
ABSTRACT
Vertebrate RNA viruses cause most of the infectious, contagious, transboundary diseases of mammalians in the world. Since 2000, 
H5N1 avian flu, H1N1/H1N2 Swine flu, SARS, MERS, CCHF, and Covid-19 have caused outbreaks. In addition, rabies, HIV, 
measles, viral hepatitis, respiratory viruses, dengue, in human beings, and FMD in cattle, PPR in goat, Bluetongue in sheep, infectious 
bronchitis and PRRS in pigs, are prevalent and endemic in different countries since many years. Whole virus inactivated and live 
attenuated vaccines including non-pathogenic mutants have been successful in control and eradication of many viral diseases of man 
and animals. The advancements in molecular virology, non-replicating designer virus vectors of adenovirus and Poxvirus origins, 
and replicating designer virus vectors derived from vesicular stomatitis virus are being used to deliver immunogenic genes of other 
viruses to confer protection. RNA vaccine in the form of nucleoside modified mRNA has been successful in control of Covid-19.  
Single cycle replicon (SCR) virus construct with target transgene, and codon-pair bias deoptimized (CPD) virus have been promising 
vaccine platforms; both mutants are live attenuated and non-transmissive between host cells. Antigenic spectrum of CPD-virus is as 
wide as virus attenuated by serial passage in experimental hosts, and is very quick to develop. The technique of synthetic attenuated 
virus engineering has been faster in developing new age viral vaccines, and also faster to update to match antigenic diversity. This 
review describes applications of CPD, SAM and SCR technologies in developing vaccine candidates for RNA virus diseases.
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INTRODUCTION

Vaccines against various viral diseases have been proved to 
be saviour and guardian of one health domain since decades. 
Conventionally, two types of vaccines viz., live attenuated 
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and inactivated vaccines have occupied the health sector 
with their own limitations as they are easy to produce 
comparatively. Cleverly viral agents have co-evolved in the 
vaccinated hosts and evaded the host immune mechanism. 
This has opened the newer areas of concern leading to revisit 
the vaccinology and produce more sophisticated vaccines 
using latest molecular biology techniques (Pollard and 
Bijker 2021).
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With this background, this review is thought of to impart 
knowledge of new age vaccines to the academicians and 
researchers. Application of different platforms/ technologies 
like codon pair bias deoptimized (CPD), self-amplifying 
mRNA (SAM), single cycle replicon (SCR) vaccines, in 
developing viral vaccines has been described in detail by 
(Frederiksen et al. 2020). Still needs to be strengthened in 
bringing out the products using such technologies towards 
the use by stakeholders replication-deficient virus are 
genetically defective in replicating their genome, as in case 
of current adenovirus vectored SARS-CoV-2 spike gene 
vaccines, whereas in SCR-virus, the genome replicates 
using viral RNA replicase- transcriptase to increase copy 
number of the transgene(s)/ cloned gene(s) so that the target 
protein molecule is translated in more quantity in the host 
cells leading to higher immune response in the body, but 
there is no synthesis of new virion particles due to absence 
of critical viral gene(s) (Pollard and Bijker 2021).

The SCR virus technology is a quick and precise genomic 
process in attenuating pathogenic virus for use in vaccines, 
and en-capsidation (morphogenesis)- defective SCR- 
Flavivirus has been used as vaccine candidate (Widman 
et al. 2008; Terasaki et al. 2015). The SCR- virus mutant 
do not yield new virions, unlike the CPD attenuated virus.  
Incorporation of underrepresented (rare) codon pairs, but 
not frequency of CpG di-nucleotide, is the chemistry of 
attenuation by CPD (Groenke et al. 2020). Of late, RNA 
vaccines in the form of self-amplifying mRNA (SAM), 
alternatively self-amplifying RNA (saRNA), built on 
alphavirus replicon, has found wide application including 
for control of Covid-19 pandemic Frederiksen et al. 2020; 
Bloom et al. 2021). Some of the examples of pathogenic 
RNA viruses modified as vaccine candidates by nucleotide 
sequence alteration/ deletion technologies, viz., CPD, 
SAM and SCR are presented in the present review for the 
benefit of academicians and researchers in virology and 
vaccinology. Vaccine candidates developed by either of 
these three new technologies are classified as live attenuated 
and non-infectious (Pollard and Bijker 2021).

