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Abstract: The Next-Gen Global Health 6.0 initiative offers an integrative model employing genomics, nano-
immunotherapies, and artificial intelligence (Al) to address the escalating complexity of global health issues,
particularly the convergence of infectious and chronic diseases. This framework advances precision medicine by
integrating real-time genomic surveillance with Al algorithms, enabling timely prediction and response to
outbreaks, as well as tailored therapeutic approaches. Nano-immunotherapies play a critical role in modulating
immune responses with high specificity, especially in chronic infections and diseases resistant to conventional
treatments. Through these synergistic technologies, the Next-Gen Global Health 6.0 approach aims to transcend
traditional healthcare boundaries, offering scalable, data-driven interventions that are adaptable to varying
resource levels worldwide. Emphasizing accessibility and equity, this framework highlights the necessity for
innovative health policies and interdisciplinary collaboration to optimize deployment in underserved regions,
ultimately contributing to sustainable, resilient healthcare systems prepared for evolving global health challenges.
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1. INTRODUCTION

In contemporary global health, the growing convergence of infectious and chronic
diseases demands urgent attention, driven by intricate interactions among environmental,
genetic, and socioeconomic factors that complicate prevention, diagnosis, and treatment [1].
Emerging technologies, such as integrative genomics, nano-immunotherapies, and artificial
intelligence (Al), have created unprecedented opportunities to address these intertwined health
issues more effectively [2]. By leveraging these technologies, including genomic medicine,
researchers and healthcare practitioners can enhance the precision and personalization of
medical interventions, which are essential to improving outcomes across diverse populations,
especially in low-resource settings [3].

Genomic innovations, for instance, allow for in-depth analyses of both pathogens and
host responses, facilitating real-time outbreak tracking and the development of targeted
treatments [4]. Concurrently, advances in nano-immunotherapies are enabling more precise
immune modulation, which is particularly valuable for chronic and persistent infections that
evade conventional treatments [5]. Furthermore, Al algorithms are being deployed to interpret
massive datasets generated from genomic and immunological research, supporting predictive
models that can foresee disease spread and identify effective therapeutic targets [6]. These
technologies collectively represent a transformative shift towards an integrated, data-driven

approach to global health, aiming to overcome the limitations of traditional methods.
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At a pivotal moment for healthcare, the Next-Gen Global Health 6.0 framework

leverages genomics, nanotechnology, and Al to deliver adaptive, scalable solutions to complex,

systemic diseases. This approach advances personalized, predictive medicine, promoting

accessible, equitable care—especially for underserved regions burdened by global disease.
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Modeling of Infectious and Non-Infectious Diseases Using Regenerative Biology and
Nanotechnology

Stem cell-derived organoids and nanotechnology have revolutionized the modeling
of infectious and non-infectious diseases, offering unprecedented insights into pathogen-
host interactions and the progression of non-communicable diseases (NCDs). Organoids,
formed by self-organizing stem cells, provide advanced three-dimensional (3D) structures
that simulate the complexity of human tissues, thereby enabling detailed studies on cellular
mechanisms during infections. By closely mimicking in vivo structures, these organoids
have become instrumental in exploring the effects of infections on respiratory,
gastrointestinal, and neuronal systems, offering a robust platform for drug screening and
therapeutic discovery [7, 8]. This technology is further enhanced through nanotechnology,
which introduces nanoparticles capable of targeting specific cellular structures, thereby
providing a precision tool for both simulating infection and delivering therapeutic agents
to resistant bacteria. This dual approach enhances the efficacy of drug development,
allowing for highly targeted and controlled therapeutic simulations [9].

Looking to the future, combining organoid models with nanotechnology promises
transformative applications in regenerative medicine and oncology. Induced pluripotent
stem cell (iPSC)-derived organoids, for instance, offer the potential for genome editing,
such as CRISPR, allowing precise modification of pathogenic genes and providing patient-
specific models for personalized therapy. Furthermore, the integration of nanoparticles
within organoid cultures can enhance cellular responsiveness and adaptation, potentially
improving outcomes in chronic conditions by targeting specific molecular pathways
involved in disease progression [10]. As the field advances, these technologies may support
the development of adaptive, personalized therapies that respond dynamically to changes
in disease state, marking a significant shift toward more effective, individualized medical

treatments [11].
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Personalized Vaccination and Immunotherapy Based on Genetic Profiling and
Nanotechnology

