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Introduction / Background 

 
Respiratory Syncytial Virus (RSV) is a major cause of severe lower respiratory tract infections in infants 

and children, leading to hospitalization  of an estimated  >3 million children under the age of 5 annually [1]. 
Despite such staggering figures, there is currently no licensed RSV vaccine. In the 1960s, a formalin-inactivated 
RSV vaccine candidate disastrously led to exacerbated disease [2]. Efforts since then have explored a range of 
strategies  including  subunit  vaccines,  viral  vector  vaccines,  DNA  vaccines  and  live-attenuated  vaccines  as 
possible alternatives  [3]. Even though vaccine efforts have focused largely on the fusion (F) glycoprotein  of 
RSV for its neutralizing antibody epitopes and conservation across RSV strains [4], vaccine development has 
also  explored  the  possibility  of  T  cell-based  responses  for  protection  and  facilitation  of  RSV  clearance, 
particularly the RSV M and M2 proteins for the CD8 epitopes they possess [5]. Importantly, it has been shown 
in mice that adoptive transfer of CD8+  T cells offers protection from subsequent RSV infection by limiting viral 
replication in vivo [6], and that vaccine-elicited CD8+  T cells can protect against RSV infection and pathogenesis 
[7]. In humans, studies have demonstrated an RSV-specific CD8+  T cell response in infants after primary RSV 
infection [8], and that the presence of CD8+  T cells correlates with convalescence [9]. Such a basis for a T cell- 
based response against RSV prompted us to consider Listeria monocytogenes (Lm) as a possible vaccine vehicle 
against RSV, given one of its strengths being the induction of a powerful Th1-type T cell response. 

Lm is a bacterium that has proven to be highly promising as a live attenuated vaccine vector. We have 
previously  demonstrated  Lm-based  vaccination  to be one of the few  approaches  that successfully  induces  a 
strong immune response involving IFN-γ producing CD4+  T cells as well as antigen-specific CD8+  cytotoxic T 
cells early in life [10]. In addition, Lm is able to confer lifelong immunity following a single dose in neonatal 
mice, and has an established safety track record in humans [11]. Studies by other groups using Lm have also 
shown that recombinant Lm strains expressing antigens such as the human immunodeficiency virus Gag protein 
or Francisella tularensis IglC protein, can successfully induce antigen-specific vaccine responses when given to 
neonatal mice and protect from subsequent challenge [12–14]. Thus, Lm as a neonatal vaccine delivery vehicle 
appears a likely promising vaccine candidate against RSV. 

We hypothesized that the F, N, M and M2 proteins of RSV can be expressed in a live-attenuated strain 
of Lm; and when subsequently introduced in neonatal mice, will induce a broad, efficient and lasting immune 
response sufficient for protection against RSV infection. 

 
Objectives 
To create Lm-RSV constructs that a) express chosen RSV antigens, b) maintain its viability for infection, and c) 
induce the desired immune response (i.e. Th1-type response). 

 
Methods 
Generation of Lm-RSV constructs 
Our collaborators provided a Bacterial Artificial Chromosome of the RSV A2 strain, from which the relevant 
segments  of chosen RSV genes were amplified  using PCR. These were amino acid residues  1-440 of the F 
protein, residues 1-257 of the M protein, residues 60-177 of the M2 protein and residues 1-340 of the N protein. 
Primers were designed to give the cloned segments a XhoI restriction site at the amino terminal end and a SpeI 
restriction site at the carboxyl terminal end (with the exception of the M antigen sequence, due to the presence of 
an internal SpeI restriction site; a partial blunt-ended cloning strategy was used for the M protein), to correspond 
to the orientation  of the Lm plasmid insertion site. The Lm antigen expression  vector used in this study was 
pADV211, which expresses the cloned antigenic sequence as a FLAG-tagged fusion protein with truncated ActA 
of Lm. Following cloning, the antigen expression vector was sequenced and transformed into our attenuated Lm 
vaccine  strain  (ΔdaldatactA).  In this strain,  the antigen  expression  vector  is stably  maintained  as a plasmid 
through complementation of alanine synthesis. 

