bacterial pathogens [67, 
68]. More recent work has highlighted the potential for 
integrating AI with genomic and rapid diagnostic 
technologies to support pathogen characterization, 
resistome profiling, outbreak investigation, AMR 
prediction, and genomic surveillance [69]. 

Embedding these analytical capabilities within 
interoperable diagnostic and surveillance networks could 
therefore transform POC platforms from isolated 
diagnostic tools into components of a connected, real-
time, data-driven surveillance ecosystem. This vision is 
consistent with global genomic surveillance strategies that 
emphasize connectivity among sample collection, 
diagnostics, data sharing, analysis, and public health 
response, as well as One Health guidance advocating 
integrated surveillance across human, animal, and 
environmental sectors [70, 71].  

Task shifting and decentralization of diagnostic 
competences 

The training barrier cannot be addressed solely by 
designing tests that require progressively fewer skills. 
Effective decentralization requires personnel who possess 
not only the operational knowledge needed to perform a 
test but also sufficient technical understanding to 
recognize errors, respond to unexpected conditions, and 
troubleshoot problems when specialized support is 
unavailable. This capacity is particularly important in 
rural and remote settings, where operators may work 
independently and under variable infrastructural 
conditions. “Task shifting” defined as the structured 
transfer of diagnostic tasks from specialized personnel to 
appropriately trained healthcare workers, has already 
been shown to be feasible in point-of-care settings in low- 
and middle-income countries. A systematic review showed 
that targeted training of healthcare workers without 
ultrasound experience enabled them to acquire and 
interpret diagnostic images with significant clinical 
impact [72]. The recurring constraints identified by the 
authors were poor connectivity for remote supervision, 
training costs, and an unstable power supply [72]. 
Successful decentralization therefore requires more than 
simplified diagnostic platforms; it requires a sustainable 
workforce-development model that combines 
standardized training, competency assessment, 
continuing supervision, technical support, and 
streamlined workflows for healthcare and veterinary 
personnel, particularly in resource-limited rural and 
remote settings. 

Modular and adaptable diagnostic platforms 

The so-called “pipeline losses” reflect a recurring pattern 
in which research and industry shift attention and 
resources to a promising new platform before the previous 
one has been fully implemented in the field [55]. This 
phenomenon is partly due to modular and reconfigurable 
platforms, because many diagnostic devices are designed 
to identify a single, specific target. In contrast, modular 
and reconfigurable platforms that can adapt to new 
pathogens by replacing reagents, cartridges, or primer 
sets, while keeping the hardware, sample preparation 
procedures, and readout systems, could extend the 
operational lifespan of diagnostic technologies and 
preserve investments in infrastructure, equipment, and 
workforce training. A single adaptable platform could 
therefore address multiple and changing public health 
priorities without requiring replacement whenever a new 
pathogen emerges, or diagnostic priorities shift. 

Existing multiplex POC devices, capable of 
simultaneously detecting multiple respiratory viruses 
from a single cartridge by modifying the amplification 
targets, demonstrate that this approach is already 
technically feasible [73]. Extending this principle to 
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zoonotic surveillance would favor platforms built on 
flexible detection architectures rather than a single 
priority pathogen, allowing assays to be reconfigured in 
response to evolving epidemiological needs. This would 
help reduce the costs of designing new devices for each 
emerging threat and limit the tendency to prematurely 
abandon technologies that are still potentially useful. 

Toward a unified regulatory framework through 
policy integration 

Within the Quadripartite alliance of FAO, UNEP, WHO, 
and WOAH, although diagnostic regulation does not yet 
constitute a dedicated line of action, the “One Health Joint 
Plan of Action” already assigns this collaboration a clear 
coordinating role across the human-animal-environment 
interface [74]. A model of what a unified approach might 
look like was developed by the EFSA through a multi-
criteria decision analysis among Member States to classify 
zoonoses with a view to establishing a coordinated, cross-
sectoral surveillance system. Pathogen- and surveillance-
related criteria were defined in an integrated manner for 
both the human and animal health sectors, rather than 
developed separately. The priority list includes diseases 
such as Crimean-Congo hemorrhagic fever, 
echinococcosis, hepatitis E, avian and swine influenza, 
Lyme disease, Q fever, and West Nile fever. This list serves 
to guide surveillance strategies by considering the overall 
health of humans and animals, rather than focusing solely 
on the rules of a specific sector [75]. This logic should be 
extended to the diagnostic field towards a single, jointly 
evaluated authorization pathway for zoonotic POC 
platforms.  

Globally, national and regional frameworks are 
emerging that could lead to a unified approach. The NOHF 
program in the United States and PAHO’s regional “One 
Health” policy, discussed previously, respectively identify 
laboratory capacity as one of seven coordination objectives 
[5] and map veterinary public health and surveillance 
initiatives in Latin America and the Caribbean [7]. 
Incorporating a dedicated diagnostic workstream into the 
existing Quadripartite architecture, rather than creating a 
parallel governance body, would be the most realistic path 
toward the unified authorization process outlined here. 

Discussion 

What has been discussed so far points to the need to view 
diagnostics not as a supplementary tool for enhancing 
health systems' capabilities, but as the operational hub 
linking surveillance, early detection, and pandemic 
preparedness in practice. Within a One Health framework, 
efforts to strengthen disease surveillance and 
management are incomplete and ineffective if diagnostic 
capacity, understood as logistical, structural, and 
managerial infrastructure, remains limited and 
fragmented. The broadly defined ecosystem model 

discussed thus far is particularly valuable in rural and 
peripheral contexts, where connectivity, decentralization, 
adaptability, and joint regulation make all the difference 
(Figure 2). 

