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	MEDICAL MICROBIOLOGY





WHAT ARE PATHOGENS?

Pathogens, which we sometimes call germs, are actually a variety of microoganisms that are at the root of disease. The word microbes refers to tiny organisms that cannot be seen without the aid of a microscope. The first of them were seen by the Dutch naturalist Antonie van Leeuwenhoek in 1675. Antonie van Leeuwenhoek was an amateur microscope builder who saw a previously unseen world when he looked through a microscope at a droplet of water. In this drop of water he viewed a world of tiny living things that he called “wee animalcules,” for “tiny animals.” We now call these tiny living things microorganisms, or microbes for short. These life-forms are 1–2 micrometers in size, fifty times smaller than anything the unaided human eye can see.

These microoganisms can belong to any of the five kingdoms of living things: Monera, Protista, and Fungi as well as the more familiar Plant and Animal kingdoms. Living things in these categories are subdivided down to the genus and species level in a method of naming things that was outlined in the eighteenth century by the Swedish botanist Carolus Linnaeus. It was a shorthand designation for the cumbersome naming system that was in vogue at the time. Just as all plants are denoted using this so-called binomial system of genus name followed by species name, so too are microorganisms.

Microbes can be either beneficial or detrimental to humans, depending on their food source. Microbes are a necessary part of the food web in their role as decomposers, recycling organic matter. Other microbes live in the intestines of human beings and animals to aid digestion and nutrient absorption.

WHERE DID THOSE PESKY BACTERIA COME FROM?

Chances are that bacteria were the first form of life on earth, even older than humans, even older than the dinosaurs. Early life on planet Earth probably arose from simple chemicals plus energy, a process referred to as chemical evolution. The Russian biochemist A. I. Oparin suggested this hypothesis as early as 1922, but it was not tested until the 1950s, when Stanley Miller combined the simple chemicals of hydrogen gas, ammonia, methane, and water vapor with energy in the form of heat and electricity. From these simple conditions that may have mimicked early times on Earth, organic compounds, including amino acids and nucleic acids, were formed. In a sense, in Earth’s early history, lakes may have served as an organic soup for dissolving the chemicals necessary for the evolution of chemicals into life.1

From these small organic building blocks, it is conceivable that aggregates formed and reacted with each other, building more-complex molecules. For instance, the nucleic acids combined to form DNA, amino acids reacted to form proteins, and sugars reacted to form carbohydrates. Small droplets of these molecules could have been bound together in some way to make a cell-like structure that evolved further to create the first living thing, a bacterium. In another two billion years, these bacteria could have evolved into the more-complex cells (eukaryotic cells) that make up more-complex organisms.

These single-celled organisms belong to the kingdom Prokaryote, also referred to as Monera. Bacteria are divided into gram-positive and gram-negative groups, based on whether they can be stained with a violet-colored dye. This ability is due to differences in the architecture of the cell wall and is important in terms of the action of antibiotics. The cell wall is a rigid structure surrounding the cell membrane, giving the bacteria its shape. Bacteria are also identified by their shapes—round or cocci, rod or bacilli, and spiral or spirilla.

Bacteria are adaptable to their environment. One reason is that they grow very quickly, sometimes dividing once every thirty minutes, making one become two. At this rate, in one hour there would be two bacteria, and, more dramatically, in just ten hours there would be 1,048,576 of these organisms. This high rate of reproduction makes bacteria more prone to genetic mutations. Thus, pressure from their surroundings may allow new forms of the bacteria to grow that are better adapted to the environment. This is how antibiotic resistance occurs. Although different kinds of bacteria can survive extremes of temperature, most common bacteria can be killed by heat. This is why many foods are cooked and one way that we sterilize things. Bacterial growth can also be slowed by cold, which is the reason we refrigerate food.

FUNGI

Fungi differ from bacteria in that they are eukaryotic, a more complex cell type with a visible nucleus. Most fungi consist of more than one cell and have hyphae (the threadlike filaments that make up the mycelium of a fungus) rather than roots, as plants do. Mushrooms are the reproductive part of some types of fungi that reproduce by forming spores. These spores can withstand extremes in the environment, such as heat, cold, and drying. This is one reason that fungal infections can be so persistent. The initial disease will go away, but at a later time the spores germinate and cause the infection to recur. There are also single-celled fungi, like the yeasts, that divide in a manner similar to that of bacteria.

VIRUSES

Viruses are of a different sort, not even considered a living organism by most scientists. They are not cells but are more like a particle that contains a piece of either DNA or RNA. This core is surrounded by a coat, usually made of protein. Alone, viruses are inert and require a host cell even to reproduce. Once a virus attaches to and enters a cell, it can control the proteins made by the cell. By forcing the cell to make proteins necessary for viral reproduction, the virus replicates to very high numbers until the cell bursts open, releasing millions of viral particles. Treatments for viral diseases are aimed at blocking the ability of the virus to make new DNA or RNA once inside the host cell. Examples of viral diseases are colds, flu, measles, mumps, and some types of meningitis.

