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Abstract  
[bookmark: _Toc65324941]Despite the various challenges we have encountered with infectious diseases, public health has advanced significantly in containing these infectious diseases, as illustrated by success in eradicating smallpox and near eradication of poliomyelitis. Low- and middle-income countries are confronted with enormous challenges, including chronic infectious disease foci fueled by political turmoil, poor living standards, and poor health infrastructure. The creation of antibiotic-resistant strains because of excessive use, and the absence of vaccines for most pathogens, is a life-and-death issue for public health. Due to delays in embracing cost-saving and effective vaccines hundreds of thousands of deaths have been reported annually in these areas. While there is a progressive advance against some of the tropical diseases, malaria, tuberculosis, and others still remain challenging global issues. To address these obstacles, new methods for vaccine access, antibiotic stewardship, and effective community outreach are necessary. Since almost one-quarter of child deaths under the age of five are due to vaccine-preventable disease, increasing vaccine delivery can have a dramatic impact on child survival worldwide. To be able to effectively address these obstacles, we need to strengthen policies for enhancing prevention, detection, and infectious disease control. These include promoting the integration of clinical practice into health care, promoting community engagement in disease prevention, developing global outbreak response capacity, addressing antimicrobial resistance, and promoting a "One Health" approach to reduce the emergence and spread of zoonotic diseases.
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Introduction
[bookmark: _Toc65324942]Infectious disease presented many challenges today and more complex and extensive than in 1998, when the CDC last released a strategic plan for responding to new and reemerging infectious diseases (CDC, 1998). New illnesses and new strains of old ones emerge practically every year since then, and these outbreaks have triggered global action on every continent (Tsantes et al., 2025). The more recent pandemic (COVID-19), preceded by SARS and the H5N1 and H1N1 flu threats, highlights the need for a "One Health" strategy that unites human, animal, and environmental health plans based on world Health Organization report (WHO, 2021).
Due to urbanization and increasing living standards in high- and middle-income nations, there is epidemiologic transition of a demographic change from a high level of birth and death rates to lower levels, along with enhanced life expectancy (UN, 2019). Such epidemiologic transition is however uneven as low- and middle-income nations still experience a dual burden: though chronic non-communicable diseases are on the increase, new and emerging infectious diseases are still significant public health issues (IHME, 2025).
Even with rising incomes, education, nutrition, sanitation, and health, inequality persists (WHO, 2025). As per Kassebaum et al., (2014), the majority of low- and middle-income countries lag behind, with high mortality and morbidity due to infectious diseases. Poverty, malnutrition, illiteracy, unclean drinking water, and less use of health care facilities worsen health issues in these nations. The leading causes of death in these areas are listed as lower respiratory infections, diarrheal diseases, HIV, tuberculosis, and malaria by GBD, (2021) report.
Never ending struggle with humans and microbes
[bookmark: _Toc65324943]From studies, the first humans who left Africa were most likely infested with the same parasites that infest the other primates. Upon their migration to temperate areas, exposure to other infecting agents increased (Nozais, 2003). Transference from a hunting to an agriculture way of life favored population increase and consolidation. However, domestication provided greater contact with wildlife, which favored zoonotic transmission. Increased population size and density provided a context for transmission from person to person of diseases (Buffa, 2022).
With the development of civilizations, trade routes and wars led to the transmission of germs to susceptible populations. Diseases such as typhus, plague, and smallpox devastated and affected communities and shaped events in history. This led to mass hysteria and dramatically affected social organizations worldwide (Bollet and Jay 2004). The present interaction between human beings and animals keeps on exposing populations to new germs. This interdependence underscores the necessity of overarching global health policy to counteract the ever-looming specter of resurrecting infectious disease.
Microbial adaptation and the evolving landscape of infectious diseases
Infectious diseases continue to be a prominent cause of mortality and morbidity globally. Lower respiratory tract infection was the world's fifth greatest cause of mortality in 2021 (WHO, 2024). The infectious disease environment is constantly evolving with changes in magnitude, geography spread, and limits of scientific intervention. Novel emerging infectious diseases like COVID-19 and Ebola and re-emerging diseases like TB are a matter of public health concern of extreme severity (Saba and Balwan, 2021).