 



        
             

 

Testing for expression of RSV antigen 
The transformed Lm (i.e. Lm-RSV vaccine construct) was cultured in Brain Heart Infusion (BHI) broth, with the 
supernatant  proteins subsequently  precipitated.  Expression  and secretion of the fusion antigen was confirmed 
using SDS-PAGE  and western blot protocols. The western blot was probed using an anti-FLAG  antibody to 
confirm both the presence and appropriate size of the fusion antigen. 

 
Testing for intracellular viability of Lm-RSV vaccine constructs 
Our Lm-RSV vaccine constructs were tested for their intracellular viability using a cellular infection assay, i.e. 
J774.1A, a macrophage cell-line. This assay ensures that antigen expression by Lm does not hinder its capability 
to infect and replicate in host cells, a critical requirement for vaccine immunogenicity. Cells were infected with 1 
ml of infectious media (2x106 CFU/ml) at multiplicity of infection (MOI) 1, and lysed with dH2O at 5 different 
timepoints (-2H, 0H, 2H, 4H, 6H) for dilution and plating in order to determine the CFU count; time points were 
measured  from the addition  of gentamicin,  a treatment  that serves to remove  extracellular  bacteria.  Used as 
controls were the 10403S and XFL7 strains; 10403S is the wild-type strain of Lm, and XFL7 is a strain with the 
prfA gene (a virulence factor of Lm that acts as the chief regulator of Lm virulence genes) inactivated and thus 
unable to replicate. 

 
Passaging of Lm-RSV vaccine constructs 
In order to attempt increasing the virulence of our strains, vaccine constructs were passaged twice through mice. 
For this study, neonatal male BALB/c mice were injected intraperitoneally with 108 CFU of the Lm-RSV vaccine 
construct in 100 µl of saline; at 24 hours, mice were sacrificed, and their spleens isolated, homogenized and 
plated, for the determination of spleen CFU count 24 hours post-injection. A new batch of infection aliquots 
were made each time the strain was passaged, with a repeat of the J774.1A infection assay to ensure no loss of 
the strain’s ability to infect and replicate. 

 
Results 
Full report was received by CFID but results are suppressed here due to confidentiality agreements and pending 
submission of manuscript for publication. 
 
Conclusions and future directions 

Given the urgency for an RSV vaccine and the potential for Lm to work as a neonatal vaccine vehicle, 
we attempted to generate Lm-RSV constructs that were capable of expressing chosen RSV antigens, maintain its 
viability in the cell and induce an immune response that would facilitate clearance of and protect against RSV 
infection. This was carried out using the F, M, M2 and N antigens of RSV. 

We here report the generation of an Lm-M2 construct that expresses and secretes the M2 antigen of RSV 
and is capable of intracellular replication. Among the 4 chosen antigens, findings from a number of previous 
studies suggest that M2 represents the most promising vaccine candidate for the induction of antigen-specific T 
cell  responses  sufficient  for  dealing  with  RSV  infection  and  conferring  subsequent  protection.  Thus,  even 
though the original objectives  were not completely  met, this study has succeeded  in generating  an Lm-RSV 
construct that is worthy of further testing, based on the results thus far. The Lm-N construct that was made did 
not appear to express the RSV antigen; nor did it seem capable of infecting the cells used in this study. 

Cloning of the F and M antigens into Lm is still a work in progress. Finally, vaccine aliquots for the 
passaged Lm-M2 constructs  were made, and will next undergo immunogenicity  testing as well as challenge 
studies in mice. 

 
In addition to what was written in the report, my summer project also consisted of an 8-week research 

education program by the Child and Family Research Institute (during which I gave an oral and poster presentation of 
my work, the latter of which I'm very thankful to have won), being involved in the setting up of an international 
collaboration for this project, and writing and submitting a review article, amongst other things – it was a most 
enriching experience. I am presently still continuing work on this project during my academic year.  