Genome composition in vertebrate RNA viruses: 
The relative occurrence of dinucleotides (two adjacent 
nucleotides in a polynucleotide chain) is genomic signature 
of a species Elango et al. 2009). The di-nucleotide TpA 
is rare (under-represented) in most of the organisms to 
circumvent nonsense mutations, whereas frequency of 
occurrence of CpG vary between eukaryotes. Use of CpG 
in (-) single stranded RNA viruses may not be influenced by 
the host tropism.  In contrast to single stranded RNA viruses 
and reverse transcribing ones, there is high occurrence of 
CpG di-nucleotide in dsRNA viruses (Karlin and Mrazek 
1997; Cheng et al. 2013).

CPD attenuated virus as vaccine candidate: For codon 
optimization, synonymous replacement of rare codons 
is made to match with availability of codon specific 

aminoacyl-tRNA in host cells that enhances protein 
translation. Inclusion of rare codons attenuated poliovirus 
(Burns et al. 2006; Mueller et al. 2006), and this attenuation 
process was named as synthetic attenuated virus engineering 
(Coleman et al. 2008). Codon pair bias in virus is host 
species dependent, and virulent virus can be attenuated 
by synonymous replacement of efficient codon pairs with 
inefficient/ rare codon pairs in the required viral gene 
(protein) that is called as Codon-pair bias deoptimization 
with no alteration in amino acid sequence and composition 
(Coleman et al. 2008; Broadbent et al. 2016; Kunec and 
Osterrieder 2016).  Codon-pair (bias) deoptimization (CPD) 
has been effectively used to attenuate virulent viruses 
(Coleman et al. 2008; Mueller et al. 2010; Broadbent et al. 
2016; Groenke et al. 2020). 

CPD attenuates viruses as genes re-encoded with rare codon 
pairs translate less protein due to limitation in availability 
of required codon specific aminoacyl-tRNAs in host cells; 
protein formation is controlled by the quantity of mRNA 
copies and their translatability that is linked to availability of 
tRNA isotypes (Broadbent et al. 2016; Groenke et al. 2020). 
The CPD virus is replication competent, antigenically 
identical to the parent strain, and induce specific immune 
response akin to the virulent strain (Coleman et al. 2008; 
Mueller et al. 2010; Broadbent et al. 2016).

Self-amplifying mRNA/RNA (SAM/saRNA) as vaccine 
candidate: During the last about two decades, vaccine 
development platform using synthetic RNA has been 
adapted with success; mRNA vaccines for preclusion of 
infectious diseases have been a substitute for conventional 
vaccines, with the additional advantage of being cold-chain 
independent (Maruggi et al. 2019; Bloom et al. 2021).  
The RNA/mRNA vaccines are commonly formulated 
on RNA genome of single stranded positive sense RNA 
viruses (Maruggi et al. 2019; Bloom et al. 2021). RNA 
vaccine platform using synthetic alphavirus replicon that 
has 5′ cap, NSP1–4, 26S sub-genomic promoter, and 3′ 
poly A tail, but no structural protein genes, known as self-
amplifying mRNA (SAM)/ self-amplifying RNA (saRNA) 
technology, has been promising (Zhou et al. 1994; Geall 
et al. 2012; VanderVeen et al. 2012; Geall et al. 2012; Luis 
et al. 2015; Samsa et al. 2018; Ballesteros-Briones et al. 
2020). RNA vaccines on alphavirus derived SAM stimulates 
innate immunity through pattern recognition receptors 
(PRRs), and also elicits strong and specific humoral and 
cellular immune responses (Yoneyama et al. 2010; Ulmer 
et al. 2012; Atasheva et al. 2012; Maruggi et al. 2019; 
Ballesteros-Briones et al. 2020). SAM vaccines using 
influenza virus HA, human cytomegalovirus glycoprotein 
gB, HIV envelope glycoprotein, respiratory syncytial virus 
F antigen, malaria- plasmodium protein PMIF, rabies virus 
G protein have been developed and evaluated (Geall et al. 
2012; Brazzoli et al. 2015; Brito et al. 2015 Bogers et al. 
2015; Baeza Garcia et al. 2018; Stokes et al. 2020).
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Single-cycle replicon (SCR) virus as vaccine candidate: 
Application of SCR technology in developing vaccine 
candidate for RNA virus diseases and also for ds-DNA 
viruses like ASFV and HSV is described (Freitas et al. 
2019; Ramsey et al. 2020).

