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Abstract 

Human respiratory syncytial virus (hRSV) has evaded 

active vaccination or effective antiviral therapy for 

decades and continues to be the leading cause of 

morbidity and hospitalization in infants, the elderly, and 

the immunocompromised worldwide. Inadequate 

understanding of the antigenic intricacies of its viral 

proteins and the immune responses they generate in the 

host is the greatest obstacle to the progress of hRSV 

prevention and treatment. Currently, the prefusion F 

protein is considered the most effective antigen for 

inducing protective immunity. Other molecular 

components of hRSV, such as the G or N proteins, have 

also been explored as potential targets for disease 

control. However, important knowledge gaps remain 

about the role played by various hRSV proteins in 

immunobiology and pathology. This review 

summarizes the unique immunomodulatory aspects of 

hRSV infection, the viral proteins involved in 

intracellular immune signaling, and the viral 

interactions in play with the host’s immune system. 
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1. Introduction 

Human respiratory syncytial virus (hRSV), the leading 

cause of acute lower respiratory tract infections (LRTIs) 

in infants and young children worldwide, is also 

responsible for severe respiratory disease in the elderly 

and the immunocompromised. It is estimated that hRSV 

infections cause the hospitalization of about 3.2 million 

young children with LRTIs, and about 59,000 children 

younger than 5 years died from them in 2015 [1, 2]. 

hRSV infections can cause bronchiolitis and result in 

chronic lung diseases such as wheezing and asthma in 

later life [3, 4]. Accumulating data now supports a 

causal role for hRSV LRTIs in the development of 

hypertension caused by inflammation around the small 

vessels in the airways [5, 6]. Although hRSV is a major 

public health burden, effective prevention and 

therapeutic measures are lacking. Passive prophylaxis 

with palivizumab, a humanized anti-F monoclonal 

antibody (mAb), is restricted to premature infants. 

Vaccines face multiple issues, such as the low activity 

of neutralizing antibodies after immunization, or the 

aggravation of pathological reactions from the 

imbalance of Th1/Th2 cytokine secretion after formalin 

inactivated hRSV is administered. The biggest barrier 

to hRSV prevention and treatment is the multiple gaps 

in our understanding of the pathogenesis and protective 

immunity mechanisms underlying hRSV infection. 

This review summarizes the unique immune-

modulatory aspects of hRSV infection that are 

associated with the roles performed by viral proteins in 

intracellular immune signaling, their interactions with 

the host immune system, and their possible implications 

for disease pathology. 

 

2. hRSV  

Based on the distinct phylogeny of the polymerase (L) 

protein and the presence of a conserved M2 gene, both 

of which are involved in transcriptional regulation and 

virus morphology, hRSV was renamed human 

Orthopneumovirus to fit with its taxonomical 

classification as a member of the Orthopneumovirus 

genus (Pneumoviridae family) [7]. hRSV is an 

enveloped virus with a negative-stranded, non-

segmented RNA genome containing 10 genes 

distributed along 15.2 kilobases in the order 3′-NS1-

NS2-N-P-M-SH-G-F-M2-L-5′ and encoding 11 

proteins [8]. The lipid envelope surrounding the 

nucleocapsid is derived from the host cell plasma 

membrane during the budding process. This envelope 

contains three virally encoded surface transmembrane 

glycoproteins: G, F, and SH. It has been confirmed that 

G and F surface glycoproteins can induce protective 

immunity in animal models and are believed to be the 

main targets for neutralizing hRSV antibodies. 

Investigations on the mechanism of hRSV-induced 

immunopathology have increasingly focused on the G 

and F proteins, and new therapeutic strategies targeting 

them have gradually arisen. Based on the antigenic 

differences in F and G, hRSVs fall into subtypes A and 

B (hRSV-A and hRSV-B), but the F gene shows 

sequence conservation between hRSV-A and hRSV-B. 

HVR1 and HVR2, two highly variable regions present 

in the extracellular region of the highly variable G 

glycoprotein, are separated by a highly conserved 

region of 13 amino acids (positions 163–189). 

Sequence analysis of the HVRs indicates that there is 

only 67% (nucleotide level) and 53% similarity 

(deduced amino acid level) between hRSV-A and 

hRSV-B, respectively [9]. hRSV A and B subtypes can 
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be divided into a variety of genotypes based on the 

nucleotide sequences of HVR2. 

 

The virion matrix proteins M1 and M2 are non-

glycosylated, and N, P, and L associate with genomic 

RNA to form the nucleocapsid, whereas two non-

structural proteins, NS1 and NS2, are expressed only 

during cellular infections and are not packaged into the 

virion [10]. Internal hRSV proteins (e.g., N, M, and M2-

1), can induce T cell immunity alone or in combination 

with surface proteins, and these processes may be 

important therapeutic targets for regulating immune 

responses; however, knowledge gaps in this area 

highlight the need for further research. Nevertheless, 

the roles played by hRSV proteins in pathogenesis and 

immunopathology in the host provide clues to their 

potential contributions to a vaccine. 

 

3. Immune responses and pathology in hRSV 

infections 

The immature infant immune system, the low 

lymphocyte levels in young children, and the low levels 

of hRSV-specific neutralizing antibodies in the blood of 

the elderly and the immunocompromised are the main 

reasons for the high susceptibility of these people to 

hRSV. It is important, therefore, to determine how to 

induce protective antibodies, elicit supportive T helper 

responses, and invoke sufficient CD8+ T cells to clear 

the virus in hRSV-susceptible populations. However, 

the unique immunobiology of infection with hRSV 

means that obstacles to specific treatments or a safe and 

effective vaccine remain. The host immune responses 

to hRSV lack immunological prowess during the 

primary exposure, and this may leave a suboptimal 

imprint on the adaptive immune response [11]. Adding 

to that, neonates tend to have an inherent Th2-biased 

response that impairs the ability to induce helper T cells 

and optimal CD8+ T cell responses [12]. 

 

3.1 Innate immune responses 

hRSV first invades respiratory epithelial cells through 

its G and F viral membrane proteins, thereby 

internalizing the virions and enabling subsequent 

replication, transcription, and translation of progeny 

viruses in cells, which can then infect other cells. It has 

been suggested that hRSV is anchored to respiratory 

epithelial cells by pattern recognition receptors (PRRs), 

including toll-like receptors (TLRs), retinoic-acid-

inducible gene-I-like receptors or nucleotide binding-

oligomerization domain-like receptors [13], leading to 

the downstream activation of NF-B and interferon 

regulatory factors to regulate the expression of type I 

and III IFNs, IFN stimulated genes, and pro-

inflammatory mediators [14, 15]. The production of 

these factors can promote the formation and activation 

of the inflammasome and cell death in some cases, as 

well as controlling the virus and directing the 

development of adaptive immune responses [16]. 

