


PROGRESS IN RSV VACCINATION: EVALUATING DEVELOPMENTS, RECOGNIZING OPPORTUNITIES, AND EXAMINING PHARMACISTS' FUNCTIONS

Abstract
Respiratory syncytial virus (RSV) continues to pose a major global health danger, particularly impacting infants, the elderly, and those with chronic or immune-compromised illnesses. Recent scientific advancements particularly the structural stabilization of the prefusion F protein, improvements in mRNA vaccine technologies, and the creation of extended half-life monoclonal antibodies have expedited progress toward safe and effective RSV vaccination. These advancements have resulted in the endorsement of multiple vaccines and immunoprophylactic products, including Pfizer’s Abrysvo, GSK’s Arexvy, Moderna’s mRESVIA (mRNA-1345), and long-acting antibodies like nirsevimab, while more candidates progress through late-stage testing. Even with these accomplishments, obstacles remain, such as the requirement for long-lasting immunity, safeguarding various age demographics, and ensuring worldwide accessibility. Pharmacists are taking on a more essential role in closing these gaps through vaccine administration, patient guidance, health education in the community, and monitoring safety after marketing. Their availability and clinical knowledge make them vital participants in enhancing vaccine acceptance and aiding RSV prevention efforts in community and clinical environments. This review compiles recent progress in RSV vaccine creation, recognizes existing scientific and implementation hurdles, and emphasizes chances to improve prevention initiatives via pharmacist-led strategies.
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Introduction
Respiratory syncytial virus RSV remains a significant cause of acute lower respiratory tract infections worldwide placing a substantial burden on healthcare systems and vulnerable populations infants and young children are disproportionately affected, with RSV being a leading cause of bronchiolitis and pneumonia in early life1. In addition older adults, immune-compromised individuals and patients with chronic cardiopulmonary conditions experience increased morbidity, hospitalization and mortality due to RSV infections. despite decades of intensive research and public health efforts, effective prevention of RSV has historically been limited by the lack of a universally available and long-lasting vaccine presenting an ongoing global health challenge. In recent years, transformative scientific breakthroughs have reinvigorated RSV vaccine research2. A pivotal advancement was the structural characterization of the prefusion conformation of the RSV fusion (F) protein, which revealed key neutralization-sensitive epitopes critical for inducing potent immune responses. this discovery has directly informed rational vaccine design and enabled the development of next-generation RSV vaccine candidates with improved immunogenicity and safety profiles. concurrently advances in vaccine technologies including protein subunit formulations viral vector based platforms nanoparticle and particle-based vaccines and live-attenuated approaches have expanded the RSV vaccine pipeline several of these candidates have progressed into late-phase clinical trials reflecting renewed optimism for effective RSV prevention across diverse age groups3. Beyond vaccine development, monoclonal antibody technologies have also evolved significantly offering both prophylactic and therapeutic potential. long-acting monoclonal antibodies targeting the RSV F- protein have demonstrated enhanced efficacy and extended protection particularly in high-risk pediatric populations. These innovations not only complement vaccine strategies but also broaden preventive options for individuals who may not mount adequate immune responses to vaccination4. Alongside these scientific advancements, there is increasing recognition of the critical role pharmacists play in strengthening RSV prevention efforts. as highly accessible healthcare professionals, pharmacists are uniquely positioned to support immunization programs through vaccine administration patient counselling and education5. Their involvement is particularly valuable in identifying high-risk populations addressing vaccine hesitancy and promoting adherence to immunization recommendations6. Furthermore, pharmacists contribute substantially to pharmacovigilance by monitoring adverse events, ensuring safe use of newly introduced vaccines and monoclonal antibodies, and reporting outcomes that inform regulatory and clinical decision-making. Their participation in public health surveillance initiatives also enhances early detection of RSV trends and supports timely preventive interventions7. This review aims to provide a comprehensive and up-to-date overview of recent advancements in RSV vaccine development, including emerging platforms and immunotherapeutic strategies. It also examines existing challenges, knowledge gaps, and future research directions in RS prevention importantly the review highlights the expanding role of pharmacists in both clinical and community settings emphasizing how their expertise can enhance vaccine uptake optimize patient outcomes and strengthen integrated RSV prevention strategies.
Impact of respiratory syncytial virus
