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Abstract Introduction 

Conclusions 

Several Conclusions can be drawn from the 

preliminary results shown here: 

- In vivo testing>>neutralizing antibodies 

generated by mice from DEN-4 (Figure 3) 

-Mutations part of the maturation / adaptation 

process of vaccine candidates (Figures 4, 5, and 

6) 

- Mutations in important immunogenic regions of 

the RV DEN genome not necessarily catastrophic 

(Figures 4 and 6) 

 

As of now more work is needed to further 

characterize RV DEN candidates -1/-2/-3 in vitro 

so that further testing of each construct in vivo 

may begin. 
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The Principle of RepliVax® Technology 
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Results 
1. Four DENV vaccine candidates based on a replication-defective 

flavivirus mutant with a WNV backbone were constructed and produced 

in mammalian helper cells expressing WNV capsid protein. 

 

2. The initial RV DEN-1 to -4 constructs produce poor titers of infectious 

particles on cell lines expressing the WNV C protein. However, these 

RepliVax® constructs were able to produce higher infectious titers after 

blind passages of infected C-expressing cells. The inefficient initial 

growth of RepliVax® constructs might be associated with poor capsid 

protein trans-complementation.  

 

3. Sequence analysis of RV DEN constructs after multiple passages 

revealed amino acid changes on structural and non-structural genes. 

Reverse genetic studies to understand the role of these mutations on 

improvement of viral production are in progress.  

 

4. Immunogenicity of RepliVax® DEN-4 was initially tested in adult 

mice. This vaccine candidate was able to induce neutralizing antibodies 

against DEN-4, indicating this platform has the potential to develop a 

dengue vaccine. 

 
Figure 4: Mutations found in the genome of RV DEN constructs after 10 

passages. Analysis of viral genomes revealed that blind-passaged viruses 

had several amino acid changes when compared to the original sequence. It 

remains to be determined if these mutations affect critical immunogenic 

epitopes, however, in vivo testing of RV DEN-4 in mice (Figure 5) suggests 

that antibody responses are not affected. Presently, these mutations are 

being analyzed individually and in combination by reverse genetics to 

determine their effects on viral replication. 

Figure 3: Titers of RepliVax® constructs grown in WNV C-expressing 

BHK cells. Virus titers were measured by focus assay on Vero cells 

(FFU/ml). Few infectious particles were detected in the supernatants 

recovered 3-4 days after transfection (P0). Next, blind passages of 

RepliVax® constructs were performed to improve the growth of the 

viruses. The supernatants obtained from the tenth passage (P10) showed 

increases of titers by more than 2 logs for RepliVax® DEN-1, DEN-2 and 

DEN-4. RV DEN-3 is currently being passaged. Sequence analysis of the 

viruses after several passages revealed the viruses acquired mutations that 

allow for an improvement of growth in BHK helper cells (Figure 4). 

Figure 5: Immunogenicity of RV DEN-4 in adult ICR mice, 

compared with CYD-4 and DENV-4. Mice were immunized with 105 

FFU of the indicated virus delivered intraperitoneally, and neutralizing 

titers were determined 1 month after prime and 21 days after boost by 

plaque reduction neutralization test 50 (PRNT50). RV DEN-4 induces 

DENV-4 specific neutralizing antibodies comparable to ChimeriVax 

DEN-4 (CYD4) and wt DENV-4, supporting the basic principles of 

the RepliVax® concept (Figures 1 and 2). However, while a boost 

effect is observed in CYD-4 it is not detected during a second 

inoculation of RV DEN-4, and RV DEN4 appears to be more 

immunogenic than the complete virus controls after one dose. 

Phosphate-Buffered-Saline (PBS) was included as a negative control 

for immunogenicity. 
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Figure 2: A diagram depicting the process of RepliVax® propagation in helper cells and immunization. RepliVax® Dengue is propagated in helper 

cells expressing West Nile C  protein  in trans, allowing infectious RepliVax® Dengue particles to be packaged and released. During immunization, 

RepliVax® Dengue viral particles infect naive host cells and go through a single round of replication. From the single round of infection, non-

infectious Virus-Like-Particles (VLPs) lacking C protein, but containing Dengue M and E proteins, are released from infected naïve cells. The single-

round of replication elicit antibody responses against VLPs and T cell responses, but there is no spreading infection because of the capsid deficiency.  