 

TLRs are the main extracellular receptors for hRSV 

recognition. Through its interaction with the F protein 

present on the viral envelope, the TLR4/CD14 complex 

provokes an NF-B-mediated cytokine response, which 

includes the secretion of interleukin (IL)-8, IL-10, and 

IL-6 [17, 18]. TLR2 and TLR4 receptor complexes are 

able to traffic into the endolysosome, from where they 

can activate the innate immune response. However, 

TLR2 alone does not contribute to the production of 

IFN-α and IFN-β [19]. Instead, TLR3 induction 

activates the innate immune response through the TRIF-

mediated pathway to promote the expression of CCL-5, 

IFN-α, and IFN-β [20]. In addition, TLR3 and TLR7 

recognize viral RNA, and their deficiency can change 
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the inflammatory environment in the lungs during 

hRSV infection, leading to enhanced mucus production 

and worsened lung epithelial cell hyperplasia, but this 

does not affect viral clearance [21, 22]. 

 

Innate PRR signaling also induces a spectrum of 

chemokine and cytokine expression (e.g., CXCL3, 

CXCL5, CXCL8, CXCL9, CXCL10, IL-4, IL-6, IL-11, 

IL-15 and TNF-α), which is crucial to the initiation of 

anti-hRSV immune responses by regulating leukocyte 

infiltration and localization in the lungs, further 

affecting the balance between pathogenesis and virus 

elimination [23-25]. In addition to their direct cellular 

effects on the infection sites, these chemokines and 

cytokines act as potent chemo-attractants, activating 

and recruiting circulating immune cells, such as 

neutrophils, NK cells, and cytotoxic T cells, to the 

airway mucosa. Otherwise, hRSV infection elicits a 

strong systemic response, especially in the innate 

immune cells of the respiratory tract (e.g., neutrophils, 

natural killer cells, dendritic cells, macrophages, 

monocytes and eosinophils) to form a critical link 

between recognition and transportation of the viral 

stimuli to the draining lymph nodes and activation of 

cell-mediated antiviral responses, while dendritic cells 

also provide a critical link between the innate immune 

response and adaptive immunity induction [26]. Tissue-

resident macrophages and intraepithelial dendritic cells 

continually capture viral particles in the airway lumen 

and internalize them by phagocytosis and 

macropinocytosis, thereby activating PRRs and 

initiating immune responses [27]. These innate immune 

processes work synergistically to immediately and 

effectively identify the invading pathogens and 

orchestrate adaptive immune responses. 

 

3.2 Adaptive immune responses 

In the later stage of hRSV infections, virions induce 

specific adaptive immune responses in hosts, including 

the production of IgA secretory antibodies by 

respiratory mucosa cells, IgE by eosinophils, serum 

IgM and IgG antibodies by B cells and cellular 

immunity by T cells, all which endow antigenic 

specificity and diversity of antigen recognition. 

Evidence shows that the production of hRSV-specific 

antibodies regulates the T-cell response, indicating that 

responses mediated by antibodies and T cells are 

interdependent [28]. Antibody responses in infants 

mainly targeting F and G glycoproteins show a 

gradually increasing trend from the acute phase to the 

convalescent phase during natural primary hRSV 

infections [29]. With circulating CD5+ and CD19+ B 

and CD20+ B-cell accumulation, there are higher 

quantities of IgM, IgG, and IgA plasma cells in the 

lungs of infants with hRSV bronchiolitis [30]. In 

children with hRSV bronchiolitis or pneumonia, higher 

serum IgE levels on hospital admission are reportedly 

associated with prolonged fever and more serious 

symptoms [31]. The existing natural hRSV-specific 

nasal IgA and serum IgG with high neutralizing titers in 

adults are correlated with protection against naturally 

acquired reinfection with hRSV [32]. 

 

The T cell response plays a critical role in host defenses 

against hRSV infection. An appropriate cellular 

immune response is essential for generating protective 

antibodies and clearing primary hRSV infection. 

However, an unbalanced and dysregulated T cell 

response can cause pathology. In a murine model of 

hRSV infection, CD4+ T cell production of IL-9, IL-13, 

and IL-17 contribute to hRSV-induced disease [33]. 

The types of improper CD4+ T cell responses (e.g., Th2-

, Th9-, and Th17-related cytokine induction) observed 

in hRSV-infected infants, which also induce disease in 



Arch Clin Biomed Res 2021; 5 (2): 185-200                                                                                             DOI: 10.26502/acbr.50170159 

 

 

Archives of Clinical and Biomedical Research     Vol. 5 No.2 – April 2021. [ISSN 2572-9292].                                                  189 

the mouse model of primary hRSV infection, are also 

seen in various vaccination settings [34]. CD8+ T cells 

can control acute viral infections by secreting cytokines 

and lysing infected host cells, but also can result in 

marked disease enhancement [35]. In early life, CD8+ T 

cell depletion leads to enhanced Th-2 responses during 

hRSV infection, and virion spreading to the mediastinal 

lymph nodes results in severe and potentially fatal 

hRSV infections [36]. CD8+ and CD4+ T cells both play 

roles in terminating hRSV replication, while the Th1 

and Th2 balance manages the progression of the 

response. During the course of hRSV infection, the 

expansion of CD8+ T cells is greater than that of CD4+ 

T cells and is accompanied by the release of a series of 

cytokines and chemokines, imbalanced Th1/Th2-type 

cytokines, and aggregation of various inflammatory 

cells, eventually leading to multi-system pathological 

damage. 

 

4. Roles Played by Viral Proteins in hrsv 

Infection-Associated Immune Responses and 

Pathology  

4.1 F protein 

The F protein, a type I transmembrane glycoprotein, 

mediates fusion of the viral envelope to cellular 

membranes and syncytium formation. Its deletion 

results in a drastic reduction in viral infectivity. It is 

relatively conserved across all hRSV strains and varies 

only slightly in its expression pattern. The F protein is 

highly conserved, and most candidate vaccines and 

monoclonal antibody drugs are specifically designed to 

target it. Synthesized as a single inactive polypeptide 

(F0), its two furin cleavage sites undergo proteolytic 

cleavage, a process required for membrane fusion 

activation [37], which produces two disulfide-linked 

polypeptides, C-terminal F1 and N-terminal F2. The 

mature F glycoprotein is a homotrimer of F1 and F2 

subunits [38]. The F1 region is immunogenic in that it 

contains the main epitope of the F protein. In addition 

to promoting viral–cell membrane fusion, studies have 

shown that the F protein is also involved in viral 

attachment via its interaction with several cell surface 

proteins, such as ICAM-1, TLR4, nucleolin, and the 

epidermal growth factor receptor (EGFR) [39-42]. 