The importance of strengthening diagnostic capacity in 
these settings extends beyond local disease management. 
Rural and remote areas may combine frequent 
interactions among livestock, wildlife, and humans with 
limited diagnostic infrastructure and surveillance 
coverage, creating conditions in which zoonotic threats 
can remain undetected or be recognized only after 
substantial spread. In an increasingly interconnected 
world, however, geographic remoteness does not equate to 
epidemiological isolation. International trade and the 
continuous movement of people, animals, food products, 
and other goods can rapidly connect locally emerging 
infections to distant populations. Consequently, gaps in 
zoonotic disease detection in underserved or 
geographically remote areas should be regarded not only 
as local surveillance weaknesses but also as vulnerabilities 
in global health security. 

Although many of the examples discussed in this 
manuscript are drawn from European and international 
contexts, the gap between diagnostic innovation and 
effective implementation spans diverse geographic, 
socioeconomic, and regulatory settings. Bridging this gap, 
therefore, requires a globally coordinated strategy rather 
than a regionally limited one for developing the diagnostic 
ecosystem. 

Geographic isolation does not, however, imply 
epidemiological isolation: transportation networks, 
international trade, and the movement of people, animals, 
and goods can rapidly transform a localized emergence 
event into a cross-border threat, with consequences for 
public health, food safety, and economic stability. 
Strengthening diagnostic capacity and epidemiological 
surveillance in resource-limited settings should therefore 
be viewed not only as a means of improving local disease 
control, but as an integral component of global 
preparedness and prevention of future public health 
emergencies [41, 43]. 

Trade-offs and feasibility constraints 

None of the approaches proposed in this manuscript, nor 
those that will be proposed and integrated in the future, is 
sufficient on its own. The true value of the proposed 
approach lies in viewing them as goals to be achieved 
collectively and as interacting components within the 
same system, rather than as independent solutions. The 
proposed strategies also present challenges that must not 
be overlooked; widespread digital diagnostics within a 
One Health framework require reliable connectivity and 
adequate electrical infrastructure, conditions that remain 
lacking in many rural and resource-poor areas. Similarly, 
task shifting can be an effective solution only if 
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accompanied by ongoing investment in staff training, 
supervision, and continuing education. Without stable 
support, there is a risk of perpetuating dependence on 

external funding, which has already limited the 
sustainability of numerous pilot projects [41]. 

 

Figure 2: One Health diagnostic ecosystem for implementation of point-of-care testing (POCT) in zoonotic disease surveillance and 
control. The framework integrates adaptable POC technologies with diagnostic networks, real-time data connectivity, trained human 
and veterinary personnel, and coordinated governance to bridge the gap between research and real-world implementation. 
Continuous data feedback, monitoring, system improvement, and capacity building support iterative adaptation and strengthen 
integrated surveillance, early detection, outbreak response, antimicrobial resistance monitoring, and evidence-based decision-
making. 

Even the idea of a shared regulatory framework between 
human and veterinary medicine, while offering clear 
advantages in integration and implementation speed, 
faces challenges due to the complexity of existing 
regulatory systems. Greater harmonization would, in fact, 
require a high level of coordination among authorities 
across sectors and jurisdictions, with inevitable 
administrative and political implications. These 
difficulties do not call into question the validity of the 
proposed approach, but they highlight that its success 
depends not only on technological innovation but also on 
the ability to build stable collaboration among disciplines, 

institutions, and levels of governance. In other words, 
progress in One Health diagnostics requires 
organizational and cultural change at least as much as 
technical development. 

Conclusions and future perspectives 

The objective of this study is to understand why POC 
diagnostic technologies for zoonotic diseases, despite 
technological advances, have not yet achieved widespread 
and sustainable adoption in the settings where they are 
most needed. Technologies already in use in some 
settings, extensively discussed in recent literature and 
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considered the most promising, as noted in the previous 
chapter, have demonstrated their ability to provide 
reliable results and contribute to epidemic management 
and surveillance. The problem, therefore, does not seem to 
lie so much in the performance of technologies as in the 
conditions that determine their adoption and use. 
Validation processes that do not adequately reproduce 
real-world operating conditions, innovation models that 
do little to address local needs, limited commercial 
interest in many zoonotic diseases, fragmentation 
between human and veterinary health systems, frequently 
underestimated maintenance and training costs, and non-
integrated regulatory procedures all contribute to the gap 
between technological innovation and field 
implementation.  

For this reason, this paper considers zoonotic POC 
diagnostics as part of an ecosystem in which technologies, 
people, infrastructure, data, and governance are closely 
interconnected. Continued scientific and technological 
innovation remains essential, but innovation alone cannot 
substitute for a fundamental requirement of effective 
surveillance: the ability to identify a pathogen early 
directly influences the effectiveness of epidemiological 
surveillance, containment measures, and response 
strategies. Diagnostic capacity should therefore be 
regarded as foundational infrastructure for preparedness 
rather than as a downstream product of technological 
innovation. If decentralized diagnostic capacity continues 
to be the system’s weakest link, especially in regions where 
the risk of zoonotic spillover is highest, many of the 
principles of the One Health approach will remain difficult 
to translate from conceptual principles into operational 
practice. 

This work does not claim to provide an exhaustive 
analysis of existing gaps or to definitively identify 
strategies for addressing them; rather, it proposes a 
framework that situates zoonotic diagnostics within a 
complex ecosystem. Although this discussion is intended 
to provide a conceptual foundation for future studies, pilot 
programs, and regulatory initiatives, its primary objective 
is to promote an open, interdisciplinary dialogue on the 
subject. Only through dialogue among the scientific 
community, institutions, human and veterinary health 
professionals, and other stakeholders will it be possible to 
identify shared solutions that bridge the gap between 
technological innovation and real-world application. 