Because viruses cannot be seen by normal light microscopes, they were identified much later than bacteria were. In fact, noting that infectious agents could pass through a filter that would hold back bacteria led scientists to suspect that an even smaller pathogen existed. In 1898 foot-and-mouth disease was the first disease identified as being caused by an infectious agent smaller than a bacterium, but it wasn’t until the electron microscope came into use in the 1930s that viruses were actually identified and seen. Before this time, they were considered to be fluid rather than particulate. Although there are many identified viruses today, there is no classification system for them such as the one used for bacteria and fungi.

Most human beings have inactive, or latent, viruses in the body. These viruses remain harmless until an opportunity arises to cause infection—for instance, when the human body is compromised in some way, when the immune system is not on its toes, when stress is acting on the body. Viruses can also cause some types of cancer. Liver cancer, cervical cancer, and some leukemias are caused by viruses. These specific viruses interact with the human cellular DNA in a way that creates new proteins. In this case, the new proteins do not act just for the viruses’ survival, but cause uncontrolled growth in the human cell as well. This uncontrolled growth is cancer. There may also be other ways in which viruses affect our bodies that we are not aware of yet.

PROTOZOA

Protozoa are single-cell eukaryotic parasitic organisms that are part of the kingdom Protista. Most protozoa do not cause disease, but some can bring about dysentery and intestinal infections. You have probably heard of “Montezuma’s revenge,” a diarrhea produced by a protozoan called Giardia lamblia as well as by other organisms. This organism is present in fouled water, one reason that water one drinks in the wild needs to be purified in some way.

WHAT CAUSES INFECTIOUS DISEASE?

The word infection actually means “pus.” It was given this name owing to the large amounts of pus associated with it. As early as the period of the Roman Empire, scientists suggested that disease was caused by tiny, invisible, airborne seeds that could be breathed into the body. But it was the French microbiologist Louis Pasteur, in the late 1800s, who made the connection between microbes and disease and developed what we call the germ theory of disease. At that time, most people thought that bacteria arose spontaneously from dead materials and thus caused putrefaction. Pasteur, however, proved that bacteria were present in the air and then permeated foods to cause putrefaction. Pasteur showed that microorganisms, such as the spores from mold that were found in spoiled food, could be filtered from the air. He then demonstrated that heat could kill many of these microorganisms. Using this knowledge, he performed the most convincing experiment. Putting a nutrient liquid into a flask, he melted the opening of the flask into a series of curves. This allowed air to enter the flask, but not microorganisms. Microorganisms, being basically immobile, could not move through the curves as the air did. He then heated the liquid to boiling, which would kill any microorganisms already present in the liquid. After cooling, he noted that the flask could remain this way for eighteen months without becoming spoiled or putrefied, proving that spores did not arise spontaneously from the liquid. With this information, he also discovered a method for removing microbes from milk, thus eliminating the spread of tuberculosis and typhoid through milk. Gradually, people became convinced that life had to arise from life rather than spontaneously.2

The German bacteriologist Robert Koch further advanced the germ theory of disease in the late nineteenth century to one germ/ one disease. He was a frustrated physician who realized that he could not cure a disease when he did not know its cause. Koch showed that anthrax in sheep and tuberculosis were both related to the presence of specific bacteria. He outlined four requirements to determine whether a given microbe causes a specific disease. These requirements are known as Koch’s postulates:3

1.  A specific organism must be present in all cases of the disease.

2.  The organisms must be able to be isolated and grown in the laboratory.

3.  The isolated organism must cause the same disease when injected into another animal.

4.  The same organism must be able to be isolated from the second animal and grown in culture.

These criteria have been essential for determining the agents that cause infectious disease, beginning with tuberculosis and cholera.

Even though we are in constant contact with infectious microbes, infectious disease is quite rare. This brings up a second theory about the cause of disease. A Russian scientist of the same era as Pasteur, Élie Metchnikoff, observed that white blood cells have the ability to engulf bacteria.4 This finding led him to believe that white blood cells protect the body from infection and thus that infections are the result of a weak host. At the time, the idea of one cell “eating” another was too much for people to comprehend, and his theory was not accepted until much later. Ultimately, however, his work became the foundation for the field of immunology.5

Today it is generally accepted that infectious disease is a result of a combination of bacterial pathogens and a weakened immune system. Although individuals with a strong immune system probably are better able to resist disease, given an injection of anthrax bacteria they will nonetheless succumb to the disease. Infection was the most common cause of disease up to the twentieth century, the main ones being tuberculosis, syphilis, diphtheria, plague, meningitis, malaria, pneumonia, and infections as the result of childbirth.