Respiratory syncytial virus (RSV) continues to pose a significant public health burden worldwide, especially among infants, young children, the elderly, and people with compromised immune function6. Globally, millions of children under the age of five are affected each year, and many require hospitalization for RSV-induced lower respiratory tract infections. The virus shows marked seasonal patterns, and these spikes strain healthcare services through increased patient admissions, higher use of medical resources, and rising treatment costs. Beyond the immediate infection, RSV is associated with long-term respiratory issues, including persistent wheezing and a higher likelihood of developing asthma later in life7. Among older adults, RSV can lead to serious complications such as pneumonia, worsening of chronic cardiac or respiratory disorders, and increased risk of death. The economic impact is considerable, arising from hospital care, outpatient management, and loss of productivity. Due to its high prevalence, easy transmission, and severe outcomes in vulnerable groups, RSV continues to be a major and ongoing public health concern8.
Clinical manifestation of RSV infections:
Fig:1. Clinical manifestation of RSV infection in infants and elder people9
Antigenic properties of RSV proteins:
Respiratory Syncytial Virus (RSV) produces 11 viral proteins, each playing a unique role in how the virus is identified and handled by the host immune system10. These proteins vary in both their structural makeup and their ability to trigger immune responses, leading to different patterns of antibody recognition. Due to differences in specific surface antigens, RSV strains are divided into two major antigenic groups: RSV-A and RSV-B. These subtypes often circulate at the same time but show genetic and antigenic differences, mainly because of variations in their surface glycoproteins, which serve as key targets for neutralizing antibodies11.
1. F (Fusion) Protein
The fusion (F) protein represents one of the most immunologically important components of respiratory syncytial virus (RSV) and plays a central role in viral infectivity and immune recognition. This protein is highly conserved across both major RSV subtypes, RSV-A and RSV-B, exhibiting minimal genetic and structural variation. Such conservation underscores its essential function in the viral life cycle and makes it a reliable and broadly protective antigenic target. Functionally, the F protein mediates the fusion of the viral envelope with the host cell membrane, a critical step required for viral entry into respiratory epithelial cells. During infection, the F protein undergoes significant conformational changes that enable membrane fusion. Antibodies directed against this protein, particularly those recognizing the prefusion conformation, can effectively block these structural transitions. By stabilizing the F protein and preventing membrane fusion, these antibodies halt viral entry at an early stage, thereby limiting infection and subsequent viral replication. because of its high immunogenicity and cross-strain conservation, the F protein has become the principal target for neutralizing antibody responses generated through natural infection, vaccination, and passive immunization strategies. Current RSV vaccine candidates and monoclonal antibody therapies are largely designed to induce or deliver antibodies that specifically bind to the F protein, aiming to provide broad and durable protection against circulating RSV strains.
Overall, the F protein’s structural stability, functional importance, and ability to elicit potent neutralizing antibodies establish it as a cornerstone of RSV immunoprophylaxis and a central focus in ongoing vaccine and monoclonal antibody development efforts12.
2. G (Attachment) Protein
The attachment (G) protein of respiratory syncytial virus (RSV) displays substantial antigenic variability when compared with the fusion (F) protein. This variability arises largely from its structural composition, which includes mucin-like domains that are extensively glycosylated. The heavy glycosylation of these regions not only masks antigenic sites from immune recognition but also promotes frequent genetic changes, resulting in considerable sequence diversity among circulating RSV strains. The antigenic differences observed between RSV subgroups A and B are primarily attributed to variations within the G protein. These strain-specific differences affect how the virus interacts with host immune defenses and contribute to the limited cross-protection generated following prior infection. As a result, immune responses targeting the G protein tend to be less durable and less broadly protective than those directed against more conserved viral antigens. Moreover, the rapid evolution of the G protein enables RSV to evade pre-existing immunity acquired through natural infection or previous exposure. This immune escape mechanism allows the virus to repeatedly infect individuals throughout their lifetime, even in the presence of prior immune responses. The ability of RSV to undergo continual antigenic change in the G protein highlights its role in viral persistence and reinfection and explains why long-lasting immunity to RSV is difficult to achieve.
Overall, while the G protein is important for viral attachment and pathogenesis, its high degree of antigenic variability presents challenges for vaccine design. These characteristics emphasize the need for immunization strategies that focus on more conserved viral targets or that elicit broader immune responses capable of overcoming antigenic diversity13.
