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         InfluenzaVirus & The Flu

(2003)

Influenza, often simply referred to as the “flu” is very different than a cold. Unlike a cold that is often very short lived and produces minor effects, the flu can produce severe illness and life-threatening complications.


There are three different types of influenza virus, A, B and C. The flu is caused virtually every winter in the US by influenza virus A (IA) infection. Getting a flu shot provides some protection from influenza A and B, but not C, which is not thought to cause epidemics, like that caused by A and B.


The type A viruses are found in many animals including pigs, ducks, chickens, horses and seals. The main reservoir for influenza A is thought to be birds. Many species can be infected with multiple forms of the IA virus. For example, pigs can be infected with both human and avian IA.


Influenza A viruses are further divided into subtypes based on two proteins that are found on the surface of the virus (virion). These important viral proteins are called hemagglutinin (H) and neuraminidase (N). The current subtypes of the virus are A(H1N1) and A(H3N2), which are generally specified as A(HxNy) forms. It is the rapid evolution and change in these viral surface antigens that are responsible for the emergence of fatal pandemic strains.


All viruses require a portal of entry into the host organism. Influenza binds to specific receptors on erythrocytes, or more readily, on cells in the respiratory tract (nose, throat and lungs). Erythrocyte cells have no nucleus, which is required for IA viral replication. As a result, they are not effective (reproductive) targets. That is, virus replication and core assembly requires the host components in the nucleus, which are not available in this cell type. With the large number of nucleated cells in the lungs, this is the preferred target. Infection causes inflammation and swollen lungs, filling them with liquid and this can lead to more serious complications – difficulty breathing, bacterial infections, pneumonia, etc.

The Influenza Virus - the Biology

This RNA virus (virion) contains 8 RNA molecules - 8 chromosomes, each termed a segment. Segment 1-6 each encode a single protein, while segment 7 and 8 each encode two proteins, for a total of 10 proteins. Eight of the proteins are found in the virus, while two of the proteins are only found in the infected cell. 


The cursory look at the virus reveals the following general picture. A ribonucleoprotein complex forms the core of the viral particle (the virion) and is made up of the RNAs complexed with ca. 1000 NP proteins. This is covered with ca. 1000 matrix proteins. A lipid bilayer (a lipid membrane) is formed about the viral core that is derived from the host cell. Inserted into this membrane, and protruding out from the outer surface, are the viral HA proteins and NA enyzmes. There are about 500 hemagglutanin (HA) and 100 neuraminidase (NA) enzymes on the lipid surface.

Viral RNA Replication (2, Figure 161) Overview: 

(IA is an RNA virus, but not a retrovirus)

The virus bind to a receptor on the host cell surface that contains a sialic acid sugar component

It enters the cell by endocytosis, fuses with the lysosome, after which the ribonucleoprotein core (RNA, viral genetic material) loses the membrane (is “uncoated”). The core particle enters the nucleus where it will 
undergo “replication”.

Eight chromosomes (- strands of RNA) must be converted into the opposite sense (+) for translation.

Viral RNA proteins cleave the cellular RNA being made by the cell, and uses these small RNA fragments as primers to make viral RNA of (+) sense

The cellular RNA primers are then cut off and the viral RNAs are ready for translation in the cytoplasm.

The viral proteins are synthesized and return to the nucleus. The (+) RNA strands are then used to make (-) RNA strands by viral proteins that effectively make up a “viral reverse transcriptase”. 

Eight different chromosomes are then assembled into a viral core particle and then go to the cell membrane to obtain lipid membrane and then exits the cell to go to infect other cells.

End of an abridged story

The IA Virus and the Flu


The flu shot contains inactivated (killed) viruses. Although there are multiple forms of the IA virus, the shot contains a mixture of a few influenza A types in the hope that this year these particular types will be the main forms that cause the flu.  The mixture is an “educated (medical, scientific) judgment”. The mixture is injected into a person to stimulate an immune response – typically requiring 1 months or less. This strategy is, of course, to stimulate the cell to mount an immune response prior to infection, therefore permitting the host to be in a position to fight off infection by “live viruses” more effectively. 


The nasal flu shot actually contains “live” virus and therefore is restricted to children over ca. 5 years old and adults under 49 years old. Sneezing after this administration can spread the virus.