When F binds to EGFR, mucin production and the 

secretion of cytokines such as IL-13 occur; therefore, 

mutations in key sites of the F protein in a live 

attenuated hRSV vaccine that blocks F binding to the 

EGFR should weaken the ability of hRSV to generate a 

successful infection [43]. In murine, the F protein has 

been shown to interact with, and subsequently signal 

through, components of the lipopolysaccharide receptor 

system [44]. The latest research shows that the 

interaction between the F glycoprotein and the insulin-

like growth factor-1 receptor is the mechanism used for 

viral entry, a finding that may provide new 

opportunities for the treatment of hRSV infection [45]. 

 

It has been shown that the hRSV F glycoprotein 

stimulates innate immunity by activating the parts of the 

receptor complexes involved in the innate immune 

response to hRSV; that is, CD14 and TLR4. Activated 

TLR4 triggers a signaling cascade by activating the NF-

κB transcription factor and by activating multiple 

mediators of innate immunity to secrete cytokines, such 

as IL-8, IL-10, and IL-6, and by sensitizing airway 

epithelial cells to endotoxin [46-48]. The F protein is 

involved in both humoral and cellular immunity, and 

chemokine release mediated by whole viral particles or 

the F protein has been shown to initiate neutrophil, 

CD4+ T cell and eosinophil chemotaxis. Activated Th1 

CD4+ T cells can cause changes in the T cell response 

to infection as well as creating Th1/Th2 cytokine 

secretion imbalance, which further leads to delayed 
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hypersensitivity in the host and abnormalities in 

pulmonary function, such as asthma [49].  

 

The F protein is a major target of the neutralizing 

antibodies induced by natural infection with hRSV, 

making it an attractive target for monoclonal antibody 

development and vaccines. Anti-F antibodies can 

mediate antibody dependent cell-mediated cytotoxicity 

(ADCC) in vitro [50], and this may offer some potential 

for treating hRSV. Neutralizing antibodies against the F 

protein can protect against infection by hRSV subtypes 

A and B. Most neutralizing epitopes are on the 

prefusion F (pre-F) protein structure, and the stabilized 

prefusion protein is more immunogenic and protective 

than the postfusion protein [51]. To date, at least six 

neutralizing antigenic sites on F (sites I, II, III, IV, V, 

and Ø) have been identified and antibodies with major 

neutralizing activities were found to be specific for the 

pre-F anti-antigenic Ø site [52]. MEDI8897, a highly 

potent recombinant hRSV mAb optimized from D25 

that recognizes the antigenic Ø site on the apex of the 

pre-F molecule, has opened up new treatment 

possibilities for hRSV infection in infants [53].  

 

4.2 G protein 

The G membrane protein, a type II putative attachment 

transmembrane protein embedded in the viral lipid 

envelope, plays an adhesion function between virions 

and host cells. In infected cells, hRSV G, which is 

involved in immune evasion/antagonism, is produced as 

a full-length membrane-anchored form and a secreted 

form encoded by an alternative initiation codon in the 

transmembrane domain [54]. The G protein has highly 

variable mucin domains at both of its ends, along with 

a high proline content and extensive O-linked 

glycosylation surrounding a central conserved domain. 

Glycosylation changes in G may contribute to hRSV 

escape from the host’s humoral immune response. The 

central region of hRSV G contains a CX3C motif that 

can bind to CX3CR1, which induces leukocyte 

chemotaxis and may be significant to the biology of 

hRSV infection and viral pathogenesis. 

Accumulating evidence shows that the hRSV G protein 

has immune modulatory activities. hRSV replication in 

airway epithelial cells leads to the release of the soluble 

form of the G-protein, which is involved in the immune 

modulation process of innate immunity and the T-cell 

response. During the innate immune response, the G-

CX3CR1 interaction influences lymphocyte 

chemotaxis, and modulates the suppressors of cytokine 

signaling expression to dampen the production of type 

I IFN and interferon-stimulated gene (ISG)-15 

expression by innate immune cells and the type I 

cytokine responses of memory T cells [55, 56]. 

Infections with one hRSV strain lacking the CX3C 

motif or treated with anti-G monoclonal antibodies to 

block binding of the CX3C motif to CX3CR1 resulted 

in increased levels of type I and III IFN [56]. 

Additionally, through its interaction with CX3CR1, the 

hRSV G protein induces IL-10 in neonatal regulatory B 

cells, which downregulates Th1 cell responses. 

Furthermore, the G protein impedes inflammatory 

cytokine release by interacting with CX3CR1 and 

impairs the immune response to hRSV [57]. However, 

stimulation of naive spleen cells by hRSV or by the G 

protein induce substantial increases in IL-4 and 

CX3CL1, suggesting that the expression of G protein 

during hRSV infection may directly influence the 

cytokine or chemokine profile. Recent studies have 

shown that the G-protein can modulate the innate 

immune system by suppressing TLR4 signaling to 

baseline levels. Downstream of TLR signaling is a 

suppressor of the cytokine signaling family of proteins 

that negatively regulates the type of cytokine and 
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chemokine expression that is inducible via TLR 

activation. The hRSV G protein also contributes to 

immune evasion by modifying host cytokine and 

chemokine responses whose expression is negatively 

regulated by suppressor of cytokine signaling (SOCS) 

proteins [58]. The G protein can also interfere with the 

roles played by the host’s chemokines by reducing their 

homology to prevent the influx of natural killer cells 

and CD4+ and CD8+ T cells, suggesting that G protein 

expression during hRSV infection may have the adjunct 

property of reducing the antiviral response to promote 

hRSV infection or replication [59]. 

 

The membrane-bound version of hRSV G is possibly a 

target of neutralizing antibodies that bind to epitopes in 

its central conserved domain. Antibodies induced by the 

G protein are mainly involved in inhibiting viral 

replication and in immune modulation by interfering 

with the antibody-mediated neutralization response 

[60]. It has been suggested that the G-specific 

antibodies that block G binding to airway epithelial 

cells or antigen-presenting cells reduce the disease 

severity, a finding supported by the fact that vaccine-

induced anti-G antibodies can block G-induced disease 

and essentially have an anti-inflammatory effect that 

results in decreased disease severity. Recently, anti-G 

murine mAbs 2B11 and 3D3 have shown high efficacy 

in reducing viral lung titers and ameliorating virus-

induced immune dysfunction by blocking G protein 

binding to CX3CR1 [57]. 