Mpox (monkeypox) virus epidemics have also unveiled the ongoing zoonotic disease risk, especially in the era of international trade and transport (CDC, 2023). The risk is also augmented by the adaptive potential of microbes, which constantly evolve continuously due to selective pressures.
Microbial adaptation is among the main reasons for the evolving face of infectious diseases. Microorganisms are constantly changing, and resistant microbial agents as well as novel viral agent strains arise by mutation, frequently due to abuse of antimicrobials (Salam et al., 2023). In viral agents, change can occur in two general manners: antigenic drift and antigenic shift. Antigenic drift refers to gradual modifications of the infectious agent's genetic makeup, like seasonal flu virus, that can subsequently spread to partly immune hosts. Antigenic shift is where two distinct strains of an infectious agent merge to produce a new strain against which there is little immunity, with a possibility of quick spreading of the disease (Taubenberger & Morens, 2022).
The economic cost of infectious disease outbreaks is getting more worrisome. Pandemics and epidemics do not come cheap, as the COVID-19 pandemic cost the world an estimated $11 trillion (Wellcome, 2021). The economic consequences of such outbreaks as Ebola and Mpox only serve to reemphasize the necessity for effective economic and health interventions in curbing such outbreaks (Bloom et al., 2022).
Control efforts are also confounded by the interactions of forces outside the immediate host-pathogen processes. The multifaceted shifts of pathogens, hosts, environments, and health systems present insurmountable challenges to infectious disease control (Frontiers in Microbiology, 2023). The recent epidemics of infectious diseases such as Ebola and re-emergence of Mpox are testaments to the fact that there remains an urgency for vigilance and preparedness in global health efforts. Human actions towards climate change, like modified water storing behavior, have also affected the spread of infectious disease, especially in low-resource communities across the globe (Titcomb et al., 2024).
[bookmark: _Toc65324945]Politics, terrorism, conflict and warfare 
[bookmark: _Toc65324946]Socio-political crisis and conflict greatly enhance the transmission of infectious diseases by developing microbial-exploratory environments. Poor conditions such as mass displacement of populations, poor hygiene, and destruction of vital public health infrastructure all contribute to compromised health systems. Such conditions enhance the transmission of current diseases and set the stage for emergence and re-emergence of infectious diseases, constituting a major threat to global health security (Marou et al., 2024).
Political instability and violence redirect valuable resources from critical public health activities, such as disease surveillance and control programs (Bloom et al., 2022). Disruption of health systems and lack of trained personnel and medication hinder the control of outbreaks. Consequently, infectious diseases spread at lightening speed with immense morbidity and mortality rates, especially among marginalized communities (Centers for Disease Control and Prevention, 2023; Frontiers in Microbiology, 2023).
Societal and political instability resulting from conflict destroy government and public health agency trust, making it difficult to control disease (PMC, 2025). Misinformation and political polarization make public compliance with vaccination and quarantine difficult, thus making management of potential future health emergencies challenging. To prevent the spread of infectious diseases in conflict situations, there is a need for combined effort that brings together public health preparedness and peacebuilding and conflict resolution (Bloom et al., 2022; World Health Organization, 2024).


The interwoven challenges of economic disparity and infectious diseases
[bookmark: _Hlk210138791]Economic development and globalization, while for the most part beneficial, have been a dynamic balance with infectious disease, especially in low- and middle-income nations (LMICs). While globalization has transformed connectivity and improved economic opportunities, it has also assisted in spreading existing and emerging communicable diseases (Wu et al., 2017).
The uneven allocation of resources compounds the issue, since most of the world population lives in abject poverty and has an incomplete access to minimal sanitation, medical care, and nutrition, and as such increases susceptibility to infectious diseases (Bhutta et al., 2022).
Neglected tropical diseases (NTDs) unequally burden more than a billion of the world's poorest and most marginalized individuals, creating a cycle of poor health and economic underdevelopment (Hotez et al., 2024). Progress towards the elimination of certain NTDs has been made, but recent cuts in funding risk undoing such gains and harm to vulnerable communities (Ehrenberg et al., 2021).
The pandemic of COVID-19 has further emphasized deeper health inequities, disproportionately affected marginalized communities and emphasized the urgent need for interventional measures that can address economic and health inequities at the same time (Prentice et al., 2022).
