B.7 Antivirals

OBJECTIVES:

1. State how viruses differ from bacteria.

2. Describe the different ways in which antiviral drugs work.
3. Discuss the difficulties associated with solving the AIDS problem.
Because bacteria and viruses cause many of the diseases we're familiar with, people often confuse these two microbes. But viruses are as different from bacteria as goldfish are from giraffes. 

For one thing, they differ greatly in size. The biggest viruses are only as large as the tiniest bacteria. 

Another difference is their structure. Bacteria are complex compared to viruses. A typical bacterium has a rigid cell wall and a thin, rubbery cell membrane surrounding the fluid, or cytoplasm, inside the cell. A bacterium contains all of the genetic information needed to make copies of itself—its DNA—in a structure called a chromosome. In addition, it may have extra loose bits of DNA called plasmids floating in the cytoplasm. Bacteria also have ribosomes, tools necessary for copying DNA so bacteria can reproduce. Some have threadlike structures called flagella that they use to move. A virus may or may not have an outermost spiky layer called the envelope. All viruses have a protein coat and a core of genetic material, either DNA or RNA. And that's it. 

Which brings us to the main difference between viruses and bacteria—the way they reproduce.

Bacteria contain the genetic blueprint (DNA) and all the tools (ribosomes, proteins, etc.) they need to reproduce themselves. They undergo a type of asexual reproduction known as "binary fission." This simply means they divide in two, and each new bacterium is a clone of the original – they each contain a copy of the same DNA. 
Viruses are moochers. They contain only a limited genetic blueprint and they don't have the necessary building tools. They have to invade other cells and hijack their cellular machinery to reproduce. Viruses invade by attaching to a cell and injecting their genes or by being swallowed up by the cell. It then releases its genetic material into the cell, and essentially shuts down normal cell processes. The cell stops producing the proteins that it usually makes and uses the new blueprint provided by the virus to begin making viral proteins. The virus uses the cell's energy and materials to produce the nucleic acid and protein coat to make numerous copies of the original virus. Once these 'clones' are assembled, the virus causes the host cell to rupture, releasing the viruses to infect neighboring cells.
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Antiviral drugs are a class of medication used specifically for treating viral infections. Like antibiotics, specific antivirals are used for specific viruses. 

Modern medical science and practice has a big kit of effective tools, ranging from antiseptics and anesthetics to vaccines and antibiotics. One field in which medicine has been traditionally weak, however, is in finding drugs to deal with viral infections. To be sure, highly effective vaccines have been developed to prevent such diseases, but traditionally, once somebody came down sick with a virus, there was little that could be done but recommend rest and plenty of fluids until the disease ran its course. 

Since the mid-1980s, that scenario has changed dramatically. Dozens of antiviral treatments are now available, and most medical researchers feel we are only scratching at the surface of what can be done with these new drugs. 

The emergence of antivirals is the product of a greatly expanded knowledge of the genetic and molecular function of organisms, allowing biomedical researchers to understand the structure and function of viruses; major advances in the techniques for finding new drugs; and the intense pressure placed on the medical profession to deal with the human immunodeficiency virus (HIV), the cause of the deadly acquired immunodeficiency syndrome (AIDS) epidemic. Though no one could sensibly claim that AIDS has been a benefit to humankind, it has certainly done much to advance the state of antiviral technology. 

Most of the antivirals now available are designed to help deal with HIV; herpes virus, which are best known for causing cold sores but actually cover a wide range of diseases; and the hepatitis B and C viruses, which can cause liver cancer. Researchers are now working to extend the range of antivirals to other families of pathogens.  

The drugs act by interfering with a virus's ability to enter a host cell and replicate itself with the host cell's DNA. Some drugs block the virus's attachment or entry into the cell; others inhibit replication or prevent the virus from shedding the protein coat that surrounds the viral DNA. 

One approach is to interfere with the ability of a virus to get into a target cell. The virus has to take a sequence of actions to do this, beginning with binding to a specific "receptor" molecule on the surface of the host cell and ending with the virus "uncoating" inside the cell and releasing its payload. Viruses that have a lipid envelope must also fuse their envelope with the target cell, or with a vesicle that transports them into the cell, before they can uncoat. 

A second approach is to target the processes that synthesize virus components after a virus invades a cell. One way of doing this is to develop "nucleotide or nucleoside analogues" that look like the building blocks of RNA or DNA, but jam the enzymes that synthesize the RNA or DNA once the analogue is incorporated. 

As medical understanding about how the virus invades the body and multiplies within cells has increased, drugs to inhibit its growth and slow its spread have been developed. Drug treatment for HIV/AIDS is complicated and expensive, but highly effective in slowing the replication (reproduction) of the virus and preventing or reducing some effects of the disease. 
Drugs to treat HIV/AIDS use at least three strategies, including:
· interfering with HIV's reproduction of its genetic material (these drugs are classified as nucleoside or nucleotide anti-retrovirals) 
· interfering with the enzymes HIV needs to take over certain body cells (these are called protease inhibitors) 
· interfering with HIV's ability to pack its genetic material into viral code - that is, the genetic "script" HIV needs to be able to reproduce itself (these are called non-nucleoside reverse transcriptase inhibitors [NNRTIs] ).  A successful drug of this type to combat AIDS is ATZ (zidovudine). 
Although a number of medicines are available to treat HIV infection and slow the onset of AIDS, unless they are taken and administered properly on a round-the-clock schedule, the virus can quickly become resistant to that particular mix of medications. The HIV virus is very adaptable and finds ways to outsmart medical treatments that are not followed properly. This means that if prescribed medicines are not taken at the correct times every day, they will soon fail to keep HIV from reproducing and taking over the body. 

When HIV enters the body, it attacks special white blood cells that are part of your body's immune system. These cells, called CD4 cells or T cells, play an important role in fighting infections as well as in directing other cells to find and destroy disease-causing organisms. After invading a cell, HIV releases an enzyme called reverse transcriptase that helps it grow and multiply inside the CD4 cell. HIV then uses another enzyme, protease, to make pieces of virus to spread throughout the body. As HIV disables and kills more and more CD4 cells, the body's ability to fight infection weakens. 

AIDS has no cure and no vaccine. This is because the virus mutates extremely easily, it has a protective outer coating, and it is able to “hide” for long periods in the immune system without being detected.  However, medications can slow the progress of the disease, allowing patients to stay healthier and to live longer. The drugs used to treat HIV infection are called antiretrovirals, because they fight HIV, which is a type of "retrovirus" (a virus that has RNA rather than DNA). 