Personalized vaccination and immunotherapy, leveraging genetic profiling and
nanotechnology, represent a transformative approach in modern medicine, offering targeted
and efficient treatments against both infectious diseases and cancer. The development of
mRNA-based vaccines exemplifies this progress, where vaccines are tailored to an
individual's genetic makeup, allowing for more precise immune activation and response. In
the context of cancer immunotherapy, personalized mRNA vaccines can stimulate T-cells
to recognize tumor-specific neoantigens, improving both safety and efficacy.
Nanotechnology further enhances these effects by facilitating targeted delivery of mRNA
within lipid nanoparticles (LNPs) that can selectively direct immune responses and reduce
side effects, as demonstrated in various studies using personalized cancer nano-vaccines
[12-14]

The application of nanotechnology in personalized immunotherapy is advancing
quickly, particularly through novel materials that enhance antigen presentation and immune
activation. For example, a-mannose-functionalized nanoparticles have been developed to
selectively target antigen-presenting cells (APCs), thus optimizing the immune response to
mRNA vaccines. This specificity not only heightens vaccine efficacy but also reduces
unintended interactions with non-target cells. Additionally, advanced carriers like graphene
oxide hydrogels have been shown to stabilize and prolong mRNA release, improving the
durability of immune responses. These developments pave the way for future personalized
vaccines that adapt dynamically to patient-specific disease profiles and immunological
needs, making them particularly promising in the treatment of chronic and complex
diseases [15, 16].

Genomic Surveillance and Artificial Intelligence Algorithms for Global Outbreak
Prediction and Disease Spread

Genomic surveillance and artificial intelligence (Al) are transforming global public
health by enabling real-time monitoring and prediction of infectious disease outbreaks and
antimicrobial resistance patterns. Genomic surveillance, through whole-genome
sequencing (WGS), captures comprehensive data on pathogens, offering insights into
resistance mechanisms and transmission pathways essential for outbreak prediction. This
technology allows scientists to trace the genetic evolution of pathogens, making it possible
to identify and control clusters of antimicrobial-resistant bacteria early in their spread. For

instance, the integration of pathogen genomic data with phylogenetic analysis has been
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shown to predict and monitor the spread of drug-resistant strains, such as carbapenem-
resistant organisms [17]. AI models then process these vast datasets, identifying patterns
and trends that inform public health strategies, which is crucial for fast and accurate
interventions in combating global health threats like antibiotic-resistant infections [18, 19]
Advances in machine learning (ML) further enhance these surveillance capabilities
by enabling sophisticated predictive modeling that adapts to new pathogens and resistance
patterns as they emerge [20]. ML models, such as random forest and convolutional neural
networks, have demonstrated high accuracy in forecasting antimicrobial resistance (AMR)
based on genomic data, even when data is limited or incomplete. These Al-driven systems
predict the potential spread of AMR genes across bacterial genomes, helping prioritize
regions for surveillance and control efforts [19]. For example, the development of Al-based
predictive tools for bacterial pathogens like Vibrio cholerae and Klebsiella pneumoniae has
demonstrated significant potential in resource-limited settings, offering fast, in silico
alternatives to traditional testing [21]. These integrated genomic and Al frameworks mark
a new frontier in global health, enabling scalable and effective responses to infectious
disease threats across various regions [22, 23]
CRISPR-Based Therapy and Genetic Editing for Systemic Infectious and Non-
Infectious Diseases

CRISPR-based therapies are pioneering a new era in the treatment of systemic
infectious and non-infectious diseases, particularly by targeting latent viral reservoirs and
correcting genetic immune deficiencies [24, 25]. The CRISPR/Cas9 system enables precise
genetic alterations, allowing researchers to disrupt viral genomes integrated within human
cells, such as those seen in HIV, or deactivate the hepatitis B virus (HBV) in liver cells,
significantly reducing viral replication. This precision also extends to hereditary immune
deficiencies, where CRISPR can correct gene mutations that hinder the body’s vaccine
response, providing a promising avenue to fortify immune resilience against persistent and
emerging infections [25, 26]. Moreover, CRISPR can be used to modify immune cells to
better recognize and combat infections, enabling a dual approach that both directly attacks
pathogens and bolsters immune function [27].