Limitations of the perspective 

The cases presented in this manuscript were selected to 
highlight recurring patterns, not to provide an exhaustive 
and quantitatively representative survey of technical 
limitations and implementation barriers. Such an 
analytical and comparative approach would have been 
more appropriate for a systematic review. This 
perspective, however, aims to offer an original viewpoint 

and a direction for the future, rather than a detailed 
analysis or a comparative evaluation of current policies. 
Although the first part presents recent examples in which 
the implementation of POC devices was managed 
efficiently and yielded good diagnostic results, this article 
is intended to be a critical analysis of the current barriers 
to implementation. In this regard, unresolved gaps and 
bottlenecks are discussed in greater detail than the less 
prominent success stories. The resulting picture may 
therefore overestimate the prevalence and severity of 
implementation failures relative to incremental progress 
that is genuinely occurring but remains underreported in 
scientific literature, precisely because routine success 
rarely generates dedicated publications. This does not 
invalidate the barriers discussed in this manuscript, but it 
suggests that the picture presented here should be read as 
an illustration of a structural pattern rather than as an 
exhaustive account of successes and failures across the 
sector. The CRISPR case discussed in a previous section 
was deliberately included for this reason: published 
literature offers a steady stream of studies documenting 
analytical validation and proof-of-concept success, while 
structured accounts of implementation failure remain 
comparatively scarce. This imbalance risks creating a 
misleadingly optimistic frame of reference against which 
the critique presented in this manuscript might otherwise 
be evaluated. 

 

Declarations and supplementary information 
Acknowledgments: Not applicable. 
Author contributions: Conceptualization, Writing, Original draft, 
Review & Editing, and Visualization: MM; Writing, Conceptualization, 
Review & Editing: MS; Writing, Conceptualization, Review & Editing: 
HA. 
Funding source: Not applicable. 
Conflict of interest statement: The authors declare no conflict of 
interest. 
Ethics statement: Not applicable. 
Data availability: Not applicable. 
Supplementary materials: Not applicable. 
Declaration regarding the use of generative AI and AI-assisted 
technologies in the writing process: The authors used BioRender 
and Grammarly as AI-assisted technologies to prepare the figures and 
improve writing. 
Publisher’s note: The claims, opinions, and data presented in this 
manuscript are solely those of the authors and do not necessarily reflect 
the views of Infinity IPC, its editors, or reviewers. Infinity IPC and the 
editors disclaim any responsibility for damages, injuries, or other 
consequences that may arise from the use of the information contained 
in this article. 

 

References 
1. Horefti E. The importance of the One Health concept in combating 

zoonoses. Pathogens. 2023;12(8):977. https://doi.org/10.3390/pat 
hogens12080977 

2. European Food Safety Authority (EFSA), European Centre for 
Disease Prevention and Control (ECDC). The European Union One 

https://doi.org/10.66585/ohmi.2026.2.0029
https://doi.org/10.3390/pathogens12080977
https://doi.org/10.3390/pathogens12080977


208 | One Health Microbiol. Infect. Vol. 2, No. 1. https://doi.org/10.66585/ohmi.2026.2.0029 

 

Health 2024 zoonoses report. EFSA J. 2025;23(12):9759. 
https://doi.org/10.2903/j.efsa.2025.9759 

3. Ma J, Guo Y, Gao J, Tang H, Xu K, Liu Q, et al. Climate change drives 
the transmission and spread of vector-borne diseases: An ecological 
perspective. Biology. 2022;11(11):1628. https://doi.org/10.3390/bi 
ology11111628 

4. European Centre for Disease Prevention and Control. World 
Mosquito Day 2025: Europe sets new records for mosquito-borne 
diseases. 2025. Available from: https://www.ecdc.europa.eu/en/ne 
ws-events/world-mosquito-day-2025-europe-sets-new-records-mo 
squito-borne-diseases. Accessed 2026 Jun 24. 

5. Centers for Disease Control and Prevention, U.S. Department of the 
Interior, U.S. Department of Agriculture. National One Health 
framework to address zoonotic diseases and advance public health 
preparedness in the United States, 2025–2029. U.S. Department of 
Health and Human Services. 2025. https://www.cdc.gov/one-
health/media/pdfs/2025/01/354391-A-NOHF-ZOONOSES-508_F 
INAL.pdf 

6. Zhang Q-Y, Zhang Y-Y, Liu J-S, Li X-C, Zhu Z-L, Feng X-Y, et al. 
Integrating One Health governance in China: Assessing structural 
implementation and operational entry points. One Health. 
2025;21:101209. https://doi.org/10.1016/j.onehlt.2025.101209 

7. Molina-Flores B, Vigilato MAN, Rocha F, Cossivi O, Corrales M, 
Vásquez Niño GA, et al. Assessment of One Health initiatives from a 
veterinary public health approach in Latin America and the 
Caribbean. Trop Med Infect Dis. 2025;10(11):315. https://doi.org/1 
0.3390/tropicalmed10110315 

8. Zubair A, Mukhtar R, Ahmed HM, Ali M. Emergencies of zoonotic 
diseases, drivers, and the role of artificial intelligence in tracking the 
epidemic and pandemics. Decoding Infect Transm. 2024;2:100032. 
https://doi.org/10.1016/j.dcit.2024.100032 

9. Johnrose D, Sharma M, Gohil A, Singh S. Molecular diagnostics and 
therapeutic approaches in zoonotic infections. Int J Res Innov Appl 
Sci. 2025;10(6):694–706. https://doi.org/10.51584/ijrias.2025.10 
060054 