(i)  Single-strand segmented negative sense RNA virus: 
Rift Valley Fever virus (RVFV): Rift valley fever (RVF) 
is a zoonotic disease primarily of domestic ruminants and 
humans with an incubation period of 2-6 days (WHO) 
that was first documented in 1931 in the Great Rift 
Valley of Kenya. The RVFV is an insect-borne enveloped 
virus (Fig:1) that is maintained between ruminants and 
mosquitoes. Humans get infected by the RVFV either by 
mosquito bite or contact with materials contaminated with 
the virus.  The virus  to the genus Phlebovirus, under family 
Phenuiviridae and order Bunyavirales, and has 3 segments 
of negative sense RNA genome (11.5 kb), viz., L, M, and S 
(Walter and Barr 2011; Nuss et al. 2014) (Fig: 2). The genus 
phlebovirus has more than 60 species (ICTV, 2021). As the 
RNA genome segments are of negative sense, the complete 
virion particles carry molecules of L and N proteins that 
are required for the initial replication/ transcription of viral 
RNA (Nuss et al. 2014).

hosts (Terasaki et al. 2015). This SCR-RVFV mutant had 
L and S RNAs, and devoid of M RNA; absence of M RNA 
segment (no glycoproteins Gn and Gc) prevented formation 
of new virus particles. The L and N gene/protein in the 
SCR-RVFV effected single-cycle replication of the mutant 
RVFV genomes, followed by translation and accumulation 
of L and N proteins in the infected cells.  An SCR-RVFV 
having NSm, Gn and Gc gene sequences protected mice 
and sheep (Kortekaas et al. 2012). Another SCR- RVFV 
carrying nucleotide sequences of L- RNA, N gene, and 
Gn protected mice and provided sterile immunity in sheep 
after single dose; Gn glycoprotein elicited high level of 
neutralizing antibodies in vaccinates (Oreshkova et al. 
2013). SCR-RVFV prepared from a mutant strain MP-12 
and having L-RNA, M-RNA with mutations F826N and 
N827A in Gc glycoprotein to eliminate membrane fusion 
activity of the viral envelope required during morphogenesis 
of new virions and prevent multi cycle infection, and N 
gene (S-RNA) protected suckling mice after intracranial 
challenge with MP-12 RVFV (Terasaki et al. 2015). A new, 
promising vaccine for RVF is significantly SCR-MP-12 
(Caplen et al. 1985; Murakami et al. 2016).

Influenza A virus: Influenza A virus (IAV) is the only 
species of genus Alpha influenza virus in the family 
Orthomyxoviridae. A, B, C, and D are the four primary 
influenza viral types. A big strain of influenza A virus infects 
wild aquatic birds and can spread to other terrestrial species, 
including humans. IAVs, like all avian influenza viruses 
(AIVs), are enveloped, pleomorphic, and have eight distinct 
negative sense RNA genomic regions extending from 890 to 
2341 nucleotides (Webster et al. 1992; Klenk et al. 2008). 
RNA polymerase complex PB2 (cap-binding), PB1+F2 
(polymerase) and PA (endonuclease), (HA) hemagglutinin 
(segment 4), NP (segment 5), neuramidase (NA) (segment 
6), M1 and M2 (segment 7) and NS1+NEP (segment 8) are 
the viral proteins (Fig: 3). Nucleoprotein (NP) coats each 
RNA genome segment, forming a ribonucleoprotein (RNP) 
complex with RdRp and many copies of nucleoprotein 
(NP) (Lo et al. 2018). The hemagglutinin and neuramidase 
glycoproteins on the virus surface are antigenically diverse, 
and divide the IAVs into 18 H and 11 N antigenic subtypes, 
respectively (Joshi et al. 2021). It includes two new subtypes 
each of hemagglutinin and neuramidase (H17N10, H18N11) 
lately identified in bats. The Influenza A serotypes that have 
been approved in humans are, H1N1, H1N2 (endemic in 
humans, pigs and birds), H2N2, H3N2, H5N1 (bird flu/ 
avian flu), H6N1, H7N2, H7N3, H7N7, H7N9, H9N2, and 
H10N7 (Joshi et al. 2021).

In the upper respiratory tract, the virus adheres to sialic 
acid (SA) linked to galactose molecule by alpha- 2,6 
linkage (SA-alpha2,6 Gal), and to SA linked to galactose 
by alpha- 2,3 linkages (SA-alpha2,3 Gal) in the lower 
respiratory tract (Shinya et al.2006).  Human adenovirus 
vector platform has been used for influenza A vaccines 
(Van Kampen et al. 2005; Weaver et al. 2009; Weaver 2014; 

Figure 1: Structure of RVF virus. vRNP- viral ribo-
nucleoprotein, three in number; N- nucleoprotein; L- viral 
polymerase; Gn and Gc- virus surface glycoproteins.