However, it is recommended that everyone get a flu shot every year since the virus undergoes an evolution as it mutates or changes to undergo what is called “antigenic-drift” or antigenic-shift”.


“Antigenic-drift” occurs because the genes become mutated readily in an RNA virus. This is because the “reverse transcriptase” does not proof read and is very error prone. It makes one error about every 10,000 nucleotides copied (2, pg 172). So as the virus goes about its replication and reproduction, the proteins, especially HA and NA, are continuously changing and presenting the organism with a different “antigenic look”. To compound the problem, a single viral genome may reproduce itself 10,000 times in a 6 hr period. Together, this supports the idea of rapid evolution of these viruses. The prior immunization and immune response gives little protection from the new forms.


The second change, and a much more serious change that can occur, is an “antigenic-switch”. This occurs in cases in which multiple infections (by different strains of virus) occur in a species, such as a pig, noted above. In these cases, interchangeable sets of functional genes can be exchanged and lead to an entirely new and virulent strain of IA. Every new pandemic was accompanied by a change in the HA subunit on the surface of the influenza A viral particle. In some cases, it involved a change in the NA subunit.


Drift occurs quite often and poses only minor problems. Antigenic switch, however, produces a significant medical problem since it is new. As a result, it will obviously not be included in the “flu-shot mixture” and will present a new challenge to the cell and organism. “Antigenic switch” is potentially what might lead to a pandemic.


In a typical year, the flu hospitalizes about 115, 000 people and kills 34,000, due mostly to complication from the flu. These deaths primarily involve children and elderly who have chronic diseases. Young children do not have any antibodies to the flu, while elderly have chronic diseases–asthma, heart disease, which can readily lead to complications.


The flu is a highly contagious disease. A sneeze by a person in a building puts millions of infectious particles in the air that infiltrates the lungs of all exposed. It’s virtually impossible to evade. Many masks are not sufficient to keep out the particles since they are very small and can permeate the mask material like molecules through a chicken-wire fence. 

The Flu Pandemic of 1918
A pandemic is a world-wide epidemic

The US was at war- WWI - with many of its doctors and nurses overseas. The war was coming to a conclusion in 1918, the last year of the war. The flu that year is estimated to have killed over 30 million people worldwide, with more than 600,000 in the US. In terms of the current US population, it is estimated that the disease would have killed nearly 1.5 million in the US alone.


The flu was first recognized in April of 1918, with small outbreaks in the Midwest. This spread along the train routes and went east and west. More and more cases occurred with the height of the death toll in Oct., 1918. This was the deadliest month in US history.  At least 195,000 people died in the US in the month of Oct., with 11,000 dead in Philadelphia alone. The flu epidemic in the US was effectively over in mid-Nov. The flu virus did not discriminate between strong, hardy individuals and the meek. Deaths occurred indiscriminately in all families.


This was a uniquely morbid time for the world’s population. At least one person in virtually every family died. Many died within the first few days after infection, while others died of complications soon after. There were actually not enough coffins to bury the dead. In many cases, they were buried in mass graves. Many states closed down amusement parks and saloons. Kentucky did not permit any social gathering, even funerals.

During the last 100 years, there have been 3 pandemics.

1.
1918 the “Spanish flu”, Influenza A(H1N1)

2.
1957-58, “Asian flu”, Influenza A(H2N2), ca. 70,000 deaths in the US.

3.
1968-69, “Hong Kong flu”, Influenza A(H3N2), ca. 34, 000 deaths in the 
US.


The emergence of a new influenza strain does not guarantee a pandemic. There have been three times when it did not surface.

1.
1976, “Swine flu”, Influenza A(H1N1), from a new swine flu virus

2.
1997, “Avian flu”, Influenza A(H5N1)

3.
1999, Influenza A(H9N2)


The reoccurring worry is that a flu epidemic or pandemic may occur any year. In many respects, it is difficult to know if we have advanced much beyond the treatment stage of 1918 in our fight against such insidious viruses.

Influenza (dictionary defn):  an acute infectious viral disease characterized by inflammation of the respiratory tract, fever, muscular pain and irritation of the in the intestinal tract.
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