CHAPTER 18

Virulence factors  (Discussion question)

  The term virulence is a measure of the severity of an infectious disease. Virulence factors are found in some bacteria, and they help the bacteria
cause us even more problems.  Some bacteria have adhesins as a virulence factor. Adhesins are surface proteins on bacteria that can bind to
receptors on our cells.  This allows bacteria to bind to our cells and stay in our body by resisting things like air flow and urination, which might
tend to cause the bacteria to leave our body.  Some bacteria have enzymes as virulence factor.  A bacterium called Staphylococcus aureus produces
an enzyme called coagulase, which makes plasma clot.  In a blood infection, the bacteria release coagulase enzyme which causes a small blood clot
to form around the bacteria. The blood clot is protective for the bacteria, making it more difficult for antibiotics and white blood cells to get to the
bacteria. Some bacteria have certain proteins as virulence factors.  These bacteria can bind to a receptor on our cells and then inject certain
proteins into our cells. These proteins change our cell’s DNA, causing apoptosis (cell death) to occur.  

Virulence factors
Ideal answer:   (Below is what students need to write out for this discussion question).

     Adhesins
         Surface proteins on bacteria that can bind to receptors on our cells.
    Enzymes
         A bacterium called Staphylococcus aureus releases an enzyme called coagulase,
         causing a protective blood clot to form around the bacteria.
     Proteins
        -Some bacteria can bind to a receptor on our cell.
        -Inject proteins into our cell.
        -The proteins change our cell’s DNA, causing apoptosis (cell death) to occur.

  
Exotoxins:   liquid waste products, G+, protein

  Bacteria that are pathogenic make us sick by way of their toxins.  It is the toxins that give us symptoms.  In general, there are two kinds of toxins:   Exotoxins and Endotoxins. Exotoxins are liquid waste products made by some G+ bacteria.  Exotoxins are made of protein.  Some G+ bacteria make exotoxins as a waste product. Once the exotoxin is secreted outside the bacterial cell, it will tend to cause us to have some symptoms and some real problems. There are three types of exotoxins:  cytotoxins, neurotoxins, and enterotoxins.

3 types of Exotoxins:  Cytotoxins:  2 Examples
  There are three types of exotoxins bacteria may produce.  The first is called cytotoxins.  "Cyto" means cell and cytotoxins damage or kill cells, as in our cells.  One example of a cytotoxin is produced by Corynebacterium diphtheriae.  This cytotoxin prevents our cells from making protein, causing some of our cells to die.  Like a lot of infectious diseases, diphtheria used to be a really big problem.  Now, thanks to vaccines and antibiotics, it is not a big deal, but it is still around.
An actual case of diphtheria is a really bad sore throat and the patient's neck swells up.  If they are lucky, they can take antibiotics and the infection will go away. If not, the infection can spread to the blood and become systemic.  In that case, the bacteria may give off a cytotoxin that prevents some of their cells from making protein, causing those cells to die.  As some of their cells die, the patient could experience organ damage or organ failure.  Another example of a cytotoxin is produced by Streptococcus pyogenes. This cytotoxin damages blood capillaries.  The bacterium called Streptococcus pyogenes causes Strep throat.  If a patient does not take antibiotics quick enough with a case of Strep throat, the bacteria can spread to the blood and the infection can become systemic.  The bacteria may give off a cytotoxin that damages blood capillaries.  For the patient, this means the appearance of a spotty, red rash. This is partly a rash and partly capillary damage.  The patient may also have what is called "strawberry tongue"--a bright red, spotted tongue for a while because of capillary damage.  The condition being described here is called scarlet fever.  Hopefully, a patient with Strep throat can be diagnosed quickly, take the appropriate antibiotic, and avoid scarlet fever.

Neurotoxins:  2 EX

  Neurotoxins wind up on nerve endings and block nerve impulses. One example of a neurotoxin is given off by Clostridium botulinum.  This neurotoxin blocks the first nerve impulse to muscle. This bacterium causes botulism--the most dangerous kind of food poisoning.  A patient who has botulism will have some nausea and perhaps vomiting, but the big concern is paralysis setting in. There are two nerve impulses to our muscles:  the first says "contract", the second says "relax again".  The botulism toxin blocks the first nerve impulse to muscle--the one that says "contract".  This causes some degree of paralysis to happen.  The patient may experience double vision, droopy eyelids, difficulty swallowing, difficulty raising their head, and difficulty breathing.  If a patient dies of botulism, it is usually because of respiratory failure--they stop breathing.  Another example of a neurotoxin is given off by Clostridium tetani.  This neurotoxin blocks the second nerve impulse to muscle.  This bacterium causes tetanus and its neurotoxin blocks the second nerve impulse to muscle--the one that says "relax again".  A case of tetanus is constant muscle contraction--the muscles cannot relax again.  This is tortuous for the patient and the patient may die from respiratory failure.