Figure 2: Genome organisation of RVF virus (Source: 
Alchetron: Phlebovirus)

Immunization with RVF-VLP carrying N gene protected 
mice (Pichlmair et al. 2010). VLPs are devoid of viral 
genome, whereas SCR virions are genomic mutant. SCR-
RVFV elicited protective immunity without side effects in 
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He et al. 2015). Adenovirus serotype 6 was engineered 
to a SCR- virus, having the E1 gene but deleted E3 gene 
cassette to prevent formation of new virion particles, to 
express HA gene of influenza A/PR/8/34 virus (Crosby et 
al. 2017). The expression cassette consisting of HA gene 
with CMV promoter- enhancer and SV40 poly(A), and was 
cloned between Ad6 fibre and E4 genes. In Syrian hamsters 
and cotton rats, the SCR-Ad6-HA construct generated high 
level of anti- hemagglutinin antibodies (hemagglutination 
inhibition), equal to 50% protective dose in humans. Cotton 
rats vaccinated intranasally developed high level of anti-HA 
antibodies within 21 days, with low viral load in lungs one 
day post challenge with live A/PR/8/34 virus at 48 days 
post vaccination. These observations suggest that SCR-
adenovirus based vaccines could be suitable for a number of 
viral pathogens (Crosby et al. 2017). An SCR-Ad6 virus has 
been used to develop vaccine for Influenza A virus (Crosby 
et al. 2017; Anguiano-Zarate et al. 2018).

RSV replicates in the cytoplasm of host cells, and there is 
formation of spherical cytoplasmic inclusion bodies. RSV 
infection causing respiratory disease in younger children 
was identified in 1956, and since then only two RSV-
antibody preparations, RSV-IVIG and palivizumab, have 
been licensed for prevention (Mazur et al.2018).  Difficulty 
in having an appropriate vaccine has been due to incomplete 
understanding of the immunology of RSV, and therefore, 
different vaccine technologies, viz., nanoparticle-based, live 
attenuated/ chimeric, virus subunit, vector-based platforms 
have been applied, and different vaccines for neonate, 
children and adult were developed (Mazur et al. 2018). 
Formalin inactivated whole virus vaccine had side effects 
of respiratory disease (Kim et al. 1969; Mazur et al. 2018). 
Full-length F- glycoprotein- nanoparticle vaccine (Novavax 
2015-18) was partially protective in adults (Mazur et 
al. 2018). So also, the GSK-RSV-F subunit vaccine had 
the problem of instability of the pre-F antigen. Further, 
an F glycoprotein subunit vaccine with a TLR4 agonist 
as adjuvant, was not efficient in eliminating respiratory 
sickness (Falloon et al. 2017). DPX-RSV vaccine developed 
using DepoVax technology and SH protein of RSV was 
promising (Karkada et al. 2010; Schepens et al. 2015).

Figure 3: Structure of Influenza virus (Source: The virology 
down under blog)

2. Single strand negative sense RNA virus: Respiratory 
syncytial virus (RSV): Acute infection of lower respiratory 
tract by RSV is a global human health problem with no 
licensed vaccine (Mazur et al. 2018). RSV belongs to 
genus Orthopneumovirus in family Pneumoviridae, order 
Mononegavirales (ICTV). The virion (120-200nm in size) 
contains one molecule of  negative-sense, single-stranded 
RNA genome of about 15.2 kb with genome organisation 5’-
NS1-NS2-N-P-M-F-M2(1,2)-SH-G-L-3’ (Munir et al. 2018; 
Cifuentes-Muñoz and Dutch 2019). The RNA genome has 
10 ORFs coding 11 proteins viz., 5’→3’, NS1, NS2, N, M, 
P, G, F, SH, M2-1, M2-2 and L (Lee et al. 2012; Rincheval 
et al. 2017). There are two overlapping ORFs in the M2 
mRNA that yield two distinct matrix proteins, M2-1 and 
M2-2 (Borchers et al. 2013). The virus is enveloped with 
surface glycoproteins F, G and SH, the F and G are essential 
for virus attachment and fusion (Fig:4). The glycoprotein F 
mediates cell fusion to form pathognomonic multi-nucleated 
syncytium, and antigenically and phylogenetically classify 
RSVs in to types A and B; the former is more virulent 
than RSV-B (Jha et al. 2016). The other structural proteins 
are Nucleoprotein (N), Phosphoprotein (P), L (viral RNA 
polymerase) and matrix (M). NS1 and NS2 suppress type I 
interferon production and signalling (Munir et al. 2018).

