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ABSTRACT

Emerging infectious diseases (EIDs) are a serious threat to health across the globe. Vaccination is an important component of our response to these threats.

The review brings together data from the latest research on the efficacy of vaccination against EIDs and describes challenges and opportunities in vaccine development.

The data show that vaccines greatly decrease mortality and morbidity in chronic diseases like COVID-19 and Zika, although access and coverage are still limited.

Effective vaccines and international partnerships are necessary to expand immunization coverage and eliminate EIDs worldwide.
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Introduction

Background and Rationale

Emerging infectious diseases (EIDs) are a persistent threat to global public health, affecting morbidity, mortality, and the economy. Because such diseases are often suddenly emerging, and may rapidly transnationally manifest, they require an effective response system to reduce their social and health impacts. We have seen epidemics like COVID-19, Zika, Ebola, and bird flu develop over the past few years, making effective public health interventions such as vaccines essential.1 The determinacy of EIDs because of urbanization, climate change, and travel globally makes proactive prevention strategies even more important.2

Vaccination has historically been one of the most effective critical tools for controlling infectious diseases. Viral therapy directly reduces infection and indirectly gives herd immunity, allowing vaccines to keep many pathogens in check and prevent disease outbreaks. Global efforts to fight diseases such as measles and hepatitis B, for example, have shown how high vaccination rates can reduce disease and mortality.3 Even more importantly, the World Health Organization’s Immunization Agenda 2030 (IA2030) promotes vaccination as a cornerstone of a global health strategy that will prevent millions of deaths in the next 10 years through better immunization coverage and novel vaccine delivery systems.4

In response to EIDs, improved vaccines have made responses quicker. Technologies like mRNA platforms and reverse vaccinology enable the quick creation of vaccines from target identification to mass production, dramatically decreasing the time it takes for pathogens to be discovered and immunized.2 mRNA vaccines’ success in the COVID-19 pandemic, for example, has created a blueprint for quickly responding to infectious threats in the future.4 Other vaccine delivery technologies, such as nanoparticle vaccines and thermostable vaccines, aim to distribute vaccines to resource-poor communities, accelerating universal vaccination.1

It gives a quick overview of the fundamental role that vaccination plays in EID prevention, and how emerging technologies are changing the face of immunization. By comparing vaccines in the market, technology advances, and delivery issues related to vaccination, this article aims to demonstrate how innovation and collaboration are crucial for combating EIDs. We will discuss the history of public health vaccination, the latest technological breakthroughs, issues that plague current immunization efforts, and where we can go from here in order to ensure a robust and holistic response to new infectious threats in the following sections.

Methodology

The aim of this review is to collect, evaluate, and synthesize the literature on new vaccines against novel infectious diseases. Even though it is a narrative review, certain steps were taken to provide as much coverage as possible and minimize bias. The process is explained in the steps below:

Literature Search

A structured search was conducted across a variety of databases, including PubMed, Scopus, and Web of Science, for publications between 2020 and 2024.

The keywords were “emerging infectious diseases,” “vaccine innovation,” “vaccine equity,” and “public health partnerships.” We threw in peer-reviewed articles, systematic reviews, and the latest vaccine technology.

Inclusion and Exclusion Criteria

These studies were chosen for their up-to-date relevance: They looked at global health effects, vaccine challenges, and emerging technologies.

The rules of exclusion included obsolete articles, studies that did not focus on immunization or infectious disease, and unreviewed sources.

Data Extraction

It pulled key findings and information from each article: study goals, findings, and conclusions on vaccination for new infectious diseases.

The results were divided into topics such as vaccine innovation, access issues worldwide, and public health approaches.

Synthesis and Analysis

The extracted data were combined to determine patterns, issues, and holes in the current vaccinating paradigm.

Comparative analysis was employed to identify disparities in vaccine availability between low- and high-resource contexts, with an emphasis on public health effects.

Limitations

This is a narrative review, so some of the drawbacks are selection bias because of the manual selection of studies and the absence of quantitative analysis.



Main Sections

The Impact of New Infectious Diseases

New infectious diseases EIDs are diseases whose prevalence has increased in the past few decades, or may continue to rise in the coming years, and pose grave threats to human health and global security. These illnesses tend to be a result of an intricate interplay between environmental changes, global movement, and zoonotic transfer from animal reservoirs to the host. The most prominent are COVID-19, Zika virus, Ebola, and recently mpox (formerly monkeypox), all of which have underlined the broader impact of EIDs on society, economies, and healthcare.5

What are EIDs and Primary Examples?

