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1. INTRODUCTION 

1.1 Global Health Implications of Viral Mutations  
Viral mutations significantly impact global health, as 

they influence the transmissibility, virulence, and 

resistance of pathogens to treatments. These genetic 

alterations occur naturally in viruses as they replicate, 

with RNA viruses, like influenza and coronaviruses, 

mutating at particularly high rates. Such changes can 

enhance their ability to evade immune responses or adapt 

to new hosts, posing a constant threat to public health 

systems worldwide.
[1,2] 

One of the most concerning 

aspects of viral mutations is their role in driving 

pandemics. For example, the COVID-19 virus, SARS-

CoV-2, has mutated over time, producing variants that 

spread more easily and raise public health concerns, 

immune escape, and resistance to certain treatments and 

vaccines. Similarly, mutations in the influenza virus 

necessitate annual updates to vaccines to maintain their 

efficacy. These changes challenge vaccine development, 

treatment protocols, and global preparedness.
[3] 

Implications of viral mutations extend beyond immediate 

health effects. They can strain healthcare systems, 

disrupt economies, and exacerbate inequalities, 

especially in resource-limited regions. Countries with 

inadequate access to vaccines and medical interventions 

bear a disproportionate burden, underscoring the need for 

global cooperation in addressing these challenges.
 

Surveillance systems, genomic sequencing, and 

international collaborations are crucial for monitoring 

viral evolution and developing strategies to mitigate their 

impact. Promoting equitable access to vaccines, fostering 

research into broad-spectrum antiviral drugs, and 

educating the public on preventive measures are essential 

components of a comprehensive response to the threat of 

viral mutations.
 

Understanding and addressing the 

consequences of viral mutations is vital for safeguarding 

public health and fostering resilience against future 

outbreaks. The evolving nature of viruses demands a 

proactive, adaptable, and globally coordinated effort to 

mitigate their impact on humanity.
[4] 

 

 

 

SJIF Impact Factor 7.482 Review Article ejbps, 2025, Volume 12, Issue 5, 52-60. 

European Journal of Biomedical 
AND Pharmaceutical sciences 

 

http://www.ejbps.com 
 
 

ISSN 2349-8870 

Volume: 12 

Issue: 5 

Year: 2025 

ABSTRACT 

Introduction: Viral mutations play a critical role in altering the transmission, virulence, and immune evasion 

capabilities of pathogens. RNA viruses, such as SARS-CoV-2, influenza, HIV, Ebola, and dengue, mutate 

frequently, impacting global health strategies, vaccine effectiveness, and treatment protocols. Understanding these 

mutations is essential for developing effective countermeasures to mitigate their public health impact. Objectives: 

This study aims to examine the impact of viral mutations on disease progression, vaccine efficacy, and treatment 

strategies. It also evaluates the role of genomic surveillance and emerging therapeutic interventions in controlling 

mutation-driven challenges. Methods: A systematic review of scientific literature, genomic databases, and public 

health reports was conducted to analyse mutation patterns in major RNA viruses. The study evaluates mutation-

driven changes in viral behaviour and their implications for vaccines, diagnostics, and antiviral therapies. Results: 

The analysis reveals that mutations in key viral proteins influence transmissibility, immune escape, and drug 

resistance. Variants of concern in SARS-CoV-2 have led to fluctuating vaccine effectiveness, while antigenic drift 

in influenza necessitates frequent vaccine updates. HIV mutations contribute to antiretroviral resistance, and 

mutations in Ebola and dengue viruses impact vaccine responses. Continuous genomic surveillance and adaptive 

countermeasures are essential in addressing these evolving threats. Conclusions: Viral mutations pose significant 

challenges to public health, requiring robust surveillance, rapid vaccine adaptation, and innovative therapeutic 

approaches. Strengthening international collaboration and research efforts is crucial for effective pandemic 

preparedness and response. 

 

KEYWORDS: Viral mutations, Global health, Vaccine development, Surveillance systems, Diagnostic 

challenges. 

 

*Corresponding Author: Dinesh Kumar Jain  

IPS Academy College of Pharmacy, Knowledge Village, Rajendra Nagar, A.B. Road, Indore-452012. 