HOW DID INFECTIOUS DISEASE BEGIN?

During the course of human existence, we have seen the coming and going of many different infectious diseases. It was probably the agricultural revolution that first brought about infectious disease. The increased numbers of population centers that were born when we evolved from hunter-gatherers to farmers put people in much closer contact with each other as well as with animals. Animal diseases adapted themselves to humans and fouled both water and land. Rodents and mosquitoes soon learned to coexist with humans, and also spread disease. Diets were centered on very few foods, possibly leading to nutritional deficiencies that didn’t help boost immunity.6

Epidemics, common during the second century, are said by some historians to have brought down the Roman Empire. Among these epidemics were smallpox and measles. The bubonic plague, or black death, devastated civilizations during the sixth and seventh centuries. But the plague’s most memorable appearance began around 1300

A.D. in Asia and spread westward through Europe. During the 1600s the bubonic plague flourished in Spain, and its effects didn’t end until about 1800. The bubonic plague is caused by a bacterium called Yersinea pestis, which is carried by fleas. The bacteria enter the host when the flea bites and take up residence in the lymph glands. Here they cause the characteristic swelling of the armpit, groin, or neck, depending on which lymph gland becomes infected. This form of the disease typically caused death in 60 percent of its victims.7

Because of poor living conditions in European cities during the time of the plagues, diseases flourished. Neither bathing nor changing clothes was common, so human bodies were ideal hosts for fleas and lice. Lack of sewers put both human and animal wastes on the streets. Drinking water was not purified, as it is today, and often carried disease. Any person who lived through that time had to have a good immune system. The explorers who traveled to the New World were undoubtedly immunologically strong, but most likely were also carriers of the European diseases. When they came into contact with native people who had never before been exposed to the diseases of other continents, the native people contracted the diseases. In fact, much of the native populations of Mexico and Central America were killed by smallpox and typhus, brought to their countries by the Spanish explorers.8

Something similar happened when the European-Americans brought African slaves to the New World. With these slaves came additional diseases, such as malaria, which also killed Native Americans. Over time, however, native populations were able to build immunity and increase in population, at least in Mexico and South America. Yellow fever and cholera were new diseases of the seventeenth century, possibly of African origin. There are still epidemics in modern times. The first was the influenza pandemic in 1918, which killed twenty-five to thirty million people, more than were killed during all of World War I. This was followed by an epidemic of encephalitis, an infection of the brain and spinal cord, and another deadly influenza epidemic in 1920. Cholera is still seen today with new strains emerging.9

Infectious disease is the leading cause of death worldwide; in the United States it ranks third (up from fifth a few years ago).10 Infectious diseases have been replaced by diseases that better reflect our modern lifestyle—such chronic degenerative conditions as lung cancer and heart disease. Why? Nobody can say for sure, but theories abound. Reasons given range from the use of vaccinations and antibiotics to a constitutional change in the human being. We will discuss the role antibiotics and vaccinations may or may not have played in the decline of major infectious diseases in chapter 3. Among other changes that have transpired in the past one hundred years, during the decline of infectious diseases, new foods and better ways of storing those foods have come into use. This improved nutrition may contribute to strengthened resistance in people. Dramatic improvements in waste control, such as sewers, as well as the availability of clean water, at least in developed nations, may also have played a part.

Another theory about the decline in infectious disease is pathogens themselves have undergone changes. Bacteria and viruses have one major goal, and that is survival. If they are potent enough to kill their host, they also lose by no longer having a host. If they transform themselves enough to still benefit from the host without killing it, they win by having a larger pool of hosts. In this way, evolutionary pressure on the pathogens themselves may have forced mutations, allowing host and pathogen to live in closer harmony. Some microbiologists believe that when the common cold first came into existence, it was a deadly killer. With time it evolved into just a major inconvenience.

MAJOR INFECTIOUS DISEASES

Let us take a look at some of the current major infectious disease killers.

TUBERCULOSIS

Tuberculosis, also called consumption or white plague, is one of the oldest diseases known. As long ago as the mid-fourteenth century B.C., it took the life of King Tutankhamen, the Egyptian pharaoh. It has also been found in the bones of the mummified remains of lesser known Egyptians.11 The disease primarily affects the lungs and then kills slowly. The causative microorganism, Mycobacterium tuberculosis, was one of the many organisms discovered by Robert Koch in 1882.