3. SH (Small Hydrophobic) Protein
The small hydrophobic (SH) protein of respiratory syncytial virus (RSV) is a minor component of the viral envelope and exhibits relatively limited antigenic significance when compared with the fusion (F) and attachment (G) proteins. Although SH is expressed on the surface of infected cells and virions, it elicits a comparatively weak immune response and does not serve as a major target for neutralizing antibodies. Functionally, the SH protein is believed to act as a viroporin, forming ion channels within host cell membranes. Through this activity, SH may influence cellular signaling pathways, membrane permeability, and apoptosis, thereby contributing to viral replication and pathogenesis. Additionally, emerging evidence suggests that SH plays a modulatory role in host inflammatory responses by interfering with immune signaling pathways, which may help RSV evade early immune detection and promote viral persistence. While antibodies are capable of binding to the SH protein, such interactions provide minimal protective benefit and do not significantly reduce viral replication or disease severity. As a result, SH is considered to have a limited role in protective immunity. Due to its low immunogenicity and modest contribution to viral neutralization, the SH protein has not been prioritized as a primary target in current RSV vaccine development efforts.
Overall, the SH protein is more relevant to RSV pathogenesis and immune modulation than to the induction of effective antiviral immunity, which explains its secondary importance in the design of vaccines and immunotherapeutic strategies14.
4. Internal Proteins: N, P, L, and M
Respiratory syncytial virus (RSV) possesses a set of internal proteins that are fundamental to its replication cycle and structural organization. Among these are the nucleoprotein (N), phosphoprotein (P), large RNA-dependent RNA polymerase (L), and matrix protein (M). Together, these components orchestrate essential viral processes such as genome protection, RNA synthesis, and the formation of new viral particles. The nucleoprotein encapsulates the viral RNA, forming a stable ribonucleoprotein complex that safeguards the genome and serves as the platform for transcription and replication. The phosphoprotein acts as an adaptor molecule, enabling efficient interaction between the nucleoprotein and the polymerase machinery. The L protein provides the catalytic functions required for viral RNA transcription and replication, while the matrix protein supports virion assembly by connecting the ribonucleoprotein complex to the viral envelope during budding.
Despite their critical functional roles, these internal proteins are not displayed on the viral surface, which limits their recognition by circulating antibodies. As a result, they do not generate strong neutralizing antibody responses and are not major contributors to humoral immunity. Instead, fragments of these proteins are presented on the surface of infected cells via major histocompatibility complex molecules, making them prominent targets for T-cell–mediated immune responses. Cellular immunity directed against RSV internal proteins plays an important role in controlling infection by promoting the destruction of infected cells and restricting viral replication. This emphasizes the importance of T-cell responses alongside antibody-mediated protection and suggests that internal RSV proteins may be particularly useful in vaccine strategies designed to enhance cellular immunity rather than solely focusing on neutralizing antibodies15.
5. Non-structural Proteins NS1 and NS2
Respiratory syncytial virus (RSV) encodes two non-structural proteins, NS1 and NS2, which play a pivotal role in viral survival and early establishment of infection within the host. Unlike structural proteins that form part of the viral envelope or capsid, NS1 and NS2 are synthesized inside infected host cells shortly after viral entry. Their primary function is not viral assembly, but rather modulation of host immune defenses. A key mechanism by which NS1 and NS2 promote RSV pathogenesis is through suppression of the host innate immune response, particularly the interferon (IFN) signaling pathway. These proteins interfere with interferon production and signaling by targeting critical components of the host antiviral machinery, thereby reducing the expression of interferon-stimulated genes that are essential for early viral control. As a result, RSV can replicate more efficiently during the initial phase of infection before adaptive immune responses are activated. because NS1 and NS2 are intracellular proteins and are not expressed on the viral surface, they are poorly accessible to the humoral immune system. Consequently, they do not elicit strong neutralizing antibody responses, which further enables immune evasion. Instead, their contribution to RSV infection lies in creating a favorable intracellular environment that allows the virus to bypass early immune detection and establish productive infection.
Overall, NS1 and NS2 function as critical virulence factors by dampening innate immune signaling and delaying antiviral defenses. Their immunomodulatory activity highlights their importance in RSV pathogenesis and makes them potential targets for novel antiviral strategies aimed at restoring host interferon responses1.