  



Rajlaxmi Shukla et al.                                                   European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com        │        Vol 12, Issue 5, 2025.         │          ISO 9001:2015 Certified Journal        │ 53 

2. EMERGING VIRAL THREATS  

2.1 Influenza A H1N1, H3N2 and H5N1  

Influenza A viruses, including subtypes H1N1, H3N2, 

and H5N1, are significant contributors to respiratory 

illnesses, capable of causing both seasonal epidemics and 

global pandemics. The virus adapts and escapes the 

immune system through two processes: antigenic drift 

and antigenic shift. Antigenic drift happens when small 

changes occur in the HA and NA proteins, which the 

immune system targets. These mutations arise because 

RNA viruses, like influenza A, lack robust proofreading 

mechanisms, leading to changes in HA and NA that help 

the virus escape immune recognition. This process 

underlies the seasonal evolution of influenza strains, 

often reducing the effectiveness of existing vaccines and 

necessitating annual updates. For instance, the H3N2 

subtype's antigenic drift significantly reduced vaccine 

efficacy during the 2014–2015 flu season. Antigenic 

shift, on the other hand, represents a sudden and 

significant genetic change caused by the reassortment of 

gene segments between different influenza strains, often 

occurring in a host co-infected with multiple viruses. 

This process can produce a novel subtype with 

drastically different antigenic properties, leading to 

pandemics. The 2009 H1N1 pandemic, for example, 

emerged from a triple reassortment of human, swine, and 

avian influenza viruses, spreading globally with severe 

health consequences. Unlike drift, which drives 

incremental changes and seasonal outbreaks, antigenic 

shift leads to abrupt and dramatic alterations, often 

sparking global health emergencies due to a lack of pre-

existing immunity in the population. These processes 

underscore the critical need for robust surveillance 

systems, like The World Health Organization’s system 

for tracking and responding to influenza worldwide, to 

track viral evolution and inform vaccine development. 

Seasonal vaccines must be frequently updated to counter 

antigenic drift, while pandemic preparedness strategies 

must address antigenic shift through rapid vaccine 

development, antiviral stockpiling, and public health 

interventions. Together, these mechanisms illustrate the 

constantly changing nature of influenza A viruses  and 

their significant impact on global health management 

(Fig:1).
[6]  

 

 
Fig. 1: Structure of Influenza Virus. 

 

2.2 SARS-Cov-2, Mutations affecting vaccine efficacy 

and transmission  

The virus that causes COVID-19, SARS-CoV-2, has 

mutated significantly, especially in its spike (S) protein, 

giving rise to variants such as Alpha, Delta, and Omicron, 

which exhibit increased transmissibility and enhanced 

ability to evade immune responses, posing challenges to 

global control efforts (Fig:2). The spike protein is 

essential for the virus to infect host cells effectively, 

making it a primary target for vaccines and immune 

responses. Variants with mutations in this protein display 

altered characteristics: The Alpha variant (B.1.1.7) 

contains the N501Y mutation in the receptor-binding 

domain (RBD), enhancing its binding affinity to the 

ACE2 receptor and boosting transmissibility; the Delta 

variant (B.1.617.2) includes mutations like L452R and 

P681R, which contribute to higher infectivity and partial 

immune evasion, leading to severe waves of infection 

worldwide; and The Omicron variant (B.1.1.529) 

contains more than 30 changes in the spike protein, 

including mutations like E484A and N501Y, 

significantly reducing the neutralizing activity of 

antibodies from both vaccines and prior infections, 

though booster doses have proven effective in mitigating 

severe disease outcomes. The rapid evolution of SARS-

CoV-2 necessitates continuous vaccine adaptation to 

address emerging variants. While initial vaccines 

provided robust protection against severe disease and 

transmission of the wild-type virus, the emergence of 

variants has caused a decline in efficacy against infection, 

particularly with Omicron, though booster doses restore 

significant protection against severe outcomes. 

Mutations in the spike protein’s RBD compromise 

antibody binding, undermining immunity from prior 

vaccines or infections. The persistence of these evolving 

variants highlights the importance of ongoing 
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surveillance, vaccine updates, and therapeutic 

innovations, including the development of bivalent 

vaccines targeting multiple strains and universal 

coronavirus vaccine candidates to address future variants. 

Non-pharmaceutical interventions remain essential in 

curbing the spread of these highly transmissible 

variants.
[6,7,8]

 

 

 
Fig. 2: Structure of SARS CoV-2. 

 

2.3 HIV: Resistance to antiretroviral therapy  

HIV resistance to antiretroviral therapy (ART)(Fig:3) is a 

significant challenge in the management of the virus, 

particularly in low-resource settings where access to 

treatment options may be limited. Mutations in the 

virus's reverse transcriptase and protease genes play a 

role in the emergence of drug-resistant strains, as HIV's 

rapid replication rate results in frequent errors during 

viral replication. These errors can result in the 

appearance of new variants that are resistant to 

commonly used antiretroviral drugs, such as Tenofovir 

and Lamivudine, which are frequently part of first-line 

treatment regimens. Resistance to these drugs reduces 

their effectiveness, making it more difficult to control 

viral replication and suppress HIV in the long term. This 

issue is especially prominent in regions with limited 

access to second-line therapies, where first-line drugs 

may be the only viable option. To address this, 

combination antiretroviral therapy (cART) is commonly 

used, combining multiple drugs from different classes to 

prevent resistance and ensure effective viral suppression. 