In 1900 tuberculosis (TB) was killing two hundred out of every one hundred thousand Americans. By 1940, just before antibiotics began to be used for treatment, that number had declined to sixty people per one hundred thousand. This decrease was possibly the result of improved sanitation in cities and towns. Because most deaths from TB occurred in urban areas, early treatment consisted of clean, fresh country air. Health spas or sanitoriums that promoted fresh air and quality food were built throughout the European countryside and soon caught on in the United States. Their effect was to act as a quarantine to prevent the spread of tuberculosis. Patients were actually cured or saw their condition improve at the sanitoriums.12 What does this teach us? Rest, stress reduction, and proper nutrition can boost the immune system and contribute to good health.

Not until TB rates had dropped drastically were antibiotics developed for the treatment of the disease. Even though it was thought that TB would be eliminated, the incidence of tuberculosis has increased 12 percent between 1989 and 1999, possibly due to the emergence of antibiotic-resistant strains of Mycobacterium tuberculosis. Because the tuberculosis organism has developed resistance to many antibiotics, patients are often treated with several antibiotics simultaneously.

Another reason the rates of TB have increased is that it is often seen as an opportunistic infection. This means it primarily strikes those who have weakened immune systems and are more vulnerable to disease, such as patients with AIDS, those taking cancer chemotherapy, and those living in crowded conditions. When both tuberculosis and AIDS occur in the same patient, they can aggravate each other, accelerating and worsening both diseases.13, 14

Tuberculosis has killed more people than any other pathogen in history and is still killing at an alarming rate, not only in developing countries, but in industrialized nations like the United States as well.

POLIOMYELITIS

Usually referred to as polio or infantile paralysis, this disease was feared by most Americans between 1915 and 1955, when it reached epidemic proportions. This disease of the central nervous system can sometimes cause permanent paralysis in its victims. The virus is found in water supplies and finds its human host through activities such as drinking, bathing, irrigation, and swimming. This is one disease that ironically worsened to epidemic proportions due to improved sanitation and hygiene. Very few infected people actually contract the disease. In fact, for every one thousand infected individuals, only one to three actually show clinical symptoms; the rest develop a natural immunity to the disease. With improvements in sanitation and cleaner water supplies, the reservoir for disease contact became limited. The result of this, however, was that infants and children were coming in contact with the virus less frequently, so that the age at which a person became infected gradually began to increase from infancy to adulthood. The older the victim is, the more chance he or she will become clinically ill from the disease and be paralyzed, rather than develop an immunity to the disease.15

The Salk and Sabin vaccines against polio, developed in 1955 and 1960, respectively, brought back the immunization of infants. The United States has not seen a polio case since 1994 and is declared to be polio-free. This should soon be reflected in a change in infant immunization requirements.16

INFLUENZA

Although it is a common and mild disease in most people, influenza can worsen to pneumonia, with fatal consequences. It is a highly communicable disease, with school-aged children responsible for the majority of transmission. Epidemics in the United States usually appear during the winter months. Some types of influenza virus find a reservoir in animals, where they can wait it out until finding a human host. (This is why it is also referred to as the swine flu.) Pandemics of the disease tend to be cyclical, occurring every ten to forty years, allowing time for new subtypes to appear. Influenza was at its worst in 1918, when the Spanish flu killed an estimated twenty-one million people worldwide. In 1957, 1968, and 1977 flu pandemics again were seen.17

Treating and preventing influenza is arduous because of the virus’s characteristic of constantly changing or mutating so that each year it behaves as if it is a totally different virus. This ability works to the virus’s advantage, allowing it to continue to find hosts in which to reproduce. Although each time we get the flu we develop immunity to that strain of the virus and cannot become reinfected with that particular virus, the same virus rarely strikes twice and there is no cross-immunity to other influenza viruses. Because of this, the vaccine for influenza is a different one each year, and is based on suggestions from the World Health Organization and the U.S. Public Health Service. It is essentially a gamble as to whether the viruses selected are the ones that will cause influenza that season. This makes the vaccines effective for only one flu season, requiring revaccination annually. These vaccines are no more than 70 percent effective and have some side effects. These include severe allergic reactions and occasionally a neurological disease called Guillain-Barré syndrome.18 The vaccine is also less effective in people over the age of sixty. In the United States this vaccine has been recommended for all people over sixty-five years of age, those with chronic heart or lung disease, residents of nursing homes, and those in a position to transfer the disease to these high-risk groups, such as medical personnel.

Although older antiviral drugs seemed to have little effect against the influenza virus, in 1999 two new drugs were introduced; oseltamivir (Tamiflu) and zanamivir (Relenza). They belong to a class of drugs called neuraminidase inhibitors. Relatively recent studies have shown that these drugs are effective in treating a number of influenza types but can cause side effects such as nausea, vomiting, bronchitis, and sleep disturbance—the very symptoms of a flu itself.19 Long-term studies have not yet been conducted to determine side effects that may show up years from now. Because influenza costs us around $12 billion annually20 from time taken off from work, schools, and day care facilities, drug companies are very interested in developing drugs to combat the disease.