 

4.3 NS1 and NS2 proteins 

NS1 and NS2 nonstructural proteins are the earliest and 

most abundantly expressed proteins upon infection with 

hRSV. They are postulated to perform various roles in 

hRSV pathogenesis, and they both participate in virus 

replication and suppress a major component of the 

host’s innate defenses [61, 62]. For example, hRSV 

infections provoke considerably weaker innate immune 

responses compared with other respiratory viruses. This 

characteristic is largely a consequence of strong 

interference from NS1 and NS2, which induce type I 

and III IFN signaling in human epithelial cells, 

macrophages, and dendritic cells by interrupting the 

Janus kinase-signal transducers and activators of the 

transcription 1 (JAK-STAT) pathway [63-65]. NS1 and 

NS2 impair the activation and effector functions of the 

interferon regulatory factory (IRF) of transcription 

factors that are critically involved in the induction of 

IFN, as well as in the proteasome-mediated degradation 

of signal transducer and activator of transcription 2 

(STAT2) [66, 67]. It has been proposed that NS1 and 

NS2 impair the activation and effector functions of type 

I and III IFNs by targeting multiple proteins in the 

signaling cascade (e.g., RIG-I, MAVS, TRAF3, IKKε, 

TBK1, and IRFs) [64], as well as delaying the apoptosis 

of hRSV-infected cells, facilitating prolonged hRSV 

replication for increased viral yields, and mediating 

hRSV suppression of the anti-inflammatory activity of 

the glucocorticoid receptor glucocorticoid receptor 

transactivation [68]. In the adaptive immune response, 

NS1 and NS2 inhibit dendritic cell maturation [69], 

possibly leading to reduced antigen presentation and T-

lymphocyte activation, which in turn results in an 

incomplete immune response that contributes to hRSV 

reinfection. NS1 and NS2 were also found to induce 

abnormal signal transduction in bronchial epithelial 

cells through their enzymatic activities, with both of 

them negatively modulating the proliferation and 

activation of CD103+ CD8+ T cells and driving the 

abnormal differentiation of CD4+ T lymphocytes [70]. 

These features can enhance disease severity and may be 

associated with asthma susceptibility after hRSV 

infection. 
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4.4 N protein 

The nucleocapsid (N) protein polymerizes genomic and 

anti-genomic RNAs to form separate RNase-resistant 

nucleocapsids, thereby providing templates for the 

transcription and replication of the hRSV genome. The 

N protein is expressed on the surface of a variety of 

hRSV-infected cells, including DCs. In the hRSV 

immune response, the N protein, which acts as a major 

virulence factor, is the recognized major target for 

helper T cells and the memory cytotoxic T-lymphocyte 

(CTL) response in humans. By inhibiting T-cell 

activation, it impairs the acquired immune response and 

enhances hRSV reinfection susceptibility [71, 72]. 

Although the N protein does not induce neutralizing 

antibodies, the ring-nanostructures formed by the 

recombinant N protein make it a mucosal vaccine 

candidate because it affords some protection against 

hRSV to neonatal mice [73]. In terms of vaccine 

development, N codon optimization may attenuate the 

viral virulence. 

 

4.5 P protein 

The phosphoprotein (P) forms part of the 

ribonucleoprotein complex by interacting with N and L 

proteins. It works as a multifunctional adaptor by 

regulating the connections among components of the 

nucleocapsid–polymerase complex, and is necessary 

and sufficient to direct RNA replication [74, 75]. 

During transcription and replication the P protein, a 

chaperone protein of N, helps to keep the newly 

synthesized N polypeptide in a soluble form. It is an 

essential cofactor for the large polymerase (L), in that it 

assists with translocation of the polymerase complex 

along the helical nucleocapsid. The P protein is thought 

to interact with a transcription antiterminator, the M2-1 

protein. The unique P–M2-1 interface present in hRSV 

may provide a valuable antiviral target against this 

pathogen [76]. P protein can subvert the extrinsic 

apoptosis process in a macrophage-like cell line 

persistently infected with hRSV, something that may be 

crucial for establishing persistent infections [77]. 

4.6 M protein 

The matrix (M) protein, a non-glycosylated 

phosphorylated protein located in the inner surface of 

the viral envelope, acts as a bridge between the lipid 

bilayer envelope and the nucleocapsid and helps 

organize virion components at the plasma membrane 

before budding [78, 79]. M has been suggested to 

transport virions in virus-infected cells by interacting 

with the actin cytoskeleton [80]. The M protein can also 

recruit and interact with new host factors, including 

proteins the involved in the innate immune response, 

cellular trafficking, and host transcription regulation, 

which is of great significance for antiviral strategies that 

target M to improve the efficacy of subunit vaccines 

[81]. 

 

4.7 SH protein 

The small hydrophobic (SH) protein is a short 

transmembrane protein containing 64 or 65 amino 

acids. During infection it primarily localizes to the 

lipid-raft structures of the Golgi complex, and only very 

small amounts are associated with the viral envelope. 

Its function is less clear. Studies show that the SH 

protein is not involved in binding or infectivity; nor is it 

essential for viral replication in cell cultures, but it is 

involved in in vivo hRSV survival, at least to some 

degree [82]. The SH protein is involved in the formation 

of pentameric ion channels and is not only a target for 

antibodies with Fc-mediated effector functions, but it 

can also activate the NLRP3 inflammasome leading to 

the expression of IL-1β [83]. It was reported that the SH 

protein also inhibits apoptosis in host cells during 
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infection by blocking the TNF-α mediated signaling 

pathway, which might be advantageous to in vivo viral 

replication [84]. Antibodies to the SH protein can affect 

in vivo viral replication via ADCC [85]. Finally, the 

live-attenuated hRSV vaccine containing the SH non-

coding region has high immunogenicity in children. 

 

4.8 M2 protein 

The M2 gene is transcribed as two separate open 

reading frames (ORFs) that overlap slightly to encode 

two proteins, M2-1 and M2-2. M2-1, a multifunctional 

protein, acts as an antitermination factor for the 

transcriptional process to prevent the synthesis of 

shortened mRNA, which is a potential target for the 

development of virus replication inhibitors and 

contributes to RNA synthesis and mRNA stability by 

binding to viral RNA and the P protein [86]. The small 

M2-2 protein is transcribed and translated by the ORF 

downstream of the M2 gene and is responsible for 

regulating RNA synthesis during virion assembly. 

Deletion of M2-2 can cause RNA replication delay, and 

its overexpression can prevent viral RNA synthesis. As 

the major targets of CTLs, M2 proteins induce robust T 

cell responses. A recent study showed that the 

recombinant hRSV G1F/M2 candidate vaccine, which 

includes the hRSV G protein domain and a CTL epitope 

in the M2 protein, can prevent vaccine-associated lung 

inflammation by regulating the level of CD4+/CD8+ 

central memory and Th1-type effector memory [87]. 