However, even with cART, maintaining long-term viral 

suppression can be challenging due to the continuous 

risk of developing resistance. This underscores the need 

for ongoing monitoring of viral load, regular resistance 

testing, and the development of new treatment regimens 

to ensure effective management of HIV, particularly in 

resource-constrained settings.
[9] 

 

 
Fig. 3: Structure of HIV: Resistance to antiretroviral therapy. 

 

2.4 Ebola mutations impacting vaccine effectiveness  

Ebola virus mutations, particularly in the surface 

glycoprotein (GP), can impact the effectiveness of 

vaccines developed to prevent infection, such as the 

VSV-ZEBOV vaccine. The Ebola virus, due to its RNA 

genome, exhibits a relatively high mutation rate, which 

can lead to changes in the GP and other viral proteins. 

These mutations may alter the virus's ability to bind to 
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host cells and evade immune recognition, potentially 

diminishing vaccine efficacy (Fig:4). The VSV-ZEBOV 

vaccine, which targets the Ebola glycoprotein, has shown 

promise during outbreaks, but the appearance of new 

variants with mutations in the GP could weaken the 

immune system's ability to effectively neutralize the 

virus. For example, during the Ebola outbreak in the 

Democratic Republic of the Congo between 2018 and 

2020, mutations in the GP were observed that could 

affect viral binding and immune response. While the 

vaccine remains effective against the wild-type virus, 

these changes highlight concerns regarding cross-

protective immunity and the need for ongoing vaccine 

adaptation. The evolving genetic diversity of Ebola, 

fueled by viral evolution and transmission, suggests that 

vaccines must be continually updated to account for new 

strains. Ongoing surveillance is essential to monitor 

these mutations, and further research into multivalent or 

next-generation vaccines may be necessary to ensure 

long-term protection against all circulating Ebola 

variants. As the virus adapts, so too must our efforts in 

vaccine development and public health strategies to 

effectively manage and contain future outbreaks.
[10,11,12]  

 

 
Fig. 4: Structure of Ebola mutations. 

 

2.5 Dengue: Increased transmissibility and severity  

Dengue virus (DENV), Dengue is a mosquito-

transmitted flavivirus with four different serotypes 

(DENV-1, DENV-2, DENV-3, and DENV-4), and it 

represents a major global health risk because of its 

growing ability to spread and its increasing severity 

(Fig:5). A critical factor influencing severe outcomes is 

antibody-dependent enhancement (ADE). During 

primary infection, the immune system generates 

serotype-specific antibodies, but upon secondary 

infection with a different serotype, these antibodies may 

bind to the virus without neutralizing it. This allows the 

virus to enter host cells through Fcγ receptors, leading to 

increased replication and there is an increased risk of 

severe conditions like Dengue Haemorrhagic Fever 

(DHF) and Dengue Shock Syndrome (DSS). Studies 

have shown that infections with DENV-2 following a 

prior DENV1 infection are particularly associated with 

severe outcomes, with higher hospitalization rates 

observed in regions like Southeast Asia and Latin 

America.
[13]

 Additionally, genomic mutations in dengue 

virus have enhanced its replication and transmissibility. 

Changes in key viral proteins, such as non-structural 

protein 1 (NS1) and the envelope (E) protein, boost viral 

fitness, immune evasion, and vector efficiency. 

Mutations facilitating faster replication in mosquito 

vectors, particularly Aedes aegypti and Aedes albopictus, 

have been linked to increased outbreak frequency, 

particularly in the Americas and Asia. The interplay of 

these mutations and vector adaptation has exacerbated 

dengue's global burden.
[14]

 Developing a universal 

vaccine remains a significant challenge due to the virus's 

serotype diversity and the risk of ADE. An effective 

vaccine must elicit a balanced immune response against 

all four serotypes to prevent exacerbated disease. The 

first licensed vaccine, Dengvaxia, offered protection to 

those who had previously been infected with dengue but 

raised the risk of severe disease in individuals without 

prior exposure. This controversy underscores the 

complexity of dengue vaccine development, with current 

efforts focusing on live-attenuated or mRNA vaccine 

platforms designed to offer broad protection while 

mitigating ADE. The global spread of dengue, fueled by 

urbanization, climate change, and increased human-

mosquito interaction, further emphasizes the urgent need 

for effective prevention and control measures.
[15]  
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FIG. 5: Structure of Dengue Viruses. 