10. Kardjadj M. Advances in point-of-care infectious disease diagnostics: 
Integration of technologies, validation, artificial intelligence, and 
regulatory oversight. Diagnostics. 2025;15(22):2845. https://doi.or 
g/10.3390/diagnostics15222845 

11. Zhang L, Guo W, Lv C. Modern technologies and solutions to 
enhance surveillance and response systems for emerging zoonotic 
diseases. Sci One Health. 2024;3:100061. https://doi.org/10.1016/j 
.soh.2023.100061 

12. Dong C, Liu Y, Nie J, Zhang X, Yu F, Zhou Y. Artificial intelligence in 
infectious disease diagnostic technologies. Diagnostics. 
2025;15(20):2602. https://doi.org/10.3390/diagnostics15202602 

13. Lotfalizadeh N, Santucciu C, Chisu V, Sepahvand H, Rahdar A, 
Behzadmehr R, et al. Advances in microbial diagnostics: Machine 
learning and nanotechnology for zoonotic disease control. Wiley 
Interdiscip Rev Nanomed Nanobiotechnol. 2026;18(1):70050. 
https://doi.org/10.1002/wnan.70050 

14. Elbehiry A, Abalkhail A. Metagenomic next-generation sequencing 
in infectious diseases: Clinical applications, translational challenges, 
and future directions. Diagnostics. 2025;15(16):1991. https://doi.or 
g/10.3390/diagnostics15161991 

15. Yu X, Yuan Y, Zhou J, Chang M, Zeng S, Zhuang S. Sensitivity 
enhancement of surface plasmon resonance biosensors based on 
versatile nanostructures: Principle, fabrication, and illustrative 
applications. Microsyst Nanoeng. 2026;12(1):45. https://doi.org/10 
.1038/s41378-025-01118-8 

16. Irkham, Ibrahim AU, Nwekwo CW, Pwavodi PC, Zakiyyah SN, Ozsoz 
M, et al. From nanotechnology to AI: The next generation of CRISPR-
based smart biosensors for infectious disease detection. Microchem 
J. 2025;208:112577. https://doi.org/10.1016/j.microc.2024.11257 
7 

17. Randhawa GS, Soltysiak MPM, El Roz H, de Souza CPE, Hill KA, Kari 
L. Machine learning using intrinsic genomic signatures for rapid 
classification of novel pathogens: COVID-19 case study. PLoS One. 
2020;15(4):0232391. https://doi.org/10.1371/journal.pone.02323 
91 

18. Gao Y, Liu M. Application of machine learning based genome 
sequence analysis in pathogen identification. Front Microbiol. 
2024;15:1474078. https://doi.org/10.3389/fmicb.2024.1474078 

19. Plebani M, Nichols JH, Luppa PB, Greene D, Sciacovelli L, Shaw J, 
et al. Point-of-care testing: State-of-the art and perspectives. Clin 
Chem Lab Med. 2025;63(1):35–51. https://doi.org/10.1515/cclm-
2024-0675 

20. Hansen S, Abd El Wahed A. Point-of-care or point-of-need 
diagnostic tests: Time to change outbreak investigation and 
pathogen detection. Trop Med Infect Dis. 2020;5(4):151. https://doi 
.org/10.3390/tropicalmed5040151 

21. Nair CB, Manjula J, Subramani PA, Nagendrappa PB, Manoj MN, 
Malpani S, et al. Differential diagnosis of malaria on Truelab Uno®, 
a portable, real-time, microPCR device for point-of-care 
applications. PLoS One. 2016;11(1):0146961. https://doi.org/10.13 
71/journal.pone.0146961 

22. Mallya SP, Mbelele PM, Kisonga RM, Mtunga DD, Banzi HH, 
Mpiima SS, et al. Diagnostic accuracy of the TrueNat™ MTB plus 
assay for detecting pulmonary tuberculosis in adults. PLoS One. 
2025;20(12):0327936. https://doi.org/10.1371/journal.pone.0327 
936 

23. Ghouneimy A, Mahas A, Marsic T, Aman R, Mahfouz M. CRISPR-
based diagnostics: Challenges and potential solutions toward point-
of-care applications. ACS Synth Biol. 2023;12(1):1–16. https://doi.o 
rg/10.1021/acssynbio.2c00496 

24. Shigemori H, Fujita S, Tamiya E, Wakida S-I, Nagai H. Solid-phase 
collateral cleavage system based on CRISPR/Cas12 and its 
application toward facile one-pot multiplex double-stranded DNA 
detection. Bioconjug Chem. 2023;34(10):1754–1765. https://doi.or 
g/10.1021/acs.bioconjchem.3c00294 

25. Yang X, Wang Y, Liu Y, Huang J, Wei X, Tan Q, et al. Rapid, 
ultrasensitive, and highly specific identification of Brucella abortus 
utilizing multiple cross displacement amplification combined with a 
gold nanoparticles-based lateral flow biosensor. Front Microbiol. 
2022;13:1071928. https://doi.org/10.3389/fmicb.2022.1071928 

26. Lee DJ, Kumarasamy N, Resch SC, Sivaramakrishnan GN, Mayer 
KH, Tripathy S, et al. Rapid, point-of-care diagnosis of tuberculosis 
with novel Truenat assay: Cost-effectiveness analysis for India's 
public sector. PLoS One. 2019;14(7):0218890. https://doi.org/10.1 
371/journal.pone.0218890 

27. Getahun DA, Layland LE, Hoerauf A, Wondale B. Impact of the use 
of GeneXpert on TB diagnosis and anti-TB treatment outcome at 
health facilities in Addis Ababa, Ethiopia in the post-millennium 
development years. PLoS One. 2023;18(8):0289917. https://doi.org 
/10.1371/journal.pone.0289917 