Although the M2-2 deletion appears to restrict viral 

replication, it induces substantial neutralizing serum 

antibody responses [88], suggesting that the M2-2 

mutant may prove important for the selection of 

candidate vaccines. 

 

4.9 L protein 

The L protein is the largest hRSV protein and, with its 

function as an RNA-dependent RNA polymerase, it is 

involved in viral RNA genome replication and mRNA 

transcription. The L protein is also associated with 

reduced efficiency of termination at gene-end motifs 

[89]. Notably, the L protein can interact with the P 

protein, which is essential for its catalytic activity. 

There are few studies on the role of the L protein in 

hRSV immunity. Attenuating mutations in L may 

reduce virus activity, providing ideas for the 

development of hRSV attenuated vaccines. 

 

5. Conclusion 

hRSV commonly causes LRTIs with substantial 

morbidity and mortality in infants and the elderly. 

Advances in recent years have improved our 

understanding of both the innate and adaptive immune 

responses contributing to the control of hRSV 

infections. Protective immunity against hRSV re-

infection is usually suboptimal, however, and recurrent 

infections are common throughout life. Better 

understanding of the characteristics of hRSV proteins, 

host immune responses against them, and the pathology 

caused by them, should identify new ways to develop 

more effective preventive and therapeutic tools or 

vaccines. This reviewed has placed emphasis on the F 

and G glycoproteins to provide helpful information for 

determining if, or how, these individual proteins 

contribute to protective immunity and vaccine antigen 

design, or could be targeted for antiviral drug 

development. 

 

Conflict of interest 

The authors declare no conflict of interest, financial or 

otherwise. 

 



Arch Clin Biomed Res 2021; 5 (2): 185-200                                                                                             DOI: 10.26502/acbr.50170159 

 

 

Archives of Clinical and Biomedical Research     Vol. 5 No.2 – April 2021. [ISSN 2572-9292].                                                  194 

Funding 

This work was supported by grants from Beijing 

Municipal Health Committee “The Special Fund for 

Capital Health Research and Development’’ (No. 2018-

2-1131) and The Pediatric Medical Coordinated 

Development Center of the Beijing Hospitals Authority 

(No. XTZD20180505). 

 

Acknowledgments 

We thank Sandra Cheesman, PhD, from Liwen Bianji, 

Edanz Editing China (www.liwenbianji.cn/ac), for 

editing the English text of a draft of this manuscript. 

 

References 

1. Shi T, McAllister DA, O'Brien KL, et al. 

Global, regional, and national disease burden 

estimates of acute lower respiratory infections 

due to respiratory syncytial virus in young 

children in 2015: a systematic review and 

modelling study. Lancet 390 (2017): 946-958. 

2. Collaborators GBDLRI. Estimates of the 

global, regional, and national morbidity, 

mortality, and aetiologies of lower respiratory 

infections in 195 countries, 1990-2016: a 

systematic analysis for the Global Burden of 

Disease Study 2016. Lancet Infect Dis 18 

(2018): 1191-1210. 

3. Mejias A, Wu B, Tandon N, et al. Risk of 

childhood wheeze and asthma after respiratory 

syncytial virus infection in full-term infants. 

Pediatr Allergy Immunol 31(2020): 47-56. 

4. Shi T, Ooi Y, Zaw EM, et al. Association 

Between Respiratory Syncytial Virus-

Associated Acute Lower Respiratory Infection 

in Early Life and Recurrent Wheeze and 

Asthma in Later Childhood. J Infect Dis 

(2019). 

5. Chaw PS, Hua L, Cunningham S, et al. 

Respiratory Syncytial Virus-Associated Acute 

Lower Respiratory Infections in Children with 

Bronchopulmonary Dysplasia: Systematic 

Review and Meta-Analysis. J Infect Dis 

(2019). 

6. Kimura D, Saravia J, Jaligama S, et al. New 

mouse model of pulmonary hypertension 

induced by respiratory syncytial virus 

bronchiolitis. Am J Physiol Heart Circ Physiol 

315 (2018): H581-H589. 

7. Rima B, Collins P, Easton A, et al. ICTV virus 

taxonomy profile: pneumoviridae. J Gen Virol 

98 (2017): 2912-2913. 

8. Ogra PL. Respiratory syncytial virus: the 

virus, the disease, and the immune response. 

Paediatr Respir Rev (2004) 5 Suppl A: S119-

126. 

9. Johnson PR, Spriggs MK, Olmsted RA, 

Collins PL. The G glycoprotein of human 

respiratory syncytial viruses of subgroups A 

and B: extensive sequence divergence between 

antigenically related proteins. Proc Natl Acad 

Sci U S A 84 (1987): 5625-5629. 

10. Collins PL, Melero JA. Progress in 

understanding and controlling respiratory 

syncytial virus: still crazy after all these years. 

Virus Res 162 (2011): 80-99. 

11. Ruckwardt TJ, Morabito KM, Graham BS. 

Immunological lessons from respiratory 

syncytial virus vaccine development. 

Immunity 51 (2019): 429-442. 

12. Graham BS. Immunological goals for 

respiratory syncytial virus vaccine 

development. Curr Opin Immunol 59 (2019): 

57-64. 



Arch Clin Biomed Res 2021; 5 (2): 185-200                                                                                             DOI: 10.26502/acbr.50170159 

 

 

Archives of Clinical and Biomedical Research     Vol. 5 No.2 – April 2021. [ISSN 2572-9292].                                                  195 

13. Wang XW, Wang JX. Pattern recognition 

receptors acting in innate immune system of 

shrimp against pathogen infections. Fish 

Shellfish Immunol 34 (2013): 981-989. 

14. Yoneyama M, Onomoto K, Jogi M, Akaboshi 

T, Fujita T. Viral RNA detection by RIG-I-like 

receptors. Curr Opin Immunol 32 (2015): 48-

53. 

15. Sun Y, Lopez CB. The innate immune 

response to RSV: Advances in our 

understanding of critical viral and host factors. 

Vaccine 35 (2017): 481-488. 

16. Russell CD, Unger SA, Walton M, Schwarze 

J. The human immune response to respiratory 

syncytial virus infection. Clin Microbiol Rev 

30 (2017): 481-502. 

17. Kolli D, Velayutham TS, Casola A. Host-viral 

interactions: role of pattern recognition 

receptors (PRRs) in Human pneumovirus 

infections. Pathogens 2 (2013). 