 

3. GLOBAL CHALLENGES  

3.1 Vaccine Development Keeping pace with mutating 

viruses  

Vaccine development is a crucial component of public 

health, aimed at preventing infectious diseases by 

stimulating immunity through safe and effective 

formulations. Traditional vaccine development, which 

includes live-attenuated and inactivated vaccines, has 

been instrumental in combating diseases like polio and 

measles. Progress in molecular biology and immunology 

has paved the way for new vaccine platforms, including 

mRNA vaccines, recombinant protein vaccines, and viral 

vector-based vaccines. The swift use of mRNA vaccines 

during the COVID-19 pandemic showcased their 

potential, for instance, demonstrated the potential for 

rapid scalability and adaptability against emerging 

pathogens. Furthermore, platforms like recombinant 

protein vaccines, exemplified by the Novavax COVID-

19 vaccine, offer a stable alternative with proven efficacy 

in various clinical trials. Viral vector-based vaccines, 

such as those developed for Ebola (VSV-ZEBOV) and 

COVID-19 (AstraZeneca and Johnson & Johnson), have 

also proven effective by delivering genetic material 

encoding target antigens. However, vaccine development 

faces challenges, including ensuring safety, efficacy, and 

equitable distribution, particularly in resource-limited 

settings. Continuous surveillance and research are 

necessary to adapt vaccines to emerging variants, as 

demonstrated by updates to influenza vaccines and the 

need for modified COVID-19 vaccines to target variants 

like Omicron. Multivalent vaccines and universal 

platforms are emerging as critical solutions for 

addressing diverse and evolving pathogens. 

Collaborative efforts between governments, academia, 

and industry, as seen with global initiatives like Gavi and 

COVAX, further underscore the importance of equitable 

access to vaccines for global health security.
[16,17] 

 

 

3.2 Diagnostic Challenges Detecting and identifying 

mutated viruses  

Detecting and identifying mutated viruses present 

significant diagnostic challenges due to the rapid 

evolution of viral genomes and the diversity of mutation 

patterns. These mutations, particularly in key viral 

regions such as the spike protein of SARS-CoV-2or the 

glycoprotein in Ebola, can alter antigenic properties, 

affecting the accuracy of diagnostic tests. Molecular 

methods, such as polymerase chain reaction (PCR), are 

commonly employed to detect viruses, but their efficacy 

depends on the stability of the target sequences. 

Mutations in these sequences may lead to false negatives, 

as seen in some SARS-CoV-2 variants.
[18]

 Next-

generation sequencing (NGS) has emerged as a powerful 

tool for identifying viral mutations and monitoring their 

spread. However, it is expensive, resource-intensive, and 

requires specialized expertise, limiting its use in low-

resource settings. Rapid antigen tests, though cost-

effective and accessible, are less sensitive and may fail to 

detect new variants with altered antigenic profiles. These 

diagnostic challenges highlight the need for ongoing 

monitoring and improvement of tests to keep up with 

emerging mutations.
[19]

 

 

Another challenge lies in distinguishing between co-

circulating viral strains, which can complicate 

epidemiological studies and clinical decision-making. 

For example, influenza virus subtypes often co-circulate, 

requiring highly specific diagnostics to differentiate them 

accurately. Addressing these issues necessitates the 

integration of advanced technologies, global 

collaboration for data sharing, and investment in 

infrastructure to improve diagnostic capabilities across 

regions.
[20]

  

 

3.3 Therapeutic Interventions: Developing effective 

treatments  

Developing effective therapeutic interventions requires a 

systematic approach involving target identification, 

preclinical testing, and clinical trials to ensure safety and 

efficacy. The discovery phase focuses on identifying 

molecular targets, such as viral enzymes or host 

pathways critical for disease progression. High-

throughput screening techniques and advancements like 

monoclonal antibodies have revolutionized this phase, 

producing breakthroughs like remdesivir for SARS-CoV-

2 and tocilizumab for cytokine storms. Challenges 
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include drug resistance, as seen with HIV and malaria, 

where pathogens adapt to therapies, necessitating 

combination treatments or next-generation drugs. 

Emerging pathogens like SARS-CoV-2 and Ebola pose 

additional hurdles due to rapid mutations, requiring 

flexible and adaptive therapeutic strategies. Recent 

advances, such as direct-acting antivirals for hepatitis C 

and gene-editing tools like CRISPR, have expanded 

treatment possibilities, offering precision in addressing 

genetic and infectious diseases. Ensuring global access to 

these therapies remains a critical concern, particularly in 

low-resource settings. The COVID-19 pandemic 

highlighted the value of international collaboration in 

accelerating drug development and equitable distribution. 

