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Abstract  

Immunological response to Respiratory Syncytial Virus (RSV) involves multiple entities such as cellular, antibody,  

cytokine, chemokine, and Pattern Recognizing Receptors (PRRs) that are mobilized to subdue the airway and pulmonary 

effects of the virus. RSV predominantly involves the respiratory tract including the bronchioles and the lungs in addition 

to the upper respiratory passage. Although RSV afflicts all age groups predominantly in winter, severe infection is more 

common in the very young and in older individuals, i.e., 60-65 years of age. Recently, vaccines and monoclonal  

antibodies have been developed as a preventive strategy for the vulnerable.      
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Introduction 

Respiratory Syncytial Virus (RSV) is a single-stranded, enveloped, RNA virus belonging to the Pneumoviridae family of 

the mononegavirales order. Infection occurs during the winter months in temperate climate. Infection is seen in  

children as well as in adults. Infection involves both upper, middle, and lower airways including the bronchioles and 

lung parenchyma. Reinfection is common because of a lack of natural immunity to RSV [1, 2]. Morbidity and mortality 

are more common in infants, young children, and adults older than 60-65 years of age. The body’s immunological  

response determines the response to RSV infection. 58,000 to 80,000 children under age 5 are hospitalized with RSV 

each year and 1 to 2 of every 100 children younger than 6 months old with RSV may need to be hospitalized [3].  

According to the U.S. Centers for Disease Control and Prevention, each year in the U.S., RSV leads to approximately 

60,000-120,000 hospitalizations and 6,000-10,000 deaths among adults 65 years of age and older [4]. 

Immunological response: The immunological response involves cellular, antibody, type 1 and type 2 helper cells [Th1 

and Th2], cytokine, chemokine, and Pattern Recognition Receptors (PRPs) that determine the outcome of RSV  

infection.  

Cellular response includes neutrophils, natural killer cells (NK), dendric cells (DC), macrophage and monocytes,  

eosinophils, and T-cells or Thymus derived cells.  

Cellular response consisting of neutrophils and macrophages in RSV bronchiolitis were higher in term infants than in 

preterm infants due to the mature immune system of term infants [5]. However, lymphocyte count was similar in both 

groups.   

Neutrophils: During lower respiratory tract infection (LRTI) with RSV, neutrophils are activated at the initial stages of 

infection with the production of elastase from neutrophils [6]. The maximal neutrophil infiltration in the lungs in LRTI 

is seen when symptoms peak at the highest viral load [7].  The lung shows heavy neutrophilic infiltration in  

non-survivors of LRTI [8].   

NK cells: NK cells are involved in the regulation of inflammation and lower systemic levels associated with the severity 

of infection were observed [9]. NK cells that express granzyme B migrate to the lungs as evidenced by the presence of 

these cells from airway secretions in severe bronchiolitis [10].  
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DCs: DCs are the primary antigen presenting cells and are mobilized from the blood into the nasal mucosa during early 

infection and increase even more during recovery [11]. Blood plasmacytoid DCs (pDCs) are decreased during severe 

bronchiolitis [12]. Conventional DCs (cDCs), on the other hand, display a proinflammatory phenotype in infants with 

bronchiolitis on ventilator [13]. Following severe RSV bronchiolitis, preterm and infants over the age of 4 months show 

lower lung pDCs when compared to infants at term and infants less than 4-month. This suggests an ineffective immune 

response to severe RSV infection [13]. 

Macrophages and Monocytes:   Alveolar macrophages exhibit antigen presentation and regulate the immune response. 

Blood monocytes reveal enhanced Tool-like receptor (TLR) 4 and decreased TLR 8 as well as Tumor Necrosis Factor-α 

[TNF- α] in acute RSV infection [14]. 

Eosinophils: Eosinophils help in the recovery process. Eosinophil counts are not increased in the early part of the infec-

tion but are elevated in the recovery phase [15]. Eosinophil may be associated with severe infection as a part of Th2 re-

sponse.   