18. Goutaki M, Haidopoulou K, Pappa S, et al. 

The role of TLR4 and CD14 polymorphisms 

in the pathogenesis of respiratory syncytial 

virus bronchiolitis in greek infants. Int J 

Immunopathol Pharmacol 27 (2014): 563-572. 

19. Kim TH, Lee HK. Innate immune recognition 

of respiratory syncytial virus infection. BMB 

Rep 47 (2014): 184-191. 

20. Groskreutz DJ, Monick MM, Powers LS, 

Yarovinsky TO, Look DC, et al. Respiratory 

syncytial virus induces TLR3 protein and 

protein kinase R, leading to increased double-

stranded RNA responsiveness in airway 

epithelial cells. J Immunol 176 (2006): 1733-

1740. 

21. Lukacs NW, Smit JJ, Mukherjee S, Morris SB, 

Nunez G, et al. Respiratory virus-induced 

TLR7 activation controls IL-17-associated 

increased mucus via IL-23 regulation. J 

Immunol 185 (2010): 2231-2239. 

22. Chen ZG, Wang SC, Xu JY, Dai QG. 

Regulation of Jinxin Oral Liquid for the 

expression of negative regulatory factor of 

TLR3 signaling pathway SOCS1 in RSV 

infected BALB/c mice. Zhongguo Zhong Xi 

Yi Jie He Za Zhi 34 (2014): 1499-1506. 

23. Vojvoda V, Savic Mlakar A, Jergovic M, et al. 

The increased type-1 and type-2 chemokine 

levels in children with acute RSV infection 

alter the development of adaptive immune 

responses. Biomed Res Int. 2014 (2014): 

750521. 

24. Khare VM, Saxena VK, Tomar A, et al. 

Cytokine gene expression following RSV-A 

infection. Front Biosci 24 (2019): 463-481. 

25. Bohmwald K, Galvez NMS, Canedo-

Marroquin G, et al. Contribution of cytokines 

to tissue damage during human respiratory 

syncytial virus infection. Front Immunol 10 

(2019): 452. 

26. Knudson CJ, Weiss KA, Stoley ME, Varga 

SM. Evaluation of the adaptive immune 

response to respiratory syncytial virus. 

Methods Mol Biol 1442 (2016): 231-243. 

27. Holt PG, Strickland DH, Wikstrom ME, 

Jahnsen FL. Regulation of immunological 

homeostasis in the respiratory tract. Nat Rev 

Immunol 8 (2008): 142-152. 

28. Schuurhuis DH, Ioan-Facsinay A, 

Nagelkerken B, et al. Antigen-antibody 

immune complexes empower dendritic cells to 

efficiently prime specific CD8+ CTL 

responses in vivo. J Immunol 168 (2002): 

2240-2246. 



Arch Clin Biomed Res 2021; 5 (2): 185-200                                                                                             DOI: 10.26502/acbr.50170159 

 

 

Archives of Clinical and Biomedical Research     Vol. 5 No.2 – April 2021. [ISSN 2572-9292].                                                  196 

29. Shinoff JJ, O'Brien KL, Thumar B, Shaw JB, 

Reid R, et al. Young infants can develop 

protective levels of neutralizing antibody after 

infection with respiratory syncytial virus. J 

Infect Dis 198 (2008): 1007-1015. 

30. Ramos-Fernandez JM, Moreno-Perez D, 

Antunez-Fernandez C, Milano-Manso G, 

Cordon-Martinez AM, et al. Lower 

lymphocyte response in severe cases of acute 

bronchiolitis due to respiratory syncytial virus. 

An Pediatr 88 (2018): 315-321. 

31. Smith-Norowitz TA, Mandal M, Joks R, et al. 

IgE anti-respiratory syncytial virus antibodies 

detected in serum of pediatric patients with 

asthma. Hum Immunol 76 (2015): 519-524. 

32. Luchsinger V, Piedra PA, Ruiz M, et al. Role 

of neutralizing antibodies in adults with 

community-acquired pneumonia by 

respiratory syncytial virus. Clin Infect Dis 54 

(2012): 905-912. 

33. Christiaansen AF, Knudson CJ, Weiss KA, 

Varga SM. The CD4 T cell response to 

respiratory syncytial virus infection. Immunol 

Res 59 (2014): 109-117. 

34. Raiden S, Sananez I, Remes-Lenicov F, et al. 

Respiratory syncytial virus (RSV) infects 

CD4+ T cells: frequency of circulating CD4+ 

RSV+ T cells as a marker of disease severity 

in young children. J Infect Dis 215 (2017): 

1049-1058. 

35. Rossey I, Sedeyn K, De Baets S, Schepens B, 

Saelens X. CD8+ T cell immunity against 

human respiratory syncytial virus. Vaccine 32 

(2014): 6130-6137. 

36. Hussell T, Georgiou A, Sparer TE, Matthews 

S, Pala P, et al. Host genetic determinants of 

vaccine-induced eosinophilia during 

respiratory syncytial virus infection. J 

Immunol 161 (1998): 6215-6222. 

37. Patel N, Massare MJ, Tian JH, et al. 

Respiratory syncytial virus prefusogenic 

fusion (F) protein nanoparticle vaccine: 

Structure, antigenic profile, immunogenicity, 

and protection. Vaccine 37 (2019): 6112-6124. 

38. Melero JA, Mas V, McLellan JS. Structural, 

antigenic and immunogenic features of 

respiratory syncytial virus glycoproteins 

relevant for vaccine development. Vaccine 35 

(2017): 461-468. 

39. Behera AK, Matsuse H, Kumar M, Kong X, 

Lockey RF, Mohapatra SS. Blocking 

intercellular adhesion molecule-1 on human 

epithelial cells decreases respiratory syncytial 

virus infection. Biochem Biophys Res 

Commun 280 (2001): 188-195. 

40. Yuan X, Hu T, He H, et al. Respiratory 

syncytial virus prolifically infects N2a 

neuronal cells, leading to TLR4 and nucleolin 

protein modulations and RSV F protein co-

localization with TLR4 and nucleolin. J 

Biomed Sci 25 (2018): 13. 

41. Mastrangelo P, Norris MJ, Duan W, Barrett 

EG, Moraes TJ, et al. Targeting host cell 

surface nucleolin for RSV therapy: challenges 

and opportunities. Vaccines 5 (2017). 

42. Currier MG, Lee S, Stobart CC, et al. EGFR 

interacts with the fusion protein of respiratory 

syncytial virus strain 2-20 and mediates 

infection and mucin expression. PLoS Pathog 

12 (2016): e1005622. 

43. Boyoglu-Barnum S, Chirkova T, Anderson LJ. 

Biology of infection and disease pathogenesis 

to guide RSV vaccine development. Front 

Immunol 10 (2019) :1675. 