Such efforts underline the importance of partnerships 

among governments, pharmaceutical companies, and 

global health organizations to tackle disparities and make 

life-saving therapies accessible worldwide. By 

leveraging scientific innovation and fostering 

collaboration, therapeutic development can effectively 

address both current and future health challenges.
[21,22] 

 

 

3.4 Surveillance and Monitoring: Tracking viral 

mutations 

Effective surveillance and monitoring systems are 

essential for identifying and tracking viral mutations, 

which can significantly influence disease transmission, 

vaccine efficacy, and therapeutic effectiveness. Cutting-

edge genomic technologies, like next-generation 

sequencing (NGS), enable real-time monitoring of 

genetic changes in pathogens, offering detailed insights 

into emerging variants. For example, NGS was crucial in 

monitoring the evolution and spread of SARS-CoV-2 

variants like Alpha, Delta, and Omicron. Worldwide 

networks, including the WHO's GISAID database and 

the Global Influenza Surveillance and Response System 

(GISRS), facilitate international collaboration by sharing 

viral genome data, allowing coordinated public health 

responses. Surveillance also informs updates to vaccines 

and treatments, particularly for RNA viruses prone to 

rapid mutations, such as SARS-CoV-2, influenza, and 

HIV. Mutations in critical regions, like the spike protein 

of SARS-CoV-2, can reduce vaccine efficacy, 

highlighting the need for continuous genomic monitoring. 

Similarly, antiviral resistance tracking ensures that 

therapies remain effective against evolving pathogens. 

However, challenges such as resource limitations in low-

income regions, barriers to data sharing, and gaps in 

global coordination hinder the full potential of these 

systems. Strengthening global surveillance networks and 

addressing these challenges are vital to enhancing early 

detection and response capabilities, ensuring 

preparedness for emerging and re-emerging viral 

threats.
[23,24,25] 

 

 

3.5 Public Health Response: Coordinating global 

responses  

Coordinating a global response to public health crises is 

essential in minimizing the impact of diseases, 

particularly those with potential for widespread 

outbreaks. Effective coordination involves harmonizing 

efforts across international organizations, governments, 

and nongovernmental bodies to ensure timely 

surveillance, resource allocation, and information sharing. 

Institutions like the World Health Organization (WHO) 

play a pivotal role by establishing frameworks such as 

the International Health Regulations (IHR), which 

provide guidelines for preparedness and response to 

public health emergencies. Collaboration between 

countries enhances the detection of emerging pathogens, 

facilitates research on vaccines and treatments, and 

enables rapid distribution of medical supplies. The 

COVID-19 pandemic underscored the necessity of global 

cooperation; initiatives like COVAX aimed to ensure 

equitable vaccine distribution worldwide. However, 

disparities in healthcare systems, vaccine hesitancy, and 

geopolitical tensions have posed challenges to unified 

action. Digital health tools, including data analytics and 

AI, have emerged as critical in tracking disease spread 

and modelling intervention outcomes, yet equitable 

access to these technologies remains a concern. 

Strengthening health systems globally, enhancing 

funding for research, and fostering transparency between 

nations are vital to improving preparedness for future 

threats. Public-private partnerships, exemplified by 

efforts between pharmaceutical companies and 

international health agencies, have been instrumental in 

accelerating drug and vaccine development. Moreover, 

the integration of community engagement strategies 

ensures that public health measures are culturally 

appropriate and widely accepted. As the threat of 

emerging and re-emerging infectious diseases continues, 

fostering global solidarity, addressing healthcare 

inequities, and investing in robust public health 

infrastructures will remain central to an effective global 

response.
[26,27,28]

 

 

4. FUTURE DIRECTIONS 

The future of combating viral mutations lies in 

advancing surveillance systems, improving diagnostic 

tools, and developing universal vaccines and therapies. 

Continued innovation in genomic technologies, such as 

next-generation sequencing, holds promise for faster 

identification of emerging variants and resistance 

markers. Furthermore, research into broad-spectrum 

antiviral drugs and multi-target vaccines could offer a 

more sustainable approach to viral outbreaks. 

Collaboration between global health organizations, 

governments, and the private sector is essential to ensure 

equitable access to vaccines and treatments, particularly 

in resource-constrained regions. Finally, addressing the 

underlying social determinants of health and 

strengthening healthcare infrastructure globally will be 

key to reducing the burden of viral mutations in the 

future.
[29] 

 

4.1 Advanced Genomic Surveillance: Next-

Generation Sequencing 

Next-generation sequencing (NGS) has revolutionized 

the field of genomic surveillance, enabling rapid and 
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detailed analysis of viral genomes. This technology helps 

identify mutations in real-time, track the spread of 

variants, and assess their impact on transmissibility and 

vaccine efficacy. During the COVID-19 pandemic, NGS 

was instrumental in detecting variants such as Delta and 

Omicron, guiding public health responses globally. 