EIDs tend to be the result of pathogens that either are novel to human beings or have evolved to be more infectious, transmittable, or virulent. Table 1 lists the most common EID examples, as well as transmission paths and impacts. Of these, the most critical of these is COVID-19 – a pandemic caused by SARS-CoV-2 – which has implications for health, economy, and society around the world.




	
Table 1 | Overview of Key Emerging Infectious Diseases, Transmission Modes, and Impact




	Disease
	Pathogen
	Year(s) Emerged
	Transmission
	Key Impact



	SARS
	SARS-CoV
	2003
	Respiratory droplets
	High mortality, contained by public health interventions



	H1N1
	Influenza A
	2009
	Respiratory droplets
	Global pandemic with moderate mortality



	Ebola
	EBOV
	2014, 2018, 2021
	Bodily fluids
	High mortality in West Africa



	Zika
	Zika virus
	2015–2016
	Mosquito-borne
	Associated with birth defects



	COVID-19
	SARS-CoV-2
	2019–present
	Respiratory droplets
	Global pandemic with severe economic and social impact



	Mpox
	Mpox virus
	2022–present
	Close contact, zoonotic
	Spread to non-endemic regions, declared PHEIC in 2024



	Note: Data compiled from Bloch et al (2024), Cabezas and Vasconcelos (2024), Celik et al (2023), Liao et al (2024), Nasir (2024), and Mpox-PHEIC-Editorial (2024).





Likewise, Zika caused massive alarm over the association of major birth defects, and Ebola outbreaks have contributed to massive mortality in Africa, showing that regional outbreaks can rapidly evolve into national crises.6,7

What Drives the Increase in EIDs?

Globalization and Urbanization

Globalization and the spread of individuals and goods have also made it easier for pathogens to penetrate across borders. Due to urbanization, cities are often crowded, without adequate sanitation or health services, and therefore, the rates of transmission are higher.7 Such dense cities offer perfect opportunities for germs to infect humans – as in SARS and COVID-19.

Climate Change

Changes in climate affect how mosquitoes, the vectors of dengue, Zika, and chikungunya, spread. Temperatures and altered rainfall patterns extend vector species’ ranges and bring diseases to new regions.8 A warming climate can also trigger zoonotic spillovers, in which pathogens migrate from the animal to the human, in environments impacted by habitat destruction.

Environmental Invasion and Zoonotic Disturbance

As deforestation, cropping, and urbanization have increased, the rift between people and animals has grown. This intrusion places human beings closer to animal reservoirs, and thus more vulnerable to zoonotic transmission. Species-hopping viruses such as mpox, which originated in African wildlife reserves, have overcome species boundaries in these environments, becoming a perennial global health issue.9



Health, Economy, and Society Effects of EIDs

EIDs put financial pressure on medical systems — sustaining outbreaks requires huge investment, from hospital emergency rooms to longer-term intensive care. Economistically, pandemics usually wasted human capital, disrupted commerce, and escalated the cost of healthcare (as in the COVID-19 pandemic that wiped out the entire world’s GDP). Socially, pandemics sabotage daily lives, leaving their victims psychologically stressed and anxious for life.7

EIDs’ challenges emphasize preventative strategies like immunization. Fast response times – such as in the COVID-19 pandemic – are because of improvements in vaccine technology such as mRNA technology. When vaccines are being developed and campaigns are being launched for diseases like mpox, we see that public health infrastructure and disease surveillance continue to need to be funded.10

Our global community will need to focus its resources on the EID threat, more aggressive surveillance, research on vaccines, and long-term public health. They are necessary to stop new outbreaks in their tracks and save societies from the hellish impact of EIDs.