Fig:2 .Antigenic properties of RSV proteins

	
Role of antibody in protection against RSV 
Antibody-mediated immunity plays a central role in protecting the host against respiratory syncytial virus (RSV) infection by limiting viral entry, replication, and spread within the respiratory tract. Neutralizing antibodies act by binding to viral surface proteins, thereby blocking the attachment of the virus to respiratory epithelial cells and preventing the fusion of viral and host cell membranes. Among RSV surface antigens, the fusion (F) protein is the most important target for protective antibodies because of its essential function in viral entry and its high degree of structural conservation across RSV subtypes. This conserved nature makes the F protein an ideal focus for both natural immune responses and immunoprophylactic strategies16.
Notably, antibodies directed against the prefusion conformation of the RSV F protein exhibit superior neutralizing potency compared to those targeting the postfusion form. By stabilizing the F protein in its prefusion state, these antibodies prevent the conformational rearrangements required for membrane fusion, thereby effectively halting viral invasion at an early stage. In addition to direct neutralization, antibodies contribute to viral control through Fc-mediated effector functions, including antibody-dependent cellular cytotoxicity (ADCC) and antibody-dependent phagocytosis. These mechanisms promote the clearance of infected cells and reduce viral dissemination, thereby limiting disease progression17.
Passive immunity also plays an important role in early-life protection against RSV. Maternal antibodies transferred transplacentally during pregnancy provide temporary immune defense to newborns; however, antibody levels decline rapidly within the first few months of life. This waning immunity creates a window of increased susceptibility, particularly during the peak RSV season. The clinical relevance of antibody-based protection is further supported by the success of monoclonal antibody therapies such as palivizumab and the newer long-acting agent nirsevimab. These monoclonal antibodies deliver immediate passive immunity by maintaining high circulating levels of RSV-neutralizing antibodies, significantly reducing the risk of severe disease in vulnerable pediatric populations18,19. Overall, effective antibody responses whether acquired through natural infection, maternal transfer, vaccination, or passive immunization are fundamental to RSV prevention. Strong and durable humoural immunity not only decreases the likelihood of infection but also mitigates disease severity, underscoring the importance of antibody-focused strategies in current and future RSV prevention approaches20,21.

Current progress in RSV vaccine development
Recent advancements in RSV vaccine development have been significant representing a key milestone following years of scientific obstacles multiple vaccines have received regulatory approval including pfizers bivalent prefusion f-protein vaccine abrysvo authorized for maternal immunization and older adults along with gsks arexvy which has recently been expanded for adults aged 50-59 at higher risk of severe RSV disease modern as mrna-based vaccine mresviamrna-1345 has shown significant phase 3 effectiveness and gained authorization for adults highlighting the increasing importance of mrna technology in preventing RSV22.  In addition to approved vaccines worldwide research pipelines are still growing featuring new candidates like long-acting monoclonal antibodies eg. clesrovimab and further mrna platforms progressing to late-stage clinical trials the prequalification of abrysvo23. By who in 2025 is a significant advancement in enhancing access for low- and middle-income nations bolstered by rising global demand and possible procurement by gavi- technological advancements especially the stabilization of the prefusion F antigen and fast vaccine design platform shave sped up development schedules while continuing research seeks to expand protection for infants pregnant women older adults and immune-compromised persons together these developments indicate rapidly increasing progress toward extensive RSV vaccination and enhanced worldwide disease management24
Table 1. Summary of the RSV vaccines with technology, target population and current progress 
	Vaccine / Product
	Developer
	Technology / Type
	Target Population
	Current Status / Progress