28. Anwar S, Khan S, Azmi I, Islam KU, Ahmad T, Iqbal J. CRISPR-based 
molecular detection of SARS-CoV-2, its emerging variants, and 
diverse pathogens. Diagn Microbiol Infect Dis. 2025;113(4):117062. 
https://doi.org/10.1016/j.diagmicrobio.2025.117062 

29. Koboldt DC, Steinberg KM, Larson DE, Wilson RK, Mardis ER. The 
next-generation sequencing revolution and its impact on genomics. 
Cell. 2013;155(1):27–38. https://doi.org/10.1016/j.cell.2013.09.0 
06 

30. Li Y, Shang J, Luo J, Zhang F, Meng G, Feng Y, et al. Rapid detection 
of H5 subtype avian influenza virus using CRISPR Cas13a based-
lateral flow dipstick. Front Microbiol. 2023;14:1283210. https://doi 
.org/10.3389/fmicb.2023.1283210 

31. Sun A, Vopařilová P, Liu X, Kou B, Řezníček T, Lednický T, et al. An 
integrated microfluidic platform for nucleic acid testing. Microsyst 
Nanoeng. 2024;10:66. https://doi.org/10.1038/s41378-024-00677 
-6 

https://doi.org/10.66585/ohmi.2026.2.0029
https://doi.org/10.2903/j.efsa.2025.9759
https://doi.org/10.3390/biology11111628
https://doi.org/10.3390/biology11111628
https://www.ecdc.europa.eu/en/news-events/world-mosquito-day-2025-europe-sets-new-records-mosquito-borne-diseases
https://www.ecdc.europa.eu/en/news-events/world-mosquito-day-2025-europe-sets-new-records-mosquito-borne-diseases
https://www.ecdc.europa.eu/en/news-events/world-mosquito-day-2025-europe-sets-new-records-mosquito-borne-diseases
https://www.cdc.gov/one-health/media/pdfs/2025/01/354391-A-NOHF-ZOONOSES-508_FINAL.pdf
https://www.cdc.gov/one-health/media/pdfs/2025/01/354391-A-NOHF-ZOONOSES-508_FINAL.pdf
https://www.cdc.gov/one-health/media/pdfs/2025/01/354391-A-NOHF-ZOONOSES-508_FINAL.pdf
https://doi.org/10.1016/j.onehlt.2025.101209
https://doi.org/10.3390/tropicalmed10110315
https://doi.org/10.3390/tropicalmed10110315
https://doi.org/10.1016/j.dcit.2024.100032
https://doi.org/10.51584/ijrias.2025.10060054
https://doi.org/10.51584/ijrias.2025.10060054
https://doi.org/10.3390/diagnostics15222845
https://doi.org/10.3390/diagnostics15222845
https://doi.org/10.1016/j.soh.2023.100061
https://doi.org/10.1016/j.soh.2023.100061
https://doi.org/10.3390/diagnostics15202602
https://doi.org/10.1002/wnan.70050
https://doi.org/10.3390/diagnostics15161991
https://doi.org/10.3390/diagnostics15161991
https://doi.org/10.1038/s41378-025-01118-8
https://doi.org/10.1038/s41378-025-01118-8
https://doi.org/10.1016/j.microc.2024.112577
https://doi.org/10.1016/j.microc.2024.112577
https://doi.org/10.1371/journal.pone.0232391
https://doi.org/10.1371/journal.pone.0232391
https://doi.org/10.3389/fmicb.2024.1474078
https://doi.org/10.1515/cclm-2024-0675
https://doi.org/10.1515/cclm-2024-0675
https://doi.org/10.3390/tropicalmed5040151
https://doi.org/10.3390/tropicalmed5040151
https://doi.org/10.1371/journal.pone.0146961
https://doi.org/10.1371/journal.pone.0146961
https://doi.org/10.1371/journal.pone.0327936
https://doi.org/10.1371/journal.pone.0327936
https://doi.org/10.1021/acssynbio.2c00496
https://doi.org/10.1021/acssynbio.2c00496
https://doi.org/10.1021/acs.bioconjchem.3c00294
https://doi.org/10.1021/acs.bioconjchem.3c00294
https://doi.org/10.3389/fmicb.2022.1071928
https://doi.org/10.1371/journal.pone.0218890
https://doi.org/10.1371/journal.pone.0218890
https://doi.org/10.1371/journal.pone.0289917
https://doi.org/10.1371/journal.pone.0289917
https://doi.org/10.1016/j.diagmicrobio.2025.117062
https://doi.org/10.1016/j.cell.2013.09.006
https://doi.org/10.1016/j.cell.2013.09.006
https://doi.org/10.3389/fmicb.2023.1283210
https://doi.org/10.3389/fmicb.2023.1283210
https://doi.org/10.1038/s41378-024-00677-6
https://doi.org/10.1038/s41378-024-00677-6


209 | One Health Microbiol. Infect. Vol. 2, No. 1. https://doi.org/10.66585/ohmi.2026.2.0029 

 

32. Holicki CM, Bergmann F, Stoek F, Schulz A, Groschup MH, Ziegler 
U, et al. Expedited retrieval of high-quality Usutu virus genomes via 
Nanopore sequencing with and without target enrichment. Front 
Microbiol. 2022;13:1044316. https://doi.org/10.3389/fmicb.2022. 
1044316 

33. Quick J, Loman NJ, Duraffour S, Simpson JT, Severi E, Cowley L, et 
al. Real-time, portable genome sequencing for Ebola surveillance. 
Nature. 2016;530(7589):228–232. https://doi.org/10.1038/nature 
16996 