History and Future Effect of Vaccination on New Infectious Diseases

Vaccination remains one of the most powerful public health programs, proven effective in preventing disease and saving millions of lives. There are very early examples, for example, the smallpox vaccine devised by Edward Jenner in 1796, which became the basis for current immunization programs, and eventually ended smallpox across the world in 1980. This feat was the proof of vaccine efficacy in thwarting and eliminating diseases, and it shaped subsequent vaccine programs for a wide range of infectious diseases.11

Key Historical Achievements in Vaccination

Global smallpox elimination is the most famous instance of vaccination at work. The World Health Organization (WHO) set out to eradicate it with a warped program in 1966, using mass vaccination and surveillance to suppress epidemics. Not only did this program complete smallpox elimination in 1980, but it was also the model for future disease eradication programs.12

Polio is another example of the effectiveness of vaccination to eliminate a once-omnipresent pathogen. After Albert Sabin developed the oral polio vaccine in 1960, the world lost polio by a whopping 73%. Since the creation of the Global Polio Eradication Initiative in 1988, wild poliovirus has been reduced to almost nonexistence with only a handful of endemic countries left. WHO predicts the eradication of all forms of polio in the near future, which is the second human pathogen eliminated by vaccine.13 In addition, WHO’s Expanded Programme on Immunization (EPI), issued in 1974, shows even more just how powerful vaccination has been as a public health weapon. In 2024, EPI alone is said to have prevented more than 154 million deaths in the world with vaccination campaigns against diphtheria, tetanus, pertussis, and measles. For instance, measles vaccination alone caused dramatic decreases in childhood mortality around the world, indicating the longevity of mass immunization programs.14

Case Reports of EIDs: New infectious diseases like COVID-19, Ebola, and mpox demonstrate how vaccines are now working against novel infections. Instigating worldwide vaccine development, the COVID-19 pandemic led to the emergence of mRNA vaccines in short order from companies such as Pfizer-BioNTech and Moderna. Such vaccines were highly effective in preventing serious cases and death, a technological triumph for vaccination. With COVID-19 vaccines being distributed worldwide, 19.8 million lives were saved in 2021 alone – showing the vaccine’s importance to pandemic response.14

Ebola, which was spreading mostly in West Africa, entered the world’s public sphere in 2014–2016 and proved that there was an urgent need for fast vaccines to contain outbreaks. The rVSV-ZEBOV vaccine created and used in the epidemic had been very successful in limiting the spread of the virus and decreasing the rates of transmission in subsequent outbreaks. This victory not only saved lives but also showed the power of vaccine-based interventions in reducing EIDs in high-risk areas.12

Mpox or monkeypox, again returning, only served to show how vaccines were vital to the management of zoonotic diseases. When the WHO in 2022 designated mpox a public health emergency of international concern (PHEIC), more people got vaccinated – and often at high-risk groups. Vaccination campaigns with modified vaccinia Ankara vaccines, first invented for smallpox, helped control outbreaks in both endemic and non-endemic areas.10

Data on Vaccine Effectiveness

Vaccination has had a surprising quantitative impact on disease prevention and life expectancy. Recent estimates indicate that WHO’s EPI has helped to reduce infant mortality across the world, accounting for 40% of the global decrease in infant mortality in the last 50 years. This represents about 10.2 billion years of lifelong health saved through decreased mortality and morbidity because of vaccine-preventable diseases.13

Statistics on measles and polio vaccines reinforce the lifesaving value of vaccination. The global measles vaccine prevented some 25.5 million deaths between 2000 and 2023, and the polio vaccine saved thousands of paralysis and death. These successes prove that vaccines continue to be one of the most promising approaches to addressing the worldwide burden of disease and improving public health.11

COVID-19 vaccines provide compelling evidence of the acute protective power of vaccination. In a model study of COVID-19 vaccination outcomes around the world, vaccines cut deaths in 2021 by around 60% relative to a vaccine-less case. This dramatic decline in mortality underscores the importance of vaccines to counteract EID effects in real time.12



Development and Technology of Vaccines’ Innovations in Vaccine Design and Technology

Similarly, the vaccinology industry is being transformed by emerging technologies that facilitate a quicker and comprehensive response to EIDs. Everything from mRNA platforms to viral vector technology to synthetic biology has helped accelerate vaccine development. Such advances — inspired by COVID-19 — laid the basis for future public health benchmarks for vaccine design, response, and resilience.