Continuous genomic monitoring also supports the 

identification of zoonotic spillovers, enhancing 

preparedness for future pandemics. Advances in portable 

sequencing devices and cloud-based bioinformatics tools 

have made genomic surveillance more accessible, though 

disparities in infrastructure and funding remain a 

challenge in low-resource settings.
[30,31] 

 

 

4.2 Machine Learning and AI: Predicting Viral 

Evolution  

Machine learning (ML) and artificial intelligence (AI) 

are pivotal in predicting viral evolution and potential 

outbreaks. These technologies analyse vast datasets, 

including genetic sequences, epidemiological patterns, 

and host interactions, to model how viruses might mutate. 

AI-driven tools have successfully forecasted key 

mutations in SARS-CoV-2, aiding vaccine updates. 

Additionally, ML algorithms can identify druggable 

targets and optimize antiviral design. However, the 

effectiveness of AI depends on the quality of data inputs, 

emphasizing the need for robust global data-sharing 

networks.
[32,33]

   

 

4.3 Multivalent Vaccines: Protecting Against Multiple 

Strains  

Multivalent vaccines are designed to protect against 

multiple strains of a virus by incorporating antigens from 

different variants. This approach has been widely used in 

influenza vaccines and is now being explored for 

coronaviruses. By targeting conserved regions of viral 

proteins, multivalent vaccines offer broader protection, 

reducing the need for frequent updates. Research into 

nanoparticle-based platforms and mRNA technologies is 

accelerating the development of these next-generation 

vaccines.
[34,35]

 

 

4.4 Antiviral Therapies: Targeting Conserved Viral 

Proteins 

Antiviral drugs targeting conserved viral proteins offer a 

promising strategy to combat rapidly mutating viruses. 

By focusing on essential, less mutable regions, these 

therapies maintain efficacy across different variants. 

Examples include protease inhibitors for SARSCoV-2 

and polymerase inhibitors for influenza. Advances in 

structural biology and computational drug design are 

facilitating the discovery of such targeted therapies, 

although the emergence of resistance remains a 

concern.
[36,37] 

 

 

4.5 Global Collaboration: Sharing Data and Best 

Practices  

Global collaboration is critical for managing viral threats 

effectively. Sharing genomic data, research findings, and 

public health strategies enables coordinated responses to 

emerging pathogens. Platforms like GISAID have been 

instrumental in facilitating data exchange during 

pandemics, fostering transparency and accelerating 

vaccine development. However, challenges such as 

geopolitical tensions, data privacy concerns, and unequal 

resource distribution must be addressed to strengthen 

collaborative frameworks for future crises.
[38,39] 

 

CONCLUSION 

Viral mutations represent a dynamic challenge to global 

health, influencing disease spread, treatment efficacy, 

and vaccine development. These mutations, occurring in 

RNA viruses such as SARS-CoV-2, influenza, and HIV, 

not only pose a threat to immediate health outcomes but 

also strain healthcare systems and exacerbate inequalities, 

particularly in low resource settings. Surveillance 

systems and genomic sequencing play a crucial role in 

tracking mutations, informing public health responses, 

and guiding the development of new vaccines and 

therapies. However, the rapid evolution of viruses 

necessitates continuous research and international 

collaboration to stay ahead of emerging strains. While 

current strategies have been effective in managing viral 

threats, the evolving nature of viruses calls for adaptable, 

global efforts to mitigate their impact.  

 

REFERENCES 

1. Duffy, S. Why are RNA virus mutation rates so 

damn high? PLoS Biology, 2018; 

16(8). https://doi.org/10.1371/journal.pbio.3000003 

2. Sanjuán, R., & Domingo-Calap, P. Mechanisms of 

viral mutation. Cellular and Molecular Life 

Sciences, 2016; 73(23): 4433–4448. 

https://doi.org/10.1007/s00018-016-2299-6 

3. Woolhouse, M., & Webster, J. P. Biological and 

biomedical implications of the co-evolution of 

pathogens and their hosts. Nature Genetics, 2013; 

45(5): 465–470. https://doi.org/10.1038/ng1202-

569 

4. Galloway, S. E., Paul, P., MacConnell, D. R., et al. 

Emergence of SARS-CoV2 B.1.1.7 Lineage—

United States, December 29, 2020–January 12, 

2021. MMWR. Morbidity and Mortality Weekly 

Report, 2021; 70(3): 95–99. 

http://dx.doi.org/10.15585/mmwr.mm7003e2 

5. Hadfield, J., Megill, C., Bell, S. M., et al. Next 

strain: Real-time tracking of pathogen evolution. 

Bioinformatics, 2018; 34(23): 4121–4123. 

https://doi.org/10.1093/bioinformatics/bty407 

6. Taubenberger JK, Morens DM. The pathology of 

influenza virus infections. Annu. Rev. Pathol. Mech. 