Enterotoxins:  2 EX

  The prefix "Entero" means intestine.  Enterotoxins mess up the cells that line the intestine—causing diarrhea problems.  One example of an enterotoxin is given off by Vibrio cholerae.  This enterotoxin causes the cells that line the intestine to lose their water--causing a very watery and dehydrating diarrhea.  The word "vibrio" means curved rod.  These bacteria are rod-shaped but curved like a comma. These bacteria hang out in water.  Some people drink contaminated water and pick up these bacteria.  The diarrhea of cholera is so dehydrating the patient may need I.V. fluids to save their life. Another example of an enterotoxin is given off by Clostridium difficile. This enterotoxin causes a severe and bloody diarrhea with a very foul odor called colitis.   This bacterium is commonly called
 "C diff".  Unfortunately, is produces endospores.  Endospores are little structures inside some bacteria that can survive very harsh conditions.  If conditions become favorable, endospores can germinate and turn into a regular bacterium.  A lot of people have endospores of Clostridium difficile in their digestive tract.  Most of the time, this is perfectly okay because the normal flora microbes of the digestive tract prevent the endospores from getting enough nutrients to germinate.  However, if a hospital patient has these endospores in their digestive tract, they could have a problem.  The patient may be taking a lot of antibiotics that kill off the normal flora microbes in the digestive tract.  This allows the endospores to germinate and turn into regular bacteria.  The bacteria then give off an enterotoxin that causes a bloody diarrhea (colitis) with a very foul odor.  


Endotoxins:  cell wall component, lipopolysaccharide, G-, EX, IL-1,  TNF

  Remember, there are two main categories of toxins from bacteria:  Exotoxins and Endotoxins. We said that exotoxins are liquid waste products given off by some bacteria that cause us to have some real problems discussed in the previous section (diarrhea, muscle paralysis, etc.). Endotoxins are a component of the cell wall for some bacteria.  They are made of lipopolysaccharide and they are part of the cell wall for some G- bacteria.  Endotoxins are not liquid waste products. They
are a component of the cell wall for some G- bacteria (not G+ bacteria).  They are made of a substance called lipopolysaccharide--which is a fancy way of saying they are made of fat and sugar.  A good example of a bacterium with an endotoxin is Salmonella typhi.  This bacterium causes a type of food poisoning called gastroenteritis--this involves the stomach and the intestine.  The patient would probably have both vomiting and diarrhea.  If this infection spreads to the blood stream, the patient now has a potentially life-threatening condition called typhoid fever.

You should print out and refer to Exam 3 Diagram 8.
___________________________________________________________________

  Our diagram shows on the top left a G- bacterium such as Salmonella typhi.  It shows a round endotoxin as part of the cell wall.  Strangely enough, if the bacteria are alive in our system, the endotoxin causes us no problem.  Our diagram shows the bacterium dying and breaking up. Now, the endotoxin is released by itself and will cause us to have some real symptoms and some real problems.  The bottom left of our diagram shows a white blood cell called a macrophage.  The
macrophage has engulfed the bacterium (phagocytosis).  Now, enzymes kill and break up the bacterium--releasing the endotoxin by itself.  Now, the endotoxin stimulates the macrophage to release two chemicals into the person's blood:  IL-1 and TNF.  IL-1 is Interleukin-1.  This chemical, in a high enough concentration, affects a part of our brain called the hypothalamus.  The hypothalamus makes some hormones for us and controls some very important things such as body
temperature.  The hypothalamus sets a "thermostat" at 98.6o F:  normal body temperature.  The chemical called IL-1 causes the hypothalamus to raise the thermostat, causing fever to happen. The chemical called IL-1 causes the patient to have fever (CONNECT:  IL-1/fever).  In this case, it is the fever of typhoid fever.  Too much fever for too long can cause problems like organ damage.  However, the big advantage of a fever is that all our natural body defenses happen faster with a fever.  As our body temperature goes up, white blood cells and molecules of certain chemicals all move faster to fight the infection better.  The endotoxin also stimulates the macrophage to release a chemical called TNF (Tumor Necrosis Factor).  TNF is a strong anti-cancer chemical produced by some of our cells.  Unfortunately, a tumor creates its own capillaries and uses those to steal blood from our system.  This blood contains oxygen and glucose to feed the tumor cells and help the tumor grow. 
The chemical called TNF is designed to destroy the capillaries of a tumor, choke off blood supply to the tumor, and hopefully kill the tumor. However, the patient we are discussing here does not have a tumor, they have typhoid fever. In this case the chemical called TNF destroys good capillaries by mistake.  This causes the patient's blood pressure to drop very quickly--a condition called shock.  The chemical called TNF causes shock (CONNECT:  TNF/shock).   This could be fatal if the patient's blood pressure becomes too low.  
___________________________________________________________________