mRNA Technology

The technology of mRNA vaccines revolutionized the production and development of vaccines, particularly those against EIDs. This technique uses messenger RNA to activate cells to release a pathogen protein, prompting the immune system to react when the pathogen is not present. The world’s first mRNA vaccines, developed by Pfizer-BioNTech and Moderna for COVID-19, showed that mRNA platforms could generate vaccines of unprecedented efficacy at unprecedented rates. It was a quick and simple approach to manufacture and re-engineer, so researchers could adapt the vaccines as new SARS-CoV-2 strains were discovered.15 Efficiency is one of the most critical parameters in designing mRNA vaccines. Old-fashioned vaccines often begin by slowly loading viruses into cells or eggs. mRNA vaccines, however, are produced faster when the genome of the pathogen is fixed, and so there is less time between pathogen discovery and vaccine delivery. The estimates indicate that COVID-19 vaccines could be produced in a year using mRNA platforms, whereas the traditional vaccines take 5–10 years.16

And then there is the future of mRNA beyond COVID-19. Scientists are experimenting with mRNA vaccines for other viruses: flu, Zika, and even cancer. This versatility of mRNA vaccines and the recent development of Lipid Nanoparticle (LNP) delivery vehicles, which shield mRNA and enable it to enter cells, reflect the platform’s potential for broader applications.17

Viral Vector Platforms

Another new paradigm in vaccine design is viral vector technology. It works by using altered viruses to inject genes coding for an antigen from the target organism into human cells, which triggers an immune reaction. These include the AstraZeneca and Johnson & Johnson COVID-19 vaccines, which utilize adenovirus vectors. Virological vector vaccines are particularly effective for rapidly producing immunity, as was the case with Ebola outbreaks, where viral vector vaccine, rVSV-ZEBOV, contained epidemics in West Africa.18

These vector vaccines have been crucial in combating high-fatality, fast-tracking diseases. Viral vectors can instigate robust cellular immune responses and are particularly helpful against pathogens that demand this kind of immunity. We are still studying their capabilities in diseases like malaria and HIV where cellular immunity is crucial. Yet one of the most significant issues with viral vector vaccines is that already established resistance to the vector itself can make the vaccine ineffective in some populations.19

Synthetic Biology and Genomic Techniques

This is how synthetic biology and genomic engineering are now well-rounded ways to create vaccines. These techniques let researchers design novel antigens that produce robust immune reactions. DNA vaccines, another genomic approach – which involves introducing plasmid DNA encoding an antigen into host cells that release the antigen, leading to an immune response – are another. Preclinical trials of DNA vaccines for Zika and dengue have already been conducted, and those are promising for infections where conventional means fail.20

Perhaps, most exciting of all are synthetic antigens, which are extremely similar to pathogenic proteins, which enable the immune system to identify the antigen and enhance the vaccine. It might also mean universal vaccines that can be administered against different versions of the same virus, and maybe no more regular updates (flu vaccines, for example).

Innovations in Vaccine Delivery Systems: Newer vaccine delivery systems also allowed the vaccine to be better accessed and distributed, particularly in underprivileged communities. New technologies for administration – nanoparticle vaccines, no-needle injectors, and thermostable medications – solve storage, transportation, and delivery problems.

Nanoparticle-Based Vaccines: Nanoparticles have a precise delivery mechanism through which vaccines can be delivered to specific cells and trigger the immune system. Nanoparticles such as LNPs, used for mRNA vaccines, protect the mRNA and promote uptake by cells. Nanocarriers also maintain vaccines and do not require cold storage, which is critical when sending vaccines to places with poor infrastructure.17

Needleless Delivery Systems: Needleless delivery systems like jet injectors and microneedle patches are the best replacement to injections. These are systems that help patients become more tolerant by decreasing needle anxiety and pain. Furthermore, microneedle patches can be self-infected, expediting mass vaccination in the event of a pandemic or outbreak by alleviating pressure on healthcare personnel.15

Thermostable Vaccines

Thermostability is an exciting development to allow vaccines to be stored and administered where refrigeration is scarce. Older vaccines usually require cold chain logistics for transportation and therefore are not available in villages. Immune vaccines that react at a higher temperature, which last longer, avoid refrigeration and minimize distribution. For example, scientists are working on thermostable COVID-19 vaccines to deliver in the tropics.18



Technologies and New Infectious Diseases’ Effects on New Diseases

World EID preparedness has vastly improved because of the new vaccine and delivery technologies. COVID-19 demonstrated how urgent vaccines need to be, and mRNA and viral vector vaccines’ pandemic triumph offered a path for the future. They are increasingly expensive as researchers consider their potential to be used to treat a growing range of infectious diseases.