T-cells: A transient T-cell lymphopenia is observed initially in RSV LRTI. T-cell subsets such as CD4+, CD8+, CD3, ɤ   are 

reduced during infection compared to recovery phase [16]. T-cell lymphopenia is prominent in younger subjects. Low T-

cell subsets are observed in more severe infection and are almost absent in fatal cases [17]. Circulating regulatory T-cells 

(Tregs) are decreased in hospitalized infants with RSV bronchiolitis for up to 3 weeks [18].  

T-cell subsets: CD4+ T-cells (helper cells) dominate in comparison to CD8+ (suppressor/cytotoxic cells) in RSV LRTI 

[19]. However, as infection progresses, CD8+ becomes more predominant and exhibits an effector phenotype (antigen 

encountered cells). In bronchiolitis, blood cytotoxic T-cells predominate in mild cases, as opposed to the more severe 

cases [20]. RSV-specific lung CD 8+T-cells are inversely related to symptom severity and viral load in bronchiolar lavage 

fluid. T-cell apoptosis is used by RSV as an evasive strategy to the immune response of the host. T cell response is blunt-

ed through the expression of program death cell-1 (PD-1) protein and its interaction with its ligand on T cells in the 

lungs to control inflammation and mitigate lung injury [21]. Lymphopenia is associated with higher prolactin and lower 

leptin-1 levels suggesting the involvement of a neuroendocrine stress response in severe RSV infection [22].   

Flawed T-cell response: Risk factors for susceptibility to severe RSV infection is found in elderly subjects [23], who 

have low RSV restricted CD4+ and CD8+ T cells, and in those on immunosuppressive drugs [24], and following bone mar-

row transplantation.  

Antibody response via B-cells: Following RSV LRTI in infants, there is an enhanced circulating B cells with prominent 

plasma cells in pulmonary tissue in lethal cases of bronchiolitis. Type 1 Interferon-ɣ (IFN- ɣ) is suspected to be involved 

in early B cell response against RSV. B cell stimulating factors were also detected in pulmonary infected epithelial cells. 

RSV LRTI showed elevated immunoglobulins of A, G, and M types in the lungs. In adults with RSV infection, the presence 

of RSV specific circulating plasma cells over a prolonged period is associated with longer viral shedding [25]. Adults who 

have severe infection showed higher circulating levels of IgA and IgG post-infection which may be related to enhanced 

viral load.   

Immunoglobulin E: IgE plays a deleterious role in RSV [26].  

T helper cell responses: T helper cells consists of Th1, Th2 cells and their balance.  

Th1 cells secrete IFN-ɣ, IL-1, IL-2, IL-12, IL-18, and TNF-α. Th 1 cell, through its proinflammatory effect, controls intra-

cellular pathogens.  

Th2 cells secrete IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13 and are important in generating antibody response. It counteracts 

the Th1 response and keeps inflammation under control.  

There are changes seen in both types of cells in RSV infection which is beyond scope of this manuscript.  

Cytokine: Proinflammatory IL-17A and IL-8 will be discussed.  

IL-17 A: Circulating IL-17 levels and Th-17 cells counts are higher in infants with RSV bronchiolitis than in those infants 

with non-RSV LRTI. Nasal IL-17 A levels are elevated in infants on the ventilator [27]. In the acute phase, IL-17 A level 

may be deleterious since it is involved in the recruitment of neutrophils.  

IL-8: In the acute phase of RSV LRTI, IL-8, a neutrophil chemoattractant level is increased in blood and respiratory tract. 

This is followed by a decline in circulating IL-8 in the recovery phase [28]. Elevated circulating and airway IL-8 levels are 

seen in infants who need ventilatory support and who are hypoxemic. RSV LRTI in term infants presents with higher 

nasal IL-8 and neutrophils, suggesting a robust inflammatory response.  
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Chemokine response: In RSV bronchiolitis and LRTI, increased levels of chemokine ligand 3 (CCL3) or Macrophage In-

flammatory Protein (MIP-1α), chemokine ligand 5 (CCL5) or Regulated upon Activation, Normal T Cell Expressed and 

Presumably Secreted (RANTES), and eotaxin are found in the nasal mucosa and in the lungs [29].   

Pattern Recognition Receptors (PRRs): These receptors are involved in the recognition of viral pathogens and in the 

production of cytokine and interferon. Increased expressions of TLR7, TLR8, Retinoic acid-inducible gene I (RIG-1), and 

Melanoma Differentiation-Associated gene 5 (MDA-5) are found in RSV bronchiolitis in infants [30].  