HIV/AIDS:  1959,  1981,  1983

  Back in 1959, a man in Africa died of pneumonia. His pneumonia was caused by a microbe called Pneumocystis.  This microbe is called "yeast-like".  It is normal flora for most people in the respiratory tract. Doctors were very confused back then as to why this organism took off and caused a fatal pneumonia because it had never done that before.  They were so confused by this case they kept some of the man's blood to perhaps figure out later what was going on with that patient.  Many years later, the world became aware of HIV and AIDS.  They still had some of that man's blood, so it was tested and came back HIV positive.  In 1959, the first documented case of AIDS occurred.  This was almost certainly not the first case of AIDS, but it was the first case of AIDS to be documented and confirmed.  There is a virus called SIV--Simian Immunodeficiency Virus.  This virus infects and destroys certain white blood cells in monkeys.  It has been projected that back around 1910 this virus mutated and a new strain was formed.  This strain was discovered decades later and named HIV--Human Immunodeficiency Virus.  HIV infects and destroys certain white blood cells in humans.  Apparently, the first humans to get HIV got it from monkeys.  Perhaps being scratched or bitten.  In some parts of the world, people kill, gut, and eat monkeys.  It is most likely that over the decades there were several mysterious deaths that were AIDS cases. In 1981, there was an explosion of cases of a new syndrome.  These cases at the time were primarily male homosexuals.  These patients had numerous infections, a "wasting away", and they sometimes had Kaposi's sarcoma.  This is a skin cancer caused by a certain herpes virus.  Most people have picked up this herpes virus, but it only causes skin cancer in people with extremely compromised immune systems.  In 1981, the term AIDS was created to describe a new syndrome.  AIDS stands for Acquired Immunodeficiency Syndrome.  The term AIDS was created in 1981 to describe a syndrome the world was now aware of--but there was no understanding yet as to what causes AIDS. In 1983, the cause of AIDS was discovered and named HIV.  After being around for several decades, HIV was finally discovered and named in 1983.  We have known since 1983 what causes AIDS but we still have no cure and no vaccine.  This has a lot to do with the fact that HIV mutates and changes very quickly. Today, it is pretty even between HIV being picked up by homosexual contact versus heterosexual contact.  

HIV/AIDS:  CD4, gp120, CXCR4, gp41, reverse transcriptase, AZT, 3TC

You should print out and refer to Exam 3 Diagram 9.
___________________________________________________________________