For instance, the current work in developing mRNA vaccines against other viral diseases, delivered through LNPs, may be able to deliver a mass scale-up response for the next pandemic. Synthetic biology is also a programmable mechanism for designing vaccines against previously unknown pathogens, improving our ability to combat new diseases as they arise.

New mRNA technologies, virus vector systems, synthetic biology, and new delivery methods make vaccines more effective and efficient. These technologies are good tools for future pandemic preparedness and help support the need for more investments in vaccine research and development to keep the world safe.



Challenges and Limitations of Current Vaccination Strategies

Vaccination remains one of the most effective public health interventions, but its full potential is often hindered by challenges that limit equitable access and widespread uptake. The barriers to effective vaccine distribution and administration are multifaceted, involving logistical, social, and biological complexities that must be addressed to achieve global immunization goals (Figure 1).


[image: An illustration of a pie chart depicts the challenges and limitations of current vaccination strategies. The challenges and limitations includes ethical challenge in low resource setting, vaccine hesitancy and misinformation, logistical challenge in distribution, equity issues in global access and limitations of current vaccines.]

Fig 1 | Challenges and limitations of current vaccination strategies2,21,24,25,27



Vaccine Hesitancy and Misinformation

Vaccine aversion is a public health nightmare driven by misinformation and even mistrust of health care. The COVID-19 pandemic only increased vaccine reticence as the speed at which vaccines were created raised questions about efficacy and safety in some populations. They often result from fake news that spreads easily through online sources. Researchers reported that this reluctance to take the COVID-19 vaccine extended to other vaccines, impacting vaccination rates for diseases such as measles and rubella that had been successfully managed with vaccination.21

Strategies to fight vaccine reluctance must include community engagement, open communication, and health education. Individualized campaigns, which involve local authorities and personalize messaging, were found to improve vaccine adoption, especially among marginalized groups. However, vaccine resistance is something that takes time and will always be funded through public health communication and education.22

Logistical Challenges in Vaccine Distribution

Logistic problems, especially in Low- and Middle-Income Countries (LMICs), hamper vaccine availability. Vaccine storage, transport, and administration take an infrastructure that is not always well suited to resource-poor environments. Cold chain requirements that maintain vaccine efficacy are the real obstacle, with vaccines like mRNA COVID-19 vaccines requiring ultracold storage, hard to ensure in a region with little electricity and refrigeration. It is even more difficult in the rural or outlying areas, with a lack of transport network, making the timely provision of vaccines even harder.23

Some health systems are trying to deal with these issues through digital health technologies like mobile health apps and electronic health records to better monitor and coordinate immunization. For instance, digital registries and vaccine tracking systems have helped track the spread of COVID-19 vaccines and pinpoint areas of low coverage. However, these solutions are expensive in terms of technology and training, and thus might not be affordable for all LMICs.24

Global Access to Vaccines

Equity Problems

The global access to vaccines is an issue of equity worldwide. Vaccine equity is an issue as vaccines continue to be unreached all over the world. Larger countries get vaccines via advance purchase contracts, and LMICs have little access. Even as projects such as COVAX try to achieve a fair distribution, vaccine nationalism has repeatedly undone that, especially in the early years of the COVID-19 pandemic. This imbalance is not just a problem for COVID-19: It has also affected vaccines for viruses such as flu, which poor countries find it difficult to maintain stable immunization programs.25

Even distributions of access are also complicated by socioeconomic status – income, education, and geographical region. For the people who live in lower-income neighborhoods, there is typically more difficulty obtaining the vaccine because of lack of access to care and ignorance of the vaccinations and their advantages. For equity, there are options for subsidies of vaccine prices, centralization of vaccine dispensers, and cooperation with local agencies for raising vaccination awareness and confidence.26



Limitations of Current Vaccines

Vaccines in place today are effective but limited in their efficacy, effectiveness longevity, and adaptability to rapidly mutating pathogens. Most vaccines are very strong, and then you have to keep getting them (because it diminishes with age). This is especially true with COVID-19 vaccines, which had to be boosted with boosters to keep the vaccine effective against new strains. Rapidly mutating pathogens, including influenza and SARS-CoV-2, are always a challenge because the effectiveness of the vaccine can drop with the new version and new formulations are needed.27

For some diseases, very powerful vaccines have been difficult to create because of the bacterium. For HIV and malaria, for example, life cycles are complicated or genetically so variable that long-lasting vaccines are hard to produce. Attempts to combat these now use mRNA and viral vector platforms, enabling faster adaptation to new variants and possibly more powerful immune responses. However, these are very young technologies that will need to be further investigated to ensure optimal performance and resiliency.