NEW DISEASES

Although Americans’ biggest fear at one time might have been Soviet attacks, the greatest worry now apparently is new infectious diseases. We seem to be reading much news of diseases that appear to arise out of nowhere, such as Ebola virus and Escherichia coli 0157:H7, both of which progress rapidly to death.21 Often these diseases are ones that have found a home in an animal and suddenly infect human beings. Because these pathogens have had no time to evolve with humans, they are at first deadly. With time, these pathogens may attenuate and become less deadly to their hosts. It is common for pathogens to lessen in severity with time, as is thought to have happened in the case of the common cold virus. As mentioned earlier, it is in the best interest of the virus to live together with the host rather than to kill it.

LYME DISEASE

Named after a town in Connecticut where the initial cases of the disease were diagnosed, Lyme disease is a consequence of urban sprawl putting more and more suburbanites in contact with ticks. It is caused by a type of bacterium called a spirochete, specifically Borrelia burgdorferi, which infects deer ticks. A tick bite transmits the bacteria to humans and the result is Lyme disease. This is a chronic disease that can take years to fully manifest itself and has a multitude of symptoms that include neurological problems, cardiac problems, and arthritis. The disease actually evolves in three stages. The first is a simple skin lesion that appears from three days to four weeks after the tick bite. This is a flat, red lesion that slowly grows in size. Flulike symptoms, such as headache, fever, and chills, often accompany the lesion. Weeks to months later, the spirochete infects the blood or lymph fluid, causing more diverse symptoms. These can include additional skin lesions, joint and muscle pain, fatigue, and such neurological symptoms as paralysis in the face. Rarely, cardiac disease and meningitis are present. The third phase does not begin until months or even years after infection. This phase includes more severe skin, joint, and nervous system problems, which become chronic. Nervous system problems comprise memory loss, mood changes, and sleep disturbances. The arthritis can be debilitating.22

The typical progression of Lyme disease is not seen in many patients. Symptoms vary widely, but the condition is most commonly mistaken for the flu. In the eastern United States, where the disease is most prevalent, Lyme disease is usually overdiagnosed and treated with antibiotics as a prophylactic approach. A vaccine against Lyme disease was approved in 1998, but with guarded enthusiasm. Lyme disease is noncontagious and nonfatal, but can cause serious organ damage if it is not treated. Lyme disease is best prevented by avoiding contact with ticks. If you frequent the woods, wear protective clothing and check for ticks, both on yourself and on your pets. Lyme disease is not the only disease acquired from ticks; another such tick-borne bacterial disease is human granulocytic ehrlichiosis (also known as erlichia). The symptoms are somewhat similar to those of Lyme disease, but ehrlichia can be fatal.23

FLESH-EATING STREP

Since the death in 1990 of Jim Henson, creator of the Muppets, from necrotizing fasciitis, this disease has been sensationalized and referred to as flesh-eating strep. It was first identified in 1924 and was well known during World War II, although it seemed to disappear until the mid-1980s. Necrotizing fasciitis is caused by a more powerful variant of the same type of group A strep that causes strep throat, skin rashes, scarlet fever, and rheumatic fever. This invasive type of group A strep grows quickly under the skin and produces potent toxins that destroy the underlying layer of skin. It can be contracted after abdominal surgery or a minor trauma from an asymptomatic carrier of the bacteria, sometimes producing flulike symptoms initially. With this type of infection, time is of the essence in terms of treatment, and quick-acting antibiotics are necessary to save the patient’s life. Sometimes just a few hours’ delay can be too long.24, 25

LEGIONNAIRES’ DISEASE

Named after the American Legion convention held in 1976 in Pennsylvania, which celebrated the bicentennial of the signing of the Declaration of Independence, Legionnaires’ disease killed thirty-four people who stayed at the Bellevue-Stratford Hotel in Philadelphia. Detective work discovered that the causative organism, Legionella pneumophila, was also the culprit in several previously unidentified deaths. This disease may have existed for years, but had been categorized as an unknown pneumonia. The bacterium tends to live in moist places, including showerheads, hot tubs, steam rooms, fountains, and even grocery store vegetable misters, as well as in ponds and creeks. At the Bellevue-Stratford Hotel, it was in the air-conditioning system—from there it could spread throughout the building.