	Abrysvo
	Pfizer
	Bivalent Prefusion F-protein vaccine
	Pregnant women (maternal immunization), Older adults
	WHO-prequalified (2025); approved for maternal immunization & older adults; strong Phase III efficacy

	Arexvy
	GSK
	AS01E adjuvanted Prefusion F-protein vaccine
	Older adults
	FDA expanded use to adults 50–59 at risk; high efficacy in preventing severe RSV LRTI

	mRESVIA (mRNA-1345)
	Moderna
	mRNA vaccine encoding RSV Prefusion F
	Adults 18+
	FDA-approved; Phase III ConquerRSV shows >80% protection against severe RSV disease

	Nirsevimab
	AstraZeneca/Sanofi
	Long-acting monoclonal antibody
	Infants
	Approved in several regions; provides season-long protection; used in many immunization programs

	Clesrovimab (New mAb)
	Janssen / Academic partnerships
	Monoclonal antibody (extended half-life)
	Infants
	Late-stage clinical trials; showing promising neutralizing capacity

	Novel mRNA RSV candidates
	AIM Vaccine, Moderna (new generation)
	mRNA platforms
	Adults & infants (future)
	Preclinical and early clinical trials underway with strong immunogenicity

	Cost-effective RSV vaccine (India)
	IISc Bengaluru (Dr. R. Varadarajan team)
	Protein subunit / engineered immunogens
	Low- & middle-income regions
	In development; aims for affordable global access