Prevention 

A new vaccine (GSK's Arexvy) has been approved by the Food and Drug Administration (FDA) against RSV LRTI as a pre-

ventive measure in adults over 60 years of age. The vaccine significantly reduced the risk of developing RSV-associated 

LRTI by 82.6% and reduced the risk of developing severe RSV-associated LRTI by 94.1% [4].   

In a large study, when administered to the mother during the second or third trimester of pregnancy, Pfizer’s RSVpreF or 

PF-06928316 showed an effectiveness of 82% for preventing severe RSV in babies from birth to 3 months of age, the 

efficacy was still high, at 69%, against severe RSV illness. However, there was a slight increase in preterm births in the 

RSV vaccine group that wasn't statistically significant. The rate of preterm births in women was 5.7% which is slightly 

higher than the 4.7% in the unvaccinated group. Also, the preterm births occurred later in the gestational period [3].  

The FDA advisory panel has also recommended the approval of a monoclonal antibody Beyfortus (nirsevimab) aimed at 

preventing RSV in infants and vulnerable toddlers [31].  

Conclusion 

Immunological response to RSV infection is complex and involves multiple protein complexes which interact with each 

other to resolve infection that affects the airway and lung.  

Conflict of Interest 

None 

Acknowledgement 

Author would like to thank Malini Ravindranath PhD for her editorial guidance.   

Funding  

None 

Ethical Approval 

Not applicable  

References 

1. Glezen WP, Taber LH, Frank AL, Kasel JA. Risk of primary infection and reinfection with respiratory syncytial virus. 

Am. J. Dis. Child. 1986; 140[6]:543–546. 

2. Russell CD, Unger SA, Walton M, J Schwarzea. The Human Immune Response to Respiratory Syncytial Virus Infection. 

Clinical Microbiology Reviews. 2017; 30[2]:481-502. 

3. https://www.cidrap.umn.edu/respiratory-syncytial-virus-rsv/fda-advisers-recommend-rsv-vaccine-pregnant-

women-protect-newborns. 

4. https://www.fda.gov/news-events/press-announcements/fda-approves-first-respiratory-syncytial-virus-rsv-

vaccine. 

5. McNamara PS, Ritson P, Selby A, Hart CA, Smyth RL. Bronchoalveolar lavage cellularity in infants with severe respira-

tory syncytial virus bronchiolitis. Arch Dis Child 2003; 88[10]:922–926. 

6. Emboriadou M, Hatzistilianou M, Magnisali C, Sakelaropoulou A, Exintari M, Conti P, Aivazis V. Human neutrophil 

elastase in RSV bronchiolitis. Ann Clin Lab Sci 2007; 37[1]:79–84.  

7. Lukens MV, van de Pol AC, Coenjaerts FEJ, Jansen NJG, Kamp VM, Kimpen JLL, Rossen JWA, Ulfman LH, Tacke CEA, 

Viveen MC, Koenderman L, Wolfs TFW, van Bleek GM. A systemic neutrophil response precedes robust CD 8 T-cell 

activation during natural respiratory syncytial virus infection in infants. J Virol 2010; 84[5]:2374 –2383.  

https://sciencevolks.com/paediatrics/
https://pubmed.ncbi.nlm.nih.gov/3706232/
https://pubmed.ncbi.nlm.nih.gov/3706232/
https://pubmed.ncbi.nlm.nih.gov/28179378/
https://pubmed.ncbi.nlm.nih.gov/28179378/
https://pubmed.ncbi.nlm.nih.gov/14500316/
https://pubmed.ncbi.nlm.nih.gov/14500316/
https://pubmed.ncbi.nlm.nih.gov/17311874/#:~:text=The%20results%20indicate%20that%20neutrophils,inflammation%20in%20acute%20RSV%20bronchiolitis.
https://pubmed.ncbi.nlm.nih.gov/17311874/#:~:text=The%20results%20indicate%20that%20neutrophils,inflammation%20in%20acute%20RSV%20bronchiolitis.
https://pubmed.ncbi.nlm.nih.gov/20015982/
https://pubmed.ncbi.nlm.nih.gov/20015982/
https://pubmed.ncbi.nlm.nih.gov/20015982/


90 

 Immunological Response to Respiratory Syncytial Virus Infection 

SVOA Paediatrics  

8. Johnson JE, Gonzales RA, Olson SJ, Wright PF, Graham BS. The histopathology of fatal untreated human respiratory 

syncytial virus infection. Modern Pathol 2007; 20[1]:108 –119. 