34. Kafetzopoulou LE, Pullan ST, Lemey P, Suchard MA, Ehichioya DU, 
Pahlmann M, et al. Metagenomic sequencing at the epicenter of the 
Nigeria 2018 Lassa fever outbreak. Science. 2019;363(6422):74–77. 
https://doi.org/10.1126/science.aau9343 

35. Tarbuck NN, Franks J, Jones JC, Kandeil A, DeBeauchamp J, Miller 
L, et al. Retail milk monitoring of influenza A(H5N1) in dairy cattle, 
United States, 2024–2025. Emerg Infect Dis. 2026;32(2):238–241. 
https://doi.org/10.3201/eid3202.251332 

36. Zarnegar A. Point-of-care devices in healthcare: A public health 
perspective. In: Daimi K, Alsadoon A, Seabra dos Reis S, editors. 
Current and future trends in health and medical informatics. Cham: 
Springer Nature Switzerland; 2023. p. 75–92. https://doi.org/10.10 
07/978-3-031-42112-9_4 

37. Dhir A, Bhasin D, Bhasin-Chhabra B, Koratala A. Point-of-care 
ultrasound: A vital tool for anesthesiologists in the perioperative and 
critical care settings. Cureus. 2024;16(8):66908. https://doi.org/10 
.7759/cureus.66908 

38. Satheesh SS, Mourya GV. Risk evaluation of point-of-care testing 
(POCT) devices: Insights from a tertiary care hospital. Cureus. 
2025;17(3):e80499. https://doi.org/10.7759/cureus.80499 

39. Zu Y, Chang H, Cui Z. Molecular point-of-care testing technologies: 
Current status and challenges. Nexus. 2025;2(2):100059. 
https://doi.org/10.1016/j.ynexs.2025.100059 

40. Hobbs EC, Colling A, Gurung RB, Allen J. The potential of diagnostic 
point-of-care tests (POCTs) for infectious and zoonotic animal 
diseases in developing countries: Technical, regulatory and 
sociocultural considerations. Transbound Emerg Dis. 
2021;68(4):1835–1849. https://doi.org/10.1111/tbed.13880 

41. Heidt B, Siqueira WF, Eersels K, Diliën H, van Grinsven B, Fujiwara 
RT, et al. Point of care diagnostics in resource-limited settings: A 
review of the present and future of PoC in its most needed 
environment. Biosensors. 2020;10(10):133. https://doi.org/10.339 
0/bios10100133 

42. Kuupiel D, Bawontuo V, Drain PK, Gwala N, Mashamba-Thompson 
TP. Supply chain management and accessibility to point-of-care 
testing in resource-limited settings: A systematic scoping review. 
BMC Health Serv Res. 2019;19(1):519. https://doi.org/10.1186/s1 
2913-019-4351-3 

43. Gavina K, Franco LC, Khan H, Lavik J-P, Relich RF. Molecular point-
of-care devices for the diagnosis of infectious diseases in resource-
limited settings: A review of the current landscape, technical 
challenges, and clinical impact. J Clin Virol. 2023;169:105613. 
https://doi.org/10.1016/j.jcv.2023.105613 

44. Selter F, Salloch S. Whose health and which health? Two theoretical 
flaws in the One Health paradigm. Bioethics. 2023;37(7):674–682. 
https://doi.org/10.1111/bioe.13192 

45. Singh BB, Somayaji R, Sharma R, Barkema HW, Singh B. Editorial: 
Zoonoses - a One Health approach. Front Public Health. 
2023;11:1332600. https://doi.org/10.3389/fpubh.2023.1332600 

46. Potockova H, Dohnal J, Thome-Kromer B. Regulation of veterinary 
point-of-care testing in the European Union, the United States of 
America and Japan. Rev Sci Tech. 2020;39(3):699–709. https://doi 
.org/10.20506/rst.39.3.3171 

47. Cocco P, Ayaz-Shah A, Messenger MP, West RM, Shinkins B. Target 
product profiles for medical tests: A systematic review of current 
methods. BMC Med. 2020;18(1):119. https://doi.org/10.1186/s129 
16-020-01582-1 

48. Biamonte MA, Cantey PT, Coulibaly YI, Gass KM, Hamill LC, Hanna 
C, et al. Onchocerciasis: Target product profiles of in vitro 
diagnostics to support onchocerciasis elimination mapping and mass 
drug administration stopping decisions. PLoS Negl Trop Dis. 
2022;16(8):0010682. https://doi.org/10.1371/journal.pntd.00106 
82 

49. Kohli M, Korobitsyn A, Ismail N, Zignol M, Kasaeva T, Dewan P, et 
al. WHO target product profile for TB detection at peripheral 
settings: 2024 update. PLOS Glob Public Health. 
2025;5(6):0004612. https://doi.org/10.1371/journal.pgph.000461 
2 

50. Donadeu M, Fahrion AS, Olliaro PL, Abela-Ridder B. Target product 
profiles for the diagnosis of Taenia solium taeniasis, 
neurocysticercosis and porcine cysticercosis. PLoS Negl Trop Dis. 
2017;11(9):0005875. https://doi.org/10.1371/journal.pntd.00058 
75 

51. Elhachimi L, Ciria N, Charlier J. Diagnostic gap analysis in animal 
health through combining public databases. BMC Vet Res. 
2026;22 )1( :104. https://doi.org/10.1186/s12917-025-05259-w 

52. Feddema JJ, Fernald KDS, Keijser BJF, Kieboom J, van de Burgwal 
LHM. Commercial opportunity or addressing unmet needs—Loop-
mediated isothermal amplification (LAMP) as the future of rapid 
diagnostic testing? Diagnostics. 2024;14(17):1845. https://doi.org/ 
10.3390/diagnostics14171845 

53. LeMieux J. CRISPR comes of age—as a diagnostic: Hailed for its gene 
editing power, Sherlock Bioscience's COVID-19 diagnostic is the first 
CRISPR technology to gain FDA approval. Clin OMICs. 
2020;7(3):10–12. https://doi.org/10.1089/clinomi.07.03.17 

54. GenomeWeb. OraSure Technologies acquires Sherlock Biosciences 
for up to $25M. 2024. Available from: https://www.genomeweb.com 
/business-news/orasure-technologies-acquires-sherlock-bioscience 
s-25m. Accessed 2026 Jun 30. 