Challenges and opporutunities
Creating a dependable RSV vaccine has faced difficulties owing to various scientific and clinical hurdles. A major historical obstacle was the unsuccessful 1960s formalin-inactivated RSV (FI-RSV) vaccine, which caused vaccine-enhanced respiratory disease (ERD) in infants and led to serious consequences, including death25. This event instilled enduring vigilance and necessitated that researchers prioritize safety to avert adverse immune reactions. Additional challenges occur as infants the main group impacted by RSV possess an immature immune system that fails to generate robust or lasting responses to vaccines. Antibodies from the mother passed on before birth may also hinder the vaccine by balancing its antigens26. Moreover, the RSV F protein, which is the primary target for balancing antibodies, is unstable in its prefusion state, complicating the preservation of the ideal antigenic configuration required for an effective vaccine design27.
RSV poses unique biological challenges that hinder vaccine development efforts. Natural infection offers only limited and temporary immunity, resulting in recurrent infections and complicating the ability of vaccines to generate lasting protection. Distinct variations between RSV-A and RSV-B strains necessitate vaccines that provide extensive cross-strain immunity. Ensuring safety especially preventing the risk of ERD introduces additional complexity and hinders the advancement of clinical trials. Additionally, RSV impacts diverse demographics, including infants, pregnant individuals, the elderly, and those with compromised immune systems, indicating that a universal vaccine approach does not suit every group. The need for robust mucosal immunity in the respiratory system and challenge of generating a stable prefusion F protein remain considerable technical obstacles in the development of RSV vaccines28.
The pharmacist’s role
Pharmacists play a crucial role in preventing and managing respiratory syncytial virus (RSV) infections, particularly through vaccine administration, patient counselling, public education, and monitoring vaccine safety and effectiveness. The following content is organized for your evaluation to cover these key responsibilities29.
Vaccine Administration by Pharmacists
Pharmacists are increasingly involved in vaccination programs, including the delivery of RSV vaccines where they are authorized and available. They can identify at-risk groups such as babies, young children, senior citizens, and people with compromised immune systems, ensuring that high-risk populations are given priority for vaccination. Pharmacists can help lower access obstacles by offering vaccinations in local venues, educating patients about availability and appointments, and encouraging vaccine acceptance throughout the RSV season.
Information on RSV Vaccines
Pharmacists are well-equipped to guide patients and caregivers regarding RSV, addressing concerns about vaccine safety, efficacy, and expected side effects. Effective counselling should address the risk factors linked to RSV, benefits of vaccination, potential side effects, and guidance on what to expect after receiving the vaccine. Pharmacists help determine which demographics benefit the most, such as infants, children with prior health complications, seniors, and those in communal living environments. In addition to giving vaccines, pharmacists play a crucial role in informing others about preventive steps against RSV. They offer patients details concerning:
1. Importance of consistent handwashing
2. Disinfection of contaminated surfaces
3. Respiratory hygiene (covering coughs and sneezes)
4. Avoiding direct contact with people who are at risk or exhibiting symptoms.
5. The role of passive immunization (e.g., palivizumab) for high-risk infants
Pharmacists can participate in community outreach and patient education programs, targeting schools, daycare centers, senior care facilities, and clinics to disseminate correct information about RSV transmission and prevention28-30.
Future directions
Upcoming RSV vaccine development aims to produce vaccines that offer more robust, enduring protection, particularly for high-risk infants younger than six months. Emerging platforms like mRNA and viral-vector technologies are being investigated to boost immune responses and accelerate vaccine development31-33
Conclusion
Collectively, clinical trials and post marketing surveillance suggest these vaccines can reduce RSV related morbidity, with reported reductions in RSV-related hospitalizations or illness ranging from 55% to 70%. Because of extremely  infectious nature of rsv methods to prevent its spread are critically important significance particularly in those with symptoms we believe that the the outlook for an rsv vaccine is now promising and the methods discussed in this review have the ability to develop a secure and efficient vaccine together clinical studies and post marketing surveillance indicates these vaccines may decrease rsv associated morbidity with noted decreases in rsv-related illness hospitalization from 55 to 70 %.


[bookmark: _Hlk192511329][bookmark: _Hlk187485061][bookmark: _Hlk194655630][bookmark: _Hlk209008097][bookmark: _Hlk213163655]
[bookmark: _Hlk204003461][bookmark: _Hlk213070710]Disclaimer (Artificial intelligence)
Option 1:
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 