Dis., Feb. 28, 2008; 3(1): 499-522. 

https://doi.org/10.1146/annurev.pathmechdis.3.121

806.154316 

7. Cele S, Jackson L, Khoury DS, Khan K, Moyo-

Gwete T, Tegally H, San JE, Cromer D, Scheepers 

C, Amoako DG, Karim F. Omicron extensively but 

incompletely escapes Pfizer BNT162b2 

neutralization. Nature, Feb. 24, 2022; 602(7898): 

https://doi.org/10.1371/journal.pbio.3000003
https://doi.org/10.1007/s00018-016-2299-6
https://doi.org/10.1038/ng1202-569
https://doi.org/10.1038/ng1202-569
http://dx.doi.org/10.15585/mmwr.mm7003e2
https://doi.org/10.1093/bioinformatics/bty407
https://doi.org/10.1146/annurev.pathmechdis.3.121806.154316
https://doi.org/10.1146/annurev.pathmechdis.3.121806.154316


Rajlaxmi Shukla et al.                                                   European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com        │        Vol 12, Issue 5, 2025.         │          ISO 9001:2015 Certified Journal        │ 59 

654-656. https://doi.org/10.1038/s41586-021-

04387-1 

8. Liu, Y., et al. The N501Y spike substitution 

enhances SARS-CoV-2 infection and transmission. 

Nature, 2021; 593(7858): 295-299. 

https://doi.org/10.1038/s41586-020-2898-4 

9. Planas, D., et al. Reduced sensitivity of SARS-

CoV-2 variant Delta to antibody neutralization. 

Nature, 2021; 596(7871): 276-280. 

https://doi.org/10.1038/s41586-021-03777-9 

10. Sterne, J. A., et al. The effect of antiretroviral 

therapy on the long-term survival of HIV-infected 

patients: a study of the impact of drug resistance. 

The Lancet HIV, 2009; 6(6): 127-137. 

https://doi.org/10.1038/s41586-021-03777-9 

11. Henao-Restrepo, A. M., et al. Ebola virus disease: 

new insights into the effectiveness of the VSV-

ZEBOV vaccine in the 2014-2016 outbreak in West 

Africa. The Lancet, 2017; 389(10066): 1293-1301. 

https://doi.org/10.1016/S0140-6736(17)30079-4 

12. Marzi, A., et al. VSV-EBOV vaccine: efficacy in 

nonhuman primates and safety in humans. The 

Lancet, 2015; 385(9984): 1448-1455. 

https://doi.org/10.1016/S0140-6736(15)61048- 

13. Guzman MG, Harris E. Dengue. The Lancet., Jan. 

31, 2015; 385(9966): 453-465. 

https://doi.org/10.1016/S0140-6736(14)60572-9 

14. Pierson, T. C., & Diamond, M. S. The emergence 

of antibody-dependent enhancement of dengue 

virus infection. Trends in Microbiology, 2020; 

28(6): 477-490. 

https://doi.org/10.1016/j.tim.2020.02.008 

15. Bhatt S, Gething PW, Brady OJ, Messina JP, 

Farlow AW, Moyes CL, Drake JM, Brownstein JS, 

Hoen AG, Sankoh O, Myers MF. The global 

distribution and burden of dengue. Nature, Apr. 25, 

2013; 496(7446): 504-507. 

https://doi.org/10.1038/nature12060 

16. Ng, L. C., & Lam, S. Focus on dengue research: 

Why enhancing the development of new vaccines is 

critical. Frontiers in Immunology, 2019; 10: 1957. 

https://doi.org/10.3389/fimmu.2019.01957 

17. Pardi N, Hogan MJ, Porter FW, Weissman D. 

mRNA vaccines—a new era in vaccinology. Nature 

reviews Drug discovery, Apr. 2018; 17(4): 261-79. 

https://doi.org/10.1038/nrd.2017.243 

18. Corman VM, Landt O, Kaiser M, Molenkamp R, 

Meijer A, Chu DK, Bleicker T, Brünink S, 

Schneider J, Schmidt ML, Mulders DG. Detection 

of 2019 novel coronavirus (2019-nCoV) by real-

time RT-PCR. Eurosurveillance, Jan. 23, 2020; 

25(3): 2000045. https://doi.org/10.2807/1560-

7917.ES.2020.25.3.2000045 

19. Fontanet, A., & Cauchemez, S. COVID-19: Herd 

immunity and intervention strategies. Clinical 

Microbiology and Infection, 2020; 26(6): 644-649 

https://doi.org/10.1016/j.cmi.2020.03.024 

20. Holmes, E. C., et al. The evolution and emergence 

of RNA viruses. Annual Review of Ecology, 

Evolution, and Systematics, 2018; 49: 527-552. 

https://doi.org/10.1146/annurev-ecolsys-110617-

062314 

21. DiMasi, J. A., et al. Innovation in the 

pharmaceutical industry: New estimates of R&D 

costs. Journal of Health Economics, 2016; 47: 20-

33. https://doi.org/10.1016/j.jhealeco.2016.01.012  

22. Hoenen, T., et al. Therapeutic strategies to target 

the Ebola virus life cycle. Nature Reviews 

Microbiology, 2019; 17(10): 593-606. 

https://doi.org/10.1038/s41579-0190226-2.  