9. Larranaga CL, Ampuero SL, Luchsinger VF, Carrion FA, Aguilar NV, Morales PR, Palomino MAM, Tapia LF, Avendano 

LF. Impaired immune response in severe human lower tract respiratory infection by respiratory syncytial virus. 

Pediatr Infect Dis J 2009; 28[10]:867– 873.  

10. Bem RA, Bos AP, Bots M, Wolbink AM, Van Ham SM, Medema JP, Lutter R, Van Woensel JBM. Activation of the 

granzyme pathway in children with severe respiratory syncytial virus infection. Pediatric Res 2008; 63[6]:650–

655. 

11. Gill MA, Long K, Kwon T, Muniz L, Mejias A, Connolly J, Roy L, Banchereau J, Ramilo O. Differential recruitment of 

dendritic cells and monocytes to respiratory mucosal sites in children with influenza virus or respiratory syncytial 

virus infection. J Infect Dis 2008; 198[11]:1667–1676. 

12. Weng KZ, Zhang JX, Mei XQ, Wu A, Zhang BZ, Cai MY, Zheng YH, Ke ZY. Lower number of plasmacytoid dendritic 

cells in peripheral blood of children with bronchiolitis following respiratory syncytial virus infection. Influenza 

Other Respir Viruses 2014; 8[4]:469 – 473. 

13. Kerrin A, Fitch P, Errington C, Kerr D, Waxman L, Riding K, McCormack J, Mehendele F, McSorley H, MacKenzie K, 

Wronski S, Braun A, Levin R, Theilen U, Schwarze J. Differential lower airway dendritic cell patterns may reveal 

distinct endotypes of RSV bronchiolitis. Thorax 2016; 72(7):620-627. 

14. Bendelja K, Vojvoda V, Aberle N, Cepin-Bogovic J, Gagro A, Mlinaric-Galinovic G, Rabatic S.  Decreased Toll-like re-

ceptor 8 expression and lower TNF-alpha synthesis in infants with acute RSV infection. 2010; 11[1]:143.   

15. Kawasaki Y, Hosoya M, Kanno H, Suzuki H. Serum regulated upon activation, normal T cell expressed and presuma-

bly secreted concentrations and eosinophils in respiratory syncytial virus infection. Pediatrics Int 2006; 48[3]:257–

260.  

16. De Weerd W, Twilhaar WN, Kimpen JL. T cell subset analysis in peripheral blood of children with RSV bronchiolitis. 

Scand J Infect Dis 1998; 30[1]:77– 80. 

17. Welliver TP, Garofalo RP, Hosakote Y, Hintz KH, Avendano L, Sanchez K, Velozo L, Jafri H, Chavez-Bueno S, Ogra PL, 

McKinney L, Reed JL, Welliver RC. Severe human lower respiratory tract illness caused by respiratory syncytial vi-

rus and influenza virus is characterized by the absence of pulmonary cytotoxic lymphocyte responses. J Infect Dis 

2007; 195[8]:1126 –1136. 

18. Raiden S, Pandolfi J, Payaslian F, Anderson M, Rivarola N, Ferrero F, Urtasun M, Fainboim L, Geffner J, Arruvito L. 

Depletion of circulating regulatory T cells during severe respiratory syncytial virus infection in young children. Am 

J Respi Crit Care Med 2014; 189[7]:865– 868. 

19. Heidema J, Lukens MV, van Maren WWC, van Dijk MEA, Otten HG, van Vught AJ, van der Werff DBM, van Gestel SJP, 

Semple MG, Smyth RL, Kimpen JLL, van Bleek GM. CD8+ T cell responses in bronchoalveolar lavage fluid and periph-

eral blood mononuclear cells of infants with severe primary respiratory syncytial virus infections. J Immunol 2007; 

179[12]:8410–8417. 