55. Fritzler MJ, Choi MY, Satoh M, Mahler M. Autoantibody discovery, 
assay development and adoption: Death valley, the sea of survival 
and beyond. Front Immunol. 2021;12:679613. https://doi.org/10.3 
389/fimmu.2021.679613 

56. Peeling RW, Boeras DI, Nkengasong J. Re-imagining the future of 
diagnosis of neglected tropical diseases. Comput Struct Biotechnol J. 
2017;15:271–274. https://doi.org/10.1016/j.csbj.2017.02.003 

57. Fleming KA, Horton S, Wilson ML, Atun R, DeStigter K, Flanigan J, 
et al. The Lancet Commission on diagnostics: Transforming access to 
diagnostics. Lancet. 2021;398(10315):1997–2050. https://doi.org/ 
10.1016/S0140-6736(21)00673-5 

58. Bansal A, Howes A, Arih I. P23 Advance market commitment for 
point of care diagnostic focused on neonatal sepsis: Estimating costs 
and effectiveness. JAC Antimicrob Resist. 2024;6(2):dlae136.027. 
https://doi.org/10.1093/jacamr/dlae136.027 

59. Howard M. A market for diagnostic devices for extreme point-of-care 
testing: Are we ASSURED of an ethical outcome? Dev World Bioeth. 
2024;24(2):84–96. https://doi.org/10.1111/dewb.12389 

60. Onwe FI, Okedo-Alex IN, Akamike IC, Igwe-Okomiso DO. Vertical 
disease programs and their effect on integrated disease surveillance 
and response: Perspectives of epidemiologists and surveillance 
officers in Nigeria. Trop Dis Travel Med Vaccines. 2021;7(1):28. 
https://doi.org/10.1186/s40794-021-00152-4 

61. Oltean HN, Lipton B, Black A, Snekvik K, Haman K, Buswell M, et al. 
Developing a One Health data integration framework focused on 
real-time pathogen surveillance and applied genomic epidemiology. 
One Health Outlook. 2025;7(1):9. https://doi.org/10.1186/s42522-
024-00133-5 

62. Ghai RR, Wallace RM, Kile JC, Shoemaker TR, Vieira AR, Negron 
ME, et al. A generalizable One Health framework for the control of 
zoonotic diseases. Sci Rep. 2022;12(1):8588. https://doi.org/10.103 
8/s41598-022-12619-1 

63. Keshavamurthy R, Dixon S, Pazdernik KT, Charles LE. Predicting 
infectious disease for biopreparedness and response: A systematic 

https://doi.org/10.66585/ohmi.2026.2.0029
https://doi.org/10.3389/fmicb.2022.1044316
https://doi.org/10.3389/fmicb.2022.1044316
https://doi.org/10.1038/nature16996
https://doi.org/10.1038/nature16996
https://doi.org/10.1126/science.aau9343
https://doi.org/10.3201/eid3202.251332
https://doi.org/10.1007/978-3-031-42112-9_4
https://doi.org/10.1007/978-3-031-42112-9_4
https://doi.org/10.7759/cureus.66908
https://doi.org/10.7759/cureus.66908
https://doi.org/10.7759/cureus.80499
https://doi.org/10.1016/j.ynexs.2025.100059
https://doi.org/10.1111/tbed.13880
https://doi.org/10.3390/bios10100133
https://doi.org/10.3390/bios10100133
https://doi.org/10.1186/s12913-019-4351-3
https://doi.org/10.1186/s12913-019-4351-3
https://doi.org/10.1016/j.jcv.2023.105613
https://doi.org/10.1111/bioe.13192
https://doi.org/10.3389/fpubh.2023.1332600
https://doi.org/10.20506/rst.39.3.3171
https://doi.org/10.20506/rst.39.3.3171
https://doi.org/10.1186/s12916-020-01582-1
https://doi.org/10.1186/s12916-020-01582-1
https://doi.org/10.1371/journal.pntd.0010682
https://doi.org/10.1371/journal.pntd.0010682
https://doi.org/10.1371/journal.pgph.0004612
https://doi.org/10.1371/journal.pgph.0004612
https://doi.org/10.1371/journal.pntd.0005875
https://doi.org/10.1371/journal.pntd.0005875
https://doi.org/10.1186/s12917-025-05259-w
https://doi.org/10.3390/diagnostics14171845
https://doi.org/10.3390/diagnostics14171845
https://doi.org/10.1089/clinomi.07.03.17
https://doi.org/10.3389/fimmu.2021.679613
https://doi.org/10.3389/fimmu.2021.679613
https://doi.org/10.1016/j.csbj.2017.02.003
https://doi.org/10.1016/S0140-6736(21)00673-5
https://doi.org/10.1016/S0140-6736(21)00673-5
https://doi.org/10.1093/jacamr/dlae136.027
https://doi.org/10.1111/dewb.12389
https://doi.org/10.1186/s40794-021-00152-4
https://doi.org/10.1186/s42522-024-00133-5
https://doi.org/10.1186/s42522-024-00133-5
https://doi.org/10.1038/s41598-022-12619-1
https://doi.org/10.1038/s41598-022-12619-1