Future applications of CRISPR promise even greater integration with targeted
delivery systems, such as nanoparticles and viral vectors, to improve in vivo efficiency and
specificity in gene editing [28]. Research is currently focused on refining CRISPR delivery
to avoid off-target effects and enhance treatment durability, with advances in non-viral

delivery methods such as lipid nanoparticles showing considerable promise [29, 30]. These
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methods provide improved control over gene editing within specific cells and tissues,
essential for safely addressing chronic diseases like cancer and neurodegenerative disorders.
Furthermore, CRISPR’s potential in reprogramming cells to produce antiviral proteins or
enhance immune memory represents a leap towards creating durable, possibly permanent,
defenses against both current and future infectious threats [31, 32]. This robust, evolving
technology marks a significant advancement in therapeutic gene editing, with implications
that extend beyond infectious disease to complex, systemic conditions.
Immune-Based Interventions and Cell Therapy to Combat Chronic Infections and
Systemic Diseases

Immune-based interventions and regenerative cell therapies are emerging as
transformative approaches for treating chronic infections and systemic diseases, especially
those exacerbated by age-related immune decline. By engineering immune cells, such as
mesenchymal stem cells (MSCs), these therapies can address immunosenescence, a gradual
deterioration of immune function linked to inflammaging, where chronic low-grade
inflammation accelerates tissue damage and organ dysfunction. MSCs, particularly when
modified to enhance anti-inflammatory functions, have shown potential in reducing this
systemic inflammation and supporting tissue repair. The application of MSCs in diseases
like diabetes and cardiovascular disease demonstrates promising results in reducing
inflammatory markers and promoting regenerative outcomes [33, 34]. This ability to
recalibrate immune responses marks a significant step forward in managing non-
communicable diseases (NCDs) and improving quality of life in the elderly population [35].

The future of immune-based cell therapy lies in the integration of cutting-edge
bioengineering and nanotechnology. By coupling regenerative cell therapy with
nanomaterials designed to enhance cell targeting and therapeutic delivery, researchers aim
to develop adaptive treatments that respond to changes in the immune environment,
providing dynamic regulation of inflammation and tissue repair. This approach includes the
use of bioengineered extracellular vesicles that act as non-coding RNA carriers to modulate
immune responses against chronic infections and autoimmune disorders, thereby reducing
the need for long-term pharmacological interventions [36]. With the advancement of
immune-modifying biomaterials and senotherapeutics, this integrative approach has the
potential to extend healthspan by addressing both the underlying inflammation and

regenerative needs of aging and chronically diseased tissues [37].
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Nano-Biotechnology in Developing Probiotic-Based Therapies and Targeted Drug
Delivery

Integrating nano-biotechnology with synthetic biology-designed probiotic therapies
has led to advanced solutions in enhancing immune defenses and targeting pathogenic
infections. This approach involves engineering probiotics to produce antimicrobial peptides
and other bioactive molecules, providing a tailored response against specific pathogens,
particularly in high-infection environments. Nanoparticles serve as a vehicle for delivering
these therapeutic probiotics effectively, even through challenging barriers such as the
gastrointestinal tract, as demonstrated with nano-bio hybrid probiotics engineered for high
precision targeting in gastrointestinal applications [38]. These nano-encapsulated
probiotics ensure sustained delivery and effective immune support, positioning them as
essential tools in environments prone to high pathogen exposure [39].

Further advancements in this field focus on using nano-biotechnology for targeted
antibiotic delivery, particularly through bio-inspired nanoparticles that can effectively
address resistant bacterial strains. Bioengineered bacterial encapsulins and mesoporous
silica nanoparticles with antimicrobial peptides represent a powerful strategy to overcome
biofilm defenses and antibiotic resistance [40]. For example, encapsulins have been
engineered to carry therapeutic agents directly to infection sites, thereby reducing systemic
exposure and enhancing localized treatment efficacy. This technology is evolving towards
more precise, responsive systems that release drugs based on environmental triggers, such
as pH or microbial presence, thereby improving therapeutic outcomes in difficult-to-treat
infections [40, 41]. These innovations underline a shift towards targeted, responsive, and
sustainable therapies in infectious disease treatment, aligning with the demands of modern
healthcare.