20. Isaacs D, Bangham CR, McMichael AJ. 1987. Cell-mediated cytotoxic response to respiratory syncytial virus in in-

fants with bronchiolitis. Lancet 1987; 2(8562):769 –771. 

21. Yao S, Jiang L, Moser EK, Jewett LB, Wright J, Du J, Zhou B, Davis SD, Krupp NL, Braciale TJ, Sun J.  Control of patho-

genic effector T-cell activities in situ by PD-L1 expression on respiratory inflammatory dendritic cells during res-

piratory syncytial virus infection. Mucosal Immunol 2015; 8[4]:746 –759. 

22. Tasker RC, Roe MFE, Bloxham DM, White DK, Ross-Russell RI, O’Donnell DR. 2004. The neuroendocrine stress re-

sponse and severity of acute respiratory syncytial virus bronchiolitis in infancy. Intensive Care Med 2004; 30

[12]:2257–2262. 

23. Cherukuri A, Patton K, Gasser RA, Zuo FR, Woo J, Esser MT, Tang RS. 2013. Adults 65 years old and older have re-

duced numbers of functional memory T cells to respiratory syncytial virus fusion protein. Clin Vaccine Immunol 

2013; 20[2]:239 –247. 

24. Duncan MD, Wilkes DS. Transplant-related immunosuppression: a review of immunosuppression and pulmonary 

infections. Proc Am Thorac Soc 2005; 2[5]:449–455.  

25. Lee FEH, Falsey AR, Halliley JL, Sanz I, Walsh EE. Circulating antibody secreting cells during acute respiratory syn-

cytial virus infection in adults. J Infect Dis 2010; 202[11]:1659–1666. 

https://sciencevolks.com/paediatrics/
https://pubmed.ncbi.nlm.nih.gov/17143259/
https://pubmed.ncbi.nlm.nih.gov/17143259/
https://pubmed.ncbi.nlm.nih.gov/19738511/
https://pubmed.ncbi.nlm.nih.gov/19738511/
https://pubmed.ncbi.nlm.nih.gov/19738511/
https://pubmed.ncbi.nlm.nih.gov/18317234/
https://pubmed.ncbi.nlm.nih.gov/18317234/
https://pubmed.ncbi.nlm.nih.gov/18317234/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2696361/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2696361/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2696361/
https://pubmed.ncbi.nlm.nih.gov/24528606/
https://pubmed.ncbi.nlm.nih.gov/24528606/
https://pubmed.ncbi.nlm.nih.gov/24528606/
https://pubmed.ncbi.nlm.nih.gov/27531529/
https://pubmed.ncbi.nlm.nih.gov/27531529/
https://pubmed.ncbi.nlm.nih.gov/27531529/
https://pubmed.ncbi.nlm.nih.gov/20946625/
https://pubmed.ncbi.nlm.nih.gov/20946625/
https://pubmed.ncbi.nlm.nih.gov/16732790/
https://pubmed.ncbi.nlm.nih.gov/16732790/
https://pubmed.ncbi.nlm.nih.gov/16732790/
https://pubmed.ncbi.nlm.nih.gov/9670363/
https://pubmed.ncbi.nlm.nih.gov/9670363/
https://pubmed.ncbi.nlm.nih.gov/17357048/
https://pubmed.ncbi.nlm.nih.gov/17357048/
https://pubmed.ncbi.nlm.nih.gov/17357048/
https://pubmed.ncbi.nlm.nih.gov/17357048/
https://pubmed.ncbi.nlm.nih.gov/24684360/
https://pubmed.ncbi.nlm.nih.gov/24684360/
https://pubmed.ncbi.nlm.nih.gov/24684360/
https://pubmed.ncbi.nlm.nih.gov/18056387/
https://pubmed.ncbi.nlm.nih.gov/18056387/
https://pubmed.ncbi.nlm.nih.gov/18056387/
https://pubmed.ncbi.nlm.nih.gov/18056387/
https://pubmed.ncbi.nlm.nih.gov/2888988/
https://pubmed.ncbi.nlm.nih.gov/2888988/
https://pubmed.ncbi.nlm.nih.gov/25465101/
https://pubmed.ncbi.nlm.nih.gov/25465101/
https://pubmed.ncbi.nlm.nih.gov/25465101/
https://pubmed.ncbi.nlm.nih.gov/15536526/
https://pubmed.ncbi.nlm.nih.gov/15536526/
https://pubmed.ncbi.nlm.nih.gov/15536526/
https://pubmed.ncbi.nlm.nih.gov/23239796/
https://pubmed.ncbi.nlm.nih.gov/23239796/
https://pubmed.ncbi.nlm.nih.gov/23239796/
https://pubmed.ncbi.nlm.nih.gov/16322599/
https://pubmed.ncbi.nlm.nih.gov/16322599/
https://pubmed.ncbi.nlm.nih.gov/20979459/
https://pubmed.ncbi.nlm.nih.gov/20979459/