Figure 4: Structure and composition of RSV (Source: 
biggiesboxers.com)

A live attenuated RSV vaccine candidate was developed by 
CPD (Nouen et al. 2014). Vaccine formulation containing 
F protein attached to empty bacterial particles was not 
successful (Van Braeckel-Budimir et al. 2013; Mazur et al. 
2018). MVA (modified vaccinia virus Ankara; replication 
deficient virus) vectored RSV vaccine (MVA-BN-RSV) 
expressing F, G, N and M2-1 antigens, and replication 
deficient chimpanzee Adenovirus 155 carrying viral 
antigens F, N, and M2-1 have been developed and under 
evaluation. Human Ad26-RSV-PreF vaccine candidate is 
also under evaluation. VXA-RSV-F, an adenovirus 5 based 
oral tablet, is expected to circumvent immunosenescence in 
adult people. Live attenuated RSV with deletion of either 
M2-2 or NS2 gene elicited strong neutralizing antibodies 
in children (Karron et al. 2013; Karron et al. 2015). The 
rBCG-N-RSV chimeric vaccine expressing nucleoprotein 
of the virus elicited specific antibody and Th1 response 
essential for protection of lungs (Rey-Jurado et al. 2017). 
Recently, a (deletion) mutant SCR-RSV strain lacking 
matrix (M) protein gene was developed (Schmidt et al. 



2018). The M protein is essential for new virion assembly/ 
morphogenesis. Infection with RSV M-negative mutant 
do not produce M protein, and therefore no new virion 
is generated during replication. The SCR-RSV lacking 
M gene, induced robust serum antibody and memory T 
cell response in mice.  This SCR-RSV is a promising live 
attenuated vaccine candidate, as it provided protection 
in mice against live virus challenge and reduced virus 
replication in lung (Schmidt et al. 2019).

EBOLA virus (EBOV): The genus Ebolavirus belongs to 
family Filoviridae in the order Mononegavirales (ICTV). 
Virion appears filamentous under electron microscope 
(Fig:5), and contains one molecule of single-stranded 
negative-sense RNA. There are 7 genes, flanked by UTRs 
at both the ends. The virus genome is organised as: 3'-UTR-
NP-VP35-VP40-GP-VP30-VP24-L-5'-UTR (Feldmann and 
Geisbert 2011; Schmidt et al. 2019).

Ebola virus disease (EVD) is a highly fatal viral haemorrhagic 
fever that was identified in 1976 in Sudan and Congo, near 
the Ebola River (WHO 2014). The virus spreads through 
infected body fluids including blood, and incubation 
period varies from 2-21 days.  Four of the viruses in the 
genus Ebolavirus, viz., Bundibugyo virus, Sudan virus, 
Taï Forest virus, and Ebola virus are associated with Ebola 
virus disease (Hoenen et al. 2012). Genome back bone of 
both negative-sense single stranded RNA virus (vesicular 
stomatitis virus; VSV) and double-stranded DNA virus 
(ChAd3) were used to clone glycoprotein of EBOV; leading 
to replication competent rVSV-EBOV and replication 
defective ChAd3-EBOV vaccine candidates (Holbrook 
2018; Samai et al. 2018; Suder et al. 2018).

vaccine (Stanley et al. 2014; Holbrook 2018). A SCR-
Adenovirus 6 platform carrying EBOV-G protein elicited 
strong humoral antibody response in mice, hamsters and 
rhesus macaques, and protected them from rVSV-EBOV 
challenge (Anguiano-Zarate et al. 2018).

3. Single- strand positive sense RNA virus: Flavivirus: 
The genus Flavivirus in the family Flaviviridae have single-
stranded (+) sense RNA genome of about 10-11 kb with 5’ 
cap, but no 3’ Poly A tail (ICTV). Flavivirus is about 40 
nm in diameter with icosahedral capsid, enveloped with 
surface projections of 5-10 nm, and replicate in host cell 
cytoplasm (Chambers et al. 1990). The RNA genome is 
infectious and monocistronic, that is a single polyprotein 
is translated from the RNA genome that is proteolytically 
processed by viral and host proteases to form individual 
viral proteins (Widman et al. 2008). The members of 
flavivirus genus are Yellow fever, Dengue, Zika, Japanese 
Encephalitis, and West Nile Virus encephalitis etc that are 
transmitted by mosquito/ tick. Several subunit vaccines 
were also developed and used. Purified NS1 of YFV reduced 
viraemia in rabbits (Schlesinger et al.1986). Viral protein 
subunit vaccines were satisfactory for Dengue, JE and WNE 
(Widman et al. 2008). Several virus-vectored vaccines 
for Flavivirus diseases were developed and evaluated. 
Immunization with recombinant Vaccinia and Canarypox 
virus carrying structural and non-structural proteins of 
Flavivirus elicited protective immune response in laboratory 
animals and rhesus monkey (Bray et al. 1989; Yasuda et 
al. 1990; Konishi et al. 1998; Raengsakulrach et al. 1999; 
Iglesias et al. 2006).