Moral and Transport Problems in Under-Resourced Environments

Ethical questions of vaccine distribution are important, especially in rural areas where access differences are larger. They do not have the infrastructure needed to run mass vaccination campaigns. The rural area might lack access to doctors, for instance, and vaccination centers might be located far from home. This geographical divide usually decreases vaccination rates and leaves populations at risk for outbreaks of vaccine-induced diseases.

There are ethical issues also in prioritizing vaccine provision in the event of pandemics. The choice of who gets vaccinated first (hospital workers, old people, or patients with health conditions) is a matter of good judgment. Moreover, in some parts of the world, public health initiatives face cultural and religious resistance, stopping certain groups from taking part in vaccination programs. The solution to these ethical and logistical challenges includes trusting community leaders, ethically guided vaccine distribution, and culturally appropriative outreach.27

The challenges and limitations of current vaccination strategies underscore the need for innovative approaches to enhance vaccine access, acceptance, and efficacy. Vaccine hesitancy, logistical obstacles, and issues related to equity and efficacy continue to impede the goal of universal immunization. Addressing these challenges will require a multifaceted approach that includes technological innovation, policy reforms, community engagement, and investments in health infrastructure, particularly in underserved regions. As the world continues to face EIDs, strengthening vaccination strategies through equitable distribution, effective communication, and advanced vaccine technologies is essential to improving global health outcomes and resilience against future pandemics.



Public Health Partnerships and Global Collaboration: What Is At Play?

Global public health relies on partnerships and collaborations that work to overcome vaccine development, delivery, and access issues. This shared responsibility became particularly evident in the COVID-19 pandemic that highlighted the need for aggregation of resources, open communication, and coordinated action from governments, drugmakers, and international organizations. Important alliances, including Gavi, the Coalition for Epidemic Preparedness Innovations (CEPI), and the WHO’s COVAX initiative, reflect the power of shared action to support vaccine equity and public health protection around the world (Figure 2).
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Fig 2 | Global health partnerships flowchart28,29



Vaccine Development and Supply Chain Partnerships

The Role of Collaborations

Governments, international organizations, and private sector partnerships for public health are crucial to addressing the immense budgets required for vaccine creation and delivery. Partnerships draw on cross-sectoral financial, technical, and scientific resources to ensure that vaccines can be effectively delivered in resource-constrained LMICs. For example, Gavi, the Vaccine Alliance, has increased vaccine access in LMICs by working in close collaboration with pharmaceutical manufacturers to procure cheap vaccine stocks by applying mechanisms such as advanced purchase commitments to spur vaccine production for poorly resourced markets.28

CEPI’s contribution adds another touch to the cooperative model. CEPI was founded in 2017 and, as part of the COVID-19 pandemic, helped coordinate vaccine research and development around the world to accelerate manufacturing and get ready for mass release. Through collaboration between the private sector and academics, CEPI enabled the development of lifesaving vaccines within 1 year, demonstrating that cross-sector collaboration can shorten response times in health emergencies.29

Encouraging Alliances in International Immunization Campaigns

A number of partnerships have established a precedent for global health. The alliance between Gavi and WHO and UNICEF via COVAX was an effort to ensure equitable vaccine access around the world. The COVAX system, spearheaded by WHO, CEPI, and Gavi, was built to ensure that everyone, regardless of their income, received COVID-19 vaccines. In pooling and coordinating vaccine supply, COVAX initially targeted low-income individuals and healthcare professionals, offering an infrastructure model that could be scaled up in subsequent pandemics.30

