
Engineering Viral Genomes: 
Vaccinia Virus Vectors 



Viral vectors 



POXVIRUSES 



Poxviruses structure 



Structure and genome organization of the poxvirus vaccinia virus 
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Smallpox first appeared in China and the Far 
East at least 2000 B.C. 
 
The Pharaon Ramses V died of smallpox in 
1157 B.C.  
 
The disease reached  Europe in 710 A.C. and 
was transferred to America by Hernando 
Cortez in 1520 - 3.5 million Aztecs died in 
the next 2 years.  
 
In the cities of 18th century Europe, 
smallpox reached plague proportions 
(7-12% of all deaths) and was a feared 
scourge - highly infectious.  
 
Five reigning European monarchs died from 
smallpox during the 18th century. 
 

Smallpox has now been eradicated. 
 
The last naturally occurring outbreak of 
smallpox was in Somalia on 26th October 

1977.  

Poxviruses: 
The smallpox story 



Smallpoxvirus dissemination in the host 



1978 - Smallpox eradication 





Vaccinia Virus Vectors 

•  Vaccinia virus (Orthopoxvirus) 
–  live vaccine 

• used for the eradication of smallpox 
– genome is ds DNA (187kb) 
– generally benign 
– broad host range  



Vaccinia Virus 
•  Closely related to cowpox virus and variola (smallpox) 

virus. 

•  Replicate entirely within the cytoplasm. 

•  Virus particles are brick shaped, 300-400 nm in diameter 
with lipoprotein membranes that surround a complex core 
structure. 

•  The core contains a linear dsDNA genome and numerous 
virus-encoded enzymes that enable particles to synthesize 
translatable mRNA of early genes. 

•  The early genes are involved in stimulation of the growth 
of neighboring cells, defense against host immune 
responses, replication of the viral genome and 
transcription of the intermediate class of viral genes. 



Favorable Features of Vaccinia Virus Vectors 

•  The methods of recombinant virus construction is relatively 
simple. 

•  The ability to infect a wide choice of cell types (most 
mammalian and avian cell lines). 

•  The transcription occurs in the cytoplasm and thus it does 
not require nuclear processing and RNA transport. 

•  The expression level is relatively high. 

•  Appropriate transport, secretion, processing and 
posttranslational modifications 

•  Retention of infectivity with cloning of large fragments of 
foreign DNA (> 20 kb) 



Vaccinia Virus  as a Viral Vector 

•  Large genome prevents direct cloning of antigen 
genes into Vaccinia genome 

•  Use homologous recombination to move foreign 
genes into Vaccinia genome 

•  Use of poxvirus promoters is essential because 
cellular and other viral promoters are not recognized 
by the vaccinia transcriptional apparatus  



Flow Chart for Vaccinia Virus Expression System 
Clone foreign gene into 

transfer vector 
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Vaccinia virus system: plasmid transfer vector pSC11 
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Homologous recombination between a transfected 
plasmid and the vaccinia virus genome 

The flanking vaccinia virus 
DNA is chosen so that 

recombinantion will interrupt an 
non essential viral gene 
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Homologous Recombination into the 
Vaccinia Genome 
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Without selection, the ratio 
of recombinant to parental 

vaccinia virus is usually 
1:1000 



Formation of recombinants by single (A) or double 
(B) homologous recombinantion events 

Intermediate with a tandem 
duplication, unstable 

1° recombination from a 
single cross-over event 

(frequent) 

2° recombination event 
between tandem repeats    



Selection of 
recombinant vaccinia 

virus by    
 5-bromodeoxyuridine 



Development of Vaccinia Virus Vectors: 
Selection of recombinants by complementation 

of plaque-forming defects 

•  The vaccinia gene F13L encodes VP37 that is 
specific of the outer envelope of EEV  

•  Initial experiments suggested that a F13L mutation 
(vRB12) prevented normal-size plaque formation on 
cells  in culture (pin-point plaques) 

•  The strategy involves replacement by homologous 
recombination of F13L, with  a selectable resistance 
marker 



  A Modified Vaccinia Virus Genome 
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Homologous Recombination in Vaccinia 

MCS 

Marker gene p7.5 

Target gene F13L gene p7.5 L flank 

L flank 

R flank 

R flank 
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plaques on cells in culture 
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Vaccinia virus transfer vector 



Vaccinia Virus Applications:  
Epitopes identification 



Vaccinia Virus Vectors as Vector Vaccines 
•  A live non-pathogenic virus can be used to immunize a host 

against a pathogen (e.g., pathogenic virus). 

•  The pathogen’s proteins are delivered to the immune system 
in the context of the non-pathogenic infection promoted by 
the vector virus. 

•  This approach merges subunit vaccine and live attenuated 
virus technologies. 

•  This system provides all the “benefits” of a viral infection with 
respect to the immune response with none of the 
pathogenesis associated with the virulent virus. 

•  The vector initiates a local inflammatory response and the 
host mobilizes all the arms of its immune defense to this site, 
where the vaccine protein is presented and recognized and 
its memory is implanted in the immune system. 