REFERENCE:
1. Anderson LJ, Dormitzer PR, Nokes DJ, Rappuoli R, Roca A, Graham BS. Strategic priorities for respiratory syncytial virus (RSV) vaccine development. Vaccine. 2013 Apr 18;31:B209-15. https://doi.org/10.1016/j.vaccine.2012.11.106 
2. Higgins D, Trujillo C, Keech C. Advances in RSV vaccine research and development–a global agenda. Vaccine. 2016 Jun 3;34(26):2870-5. https://doi.org/10.1016/j.vaccine.2016.03.109 
3. Boyoglu-Barnum S, Chirkova T, Anderson LJ. Biology of infection and disease pathogenesis to guide RSV vaccine development. Frontiers in immunology. 2019 Jul 25;10:1675. https://doi.org/10.3389/fimmu.2019.01675 
4. Jorquera PA, Anderson L, Tripp RA. Understanding respiratory syncytial virus (RSV) vaccine development and aspects of disease pathogenesis. Expert review of vaccines. 2016 Feb 1;15(2):173-87. https://doi.org/10.1586/14760584.2016.1115353 
5. Barney SG. Pathogenesis of respiratory syncytial virus vaccine-augmented pathology. Am J Respir Crit Care Med. 1995;152:563-S66. https://doi.org/10.1164/ajrccm/152.4_Pt_2.S63 
6. Welliver RC. Review of epidemiology and clinical risk factors for severe respiratory syncytial virus (RSV) infection. The Journal of pediatrics. 2003 Nov 1;143(5):112-7. https://doi.org/10.1067/s0022-3476(03)00508-0 
7. Borchers AT, Chang C, Gershwin ME, Gershwin LJ. Respiratory syncytial virus—a comprehensive review. Clinical reviews in allergy & immunology. 2013 Dec;45(3):331-79. https://doi.org/10.1007/s12016-013-8368-9 
8. Tripp RA. Pathogenesis of respiratory syncytial virus infection. Viral immunology. 2004 Jun 1;17(2):165-81. https://doi.org/10.1089/0882824041310513 	
9. Meng J, Stobart CC, Hotard AL, Moore ML. An overview of respiratory syncytial virus. PLoS pathogens. 2014 Apr 24;10(4):e1004016. https://doi.org/10.1371/journal.ppat.1004016 
10. Graham BS, Modjarrad K, McLellan JS. Novel antigens for RSV vaccines. Current opinion in immunology. 2015 Aug 1;35:30-8. https://doi.org/10.1016/j.coi.2015.04.005 
11. Sullender WM. Respiratory syncytial virus genetic and antigenic diversity. Clinical microbiology reviews. 2000 Jan 1;13(1):1-5. https://doi.org/10.1128/CMR.13.1.1 
12. Jones HG, Battles MB, Lin CC, Bianchi S, Corti D, McLellan JS. Alternative conformations of a major antigenic site on RSV F. PLoS Pathogens. 2019 Jul 15;15(7):e1007944.  https://doi.org/10.1371/journal.ppat.1007944 
13. Melero JA, Mas V, McLellan JS. Structural, antigenic and immunogenic features of respiratory syncytial virus glycoproteins relevant for vaccine development. Vaccine. 2017 Jan 11;35(3):461-8. https://doi.org/10.1016/j.vaccine.2016.09.045 
14. Patel N, Massare MJ, Tian JH, Guebre-Xabier M, Lu H, Zhou H, Maynard E, Scott D, Ellingsworth L, Glenn G, Smith G. Respiratory syncytial virus prefusogenic fusion (F) protein nanoparticle vaccine: Structure, antigenic profile, immunogenicity, and protection. Vaccine. 2019 Sep 24;37(41):6112-24. https://doi.org/10.1016/j.vaccine.2019.07.089 
15. Tsutsumi H, Nagai K, Suga K, Chiba Y, Chiba S, Tsugawa S, Ogra PL. Antigenic variation of human RSV strains isolated in Japan. Journal of medical virology. 1989 Feb;27(2):124-30. https://doi.org/10.1002/jmv.1890270211 
16. Groothuis JR. Role of antibody and use of respiratory syncytial virus (RSV) immune globulin to prevent severe RSV disease in high-risk children. The Journal of pediatrics. 1994 May 1;124(5):S28-32. https://doi.org/10.1016/s0022-3476(94)70188-1 
17. Kinnear E, Lambert L, McDonald JU, Cheeseman HM, Caproni LJ, Tregoning JS. Airway T cells protect against RSV infection in the absence of antibody. Mucosal immunology. 2018 Jan 1;11(1):249-56. https://doi.org/10.1038/mi.2017.46 