Lentivirus (positive sense RNA virus) vector carrying trE 
gene of WNV was protective against live virus challenge 
after vaccination with 50 recombinant virus particles 
(Iglesias et al. 2006). Measles virus (negative sense RNA 
virus) vector carrying E gene of WNV elicited strong 
neutralizing antibody response and spared mice from live 
virus challenge (Despres et al. 2005). Replication-defective 
Adenovirus vectors have been used to express flavivirus 
antigens, and virus vector carrying NS-1 of TBEV protected 
> 50% of mice (Jacobs et al. 1994). Adenovirus carrying 
E gene of Dengue virus-2 elicited neutralizing antibodies 
in mice (Jaiswal et al. 2003). Adenovirus vector carrying 
DIII of E gene of both Dengue virus-2 and 4 elicited virus 
neutralizing antibodies in laboratory animals (Khanam et al. 
2007). A formulation carrying two Adenovirus recombinant 
vectors carrying M and E genes of four serotypes of Dengue 
virus elicited virus neutralizing antibody response against 
all the 4 serotypes (Raja et al. 2007; Holman et al. 2007). So, 
the platform was successful for WNV (Schepp-Berglind et 
al. 2007). DNA based vaccines for Flavivirus diseases were 
developed and evaluated (Widman et al. 2008). Plasmid 
carrying M and E genes of Dengue virus- 2 elicited virus 
neutralizing antibody response in mice (Konishi et al. 2000; 
Widman et al. 2008).

Figure 5: Electron micrograph of Ebola virus (Source: 
CDC/Cynthia Goldsmith - Public Health Image Library, 
#10816).

The rVSV-EBOV is a live chimera in which G protein of 
VSV is replaced with EBOV-G protein. As the ChAd3-
EBOV vaccine candidate was replication deficient, there 
was limited production of the target EBOV-G protein. Both 
the vaccine candidates were efficacious, but the rVSV-
EBOV vaccine candidate caused severe side effects in 
recipients during clinical trial. MVA-EBOV-G recombinant 
vaccine candidate could be a booster for ChAd3-EBOV 
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DNA construct carrying either M and E genes or NS-1 
of JE virus protected 70-90% of mice (Lin et al. 1998). 
Simultaneous administration of DNA vaccine carrying 
M and E genes of WNV, and formalin inactivated WNV 
vaccine had synergistic effect on neutralizing antibody 
response (Ishikawa et al. 2007). Multivalent recombinant 
plasmid/ DNA carrying M and E genes of the four Dengue 
virus serotypes elicited neutralizing antibody response 
against all (Konishi et al. 2006; Raviprakash et al. 2006). 
A DNA vaccine for WNV carrying M and E genes was 
effective in mouse and horse and turned out to be the first 
DNA vaccine licensed for use in animals (Davis et al. 2001; 
Widman et al. 2008). Dengue virus attenuated by deletion 
of a part in the 3’UTR elicited neutralizing antibodies 
in human and non-human primates (Durbin et al. 2001). 
Flaviviruses have the potential to exchange structural genes 
amongst members of the same genus (Widman et al. 2008). 
The C-prM-E regions of Dengue virus 1 and 3 was cloned 
in Dengue virus 4 backbone, and the live chimeras were 
more attenuated than the parent virus (Bray and Lai 1991). 
ChimeriVax vaccine platform carrying M and E genes of 
the virus cloned in YFV-17D backbone has been promising 
(Widman et al. 2008).