Climate change and population growth’s impact on infectious diseases
Global warming will introduce radical changes that will have an impact on infectious diseases. Coastal areas will experience lower agricultural potential and freshwater resources as a result of flooding and contamination, while other areas will experience better agricultural yields. Therefore, massive migration of people is anticipated as people will attempt to achieve economic stability, given the fact that it has been estimated that 500 million people already live at or near sea level. Temperature and shifts in water distribution will alter disease vector habitats, leading to new outbreaks. Temperature changes and flooding due to climate, for example, created the 2007 Chikungunya outbreak in Italy, showing that malaria, dengue fever, and cholera are climatically sensitive infections (Pavia, 2025).
Population growth, at a rate of about 1.5% per annum, is not evenly spread across the world, and while some countries experience decline, others, particularly the African continent, have a high population of young people. Such changes in populations may have unforeseen effects on disease dynamics and control strategies. Urban congestion, for example, may exacerbate the spread of infectious diseases such as COVID-19 and influenza (Hamidi et al., 2020).
In addition, with about 150 million individuals residing outside their country of origin and up to 2 million crossing worldwide borders daily for one reason or another, the speedy movement of human beings enables the exchange of infectious microbes. The SARS and COVID-19 pandemics illustrate how promptly diseases spread worldwide, indicating the necessity of good public health interventions to address such interconnected challenges (Sharma, 2022).
Host genetic factors/ human behavior in infectious disease dynamics
Host genetic factors play a significant role in determining the susceptibility of a person to severe infectious diseases, including malaria, HIV/AIDS, tuberculosis, and hepatitis B. Gene polymorphisms determine the effectiveness with which the immune response can respond to infections, with individuals being more vulnerable to severe manifestations of diseases like influenza and dengue, particularly when they are immunocompromised (Khouri et al., 2023). Besides, infection generated by chronic disease associations with genetic risk factors can cause the generation of other diseases such as cardiovascular illness and cancer. An aging population also poses certain threats, as immune system senescence increases susceptibility to vaccine-preventable diseases such as pneumococcal disease and influenza during season, particularly in high-income countries, where tetanus incidence among older adults persists despite highly effective vaccine availability (Ehrenberg et al., 2023).
Strategies for vaccine accessibility, antibiotic stewardship, and community engagement
[bookmark: _Toc65324951]To enhance the availability of vaccines in low- and middle-income countries, a multifaceted approach is needed. Establishing robust supply lines and partnerships with local health authorities and international organizations like the WHO can assure underserved areas of a constant vaccine supply. Mobile vaccine clinics can assist with outreach to hard-to-reach areas, and social awareness campaigns can educate populations on the importance of vaccination, thus enhancing uptake and acceptance and reducing hesitancy (Kakwi et al., 2023).
Good antibiotic stewardship is central to combating antimicrobial resistance, particularly in regions with a heavy infectious disease burden. Clinician education and training programs should emphasize correct prescribing, supplemented by treatment guidelines for common infections. Public awareness campaigns can inform patients about the risks of antibiotic overuse and the importance of completing prescriptions. Monitoring antibiotic use and resistance patterns through surveillance systems will enable targeted interventions (Mathew et al., 2024).
It is necessary to involve communities for public health to achieve success in infectious disease control. Partnering with community leaders can create culturally specific health education interventions that resonate with populations. Community health workers are critical bridges, providing education and facilitating access to services. Involving community members in decision-making can foster trust and promote adherence to public health mandates (Khouri et al., 2023).
Conclusion 
[bookmark: _Hlk204003461]Many low- and middle-income nations are still vulnerable to having high infectious disease morbidity and mortality. In them, poverty, malnutrition, illiteracy, unsafe water for drinking, and lack of healthcare services are causative factors in their ailment.
Addressing the dangers of infectious diseases to low- and middle-income countries calls for an integrated approach focusing on vaccine availability, antibiotic stewardship, and community engagement. Increased access to vaccines by strong supply chains and mobile facilities, and campaigns for public education, can notably improve the rate of immunization. At the same time, promoting effective antibiotic stewardship programs is the best way to avoid antimicrobial resistance, which means clinician training and public education about the proper use of antibiotics. Lastly, bridging communities through collaboration and local health efforts generates trust and makes public health interventions culturally responsive and effective.
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