Patients usually contract the disease by inhaling the organism and develop flulike symptoms, chest and abdominal pains, fever and chills, dry cough, pneumonia, and mental confusion. Death can occur after several weeks. To minimize the presence of the organism, all water-holding devices need to be cleaned thoroughly. The disease is not spread from person to person.26, 27

EBOLA

Both the Ebola and Marburg viruses are also referred to as the African hemorrhagic fevers and can cause a gruesome death from bleeding, claiming up to 90 percent of their victims. The first signs are headache, fever, and muscle pain. The most serious Ebola outbreaks occurred in Zaire in 1976 and 1995; three other outbreaks occurred since then in Gabon. Another possible outbreak occurred in 1999 in the Congo. Each of these outbreaks was a slightly different subtype of Ebola. The natural host for Ebola is thought to be monkeys, as many cases have been linked to people who ate or handled monkeys that were infected with the disease. Although it was once thought to be the next great threat to humanity, Ebola no longer appears to have the capability to spread worldwide as an epidemic. The virus causes such an acute infection that it kills its victim very rapidly, sometimes within a week. By doing so, the virus actually harms its own long-term survival by destroying the host it needs to live off. This prevents it from spreading rapidly within a population. The Marburg virus, which infected thirty-one people and killed seven in Germany in 1967, appears to be related to Ebola and was traced to a shipment of monkeys infected with the virus that arrived from Uganda.28, 29

LASSA FEVER

Another virus that has been responsible for outbreaks of hemorrhagic disease in western Africa over the last twenty-five years is the Lassa virus. The normal host is a rat, and it is thought that the disease is spread to humans by rat urine coming in contact with open skin. Victims of the disease initially display flulike symptoms and then deteriorate rapidly. Widespread cellular damage occurs, and death due to cardiac failure comes quickly. The disease is not highly contagious among humans, making it less of a threat than are some of the other viruses. In 1989, two outbreaks of Lassa fever occurred in hospitals in Nigeria. These cases were caused by unskilled hospital workers who reused syringes and didn’t follow proper sterilization procedures.30, 31

HANTAVIRUS

Cases of hantavirus have been found in rural areas of the southwestern United States since 1993, but the name originated from the Han River in South Korea. While fighting in the Korean War, U.S. soldiers came down with the disease caused by this virus. Although it is thought that the virus is transmitted to humans by the deer mouse, there are some cases that have not been traced to the mouse. Like many other viruses, the hantavirus begins with flulike symptoms. With this disease, however, the lungs quickly fill with fluid and death follows rapidly, within days.32

ACQUIRED IMMUNODEFICIENCY SYNDROME (AIDS)

AIDS was first recognized in 1980 with the rise in cases of Pneumocystitis carinii pneumonia (PCP) and Kaposi’s sarcoma, both of which were previously quite rare. These diseases primarily affect those with weakened immune systems or immunodeficiencies; for this reason, the condition that gave rise to these manifestations was called acquired immunodeficiency syndrome, or AIDS. This disease is characterized by a weakened immune system, making the body more prone to a variety of otherwise harmless diseases. The number of AIDS cases escalated from 1980 until 1995, at which time AIDS-related illnesses and deaths began to decline, according to the HIV/ AIDS Surveillance Report, published by the Centers for Disease Control, suggesting that the epidemic may be in a waning phase.33

It took just four years for scientists to isolate a virus from AIDS patients. Credit for the discovery of this retrovirus is given to Robert Gallo of the United States, who called the virus HIV (human immunodeficiency virus). However, the same virus was simultaneously described by Luc Montagnier, of France, and called HTLV (human T-cell leukemia virus). The prevailing theory in the AIDS research community is that the condition is caused by an infection by HIV. However, after fifteen years of research and $14 billion spent, this theory remains unproved and though it may be waning, AIDS is still at epidemic proportions.34

HIV is known to infect certain lymphocytes known as helper T cells, or T4 cells, to be more precise. It is thought that this may be what is responsible for weakening the immune system, making the body more prone to infections. Patients then experience weight loss and weakness. It can take seven to ten years from the time of HIV infection until the patient actually has a full-blown case of AIDS. This is one reason that some scientists question the HIV/AIDS theory.

Peter Duesberg, a professor of molecular biology at the University of California at Berkeley, is the main force behind questioning the cause of AIDS. Since 1987, Duesberg has argued that HIV-type 1 does not fulfill Koch’s requirements to determine whether a given microbe causes a specific disease. The inconsistencies in the AIDS theory include the fact that there are at least 4,600 cases of people who have died of AIDS but were found not to be infected with HIV. Second, AIDS cannot be duplicated in any experimental animal model. When HIV is injected into chimpanzees, the animals develop antibodies to HIV but never show signs of AIDS. These characteristics could be explained by the fact that HIV is an atypical virus and does not follow the rules previously described for infectious agents. Alternatively, it could mean that HIV infection is not the cause of AIDS but rather one of the symptoms of the disease. Duesberg suggests that the source of AIDS lies in the lifestyle that accompanies long-term consumption of recreational drugs, such as heroin, cocaine, and nitrite inhalants. Ninety-five percent of AIDS victims in the United States engage in some type of high-risk behavior. These habits also lead to lack of sleep and malnutrition. Combined, they destroy the immune system. Although Duesberg does not claim to have all the answers, he is suggesting that research look at alternatives to the HIV theory.35