18. Lee Y, Klenow L, Coyle EM, Grubbs G, Golding H, Khurana S. Monoclonal antibodies targeting sites in respiratory syncytial virus attachment G protein provide protection against RSV-A and RSV-B in mice. Nature Communications. 2024 Apr 4;15(1):2900. https://doi.org/10.1038/s41467-024-47146-2 
19. Huang K, Wu H. Prevention of respiratory syncytial virus infection: from vaccine to antibody. Antibodies for Infectious Diseases. 2015 May 30:221-36. https://doi.org/10.1128/microbiolspec.AID-0014-2014 
20. Bartsch YC, Cizmeci D, Kang J, Zohar T, Periasamy S, Mehta N, Tolboom J, Van der Fits L, Sadoff J, Comeaux C, Callendret B. Antibody effector functions are associated with protection from respiratory syncytial virus. Cell. 2022 Dec 22;185(26):4873-86. https://doi.org/10.1016/j.cell.2022.11.012 
21. Lopez OJ, Osorio FA. Role of neutralizing antibodies in PRRSV protective immunity. Veterinary immunology and immunopathology. 2004 Dec 8;102(3):155-63. https://doi.org/10.1016/j.vetimm.2004.09.005 
22. Guvenel AK, Chiu C, Openshaw PJ. Current concepts and progress in RSV vaccine development. Expert review of vaccines. 2014 Mar 1;13(3):333-44. https://doi.org/10.1586/14760584.2014.878653 
23. Rudraraju R, Jones BG, Sealy R, Surman SL, Hurwitz JL. Respiratory syncytial virus: current progress in vaccine development. Viruses. 2013 Feb 5;5(2):577-94. https://doi.org/10.3390/v5020577 
24. Haynes LM. Progress and challenges in RSV prophylaxis and vaccine development. The Journal of infectious diseases. 2013 Dec 15;208(suppl_3):S177-83. https://doi.org/10.1093/infdis/jit512 
25. Roberts JN, Graham BS, Karron RA, Munoz FM, Falsey AR, Anderson LJ, Marshall V, Kim S, Beeler JA. Challenges and opportunities in RSV vaccine development: meeting report from FDA/NIH workshop. Vaccine. 2016 Sep 22;34(41):4843-9. https://doi.org/10.1016/j.vaccine.2016.07.057 
26. Michelin L, Bellei N, Ferreira da Costa Gomes M, Raboni SM, Kairalla M, Correa RA, Levi M, Chebabo A, Ballalai I, Cimerman S, Roteli-Martins CM. Respiratory syncytial virus: challenges in diagnosis and impact on the elderly: Recommendations from a multidisciplinary panel. Human Vaccines & Immunotherapeutics. 2024 Dec 31;20(1):2388943. https://doi.org/10.1080/21645515.2024.2388943 
27. Ecarnot F, Maggi S. Vaccination Against Respiratory Infections in the Immunosenescent Elderly: challenges and opportunities. InSeminars in Respiratory and Critical Care Medicine 2024 Dec 11. Thieme Medical Publishers, Inc.. https://doi.org/10.1055/a-2500-2121 
28. Stephens LM, Varga SM. Considerations for a respiratory syncytial virus vaccine targeting an elderly population. Vaccines. 2021 Jun 9;9(6):624. https://doi.org/10.3390/vaccines9060624 
29. Baria C. RSV: A pharmacist's role in prevention and protection. AJP: The Australian Journal of Pharmacy. 2025 Jan;106(1246):52-7.
30. Medina A. RSV Vaccine: Furthering the Expansion of the Pharmacist’s Role. https://rhochipost.org/2023/12/01/rsv-vaccine-furthering-the-expansion-of-the-pharmacists-role/ 
31. Deng L, Cao H, Li G, Zhou K, Fu Z, Zhong J, et al. Progress on Respiratory Syncytial Virus Vaccine Development and Evaluation Methods. Vaccines. 2025 Mar 12 [cited 2025 May 27];13(3):304–4. https://doi.org/10.3390/vaccines13030304
32. Zheng L, Feng H. Respiratory virus mRNA vaccines: mRNA Design, clinical studies, and future challenges. Animal Models and Experimental Medicine. 2025 Jun 5. https://doi.org/10.1002/ame2.70018 
33. Li Y, Long H, Wang C, Weng J, Kuang Z, Peng Y. An optimized intranasal LNP formulation for potent immune responses of mRNA-based RSV vaccines. Nanoscale. 2025.

‌


 

1.F (Fusion) Protein


2. G (Attachment) Protein


3. SH (Small Hydrophobic) Protein


4. Internal Proteins: N, P, L, and M


5.Nonstructural Proteins NS1 and NS2



Dehydration


Nasal congestion
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Fever and cough
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