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Classification of PoliovirusClassification of PoliovirusClassification of PoliovirusClassification of Poliovirus
Virus Taxonomy

RNA virusRNA virusRNA virusRNA virus DNA virusDNA virusDNA virusDNA virus

Poliovirus Variola virus



CaliciCaliciCaliciCalici: : : : NorovirusNorovirusNorovirusNorovirus, , , , SapovirusSapovirusSapovirusSapovirus
FlaviFlaviFlaviFlavi: : : : JEV, YEV, HCVJEV, YEV, HCVJEV, YEV, HCVJEV, YEV, HCV
PicornaPicornaPicornaPicorna: : : : Polio, Coxsackie, HAVPolio, Coxsackie, HAVPolio, Coxsackie, HAVPolio, Coxsackie, HAV
OrthomyxoOrthomyxoOrthomyxoOrthomyxo: Influenza virus : Influenza virus : Influenza virus : Influenza virus 
ParamyxoParamyxoParamyxoParamyxo: : : : Mumps, MeaslesMumps, MeaslesMumps, MeaslesMumps, Measles
RhabdoRhabdoRhabdoRhabdo: : : : VSVVSVVSVVSV
FiloFiloFiloFilo: : : : Ebola, MarburgEbola, MarburgEbola, MarburgEbola, Marburg
Retro: Retro: Retro: Retro: HIV, HTLV1HIV, HTLV1HIV, HTLV1HIV, HTLV1

RNA viruses
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Science. 1981 214(4523):916-9.
Cloned poliovirus complementary DNA is infectious i n mammalian cells. 
Racaniello VR, Baltimore D.

A complete, cloned complementary DNA copy of the RNA genome of poliovirus 
was constructed in the bacterial plasmid pBR322. Cultured mammalian cells 
transfected with this hybrid plasmid produced infectious poliovirus. 

First infectious cDNA clone of RNA virus
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Simple system to produce infectious poliovirus

Cloned poliovirus cDNA or synthesized RNA

Cultured cells Infectious polio virus

Transfection



Isolation of HCV cDNA

Plasma

cDNA library AUCGAUG…

Expression cloning 
using

Patient serum

non-A, non-B hepatitis 
chimpanzee

HCV cDNA
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Structure of HCV RNA Genome
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Clinical Course of HCV Infection

Infection LC HCCCH

•2 million HCV carriers in Japan
•170 million world wide

Persistent infection (>10years)
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Construction of Full-Length HCV cDNA
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Production of infectious HCV from cloned cDNA



Virus particles visualized by Immuno EM

By Dr. Ralf Bartenschlager

Wakita T, Nat Med. 2005.11:791



Infection Assay of Full-Length HCV RNA 
Transfected Cell Supernatant
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Huh7 cell
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1. Virus entry

2. Virus replication

3. Virus particle formation and secretion

4. Anti-viral drug and Vaccine development

Research Progress with Infectious HCV System
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Viral Genome and Particle Structure of Measles Virus



Generation of Measles Virus by Reverse Genetics System

N P

Viral Genome
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Production of 
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Generation of LP-H5N1 reassortant virus by reverse genetics

vRNA expressing plasmids

Virus protein expressing plasmids

Backbone:
High growth virus PR8

PA PB1

PB2 NP

LP-HA

PA PB1 PB2

NP

NA

M NS

A/VN/JP1203/2004
A/VN/1194/2004

LP-H5N1 reassortant viruses

∆∆∆∆HA and NA genes from 
2004 isolates

PR8

Transfection to cells

Neuman & Kawaoka (1999)



Benefits and Risks of Reverse Genetics System of 
RNA viruses

Benefits
- Production of recombinant viruses
- Analysis of viral life cycles and 

pathogenesis
- Anti-viral and vaccine development

Risks
- Spread of artificial viruses to nature
- Production of artificial virulent virus with 

or without intention
- Concern for bioterrorism



Declaration of eradication Declaration of eradication Declaration of eradication Declaration of eradication inininin 1980198019801980

Vaccine termination inVaccine termination inVaccine termination inVaccine termination in 1976197619761976