At present AIDS is diagnosed by the presence of the HIV antibody and a low T-lymphocyte count, which eliminates the possibility of diagnosing the disease in people not infected with HIV—further contributing to the misunderstanding of AIDS. Despite high hopes, research has yet to provide a cure or a vaccine for AIDS.36

NORMAL FLORA

The body is host to a multitude of bacteria living in microenvironments of the body. These bacteria live harmoniously with us without causing harm or influencing anatomy, physiology, and susceptibility to pathogenic organisms. These organisms are referred to as normal flora. Flora denotes the plants of a specific area, but in this case the word pertains to bacteria rather than plants. In fact, there are probably more bacteria associated with the body than there are cells of the body itself. These bacteria help digest food in the intestines and even produce additional nutrients that are used by the host. Most important, they compete with pathogenic organisms for space, keeping their numbers low. At times, however, normal bacteria can be harmful—for example, by causing dental caries and abscesses.

The human body is first introduced to its normal flora during birth, and bacterial growth continues in an orderly sequence until most of the body is populated with normal flora. Normal flora is acquired from the mother and other people with whom the infant comes in contact. The greatest number of bacteria are found in the large intestines, followed by the mouth. Which bacteria inhabit a specific area of the body is determined by the particularities of the environment—the pH, the temperature, and the amount of oxygen, moisture, and other nutrients. Gram-positive organisms are dominant in the gastrointestinal tracts of breast-fed babies. This balance changes to gram-negative organisms when a baby is bottle-fed.

SKIN

Bacteria live in the outer layers of the epidermis. The types vary somewhat, depending on such factors as moisture, and air, but most of the skin contains Staphylococcus epidermidis. Staphylococcus aureus resides on moist areas of the skin, such as the nose and perineum, and can be a common cause of skin diseases. The next most common skin bacteria, primarily on the mucous membranes, are the corynebacteria, or diphtheroids. Although most of them are harmless, the organism that causes diphtheria is a member of this family. Besides these organisms, there are yeasts and even microscopic mites that inhabit the skin and the hair follicles. Fungal spores also tend to take root under fingernails and toenails, where they can then cause infection. The streptococci rarely are found on the skin, except in cases where they are causing disease. Many strep species, however, are found in the mouth, and these can spread to the skin.37

UPPER RESPIRATORY TRACT AND MOUTH

Remember that the role of the nose is to act as a filter, removing any unwanted particles from the air before they reach the lungs. Thus, the nose is a dirt trap containing innumerable bacteria, mostly corynebacteria and staphylococci. Many people carry pathogenic strep and staph bacteria in their noses, spreading these bacteria to others through the air.

The types of organisms in the mouth change throughout life. Although there are more than four hundred species of bacteria living in the mouth, most of the surfaces of the mouth are covered with streptococcal species. These bacteria, as well as several anaerobic (not requiring oxygen) bacteria, establish themselves in the mouth early in life. When the teeth come in, the spirochetes Prevotella and Fusobacterium become entrenched. Later in life, some of these bacteria are the cause of dental disease, including cavities (also known as caries), gingivitis, and periodontal disease.

Organisms in the upper windpipe are usually similar to those found in the mouth. High doses of penicillin are known to change the balance here, eradicating the gram-positive organisms, allowing gram-negative organisms to grow. These gram-negative organisms include E. coli and Pseudomonas, which are more likely to cause disease. The lower respiratory tract and lungs are normally free of bacteria, except in the case of infection. Aspirating or inhaling bacteria from the mouth can be a cause of pneumonia or lung abscesses.38

DIGESTIVE TRACT

The digestive tract is germ-free at birth, but soon becomes home to a number of bacteria. Because of its hostile environment, however, the stomach usually contains no or few bacteria. Bacteria that are swallowed with food are typically killed by stomach acids and enzymes. The exception is Helicobacter pylori, which infects the stomach lining and can cause gastritis and ulcers. Food is rapidly pushed forward through the small intestine, minimizing the number of bacteria there.

When you get as far as the large intestine, however, changes in pH favor more bacteria. In fact, more bacteria live in the large intestine than anywhere else in the human body. The most plentiful, and thankfully the most beneficial, bacteria in the intestines are the gram-positive Bifidobacteria and Lactobacilli organisms. They are able to produce such acids as acetic acid, butyric acid, and lactic acid. These by-products enhance health in a number of ways including preventing cancer, stimulating immunity, and inhibiting the growth of pathogenic bacteria in the intestines.39 Babies that are bottle-fed, however, have fewer of these beneficial bacteria.