Real-Time Imaging and Sensor Systems for Early Detection and Disease Monitoring

The integration of real-time imaging and advanced sensor systems based on carbon
nanotube (CNT) technology has significantly advanced early disease detection and health
monitoring capabilities [42]. Wearable devices incorporating CNTs enable continuous,
non-invasive tracking of critical health markers, such as metabolic and immunological
indicators, facilitating timely responses to early signs of infectious diseases and non-
communicable diseases (NCDs) [43, 44]. These sensors are highly sensitive and capable of
detecting minimal physiological changes, which is essential for managing chronic diseases
and monitoring organ health, as demonstrated by devices that track respiratory rates or even

detect cytokine levels, providing early warnings of immune dysregulation [45, 46]. Such
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technologies extend to wearable microneedle patches, enabling the real-time, in vivo
monitoring of cytokines—key indicators of immune response—which can be crucial in
predicting cytokine storms in severe infections [47].

Looking forward, advancements in molecular imaging are expanding to real-time
organ monitoring, particularly for vital organs like the liver and lungs. These CNT-based
devices are evolving into complex diagnostic platforms that integrate with mobile
applications for instant data retrieval, allowing users and healthcare providers to access
real-time health information and make informed decisions quickly. Future sensors are
expected to incorporate multifunctional capabilities, with options to detect both
biochemical and mechanical signals, thereby broadening their application to a range of
health conditions from respiratory infections to Alzheimer’s disease [48, 49]. This
trajectory positions wearable sensor technology as a cornerstone of preventive healthcare
and early disease intervention, enabling a future where health monitoring is accessible,
proactive, and deeply integrated into daily life.

Genomics and Single-Cell Sequencing Technology in Immune and Pathogen
Interaction Studies

Single-cell genomics combined with advanced immunomodulation technologies is
transforming the study of pathogen-host interactions, providing granular insights into
immune responses at the cellular level [50]. By capturing the gene expression profiles of
individual immune cells, researchers can identify how specific cell subtypes contribute to
either protective immunity or autoimmunity. For instance, recent studies have utilized
single-cell RNA sequencing (scRNA-seq) to track immune cell behavior in diseases like
multiple sclerosis (MS), where single-nucleotide polymorphisms (SNPs) associated with
MS risk were found to influence the expression of genes in specific immune cell types,
such as B cells and CD4+ T cells, in a highly targeted manner [51]. This approach not only
allows for the identification of immune pathways that respond to infections but also
uncovers mechanisms that may lead to autoimmune disorders when dysregulated [52].

The future of this technology holds promise for developing precision therapies
targeting specific cell types involved in disease progression. For example, studies using
single-cell approaches have demonstrated how certain gene variants contribute to T cell
and B cell dysfunction in MS, paving the way for targeted interventions that can mitigate
inflammatory responses without broadly suppressing the immune system [53]. Additionally,
the ability to map interactions between immune cells and pathogens at single-cell resolution

could enable the development of gene therapies tailored to the immune profiles of
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individual patients, offering a new level of customization in treating autoimmune diseases

and complex infections [54]. These advancements underscore the potential of single-cell

genomics to drive both diagnostic and therapeutic innovations in immune-related diseases.

Advanced Bioinformatics and Machine Learning Algorithms for Integrated Multi-
Disease Diagnostics

Advancements in machine learning (ML) algorithms and bioinformatics are
revolutionizing the diagnostic landscape for multi-disease detection, especially in cases
where non-communicable diseases (NCDs) and infectious diseases co-occur. By utilizing
data-driven ML models, researchers can detect complex relationships between different
diseases, allowing for more accurate diagnostic clustering and epidemiological predictions.
For example, deep neural networks (DNN) and recurrent neural networks (RNN) are
increasingly used in analyzing vast clinical datasets, enabling the prediction of disease
progression and the identification of shared biomarkers across diseases. This approach
significantly enhances predictive accuracy and aids in stratifying patient populations,
which is particularly beneficial in tracking comorbidities such as diabetes and tuberculosis,
where disease interdependencies complicate treatment plans [55, 56]

Looking forward, the integration of these ML models with bioinformatics tools
allows for the dynamic updating of diagnostic algorithms, adapting to new data inputs and
providing a real-time snapshot of multi-disease risks. Techniques such as automated feature
selection and hyperparameter tuning further optimize these models, allowing for scalable
and precise diagnostic tools that can be deployed in diverse healthcare environments. This
evolving framework for predictive diagnostics not only enhances clinical outcomes through
personalized medicine but also supports global health monitoring by offering scalable
solutions that can analyze genetic, proteomic, and environmental data simultaneously,
marking a significant leap towards precision health [57, 58]

