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Viral pathogenesis is the process that occurs when a virus infects a host. 
 
Disease pathogenesis is a subset of events during an infection that results in disease manifestation in the host.
 
A virus is pathogenic for a particular host if it can infect and cause signs of disease in that host.
 A strain of a certain virus is more virulent than another strain if it commonly produces more severe disease in a susceptible host.

Cellular Pathogenesis
· Cells can respond to viral infections in 3 ways: (1) No apparent change, (2) Death, and (3) Transformation
· Direct cell damage and death from viral infection may result from 
· diversion of the cell's energy
· shut off of cell macromolecular synthesis
· Competition of viral mRNA for cellular ribosomes 
· Competition of viral promoters and transcriptional enhancers for cellular transcriptional factors such as RNA polymerases, and inhibition of the interferon defense mechanisms. 
· Indirect cell damage can result from 
· integration of the viral genome
· induction of mutations in the host genome
· inflammation
· host immune response.

Cytopathic effect (CPE): structural changes in a host cell resulting from viral infection. CPE occurs when the infecting virus causes lysis of the host cell or when the cell dies without lysis because of its inability to reproduce.

Common types of CPEs
· Total destruction of the host cell monolayer is the most severe type of CPE .This form of CPE is typically seen with enteroviruses. 
· Subtotal destruction of the host cell monolayer is less severe than total destruction. It is commonly observed with some togaviruses, some picornaviruses, and some types of paramyxoviruses
· Focal degeneration causes a localized attack of the host cell monolayer.Host cells become enlarged, and rounded. This type of CPE is characteristic of herpesviruses and poxviruses
· Swelling and clumping is a CPE where host cells swell significantly. Once enlarged, the cells clump together in clusters. This type of CPE is characteristic of adenoviruses. 
· Foamy degeneration is also known as vacuolization. It is due to the formation of large and/or numerous cytoplasmic vacuoles. This type of CPE can only be observed with retroviruses, paramyxoviruses, and flaviviruses. 
· Syncytium is also known as cell fusion, the plasma membranes of four or more host cells fuse and produce an enlarged cell with at least four nuclei. Herpesviruses characteristically produce cell fusion as well as other forms of CPE. 
· Inclusion bodies - insoluble abnormal structures within cell nuclei or cytoplasm - Inclusion bodies vary with viral strain. They may be single or multiple, small or large, and round or irregularly shaped. They may also be intranuclear or intracytoplasmic and eosinophilic or basophilic. 

PATHOGENESIS OF VIRAL DISEASES
To produce disease, viruses must enter a host, come in contact with susceptible cells, replicate, and produce cell injury. 









Steps in Viral Pathogenesis
Specifi c steps involved in viral pathogenesis are the following:
Viral entry into the host, primary viral replication, viral spread, cellular injury, host immune response, viral clearance or establishment of persistent infection, and viral shedding.

A. entry and Primary replication
For host infection to occur, a virus must first attach to and enter cells of one of the body surfaces.Skin, respiratory tract, gastrointestinal tract, urogenital tract, or conjunctiva.  
Most viruses enter their hosts through the mucosa of the respiratory or gastrointestinal tract. 
Major exceptions are those viruses that are introduced directly into the bloodstream by needles (hepatitis B, human immunodefi ciency virus [HIV]), by blood transfusions, or by insect vectors (arboviruses).
Viruses usually replicate at the primary site of entry.Some, such as influenza viruses (respiratory infections), produce disease at the portal of entry and likely have no necessity for further systemic spread. Th ey spread locally over the epithelial surfaces, but there is no spread to distant sites.

B. Viral Spread and Cell Tropism
Many viruses produce disease at sites distant from their point of entry (eg, enteroviruses, which enter through the gastrointestinal tract but may produce central nervous system [CNS] disease). After primary replication at the site of entry, these viruses then spread within the host.
Mechanisms of viral spread vary, but the most common route is via the bloodstream or lymphatics. Th e presence of virus in the blood is called viremia. 

C. Cell Injury and Clinical Illness
Destruction of virus-infected cells in the target tissues and physiologic alterations produced in the host by the tissue injury are partly responsible for the development of disease.
Some tissues, such as intestinal epithelium, can rapidly regenerate and with stand extensive damage better than others, such as the brain. Some physiologic effects may result from nonlethal impairment of specialized functions of cells, such as loss of hormone production. General symptoms associated with many viral infections,
Clinical illness is an insensitive indicator of viral infection; inapparent infections by viruses are very common.

D. Recovery from Infection
The host either succumbs or recovers from viral infection.
Recovery mechanisms include both innate and adaptive immune responses. Interferon (IFN) and other cytokines, humoral and cell-mediated immunity, and possibly other host defense factors are involved. The relative importance of each component differs with the virus and the disease.
In acute infections, recovery is associated with viral clearance. However, there are times when the host remains persistently infected with the virus. 

E. Virus Shedding
The last stage in pathogenesis is the shedding of infectious virus into the environment. This is a necessary step to maintain a viral infection in populations of hosts. Shedding usually occurs from the body surfaces involved in viral entry. Shedding occurs at different stages of disease depending on the particular agent involved.
It represents the time at which an infected individual is infectious to contacts. In some viral infections, such as rabies, humans represent dead-end infections, and shedding does not occur.

Viral Clearance or Persistence
Infections are acute when a virus first infects a susceptible host. Viral infections are usually self-limiting. Sometimes, however, the virus persists for long periods of time in the host. Long-term virus–host interaction may take several forms. 
Chronic infections (also called persistent infections) are those in which replicating virus can be continuously detected, often at low levels; mild or no clinical symptoms may be evident. 
There are 2 types of chronic persistent infections.
· True Latency - the virus remains completely latent following primary infection e.g. HSV, VZV. Its genome may be integrated into the cellular genome or exists as episomes.
· Persistence - the virus replicates continuously in the body at a very low level e.g. HIV, HBV, CMV, and EBV. 

Mechanisms of Viral Persistence
· antigenic variation
·  immune tolerance, causing a reduced response to an antigen, may be due to genetic factors, molecular mimicry
· restricted gene expression 
· down-regulation of MHC class I expression, resulting in lack of recognition of infected cells e.g. Adenoviruses 
· down-regulation of accessory molecules involved in immune recognition e.g EBV. 
· direct infection of the cells of the immune system itself e.g. Herpes viruses, Retroviruses (HIV) - often resulting in immunosuppression. 
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