The M and E genes of JEV were cloned in YFV-
17D backbone (Chambers et al. 1999). This chimera, 
ChimeriVax-JE, was immunogenic and safe in humans 
(Monath et al. 2002). ChimeriVax-Dengue was constructed 
for all Dengue virus serotypes, and ChimeriVax-Dengue-2 
elicited strong neutralizing antibody response (Guirakhoo 
et al. 2006). Viral E protein of WNV was mutated to 
reduce neurovirulence in mice, and mutated ChimeriVax-
WNV (ChimeriVax-WN02) was constructed that protected 
immunized monkeys from viraemia (Arroyo et al. 2004). 
SCR- TBE virus was designed by deletion in the Capsid (C) 
gene of the virus; this attenuated mutant (Kofler et al. 2004) 
as well as synthetic viral RNA with same deletion elicited 
defensive immunity in adult mice (Aberle et al. 2005).

This is the first report of RNA vaccine in the form of SCR- 
Flavivirus. It was shown that YF and WN virus genome 
with large deletion in the capsid gene can be packaged in 
host cells expressing the capsid protein from another related 
virus replicon (Mason et al. 2006).  RepliVAX is a Capsid 
gene deletion mutant virus that replicated and produced 
progeny virions in cells expressing capsid protein from a 
replicon of the Venezuelan equine encephalitis (VEE) virus 
(genus Alphavirus; Togaviridae). However, the mutant 
genome may replicate once (SCR) in other cells without 
supplementing the missing capsid protein. RepliVAX-WNV 
vaccine was protective in mice and hamster (Widman et 
al. 2008). A RepliVAX- JEV chimera was constructed to 
prevent JE (Ishikawa et al. 2008).

Alphavirus: Members of Genus Alphavirus, family 
Togaviridae, carry positive sense RNA genome of 11-12 kb 
with 5’Cap and 3’ Poly A tail (ICTV). The virus is enveloped 

with icosahedral capsid core, and about 70nm in diameter. 
There are 2 ORFs in the viral RNA genome; the ORF 1 
is towards 5’ end of the genome that codes for four non-
structural proteins, NSPs1-4, whereas the ORF2 is located 
towards the 3’ end of the genome and codes for structural 
proteins, viz., capsid (C), E3, E2, 6K and E1. The E3 and 
E2 originate from the precursor protein P62.

There are three subgroups in the genus Alphavirus; 
Semliki Forest virus subgroup, eastern equine encephalitis 
virus subgroup (EEEV and VEEV) and the Sindbis virus 
subgroup (Levinson et al. 1990). VEEV is a mosquito-borne 
viral pathogen that affect all equine species, and also is an 
emerging zoonotic agent. There are 6 different subtypes, I 
to VI, of VEEV. The available vaccines include, TC-83 live 
attenuated and C-84 formalin inactivated vaccines. These 
vaccines have side effects. Viral RNA genome vaccine 
platform stimulates innate/ non-specific immune system 
and antigen expressed by RNA vaccine elicits strong and 
specific immune response (Ulmer et al. 2012; Atasheva et 
al.2012). The alphavirus replicon technology (that gave rise 
to SAM technology) has been utilised in the development 
of vaccination for animals and man (VanderVeen et al. 
2012).
 
RNA vaccine platform using SAM was developed that 
used a 9 kb RNA in lipid nano particles (Geall et al. 2012). 
This SAM construct was a synthetic RNA representing 
Alphavirus genes coding for RNA replicase/ transcriptase 
but lacked structural protein genes.  This construct included 
5′ cap, NSP1–4, 26S sub-genomic promoter, the target 
gene/protein/antigen (transgene), and 3′ poly A tail.  SAM 
vaccine with VEEV strain TC-83 genome devoid of capsid 
gene was developed (Samsa et al. 2018). This synthetic 
SAM at 100μg dose elicited virus neutralizing antibodies, 
similar to those elicited by TC-83 live attenuated VEE 
vaccine, and provided thorough protection in mice. This 
VEE-SAM vaccine is live-attenuated, and undergoes RNA 
amplification without production of new virion (Samsa et 
al. 2018).

Coronavirus: Spike gene of Infectious Bronchitis Virus 
(IBV) was found to be a candidate for new IBV vaccine, 
as Thymidine Kinase deficient recombinant vaccinia virus 
carrying Spike (S) gene of IBV elicited virus neutralizing 
antibodies in mice (Tomley et al. 1987).  This has led to 
Spike gene-based vaccines for SARs-CoV-2, TGEV, and 
CCoV (Torres et al. 1995; Qiao et al. 2005; Yuan et al. 
2015; Frederiksen et al. 2020; Lu et al. 2021). Recombinant 
NDV, LaSota strain, having complete S gene of IBV, cloned 
between phosphoprotein (P) and matrix (M) genes of NDV, 
protected chicks against IBV (Abozeid et al. 2019; Jbeli 
and Jelassi 2021). 