Figure 1: A schematic of the constructed RepliVax® Dengue genomes. 

Dengue prM/E structural genes specific to each serotype of Dengue 

Virus are built into a West Nile Virus backbone (with ΔC deletion), 

replacing the original WNV prM/E genes. The truncated capsid gene 

prevents infectious viral particles from forming after a single round of 

infection in naïve cells.     

Dengue is the most important vector-borne viral disease worldwide with 

100 million cases of dengue fever estimated each year. Neither an 

approved vaccine nor a specific anti-viral therapy exists against dengue 

viruses (DENV). A live attenuated DENV chimeric vaccine produced by 

Sanofi Pasteur is currently in Phase III evaluation in endemic regions. 

The recommended dosage for this tetravalent vaccine is three doses 

given in a 12-month period, to induce a balanced immunity. We are 

investigating whether it is possible to eliminate the  potential effect of 

viral interference that could occur after inoculation of four viruses, 

thereby permitting a reduction in the number of doses required for 

vaccination. Here we present recent progress on the development of a 

replication-defective flavivirus platform, RepliVax® (RV), to generate a 

DENV tetravalent vaccine. The prM/E genes of RepliVax® West Nile 

virus (RV WN) were replaced with the same genes of DENV-1, -2, -3 or 

-4. The four RV DEN serotypes showed poor replication in WNV C-

expressing helper cells after transfection. However, growth of RV DEN 

candidates was improved (Figure 3) by acquired mutations during blind 

passages (Fgiure 4). The immunogenicity of a monovalent candidate, RV 

DEN4, was tested in ICR mice (Figure 5). Mice developed DENV-4 

specific neutralizing antibodies responses after one or two doses. 

Characterization in vitro of the remaining RV DEN serotypes, as well 

immunogenicity and efficacy of monovalent and tetravalent RV DEN 

formulations in animal models will be continued. The preliminary results 

presented here support the potential of using the RepliVax® platform as a 

means to develop a new generation vaccine against dengue. 

The four dengue virus serotypes (DENV-1 to DENV-4) are part of the 

dengue virus complex within the Flavivirus genus. Threatening 2.5 

billion people worldwide and infecting 100 million people annually, 

DENV is an arbovirus of critical importance in the world. DENV 

genome is composed of a positive sense RNA strand translated into a 

single polypeptide precursor for 10 viral proteins, 3 structural (capsid 

[C], pre-membrane [prM], envelope [E]) and 7 nonstructural proteins. 

Neutralizing antibodies against the envelope glycoprotein are considered 

to be the major determinant of protection against dengue. Dengue 

infection confers protection against the infecting serotype only, and 

subsequent infections by a different serotype increased the risk of 

dengue hemorrhagic fever/dengue shock syndrome. Therefore, the goal 

of dengue vaccines is to induce neutralizing antibody against all four 

DENV types. The DENV vaccines currently in clinical development are 

live attenuated vaccines (LAV), including a live attenuated chimeric 

tetravalent dengue vaccine based on the yellow fever 17D virus (CYD) 

produced by Sanofi Pasteur. To induce a balanced immune response 

against all four serotypes, the CYD1-4 vaccine is administered in three 

doses over a 12-month period of time. Another approach, to potentially 

induce a balanced immunoresponse with fewer doses and a shorter 

schedule through elimination of the possible effect of viral interference, 

is to use replication-defective (single-cycle) vaccine candidates. We 

applied an alternative approach to LAV, RepliVax® (Figures 1 and 2), to 

develop a DENV tetravalent vaccine. The construction of single-cycle 

RepliVax®-DEN candidates and preliminary results of their growth in 

vitro and immunogenicity in mice are described here. 

Viral yields of RepliVax DEN increased more than

100-fold after 10 blind passages on BHK cells
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Found in all Three Serotypes: 

-Mutation 1 

-Mutation 2 

-Mutation 3 

-Mutation 4 

-Mutation 5 

 

-Mutation 6 

-Mutation 7 

-Mutation 8 

-Mutation 9 

-Mutation 

10 

 

-Mutation 11 

-Mutation 12 

Note: Residues and locations of each mutation withheld for 

confidentiality purposes 