  The top left of our diagram shows a Helper T cell.  This is a certain kind of lymphocyte and a certain kind of T cell.  I have not mentioned these cells yet but they are critical in both parts of our immune system.  Remember, we have two parts to our immune system:  Antibody-mediated and Cell-mediated.  Both parts depend on helper T cells to get activated and have certain white blood cells do mitosis to make a lot of white blood cells that can fight that particular pathogen.  I call helper T cells the most important cell of our entire immune system. Unfortunately, helper T cells are also the favorite target of HIV.  This is a very bad combination.  On their plasma membrane, helper T cells have a lot of receptors called CD4 that HIV can bind to and infect a cell.  CD4 is a receptor designed to bind to a macrophage (CONNECT:  CD4/macrophage).  As our immune system activates, macrophages bind to the CD4 receptor on a helper T cell as part of the process to get cranked up to fight a certain pathogen.  Our diagram also shows a receptor just beneath CD4 called CXCR4.  CXCR4 is a receptor designed to bind to chemicals called IL-1 and IL-2 (CONNECT:  CXCR4/IL-1, IL-2). These chemicals are also called Interleukin-1 and Interleukin-2.  They bind to a CXCR4 receptor to activate the helper T cell so it will help fight an infection.  Unfortunately, HIV can also fit to and bind to a CXCR4 receptor.  The top right of our diagram shows a simplified drawing of HIV.  HIV has a molecule of RNA on the inside.  This RNA is the instructions on how to make HIV viruses.  Around the RNA is a round protein coat called a capsid.  Outside the capsid is an envelope that has protein spikes sticking out.  These proteins are also called epitopes.  One of the epitopes of HIV has two subunits called gp120 and gp41.  The gp refers to
glycoprotein as these epitopes are made of sugar and protein. The 120 and the 41 refer to how big each subunit is using a certain form of measurement.  The middle left part of our diagram shows an HIV virus binding to a helper T cell to infect the cell.    gp120 is a subunit of an HIV epitope that is a perfect fit for a CD4 receptor (CONNECT:  gp120/CD4).  The gp120 subunit from HIV is a perfect fit for a CD4 receptor and these two bind together as the initial binding.  This seems to line things up just right for a second binding.  gp41 is a subunit of an HIV epitope that is a perfect fit for a CXCR4 receptor (CONNECT:  gp41/CXCR4).  Now the gp41 subunit binds to a CXCR4 receptor as the second binding. This second binding allows HIV to enter the cell.  The middle right part of our diagram shows HIV has entered the helper T cell.  This helper T cell is now infected and will wind up dying in the process unless some medication the patient is taking saves the cell.  After HIV enters the cell, it tends to become latent or inactive for a while, maybe a few weeks.  In this case HIV appears to be hiding from our immune system. If HIV is inside the helper T cell, the person's antibodies and lymphocytes cannot get to the virus to take care of it.  Eventually, HIV will activate and when it activates it does a process called uncoating.  Uncoating means the envelope and the capsid disintegrate and all that is left of HIV is the molecule of RNA. The bottom left of our diagram shows HIV having done the uncoating thing and all that is left of HIV is the molecule of RNA.  For the process to continue, HIV needs to get the instructions (RNA) to make more HIV viruses integrated into the helper T cell's DNA.  This is a problem for HIV because RNA cannot join DNA.  That is because RNA molecules are 1 strand and DNA molecules are 2 strands twisted. HIV overcomes this problem by way of its own enzyme, called reverse transcriptase.  Reverse transcriptase takes RNA and makes DNA. This is the exact opposite of transcription, which takes DNA and makes RNA. The bottom right of our diagram shows reverse transcriptase (R.t.) taking the RNA molecule and making a DNA version of the instructions.  In the diagram, I am using a smooth line for HIV RNA and a wavy line for HIV DNA.  Now the HIV DNA can join up with the helper T cell's DNA.  There are some medications a patient can take that block the enzyme reverse transcriptase and save helper T cells.
  
  
AZT and 3TC are medications that block the enzyme reverse transcriptase.  If a patient is taking AZT and the helper T cell had absorbed some AZT, then the reverse transcriptase step would be blocked, and the helper T cell would be saved.  The same thing is true for a drug called 3TC.  I am not using the brand names for these drugs because they sound very similar. Unfortunately, we cannot get these drugs to every helper T cell at just the right time to save them.  These drugs are not a cure, but patients may live years longer with HIV by taking these medications.  The more helper T cells these drugs save, the more active the patient's immune system is at fighting infection.
___________________________________________________________________










HIV/AIDS:   protease, ABT-538, HIV/AIDS criteria, 4 body fluids, 4 ways to get HIV in order

You should print out and refer to Exam 3 Diagram 10.
___________________________________________________________________