The same goes for the Developing Countries Vaccine Manufacturers Network (DCVMN), which brings together international agencies and governments to support vaccine manufacturing in the developing world. Sharing knowledge and technical assistance, the DCVMN can also build local manufacturing capabilities that keep vaccines available to populations. This network highlights how partnerships can be used to build resilience over time by giving regions autonomy to develop and disseminate vaccines.31

Transparency, Disclosure, and Communication as a Trust Foundation

Transparency and timely data-sharing are vital to establishing public confidence and rapid coordinated action during outbreaks. Good data-sharing agreements enable timely information sharing, allowing governments and health agencies to monitor disease transmission, tweak vaccines, and raise resources as required. The Global Initiative on Sharing All Influenza Data (GISAID) is a successful data-sharing initiative that allows global genomic tracking of flu and SARS-CoV-2 variants in real time. Such platforms boost health interventions because they offer a common data source for countries to use to refine and modify their strategies in real time.29

Communication plays an equally important role in building trust with the public and stakeholders. COVAX’s model was based on open allocation and reporting mechanisms so that vaccines could be evenly distributed and held accountable. Periodic reports from WHO and COVAX collaborators about vaccine safety and availability played an essential role in fostering public trust and reducing vaccine aversion. Sensible messaging also protects against disinformation and emphasizes the importance of vaccination in areas with low vaccine confidence.28

Challenges: Despite the achievements of these alliances, there is still work to do to ensure universal access to vaccines and to maintain global health programs. Vaccine nationalism and uneven distribution, as seen during the COVID-19 pandemic, make it more important to have stronger international arrangements that address global health rather than national interests. The WHO-proposed International Pandemic Treaty would establish legally binding agreements for countries to pool resources and support faster responses to future pandemics, which would facilitate an equal response to pandemics around the world.30 Furthermore, ongoing collaborations must address differences in local production capacities. LMICs can invest in the infrastructure and regulatory training necessary to allow more regions to manufacture their vaccines without dependence on outsiders. Initiatives like CEPI’s work to boost vaccine hubs in Africa signal the shift to increasingly self-reliant health systems that could greatly improve world preparedness and resilience to future pandemics.23

Partnerships in global health play an integral part in overcoming challenges related to vaccine production, access, and availability. The successes of initiatives such as Gavi, CEPI, and COVAX illustrate how these collaborative models could bring together people, expertise, and technology to help save public health around the world. Increased data-sharing, transparency and communication, and decentralization of vaccine production will build resiliency in the face of future epidemics. By consolidating and advancing these intergovernmental structures, the world will be better able to tackle new infectious diseases and deliver universal healthcare (Figure 3).


[image: An illustration of a mind map of public health partnerships and global collaboration.]

Fig 3 | Public health partnerships and global collaboration mind map30,35





New Directions: The Future of Vaccination and EID Prevention

Capacity to Procure Vaccines

As there are inequalities exposing low- and middle as new, novel EIDs threaten, we should build and release vaccines more responsively and adaptively, and be globally ready for these threats. While the COVID-19 pandemic brought home how critical it is to have rapid vaccine response and equal access, it also showed us that there is more to innovate and invest in. This chapter details what we are in store for a better vaccine strategy and EID management, better vaccine technology, better international partnership, and better response capability.

Investing in Next-Generation Vaccine Technologies

For EIDs to be successfully fought, scientists and public health officials will need to keep developing vaccines. Next-generation platforms, including mRNA and viral vector vaccines, have been extremely versatile, allowing us to respond quickly to pathogens such as SARS-CoV-2. The next steps should be to scale these platforms further, making them more durable, scalable, and easy to distribute so that they are accessible in low-resource environments. Synthetic biology also holds the potential to create universal or multivalent vaccines that target multiple strains or related pathogens in a single dose, which would decrease the number of boosters and costs to healthcare systems.32

Another emerging innovation is the ability to make vaccines inaccessible, especially in regions that lack adequate cold chain infrastructure. Thermostability makes vaccines indelibly hotter – minimizing refrigeration and extending access in areas with little or no resources. The delivery technologies include nanoparticles, needleless injectors, and other non-necessary forms of delivery, which might make a medication more accessible and help ensure that patients are enrolled, particularly for mass vaccines during pandemics.33