        
             

 

 
 

Works Cited 
 

1.  Nair  H,  Nokes  DJ,  Gessner  BD,  Dherani  M,  Madhi  SA,  Singleton  RJ,  et  al.  Global  burden  of  acute  lower 
respiratory infections due to respiratory syncytial virus in young children: a systematic review and meta-analysis. 
Lancet. 2010 May; 375(9725):1545–1555. 

2.  Kapikian AZ, Mitchell RH, Chanock RM, Shvedoff RA, Stewart CE. An epidemiological  study of altered clinical 
reactivity  to respiratory  syncytial  (RS) virus infection  in children  previously  vaccinated  with an inactivated  RS 
virus vaccine. Am J Epidemiol. 1969 Apr; 89(4):405–421. 

3.  Van Drunen Little-van den Hurk S, Mapletoft JW, Arsic N, Kovacs-Nolan J. Immunopathology  of RSV infection: 
prospects for developing vaccines without this complication. Rev Med Virol. 2007 Jan-Feb; 17(1):5–34. 

4.  Venter M, van Niekerk S, Rakgantso A, Bent N. Identification of deletion mutant respiratory syncytial virus strains 
lacking most of the G protein in immunocompromised  children  with pneumonia  in South Africa. J Virol. 2011 
Aug; 85(16):8453–8457. 

5.  Anderson R, Huang Y, Langley JM. Prospects for defined epitope vaccines for respiratory syncytial virus. Future 
Microbiol. 2010 Apr; 5(4):585–602. 

6.  Graham BS, Bunton LA, Wright PF, Karzon DT. Role of T lymphocyte  subsets in the pathogenesis  of primary 
infection and rechallenge with respiratory syncytial virus in mice. J Clin Invest. 1991 Sep; 88(3):1026–1033. 

7.  Lee S, Stokes KL, Currier MG, Sakamoto  K, Lukacs NW, Celis E, Moore ML. Vaccine-elicited  CD8+ T cells 
protect against respiratory syncytial virus strain A2-line19F-induced  pathogenesis in BALB/c mice. J Virol. 2012 
Dec; 86(23):13016–13024. 

8.  Mbawuike IN, Wells J, Byrd R, Cron SG, Glezen WP, Piedra PA. HLA-restricted  CD8+ cytotoxic T lymphocyte, 
interferon-gamma,  and interleukin-4  responses  to respiratory  syncytial  virus infection  in infants  and children.  J 
Infect Dis. 2001 Mar; 183(5):687–696. 

9.  Heidema J, Lukens MV, van Maren WW, van Dijk ME, Otten HG, van Vught AJ, et al. CD8+ T cell responses in 
bronchoalveolar  lavage fluid and peripheral  blood mononuclear  cells of infants with severe primary  respiratory 
syncytial virus infections. J Immunol. 2007 Dec; 179(12):8410–8417. 

10.  Kollmann  TR, Reikie B, Blimkie D, Way SS, Hajjar AM, Arispe K, et al. Induction  of protective  immunity  to 
Listeria monocytogenes in neonates. J Immunol. 2007 Mar; 178(6):3695–3701. 

11.  Reikie BA, Smolen KK, Fortuno ES 3rd, Loeffler DI, Cai B, Blimkie D, Kollmann TR. A single immunization near 
birth elicits immediate and lifelong protective immunity. Vaccine. 2010 Dec; 29(1):83–90. 

12.  Mata M, Paterson Y. Th1 T cell responses to HIV-1 Gag protein delivered by a Listeria monocytogenes  vaccine 
are similar to those induced by endogenous listerial antigens. J Immunol. 1999 Aug; 163(3):1449–1456. 

13.  Mata M, Yao ZJ, Zubair A, Syres K, Paterson Y. Evaluation of a recombinant Listeria monocytogenes  expressing 
an HIV protein that protects mice against challenge. Vaccine. 2001 Jan; 19(11-12):1435–1445. 

14.  Jia Q, Lee BY, Clemens DL, Bowen RA, Horwitz MA. Recombinant  attenuated Listeria monocytogenes  vaccine 
expressing Francisella tularensis IglC induces protection in mice against aerosolized Type A F. tularensis. Vaccine. 
2009 Feb; 27(8):1216–1229. 