Preservation of virus stock Preservation of virus stock Preservation of virus stock Preservation of virus stock 
only in USA and Russiaonly in USA and Russiaonly in USA and Russiaonly in USA and Russia

Increase younger generation Increase younger generation Increase younger generation Increase younger generation 
withoutwithoutwithoutwithout vaccinationvaccinationvaccinationvaccination

Increased concern for Bioterrorism Increased concern for Bioterrorism Increased concern for Bioterrorism Increased concern for Bioterrorism 

Difficult artificial synthesis of Difficult artificial synthesis of Difficult artificial synthesis of Difficult artificial synthesis of 
giant DNA genome of giant DNA genome of giant DNA genome of giant DNA genome of variolavariolavariolavariola

Small Pox 

Still Still Still Still endemic in 4 countriesendemic in 4 countriesendemic in 4 countriesendemic in 4 countries

After eradication After eradication After eradication After eradication 
and containmentand containmentand containmentand containment

All over the worldAll over the worldAll over the worldAll over the world

High High High High AbAbAbAb titer in all generationtiter in all generationtiter in all generationtiter in all generation

Easy to synthesize Easy to synthesize Easy to synthesize Easy to synthesize 
its small RNA genomeits small RNA genomeits small RNA genomeits small RNA genome

Polio



Science. 2002. 297(5583):1016-8. 
Chemical synthesis of poliovirus cDNA: generation o f infectious virus in the 
absence of natural template.
Cello J, Paul AV, Wimmer E.

sPV

wPV

First chemical synthesis of poliovirus infectious cDNA



Chemical synthesis of poliovirus cDNA

7500nt length x 2 = 15,000nt

Oligonucleotide synthesis  1nt = ~$0.5

15,000nt x $0.5 = $7,500

plus basic molecular biology technique
and cell culture facility
(easily found in the most universities or institute s)

$250 

Calculated cost for poliovirus cDNA and 
infectious virus production

Most common text book
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Risk of reintroducing viruses

• Smallpox (UK, 1978)
• SARS (Singapore 2003; China, 2004)
• Tularemia (USA, 2004)
• Polio: 

• 1941 to 1976 – USA at least 12
documented cases of lab
associated poliomyelitis;

• 1992 – Netherlands WPV
introduction from a vaccine
production facility;

• 2003 – India identification of a
WPV laboratory strain (MEF-1)
circulating in general population.

• Wild poliovirus type 2 eradicated

• Polio reportable under new IHR



Wild Poliovirus*, 2008

*Excludes viruses detected from environmental
surveillance and vaccine derived polioviruses

The boundaries and names shown and the designations used on this map do not imply the expression of any 
opinion whatsoever on the part of the World Health Organization concerning the legal status of any country, 
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries.  Dotted 
lines on maps represent approximate border lines for which there may not yet be full agreement. 
 WHO 2009. All rights reserved

Case or outbreak following importation
Endemic countries

Data in WHO HQ as of 16 Jun 09

Wild virus type 1
Wild virus type 3
Wild virus type 1 & 3 Total of 1652 WP cases

- 976 WPV1, 675 WPV3, 1 W1+W3
- 4 endemic & 14 non-endemic countries



Progress towards phase I of global polio virus containment

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever on 
the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, or 
concerning the delimitation of its frontiers or boundaries.  Dotted lines on maps represent approximate border lines for which there may 
not yet be full agreement. 
 WHO 2007. All rights reserved

Polio endemic (n=4) 

Polio outbreak from importation (n=5)

Conducting survey (n=9)
Reporting completion of survey and 
inventory (n=168, 78%)

Data in WHO HQ as of 10 Jul 2007

Not yet started containment activities



Reverse genetics system has been developed for RNA virus analysis 
and is obviously important for progress of medicine

On the other hand, these kinds of experiments should 
be regulated by the law and monitored by the authority

Poliovirus eradication program progressed and retain 
only 4 endemic countries of wild polio

Appropriate containment should be necessary for the highly virulent 
or spreading virus 

Conclusions