Arch Clin Biomed Res 2021; 5 (2): 185-200                                                                                             DOI: 10.26502/acbr.50170159 

 

 

Archives of Clinical and Biomedical Research     Vol. 5 No.2 – April 2021. [ISSN 2572-9292].                                                  197 

44. Harris J, Werling D. Binding and entry of 

respiratory syncytial virus into host cells and 

initiation of the innate immune response. Cell 

Microbiol 5 (2003): 671-680. 

45. Griffiths CD, Bilawchuk LM, McDonough JE, 

et al. IGF1R is an entry receptor for respiratory 

syncytial virus. Nature (2020). 

46. Kurt-Jones EA, Popova L, Kwinn L, et al. 

Pattern recognition receptors TLR4 and CD14 

mediate response to respiratory syncytial 

virus. Nat Immunol 1 (2000): 398-401. 

47. Hasegawa K, Perez-Losada M, Hoptay CE, et 

al. RSV vs. rhinovirus bronchiolitis: difference 

in nasal airway microRNA profiles and 

NFkappaB signaling. Pediatr Res 83 (2018): 

606-614. 

48. Monick MM, Yarovinsky TO, Powers LS, et 

al. Respiratory syncytial virus up-regulates 

TLR4 and sensitizes airway epithelial cells to 

endotoxin. J Biol Chem 278 (2003): 53035-

53044. 

49. Salisch NC, Izquierdo Gil A, Czapska-Casey 

DN, et al. Adenovectors encoding RSV-F 

protein induce durable and mucosal immunity 

in macaques after two intramuscular 

administrations. NPJ Vaccines 4 (2019): 54. 

50. Hiatt A, Bohorova N, Bohorov O, et al. Glycan 

variants of a respiratory syncytial virus 

antibody with enhanced effector function and 

in vivo efficacy. Proc Natl Acad Sci U S A 

111(2014): 5992-5997. 

51. Krarup A, Truan D, Furmanova-Hollenstein P, 

et al. A highly stable prefusion RSV F vaccine 

derived from structural analysis of the fusion 

mechanism. Nat Commun 6 (2015): 8143. 

52. Graham BS. Vaccine development for 

respiratory syncytial virus. Curr Opin Virol 23 

(2017): 107-112. 

53. Domachowske JB, Khan AA, Esser MT, et al. 

Safety, tolerability and pharmacokinetics of 

MEDI8897, an extended half-life single-dose 

respiratory syncytial virus prefusion F-

targeting monoclonal antibody administered 

as a single dose to healthy preterm infants. 

Pediatr Infect Dis J 37 (2018): 886-892. 

54. Kwilas S, Liesman RM, Zhang L, Walsh E, 

Pickles RJ, et al. Respiratory syncytial virus 

grown in Vero cells contains a truncated 

attachment protein that alters its infectivity and 

dependence on glycosaminoglycans. J Virol 

83 (2009): 10710-10718. 

55. Chirkova T, Boyoglu-Barnum S, Gaston KA, 

et al. Respiratory syncytial virus G protein 

CX3C motif impairs human airway epithelial 

and immune cell responses. J Virol 87 (2013): 

13466-13479. 

56. Moore EC, Barber J, Tripp RA. Respiratory 

syncytial virus (RSV) attachment and 

nonstructural proteins modify the type I 

interferon response associated with suppressor 

of cytokine signaling (SOCS) proteins and 

IFN-stimulated gene-15 (ISG15). Virol J 5 

(2008): 116. 

57. Caidi H, Miao C, Thornburg NJ, Tripp RA, 

Anderson LJ, et al. Anti-respiratory syncytial 

virus (RSV) G monoclonal antibodies reduce 

lung inflammation and viral lung titers when 

delivered therapeutically in a BALB/c mouse 

model. Antiviral Res 154 (2018): 149-157. 

58. Hijano DR, Vu LD, Kauvar LM, Tripp RA, 

Polack FP, et al. Role of type I interferon (IFN) 

in the respiratory syncytial virus (RSV) 



Arch Clin Biomed Res 2021; 5 (2): 185-200                                                                                             DOI: 10.26502/acbr.50170159 

 

 

Archives of Clinical and Biomedical Research     Vol. 5 No.2 – April 2021. [ISSN 2572-9292].                                                  198 

immune response and disease severity. Front 

Immunol 10 (2019): 566. 

59. Retamal-Diaz A, Covian C, Pacheco GA, et al. 

Contribution of resident memory CD8(+) T 

cells to protective immunity against 

respiratory syncytial virus and their impact on 

vaccine design. Pathogens 8 (2019). 

60. Jones HG, Ritschel T, Pascual G, et al. 

Structural basis for recognition of the central 

conserved region of RSV G by neutralizing 

human antibodies. PLoS Pathog 14 (2018): 

e1006935. 

61. Chatterjee S, Luthra P, Esaulova E, et al. 

Structural basis for human respiratory 

syncytial virus NS1-mediated modulation of 

host responses. Nat Microbiol 2 (2017): 

17101. 

62. Whelan JN, Tran KC, van Rossum DB, Teng 

MN. Identification of respiratory syncytial 

virus nonstructural protein 2 residues essential 

for exploitation of the host ubiquitin system 

and inhibition of innate immune responses. J 

Virol 90 (2016): 6453-6463. 

63. Spann KM, Tran KC, Chi B, Rabin RL, 

Collins PL. Suppression of the induction of 

alpha, beta, and lambda interferons by the NS1 

and NS2 proteins of human respiratory 

syncytial virus in human epithelial cells and 

macrophages [corrected]. J Virol 78 (2004): 

4363-4369. 

64. Sedeyn K, Schepens B, Saelens X. Respiratory 

syncytial virus nonstructural proteins 1 and 2: 

exceptional disrupters of innate immune 

responses. PLoS Pathog 15 (2019): e1007984. 

65. Ren J, Liu T, Pang L, et al. A novel mechanism 

for the inhibition of interferon regulatory 

factor-3-dependent gene expression by human 

respiratory syncytial virus NS1 protein. J Gen 

Virol 92 (2011): 2153-2159. 

66. Ling Z, Tran KC, Teng MN. Human 

respiratory syncytial virus nonstructural 

protein NS2 antagonizes the activation of beta 

interferon transcription by interacting with 

RIG-I. J Virol  83 (2009): 3734-3742. 

67. Xu X, Zheng J, Zheng K, Hou Y, Zhao F, et al. 

Respiratory syncytial virus NS1 protein 

degrades STAT2 by inducing SOCS1 

expression. Intervirology 57 (2014): 65-73. 