Integrated Health Policies for Improved Healthcare Access in Developing Countries

Integrating mobile health (mHealth) and telemedicine in developing countries
presents transformative possibilities for healthcare access, particularly for rural and
underserved communities. Telemedicine platforms facilitate remote diagnostics and
treatment, bridging the gap caused by limited healthcare facilities and specialists in remote
regions. For example, telemedicine in S3o Tomé and Principe has enabled ongoing
connections with Portuguese specialists, providing specialized care for common conditions
such as eye and respiratory ailments, which would otherwise require extensive travel for

patients [59]. Additionally, mHealth solutions offer accessible self-management tools,
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empowering patients to monitor and manage chronic conditions like diabetes and
hypertension from their homes, thus reducing the need for frequent hospital visits [60].

The future of integrated health policies in developing regions also emphasizes the
need for sustainable infrastructure to support these digital health technologies. Developing
countries often face challenges related to inconsistent electricity supply, limited internet
connectivity, and insufficient digital literacy, which must be addressed to fully realize the
potential of mHealth and telemedicine [61]. By incorporating local needs and contexts into
health policy—such as renewable energy sources and affordable mobile data—
governments can enhance the reliability of these services. Furthermore, by adopting
universal telemedicine guidelines, as seen in Southeast Asia, countries can standardize the
quality of care and address privacy, legal, and data security concerns effectively [62]. Such
integrative policies are pivotal for ensuring healthcare equity, creating a robust foundation
for accessible, tech-enabled healthcare solutions in low-resource settings.

Senescence Research and Molecular Pathways to Prevent Exacerbation of Age-
Related Diseases from Infections

Research into (immuno)senescence pathways has illuminated the molecular
connections between aging and infection-driven disease progression, especially in non-
communicable diseases (NCDs). As cellular senescence leads to an accumulation of
damaged cells that contribute to chronic inflammation, this process has been linked with
exacerbated health conditions in elderly populations [63-65]. Specifically, the release of
pro-inflammatory cytokines from senescent cells—known as the senescence-associated
secretory phenotype (SASP)—creates a sustained inflammatory environment. This
inflammation can significantly worsen conditions like Alzheimer’s disease and
cardiovascular disease when coupled with infections, as infections amplify the SASP and
promote further immune dysregulation [66, 67]. The potential of targeted therapies, such
as microRNA-based interventions, is particularly promising. These therapies can
selectively reduce SASP components, thereby decreasing inflammation and mitigating age-
related disease exacerbations [68].

Innovative treatments targeting senescence mechanisms have shown potential in
reversing age-related inflammation, specifically by modulating pathways like cGAS-
STING and NLRP3. The activation of these pathways due to mitochondrial DNA leakage
or persistent viral infections accelerates senescence in immune cells, aggravating
conditions like viral pneumonia and diabetes [69, 70]. By addressing these pathways,

senotherapeutics offer a preventative strategy for diseases triggered or exacerbated by
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infections in older populations. Through senolytics and anti-inflammatory therapies,

researchers aim to reduce the inflammatory load in aging cells, ultimately promoting

healthier aging and potentially expanding the lifespan by protecting against the dual burden
of aging and infections [71, 72].

2. CONCLUSION AND RECOMMENDATION

The integration of genomics, nano-immunotherapies, and Al in the Next-Gen Global
Health 6.0 framework marks a transformative approach to infectious and chronic disease
management. By leveraging genomic surveillance, precision immunotherapies, and predictive
Al, it enables real-time monitoring, personalized treatments, and targeted interventions,
building resilient, adaptive healthcare systems for diverse global populations.

To maximize impact, future research and policy should prioritize scalable, accessible
healthcare technologies adaptable to diverse cultures, with infrastructure and education
initiatives for low- and middle-income regions bearing high disease burdens. Interdisciplinary
collaboration among genomic scientists, Al experts, and policymakers is essential for aligning
technology with real-world needs, fostering sustainable health solutions that enhance global
health equity and preparedness.

Conflict of interest: none.
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