210 | One Health Microbiol. Infect. Vol. 2, No. 1. https://doi.org/10.66585/ohmi.2026.2.0029 

 

review of machine learning and deep learning approaches. One 
Health. 2022;15:100439. https://doi.org/10.1016/j.onehlt.2022.10 
0439 

64. Djordjevic SP, Jarocki VM, Seemann T, Cummins ML, Watt AE, 
Drigo B, et al. Genomic surveillance for antimicrobial resistance-a 
One Health perspective. Nat Rev Genet. 2024;25(2):142–157. 
https://doi.org/10.1038/s41576-023-00649-y 

65. Villanueva-Miranda I, Xiao G, Xie Y. Artificial intelligence in early 
warning systems for infectious disease surveillance: A systematic 
review. Front Public Health. 2025;13:1609615. https://doi.org/10.3 
389/fpubh.2025.1609615 

66. Haque S, Mengersen K, Barr I, Wang L, Yang W, Vardoulakis S, et al. 
Towards development of functional climate-driven early warning 
systems for climate-sensitive infectious diseases: Statistical models 
and recommendations. Environ Res. 2024;249:118568. https://doi. 
org/10.1016/j.envres.2024.118568 

67. Ardila CM, Yadalam PK, González-Arroyave D. Integrating whole 
genome sequencing and machine learning for predicting 
antimicrobial resistance in critical pathogens: A systematic review of 
antimicrobial susceptibility tests. PeerJ. 2024;12:e18213. https://do 
i.org/10.7717/peerj.18213 

68. Kim JI, Maguire F, Tsang KK, Gouliouris T, Peacock SJ, McAllister 
TA, et al. Machine learning for antimicrobial resistance prediction: 
Current practice, limitations, and clinical perspective. Clin Microbiol 
Rev. 2022;35(3):00179-21. https://doi.org/10.1128/cmr.00179-21 

69. Scaglione G, Mastroianni N, Rizzo A, Palomba E, Carcione D, 
Rimoldi SG, et al. Integrating artificial intelligence with genome 
sequencing against antimicrobial resistance: A narrative review. 
Front Public Health. 2026;14:1757161. https://doi.org/10.3389/fp 
ubh.2026.1757161 

70. Akande OW, Carter LL, Abubakar A, Achilla R, Barakat A, Gumede 
N, et al. Strengthening pathogen genomic surveillance for health 
emergencies: Insights from the World Health Organization's 
regional initiatives. Front Public Health. 2023;11:1146730. 
https://doi.org/10.3389/fpubh.2023.1146730 

71. World Health Organization, Food and Agriculture Organization of 
the United Nations, World Organisation for Animal Health, United 
Nations Environment Programme. Quadripartite guidance on One 
Health integrated surveillance of antimicrobial resistance and use. 
Geneva: World Health Organization. 2026. https://www.who.int/pu 
blications/b/79427 

72. Abrokwa SK, Ruby LC, Heuvelings CC, Bélard S. Task shifting for 
point of care ultrasound in primary healthcare in low- and middle-
income countries-a systematic review. EClinicalMedicine. 
2022;45:101333. https://doi.org/10.1016/j.eclinm.2022.101333 

73. Lim J, Koprowski K, Stavins R, Xuan N, Hoang TH, Baek J, et al. 
Point-of-care multiplex detection of respiratory viruses. ACS Sens. 
2024;9(8):4058–4068. https://doi.org/10.1021/acssensors.4c0099 
2 

74. Gao WJ, Liao CX, Li LM. Introduction for One Health joint plan of 
action (2022–2026). Zhonghua Liu Xing Bing Xue Za Zhi. 
2023;44(4):657–661. https://doi.org/10.3760/cma.j.cn112338-20 
221202-01032 

75. European Food Safety Authority (EFSA), Berezowski J, de Balogh K, 
Dórea FC, Rüegg S, Broglia A, et al. Prioritisation of zoonotic diseases 
for coordinated surveillance systems under the One Health approach 
for cross-border pathogens that threaten the Union. EFSA J. 
2023;21(3):07853. https://doi.org/10.2903/j.efsa.2023.7853

 
 

https://doi.org/10.66585/ohmi.2026.2.0029
https://doi.org/10.1016/j.onehlt.2022.100439
https://doi.org/10.1016/j.onehlt.2022.100439
https://doi.org/10.1038/s41576-023-00649-y
https://doi.org/10.3389/fpubh.2025.1609615
https://doi.org/10.3389/fpubh.2025.1609615
https://doi.org/10.1016/j.envres.2024.118568
https://doi.org/10.1016/j.envres.2024.118568
https://doi.org/10.7717/peerj.18213
https://doi.org/10.7717/peerj.18213
https://doi.org/10.1128/cmr.00179-21
https://doi.org/10.3389/fpubh.2026.1757161
https://doi.org/10.3389/fpubh.2026.1757161
https://doi.org/10.3389/fpubh.2023.1146730
https://www.who.int/publications/b/79427
https://www.who.int/publications/b/79427
https://doi.org/10.1016/j.eclinm.2022.101333
https://doi.org/10.1021/acssensors.4c00992
https://doi.org/10.1021/acssensors.4c00992
https://doi.org/10.3760/cma.j.cn112338-20221202-01032
https://doi.org/10.3760/cma.j.cn112338-20221202-01032
https://doi.org/10.2903/j.efsa.2023.7853