91 

 Immunological Response to Respiratory Syncytial Virus Infection 

SVOA Paediatrics  

26. Russi JC, Delfraro A, Borthagaray MD, Velazquez B, Garcia-Barreno B, Hortal M. Evaluation of immunoglobulin E-

specific antibodies and viral antigens in nasopharyngeal secretions of children with respiratory syncytial virus in-

fections. J Clin Microbiol 1993; 31[4]:819–823. 

27. Faber TE, Groen H, Welfing M, Jansen KJG, Bont LJ. Specific increase in local IL-17 production during recovery from 

primary RSV bronchiolitis. J Med Virol 2012; 84[7]:1084 –1088. 

28. Diaz PV, Gaggero AA, Pinto RA, Mamani R, Uasapud PA, Bono MR. Levels of inflammatory cytokines and plasma cor-

tisol in respiratory syncytial virus bronchiolitis. Rev Med Chile 2013; 141[5]:574 –581. 

29. Kim HH, Lee MH, Lee JS. Eosinophil cationic protein and chemokines in nasopharyngeal secretions of infants with 

respiratory syncytial virus (RSV) bronchiolitis and non-RSV bronchiolitis. J Korean Med Sci 2007; 22[1]:37– 42. 

30. Scagnolari C, Midulla F, Pierangeli A, Moretti C, Bonci E, Berardi R, De Angelis D, Selvaggi C, Di Marco P, Girardi E, 

Antonelli G. Gene expression of nucleic acid-sensing pattern recognition receptors in children hospitalized for res-

piratory syncytial virus-associated acute bronchiolitis. Clin Vaccine Immunol 2009; 16[6]:816 – 823. 

31. SunM, Lai H, Na F, Li S, Qiu X, Tian J, Zhang Z, Ge L. Monoclonal Antibody for the Prevention of Respiratory Syncytial 

Virus in Infants and Children A Systematic Review and Network Meta-analysis. JAMA Netw Open. 2023; 6

(2):e230023. 

Citation: Ravindranath Thyyar M. Immunological Response to Respiratory Syncytial Virus Infection. SVOA Paediatrics 

2023, 2:4, 87-91.  

Copyright: © 2023 All rights reserved by Ravindranath Thyyar M. This is an open access article distributed under the 

Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any  

medium, provided the original work is properly cited.  

https://sciencevolks.com/paediatrics/
https://pubmed.ncbi.nlm.nih.gov/8463392/
https://pubmed.ncbi.nlm.nih.gov/8463392/
https://pubmed.ncbi.nlm.nih.gov/8463392/
https://pubmed.ncbi.nlm.nih.gov/22585726/
https://pubmed.ncbi.nlm.nih.gov/22585726/
https://pubmed.ncbi.nlm.nih.gov/24089271/
https://pubmed.ncbi.nlm.nih.gov/24089271/
https://pubmed.ncbi.nlm.nih.gov/17297249/
https://pubmed.ncbi.nlm.nih.gov/17297249/
https://pubmed.ncbi.nlm.nih.gov/19386802/
https://pubmed.ncbi.nlm.nih.gov/19386802/
https://pubmed.ncbi.nlm.nih.gov/19386802/
https://pubmed.ncbi.nlm.nih.gov/36800182/
https://pubmed.ncbi.nlm.nih.gov/36800182/
https://pubmed.ncbi.nlm.nih.gov/36800182/