  After reverse transcriptase produces a molecule of HIV DNA, that DNA integrates itself into the helper T cell's DNA.  The top left of our diagram shows a helper T cell with a new section of HIV DNA (wavy) as part of its DNA.  The helper T cell now has no choice but to follow these instructions and make copies of the HIV virus.  To do that, the helper T cell first uses some of the HIV DNA instructions to make an enzyme called protease.  The helper T cell is being tricked into making the enzyme protease.  The enzyme protease makes numerous HIV copies inside the cell.  The top right of our diagram shows the enzyme protease has made numerous copies of the HIV virus inside the cell.  To do this, protease first makes a bunch of RNA versions of the instructions to make HIV viruses.  Then protease builds a protein coat (capsid) around each molecule of HIV RNA.  These are HIV viruses being made by protease.  There are medications a patient can take called protease inhibitors that block the enzyme protease and save helper T cells.  ABT-538 is a medication that blocks the enzyme protease.  This drug is only one example of a protease inhibitor, there are several.  If the patient was taking ABT-538 and the helper T cell had absorbed some ABT-538, the enzyme protease would be blocked and all those HIV viruses would not be made, saving the helper T cell.  Once again, we cannot get this drug to every cell that needs it at just the right time to save it.  This drug is not a cure, but it can help a patient live years longer with HIV by saving lots of helper T cells.  If the patient is not taking a protease inhibitor such as ABT-538, all the HIV viruses will be made inside the helper T cell.  The bottom of our diagram shows how the process comes to completion.  The HIV viruses that have been made start to leave the helper T cell.  As they do, they take a section of the plasma membrane of the helper T cell, rearrange it, and make their envelope as they leave the cell.  This causes numerous holes to be created in the plasma membrane of the helper T cell.  This will cause the helper T cell to eventually die.  The HIV viruses go out and infect more helper T cells. With an HIV infection, it is an ongoing battle between bone marrow making helper T cells and HIV destroying helper T cells.  The patient needs a high number of helper T cells in their system to have an active immune system and avoid secondary infections.  Sometimes a patient has a primary infection caused by HIV.  If they develop full-blown AIDS, their immune system is so weak they will get numerous secondary infections, especially tuberculosis and pneumonia. The AIDS patient may die from the secondary infections, which they cannot fight naturally. To determine if a patient is just HIV positive or they have full-blown AIDS, blood is drawn from the patient and the patient's helper T cells are counted.  This is called the HIV/AIDS criteria.  We are supposed to have a helper T cell count of about 1,000/mm3.  A cubic millimeter (mm3) in this case is a certain amount of blood (a small drop).  If a patient is HIV positive and their helper T cell count is <200/mm3, they have full-blown AIDS. A helper T cell count less than (<) 200 means the immune system is not active and the patient will get numerous secondary infections.  If a patient is HIV positive and their helper T cell count is >200, they are just HIV positive (not AIDS).  In this case the patient's helper T cell count is greater than or equal to (>) 200 and their immune system will function pretty well to fight infection.  If a patient is HIV positive, their helper T cell count is monitored on a regular basis.  The HIV virus tends to inactivate or become harmless if it has contact with air. Therefore, this virus is picked up by way of intimate contact with infected body fluids.  Intimate contact means no exposure to air.  There are 4 body fluids that can transmit HIV:   blood, semen, vaginal secretions, and breastmilk.  HIV is not
transmitted by saliva.  The 4 ways to get HIV in order of prevalence:   1) unprotected sexual contact, 2) the parenteral route, 3) as a fetus or baby, 4) by way of breastmilk.  It is pretty even these days between HIV being picked up by heterosexual contact and homosexual contact.  The parenteral route
means a break in the skin.  Under parenteral route are examples like the sharing of needles (I.V. drug users), a blood transfusion, and needlesticks for health care workers.  "As a fetus" means HIV can cross the placenta to go from mother to baby.  "Or baby" means HIV can be picked up by a baby from their mother during the birth process.  HIV can also be picked up by a baby from breastmilk. If a baby (or anyone else) swallows HIV viruses, they tend to be inactivated by stomach acid.  However, we all have very small abrasions on our gums and cheek lining that HIV can enter.  Then HIV would get into capillaries, and the person has picked up HIV.  HIV cannot be picked up by way of french kissing.  In rare cases, HIV can be picked up by way of oral sex.  HIV is much more commonly picked up by way of unprotected vaginal or anal intercourse.  I do not believe we will ever be able to cure an actual case of AIDS.  We cannot cure the common cold and HIV is much trickier than common cold viruses. However, I do believe there will eventually be a safe and effective vaccine for HIV.  They are trying HIV vaccines on humans now, but it takes years to get results back from vaccine trials. The efforts to create an HIV vaccine are complicated by the fact that HIV's own enzyme, reverse transcriptase, makes mistakes pretty often.  When reverse transcriptase makes a molecule of HIV DNA, some of the bases may be wrong--a mutation.  These mutations cause the shapes of the HIV epitopes to change. Remember, we respond to those shapes.  I drew HIV with 4 epitopes sticking out.  The real virus HIV has about 70 epitopes sticking out, all of which can change shape over time because of mutations.  HIV is a very tricky virus that mutates and changes quickly, but we should still be looking for one of these years a safe and effective vaccine for HIV.  

  

  