The types of bacteria change as you go farther into the intestines. In a normal adult there are more than one hundred different types of bacteria in the intestines, among them Bacteroides, Fusobacterium, Clostridia, and E. coli. Together the organisms of the intestines provide the body with vitamin K, absorb nutrients from the intestines, and compete with microbial pathogens in the intestines. When the balance of beneficial organisms in the intestinal tract is altered—for example, by ingestion of antimicrobial drugs—abscesses and peritonitis, among others diseases, can occur. Organisms such as Clostridium difficile become dominant. This shift in the balance of power can also lead to nutrient deficiencies by limiting vitamin B12 uptake. Candida organisms are also normal residents there; they cause problems only when their growth is out of balance. This can happen if the number of gram-positive bacteria declines for some reason, allowing Candida organisms to take hold.40

UROGENITAL TRACT

The outer genital area, or vulva, harbors bacteria similar to those found on the skin. Often, owing to the presence of moisture, this area also is home to gram-negative bacteria. Several factors regulate the type of bacteria common to the vagina: pH, age, and hormone levels. Near puberty, the pH of the vagina drops, becoming acidic. At this time, Lactobacillus acidophilus, corynebacteria, peptostreptococci, staphylococci, streptococci, and Bacteroides species are common. At menopause, the pH of the vagina increases, becoming alkaline. It is easier for yeasts to dominate, which can cause vaginitis. Bacteria are usually not found in the bladder and urethra because the flow of urine constantly washes out any bacteria that find their way up this passage. At the outer opening of the urethra, however, S. epidermidis, enterococci, and diphtheroids are common; E. coli, Proteus, and Neisseria organisms can also be found there. All of these bacteria coexist in the body to provide optimum health.41 If this delicate balance is altered by damage to the skin, antibiotics that kill off some of the normal flora, or the introduction of a large amount of pathogenic bacteria, the result can be infection. This may also happen with a weakened immune system or the buildup of damaged tissue caused by overall poor health, which serves as a breeding ground for pathogens.


TABLE 1. COMMON DISEASE-CAUSING BACTERIA







	Gram-positive bacteria

	Disease




	Bacillus anthracis

	Anthrax




	Clostridium, spp.

	Wound infections (gangrene), tetanus, botulism




	Corynebacterium diphtheriae

	Diphtheria




	Enterococcus

	Wound infections, urinary tract infections, endocarditis




	Staphylococcus aureus

	Skin infections, such as folliculitis; wound infections; rarely, osteomyelitis; blood infections; and toxic shock syndrome. S. aureus is a common hospital-acquired infection, especially when intravenous devices are used.




	Staphylococcus spp., e.g., S. epidermis

	Wound infections and hospital-acquired infections from surgery and the use of internal prostheses, such as cardiac valves and dialysis catheters




	Streptococcus—group A beta-hemolytic

	Strep throat; impetigo; rarely, necrotizing fasciitis




	Streptococcus—non-group A

	Sore throat, impetigo




	Streptococcus pneumoniae

	Pneumonia, meningitis














	Gram-negative bacteria

	Disease




	Actinomyces israelii

	Abscesses in the mouth, gastrointestinal tract, or lungs




	Bartonella (Rochalimaea) henselae

	Cat-scratch disease




	Bordetella pertussis

	Whooping cough




	Brucella spp.

	Brucellosis (contracted from animals)




	Campylobacter spp.

	Systemic infections, blood infections, and meningitis associated with drinking raw, contaminated milk




	Chlamydiae spp.

	Genital and urinary tract infections. One species causes psittacosis, a lung infection contracted from birds.




	Escherichia coli (E. coli)

	Gastroenteritis. Some strains are more toxic than others. The strain 0157:H7, from undercooked hamburger and unpasteurized juice, has caused death in young children.




	Francisella (Pasteurella) tularensis

	Tularemia (contracted from wild rodents)




	Haemophilus influenzae

	Sinusitis, ear infections, bronchitis, pneumonia, arthritis, meningitis




	Legionella pneumophila

	Legionnaires’ disease




	Mycobacterium leprae

	Leprosy




	Mycobacterium tuberculosis

	Tuberculosis




	Neisseria gonorrhoeae

	Gonococcal infection (venereal disease)




	Neisseria meningitidis

	Meningitis




	Nocardia spp.

	Nocardiosis (lung infection)




	Prevotella (Bacteroides) melaninogenica, Bacteroides fragilis

	Periodontal infection, pneumonia, intra-abdominal infections, pelvic infections




	Salmonella enterica

	Salmonellosis (gastroenteritis), typhoid fever, blood infections




	Shigella sonnei, S.flexneri, S.dysenteriae

	Shigellosis (dysentery)




	Vibrio cholerae

	Cholera. Other species of Vibrio cause food poisoning from contaminated fish.




	Yersinea pestis

	Plague (contracted from wild rodents)
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