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Viral Virulence 

• Capacity of a virus to cause disease in a host 

 

• Virulent vs avirulent or attenuated virus 

• A virulent strain causes significant disease 

• An avirulent or attenuated strain causes no or reduced disease 

 

• Virulence factors & mechanisms 

• Virus-induced immune suppression 

• Pathogenesis 



In vitro Studies 

• In vitro: taking place in a test tube, 

culture dish or elsewhere OUTSIDE a 

living organism 

• Cell lines, primary cells 

• Assaying genes for essentiality to 

invasion, survival, replication, immune 

modulation and cytotoxicity 



In vitro Studies 

• Excellent tools for simple questions with limited variables 

• Cells are easily manipulated 

• Cost efficient 

• Scalable 

 

In vitro studies have given us a lot BUT… 

• Focus on one specific aspect of the disease process only 

• Cannot predict relevant phenotypes associated with 

pathogenesis 



Models Systems to Study Viral Virulence: 

In vitro and In vivo 

• In vitro: cell lines, primary cells 

• In vivo: animals models 



Study of virus infection and disease 

Mice with new 

receptors 

 

Mice with complete 

viral genomes 

Mice expressing 

individual viral genes 

Study of the host 

response to 

infection 

Clonal T-cell 

receptor 

Immune mediator 

deletion 

Immune cell 

deletion 

Immune mediator 

overproduction 



• Human viruses in animals 
• May need to manipulate the mouse 

• E.g. Transgenic poliovirus receptor mouse 

 

• Animal viruses that resemble human infection 

 

 

 

 

 

Transgenic poliovirus receptor mouse  

(TgPVR) 
human receptor to poliovirus 

(hPVR)  



Virulence can be Quantitated 

• Meantime to death 

 

• Meantime to appearance of symptoms 

 

• Measurement of fever, weight loss 
• Influenza infection 

 

• Measurement of pathological lesions 
• Poliovirus infection 

 

• Reduction in blood CD4+ lymphocytes  
• HIV-1 infection 

 



Principles of Virology, ASM Press 

General Approach 

What makes type 2 virus more virulence than type 1?  

Are there any genetic differences that affect viral virulence? 



Virulence Genes 

• Major goal of virology is to identify virulence genes that 

determine virulence 

 

• Viral virulence genes involved in  

• Viral replication 

 

• Defeat host defense mechanisms 

 

• Invasiveness  

 

• Intrinsic cell killing effects 

 

 

 

 

 



Principles of Virology, ASM Press 

• Virulence genes usually identified by mutation: a virus 

that causes reduced or no disease in a specified system 

 



Poliovirus genome 

Virulence determinant in Poliovirus 



• Poliovirus replication in mouse brain 

 

 

 

 

 

 

 

 

 

• One base change is enough to change the virulence of 

poliovirus 

• Implication: develop oral polio vaccine (OPV) 



Other Factors Affecting Viral Virulence in 

Mice 

• Dose 

• Route of infection 

• Age of host 

 

 

 

 

 

• Species 

• Gender (males slightly more susceptible to viral infections 

than females) 
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Benefits and Problems of Using Animal 

Model 

Benefits 

• Show human-like clinical signs and pathology of disease 

• Suitable for transmission experiments, vaccine research 

• Helps to understand some certain mechanism of disease 

and therapeutic agent observed in animal model. 

 

Problems 

• Practical considerations 

• Absence of small animal model  

• Never mimics exactly what happens in people 



Future Prospects 

• To increase knowledge of molecular mechanism of virus 
replication and mechanism of pathogenesis in viral 
disease further. 

 

• To investigate antibody enhancement of virus infection, 
induction of auto immunity and development of immune 
cell dysfunction and tumours  

 

• To develop in the field of small animal models  

 

• Efficacy assessment and pre-clinical evaluation of novel 
virus vaccine constructs 
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