Vaccinia Virus Applications:  
Vaccination with vaccinia 

virus vectors 



•  Antigen is authentically expressed in mammalian cells 

•  Amount of antigen is amplified during replication of the live 
virus 

•  A single administration provides immunity 

•  Eliminates the need to purify the protein in the native state 

•  Protection afforded by immunization can be correlated with 
neutralizing Abs and CTLs 

•  The poxvirus life cycle allows for de novo synthesis of 
vaccine antigens in the cytosol and appears particularly 
suitable for efficient presentation via MHC-I molecules as a 
prerequisite for CD8 response 

 

Advantages of Vaccination with Vaccinia 
Virus Vectors  



Vaccinia Virus Vaccine Disadvantages 

•  The host is immunized against the viral vector as well 
the vaccine antigen (antivector immunity). 

•  Serious viral infection in immunocompromised 
individuals 
–  AIDS and transplant patients, e.g. 

•  Low freq. of  complications in humans 
–  frequency of 3 x 10-6   (1 in 333,000) 



•  This highly attenuated strain has been developed for use 
as safer vaccine during the last decades of smallpox 
eradication campaign. 

•  MVA contains multiple genomic deletions, which block 
replication at a late stage in most cell types with the sole 
exception of CEF and BHK21 cells. 

•  Thus, MVA is replication-defective in human cells. 

•  However, viral and recombinant protein expression occurs 
in all cell lines infectable by standard VV strain.  

 

Vaccination with Vaccinia Virus Vectors 
Development of Modified Vaccinia Virus Ankara 

 
  



 Modified vaccinia virus Ankara (MVA) 

MVA-infected CEF 

After 516 CEF passage, 
MVA was unable to 
productively grow in cell 
cultures of human origin 
and it was found to be 
avirulent in various lab 
animals 



 Modified vaccinia virus Ankara (MVA) genome 

During attenuation MVA genome had suffered large deletions 
totalling a loss of about 15% of genetic information 



The generation of recombinant MVA 



Recombinant MVA is a prime candidate poxvirus vector 
for a generation of new vaccines against infections and 
tumors, suitable for prophylactic and therapeutic 
immunization of humans 

• High-level biological safety (BSL1) 

• Ability to activate appropriate innate immune mediators 
upon vaccination 

• Capacity to del iver substant ial amounts of 
heterologous antigens even in nonpermissive cells 

• In animal models, MVA vaccines have been found 
immunogenic and protective against various infectious 
agents (HIV, influenza, PIV, measle, RSV, SARS) 

Advantages of Vaccination with MVA  



Recombinant MVA as vector vaccines 





The results of a phase I clinical trial  



Rabies: an example of a vaccinia virus-based vaccine 
to prevent an infectious disesae  



Rabies’ incidence in USA 1955-2000 



Suggested reading: Nature, 354, 520- 522, 1991 







Rabies in Italy 

2008-2010 



•  Nell’ottobre del 2008 la rabbia è ricomparsa in Italia; il primo focolaio è apparso nel territorio del 
Comune di Resia (UD), a seguito dell’evolversi dell’epidemia che interessa i paesi dell’est limitrofi 
(Slovenia e Croazia).  
 

•  Nel corso del 2009 e inizio 2010 l’epidemia si è diffusa in direzione Sud- Ovest, comprendendo il 
Friuli Venezia Giulia, il Veneto in particolare la provincia di Belluno, fino ai casi più recenti riscontrati 
nella provincia di autonoma di Trento.  
•  La prevalenza dei casi ha interessato gli animali selvatici, per lo più le volpi, che rappresentano il 
principale serbatoio della malattia, ed alcuni caprioli e tassi. Sono stati riscontrati positivi anche 
animali domestici tra cui cani, gatti un cavallo ed un asino.  
•  Nell’Ordinanza Ministeriale del 26 novembre 2009, sono stati disposti i seguenti provvedimenti: 
obbligo di vaccinazione antirabbica dei cani e altri animali da compagnia sensibili al seguito di 
persone che si recano nelle zone interessate, obbligo di vaccinazione dei cani di proprietà e degli 
animali domestici sensibili condotti al pascolo nelle zone interessate, campagne di vaccinazione 
orale delle volpi mediante vaccino addizionato a specifiche esche distribuite sul territorio interessato 
dalla malattia e in un’ampia zona di protezione circostante. 
• Dal dicembre 2009 è stato attivato un piano di vaccinazione orale delle volpi nei confronti della 
rabbia che ha interessato le Regioni del nord-est italiano. Nel 2010 sono state completate quattro 
campagne di vaccinazione, effettuate con mezzi aerei, su un’area di oltre 30.000 kmq. 
• Grazie a questi interventi sanitari la malattia è ritenuta sotto controllo e al momento si assiste ad 
una riduzione dei casi accertati: infatti si è passati dalle 49 positività al virus registrate nelle volpi nel 
mese di gennaio 2010, ai 9 casi del giugno 2010. 

La rabbia silvestre in Italia 