23. Hadfield, J., et al. Nextstrain: Real-time tracking of 

pathogen evolution. Bioinformatics, 2018; 34(23): 

4121-4123. 

https://doi.org/10.1093/bioinformatics/bty407   

24. GISAID. (2020). Global initiative on sharing all 

influenza data. Retrieved from 

https://www.gisaid.org/  

25. WHO. (2021). Genomic sequencing of SARS-CoV-

2: A guide to implementation for maximum impact 

on public health 

https://www.who.int/publications/i/item/978924006

2703 

26. World Health Organization. International health 

regulations (IHR). 2021 

https://www.who.int/publications/i/item/978924158

0496 

27. Gavi, the Vaccine Alliance. COVAX initiative, 

2021. https://www.gavi.org/covax-facility 

28. Gates Foundation. Global health: Progress and 

priorities, 2022. 

https://www.gatesfoundation.org/what-we-

do/global-health/ 

29. World Health Organization. Strengthening global 

response to viral mutations: strategies and 

innovations. Geneva: WHO; 2023. 

https://www.who.int/publications 

30. Kafetzopoulou LE et al. Genome sequencing for 

global health. Nat Rev Genet, 2021. 

https://doi.org/10.1038/s41576-021-00324-0 

31. WHO. Global genomic surveillance, 2022. 

https://www.who.int/publications 

32. Senior A et al. AI in protein structure prediction. 

Science, 2020. 

https://doi.org/10.1126/science.abb3136 

33. Gupta R et al. Machine learning for pandemics. Nat 

Commun, 2021. https://doi.org/10.1038/s41467-

021-24951-4 

34. Nohynek H et al. Multivalent vaccines. Vaccine, 

2021. https://doi.org/10.1016/j.vaccine.2021.05.014 

35. Pardi N et al. Innovations in mRNA vaccine 

technology. Nat Rev Drug Discov, 2020. 

https://doi.org/10.1038/s41573-020-00051-2 

36. Painter GR et al. Antivirals targeting conserved 

proteins. Antiviral Res., 2020. 

https://doi.org/10.1016/j.antiviral.2020.104782 

37. Cox RM et al. SARS-CoV-2 protease inhibitors. 

Nat Biotechnol, 2021. 

https://doi.org/10.1038/s41587-021-00348-2 

38. Shu Y et al. GISAID's contribution to genomic 

sharing. Euro Surveill, 2017. 

https://doi.org/10.1038/s41586-021-04387-1
https://doi.org/10.1038/s41586-021-04387-1
https://doi.org/10.1038/s41586-020-2898-4
https://doi.org/10.1038/s41586-021-03777-9
https://doi.org/10.1038/s41586-021-03777-9
https://doi.org/10.1016/S0140-6736(17)30079-4
https://doi.org/10.1016/S0140-6736(15)61048-
https://doi.org/10.1016/S0140-6736(14)60572-9
https://doi.org/10.1016/j.tim.2020.02.008
https://doi.org/10.1038/nature12060
https://doi.org/10.3389/fimmu.2019.01957
https://doi.org/10.1038/nrd.2017.243
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://doi.org/10.1016/j.cmi.2020.03.024
https://doi.org/10.1016/j.jhealeco.2016.01.012
https://doi.org/10.1016/j.jhealeco.2016.01.012
https://doi.org/10.1038/s41579-019-0226-2
https://doi.org/10.1038/s41579-019-0226-2
https://doi.org/10.1038/s41579-019-0226-2
https://doi.org/10.1038/s41579-019-0226-2
https://doi.org/10.1038/s41579-019-0226-2
https://doi.org/10.1038/s41579-019-0226-2
https://doi.org/10.1038/s41579-019-0226-2
https://www.gisaid.org/
https://www.gisaid.org/
https://www.who.int/publications


Rajlaxmi Shukla et al.                                                   European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com        │        Vol 12, Issue 5, 2025.         │          ISO 9001:2015 Certified Journal        │ 60 

https://doi.org/10.2807/1560-

7917.ES.2017.22.13.30494 

39. Gates Foundation. Strengthening global health 

collaboration. 2022 

https://www.gatesfoundation.org/what-we-

do/global-health/ 