Stimulating Global Health Preparedness and Monitoring Systems

Detection and rapid response are the key to reducing EID outbreaks. The global surveillance networks that track and broadcast infectious disease outbreaks live can ensure more effective responses to new threats. Open-source tools such as the Global Health Security Agenda and GISAID already enable genomic tracking and data exchange. Further investing in digital health systems and mobile surveillance could enhance low-resource nations’ ability to track, detect, and manage outbreaks locally before they spread globally.28

A potential path forward is regional disease surveillance hubs where regions of countries could share data, respond, and utilize resources more efficiently. These hubs can reduce the time to action and streamline cross-border coordination for resolving EIDs. Implementing AI and machine learning for surveillance could also aid in predictive models of disease progression so that public health agencies can make more accurate decisions based on real-time data analysis.34

Promoting Equitable Vaccine Distribution

Access to vaccines is one of the world’s greatest challenges. Better-off countries tend to have greater-income countries (LMICs) to outbreaks. Despite innovations in the development of fair vaccine distribution such as WHO, Gavi, and COVAX, problems remain. The next steps should be toward building a long-term sustainable model for access, including increasing local vaccine manufacturing capacity in LMICs so that we do not need to rely on foreign sources.33

Creating regional manufacturing hubs, particularly in Africa and Asia, are an important first step toward self-reliance. CEPI and WHO’s recent investments in African vaccine factories pave the way for local capacity that would lessen the burden of transport and allow greater cross-regional dispensing. Public–private partnerships will help to fund these efforts and make sure they have resources to do their job. Such partnerships, combined with investments in health workforce training and infrastructure, can increase LMICs’ resilience against future EIDs.32

Building Public Trust and Community Participation

Keeping people confident is the key to success with vaccination, and vaccine resistance remains a challenge in many areas. Communication that is culturally relevant and culturally relevant can build trust and allow for vaccination adoption. This can include communicating with local authorities, religious organizations, and health workers to give accurate information and to break misconceptions about vaccines.

More people are also being reached via social media and online campaigns. Digital communication programs that use public communications to disseminate open science-based data can prevent misinformation and restore faith in vaccines’ power to eradicate EIDs. Furthermore, vaccine literacy programs must be promoted so that individuals can be taught effectively about the science of vaccines and the positive effects that they can have on personal and public health.28

Future vaccines, EID prevention, are the future. If we spend on next-generation vaccines, upgrade global surveillance and health systems, provide equal access, and instill public trust, the world can better prepare for a healthier future. These measures will require ongoing commitment from governments, the private sector, and international organizations. As the world learns from the pandemics of the past, and replicates the successes of unified action, a truly collaborative approach will prove to be the key to preserving global health and achieving a sustainable future.



Final Conclusion

Infectious disease threats are real and growing, and this calls for a holistic, responsive approach to global health, in the form of vaccines developed, distributed, and made accessible to everyone. Every chapter of this discussion points to unique facets of what lies ahead in vaccination strategies and EID prevention, and paints a picture of a world where innovation, collaboration, and trust are paramount.

Both past and present vaccination campaigns show how much vaccines have changed global health – from curing smallpox to quickly adapting to modern-day pandemics like COVID-19. However, as new infectious diseases keep popping up, vaccine technologies have to adapt. Advances in mRNA technology, virus vectors, and synthetic biology may provide tools for creating vaccines more rapidly and more adaptively, but they will take substantial investments in research, infrastructure, and workforce development to make these opportunities come true.

Challenges still exist such as vaccine aversion, logistical and equity barriers, current vaccine efficacy, and long-term viability. They ask for an international response, a multidimensional response, one that is multi-economic and multicultural. Governments, private companies, and international organizations must work in concert, and successful campaigns like COVAX and CEPI show how codesign models enable vaccines to be delivered quickly and in a fair manner.

Next Generation

The formula for a long-term, successful vaccine will be three things: sustained technological advancements, strong global health infrastructure, and public participation. In the long run, we will need to invest in regional manufacturing hubs, a broader data-sharing infrastructure, and open communication to establish public trust. The commitment to fair access shou ld go well beyond the time of emergencies, aiming for long-term immunization programs that take in underserved areas.

Finally, the lessons of past and ongoing efforts demonstrate that the future of global health is dependent on a whole-of-care strategy – a system that is simultaneously scientific, cross-sectoral, and ethical. In this way, we can all prepare for and reduce the effects of future pandemics, providing the basis for health resilience across our world.
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