Virus-independent entry/ delivery of nucleic acids in to host 
cells has advantage over virus vectored delivery system 
(Geall et al. 2012). Replication-deficient virus, whose 

Pattnaik et al.,

 461 NEW AGE VACCINES:  TECHNOLOGIES IN DEVELOPING VACCINE          BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS



genome does not replicate upon infection of susceptible host 
cells, has been used to formulate different viral vaccines. 
The gene insert/ transcription unit/transgene is transcribed 
and translated, and as the recombinant viral DNA does 
not replicate the antigen/ protein yield could be limited. 
In contrast, single cycle replicon (SCR) virus, the genome 
of which replicates with no progeny virion formation, has 
been used in vaccine design. In both the cases, the mutant 
virus is classified as live attenuated, and non-infectious as 
the mutant(s) cannot spread in the body of the host, and 
whole virus can be rescued only in cells supplementing the 
missing viral component. 

The SCR- mutant based vaccine has the capability and 
advantage, over replication-defective virus vaccine, of 
multiplying the viral genome and multiple genome copies 
produced (by SCR mutant) would lead to higher number 
of transcribed mRNAs leading to translation of high level 
of viral proteins, and thereby higher immune response in 
the host (Widman et al. 2008). Therefore, SCR- vaccines 
would be superior to replication-deficient vaccines, and 
can be designed for both RNA and DNA viruses. Further, 
SCR- vaccine is an easier and efficient platform for 
positive-sense RNA viruses. The principle of codon-pair 
bias deoptimization (CPD) by synthetic attenuated virus 
engineering (SAVE), has revolutionized virus attenuation. 
Quick development of attenuated virus strains by CPD-
SAVE has facilitated faster development of live virus 
vaccines. 

Pathogenic viruses attenuated by CPD can be used as 
vaccine candidates as such, or can be further modified 
(recombination) by insertion of an alien gene/ transcription 
unit (vaccine target) in the inter-genic space available 
(e.g. between phosphoprotein and matrix genes, and 
Nucleoprotein and phosphoprotein genes etc) in negative-
sense single stranded RNA viruses, viz., morbillivirus, 
orthoavulavirus and vesiculovirus etc (Brandler et al. 2007; 
Kasama et al. 2011; Mok et al. 2012; Jbeli and Jelassi 2021). 
Live-attenuated Schwarz strain of Measles Virus developed 
by passage in primary human kidney and amnion cells, 
and then in CEF cells can be used to express heterologous 
antigens and is being used to develop measles virus- based 
Covid-19 vaccine (Combredet et al. 2003; Boisgerault et 
al. 2013; Frederiksen et al. 2020). 

Recombinant Measles virus-based SARS-CoV-2 vaccine 
candidate carrying full length Spike gene of SARS-CoV-2 
were found highly efficacious (Horner et al. 2020; Lu 
et al. 2021). Avirulent Newcastle disease virus (NDV; 
Orthoavulavirus, Paramyxoviridae) carrying Spike gene 
of infectious bronchitis virus (IBV; coronavirus) was 
protective in chicks (Abozeid et al. 2019). The CPD 
technique is also being applied to develop live attenuated 
vaccine candidates for SARS-CoV-2 (Frederiksen et al. 
2020). The SAM/saRNA vaccine technology using SCR- 
Alphavirus replicon/ vector has been a success in different 

virus models including SARS-CoV-2 on VEEV replicon 
(Zhou et al. 1994; Geall et al. 2012; Vander Veen et al. 
2012; Sandbrink and Shattock 2020; Bloom et al. 2021). 
The transgene (target gene/ transcription unit) is amplified 
by the Alphavirus RdRp complex for higher antigen/ protein 
production without formation of progeny virion; the SAM 
vaccine is also classified as live-attenuated. These are 
usually delivered encapsulated in lipid nano particles (Geall 
et al. 2012; Bloom et al. 2021).

CONCLUSION

The findings of the present review have shown that the 
development of RNA virus vaccine candidates on RNA 
virus backbone, e.g., (1) attenuated negative-sense single 
stranded RNA virus (e.g., measles virus, NDV, VSV etc) 
carrying a transgene, (2) CPD virus designed by SAVE, 
and (3) SAM/saRNA molecule designed on alphavirus 
replicon, is gaining wide application as these vaccine 
technologies/ platforms are easier to adapt, and such 
new age viral vaccines can be development in less time, 
compared to whole virus vaccines, both inactivated and 
live attenuated, and DNA virus (Adenovirus and Poxvirus) 
vectored vaccines.    
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