68. Webster Marketon JI, Corry J, Teng MN. The 

respiratory syncytial virus (RSV) 

nonstructural proteins mediate RSV 

suppression of glucocorticoid receptor 

transactivation. Virology 449 (2014): 62-69. 

69. Munir S, Le Nouen C, Luongo C, Buchholz 

UJ, Collins PL, et al. Nonstructural proteins 1 

and 2 of respiratory syncytial virus suppress 

maturation of human dendritic cells. J Virol 82 

(2008): 8780-8796. 

70. Qin L, Peng D, Hu C, et al. Differentiation of 

Th subsets inhibited by nonstructural proteins 

of respiratory syncytial virus is mediated by 

ubiquitination. PLoS One 9 (2014): e101469. 

71. Venter M, Rock M, Puren AJ, Tiemessen CT, 

Crowe JE, Jr. Respiratory syncytial virus 

nucleoprotein-specific cytotoxic T-cell 

epitopes in a South African population of 

diverse HLA types are conserved in circulating 

field strains. J Virol 77 (2003): 7319-7329. 

72. Cespedes PF, Bueno SM, Ramirez BA, et al. 

Surface expression of the hRSV nucleoprotein 

impairs immunological synapse formation 

with T cells. Proc Natl Acad Sci U S A 111 

(2014): E3214-E3223. 



Arch Clin Biomed Res 2021; 5 (2): 185-200                                                                                             DOI: 10.26502/acbr.50170159 

 

 

Archives of Clinical and Biomedical Research     Vol. 5 No.2 – April 2021. [ISSN 2572-9292].                                                  199 

73. Remot A, Roux X, Dubuquoy C, et al. 

Nucleoprotein nanostructures combined with 

adjuvants adapted to the neonatal immune 

context: a candidate mucosal RSV vaccine. 

PLoS One 7 (2012): e37722. 

74. Tran TL, Castagne N, Bhella D, et al. The nine 

C-terminal amino acids of the respiratory 

syncytial virus protein P are necessary and 

sufficient for binding to ribonucleoprotein 

complexes in which six ribonucleotides are 

contacted per N protein protomer. J Gen Virol 

88 (2007): 196-206. 

75. Khattar SK, Yunus AS, Samal SK. Mapping 

the domains on the phosphoprotein of bovine 

respiratory syncytial virus required for N-P 

and P-L interactions using a minigenome 

system. J Gen Virol 82 (2001): 775-779. 

76. Esperante SA, Paris G, de Prat-Gay G. 

Modular unfolding and dissociation of the 

human respiratory syncytial virus 

phosphoprotein p and its interaction with the 

m(2-1) antiterminator: a singular tetramer-

tetramer interface arrangement. Biochemistry 

51 (2012): 8100-8110. 

77. Nakamura-Lopez Y, Villegas-Sepulveda N, 

Gomez B. RSV P-protein impairs extrinsic 

apoptosis pathway in a macrophage-like cell 

line persistently infected with respiratory 

syncytial virus. Virus Res 204 (2015): 82-87. 

78. Shahriari S, Gordon J, Ghildyal R. Host 

cytoskeleton in respiratory syncytial virus 

assembly and budding. Virol J 13 (2016): 161. 

79. Forster A, Maertens GN, Farrell PJ, Bajorek 

M. Dimerization of matrix protein is required 

for budding of respiratory syncytial virus. J 

Virol 89 (2015): 4624-4635. 

80. Shahriari S, Wei KJ, Ghildyal R. Respiratory 

syncytial virus matrix (M) protein interacts 

with actin in vitro and in cell culture. Viruses 

10 (2018). 

81. Kipper S, Hamad S, Caly L, et al. New host 

factors important for respiratory syncytial 

virus (RSV) replication revealed by a novel 

microfluidics screen for interactors of matrix 

(M) protein. Mol Cell Proteomics 14 (2015): 

532-543. 

82. Gan SW, Ng L, Lin X, Gong X, Torres J. 

Structure and ion channel activity of the 

human respiratory syncytial virus (hRSV) 

small hydrophobic protein transmembrane 

domain. Protein Sci 17 (2008): 813-820. 

83. Triantafilou K, Kar S, Vakakis E, Kotecha S, 

Triantafilou M. Human respiratory syncytial 

virus viroporin SH: a viral recognition 

pathway used by the host to signal 

inflammasome activation. Thorax 68 (2013): 

66-75. 

84. Fuentes S, Tran KC, Luthra P, Teng MN, He 

B. Function of the respiratory syncytial virus 

small hydrophobic protein. J Virol 81 (2007): 

8361-8366. 

85. Schepens B, Sedeyn K, Vande Ginste L, et al. 

Protection and mechanism of action of a novel 

human respiratory syncytial virus vaccine 

candidate based on the extracellular domain of 

small hydrophobic protein. EMBO Mol Med 6 

(2014): 1436-1454. 

86. Selvaraj M, Yegambaram K, Todd E, et al. The 

structure of the human respiratory syncytial 

virus M2-1 protein bound to the interaction 

domain of the phosphoprotein P defines the 

orientation of the complex. mBio 9 (2018). 



Arch Clin Biomed Res 2021; 5 (2): 185-200                                                                                             DOI: 10.26502/acbr.50170159 

 

 

Archives of Clinical and Biomedical Research     Vol. 5 No.2 – April 2021. [ISSN 2572-9292].                                                  200 

87. Li N, Zhang L, Zheng B, et al. RSV 

recombinant candidate vaccine G1F/M2 with 

CpG as an adjuvant prevents vaccine-

associated lung inflammation, which may be 

associated with the appropriate types of 

immune memory in spleens and lungs. Hum 

Vaccin Immunother 15 (2019): 2684-2694. 

88. Karron RA, Luongo C, Thumar B, et al. A 

gene deletion that up-regulates viral gene 

expression yields an attenuated RSV vaccine 

with improved antibody responses in children. 

Sci Transl Med 7 (2015): 312ra175. 

89. Collins PL, Fearns R, Graham BS. Respiratory 

syncytial virus: virology, reverse genetics, and 

pathogenesis of disease. Curr Top Microbiol 

Immunol 372 (2013): 3-38. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                      

 



Arch Clin Biomed Res 2021; 5 (2): 185-200                                                                                             DOI: 10.26502/acbr.50170159 

 

 

Archives of Clinical and Biomedical Research     Vol. 5 No.2 – April 2021. [ISSN 2572-9292].                                                  201 

This article is an open access article distributed under the terms and conditions of the 

 Creative Commons Attribution (CC-BY) license 4.0 

 

http://creativecommons.org/licenses/by/4.0/

