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“An informative and invaluable book that explores the application of natural antimicrobial and antiviral plant-based remedies to combat and stave off infection, Natural Antibiotics and Antivirals provides a significant source of reference for the layperson and health care professional alike.”

HEATHER DAWN GODFREY, AUTHOR OF ESSENTIAL OILS FOR MINDFULNESS 
AND MEDITATION

“Christopher Vasey’s fascinating book explores in detail the powerful world of natural antibiotics (essential oils and herbs) and the role they play in addressing the countless pathological germs we encounter every day. His book is well organized, allowing you to easily reference treatments for common infections, and provides detailed information on creating a symbiotic relationship with our intestinal flora, ultimately leading to radiant health.”

CANDICE COVINGTON, AUTHOR OF ESSENTIAL OILS IN SPIRITUAL 
PRACTICE



Introduction

Nature offers us many natural antibiotics from the plant kingdom that work powerfully against germs while being gentle on the body. The question thus arises: Why are these natural antibiotics no longer known as well as they once were, and why don’t we rely on them as we once did?

For much of human history, the true cause of infectious diseases remained a mystery. In the absence of rational treatment, many patients succumbed to their illnesses. It was not until the nineteenth century that evidence for the existence of germs was revealed. The discovery of penicillin in 1929, and then that of many other pharmaceutical antibiotics, finally permitted the specific treatment of infectious diseases. The mortality and suffering connected to these illnesses dropped so spectacularly that the plants we had used empirically until then in the fight against germs were abandoned.

However, over the last few decades, an increasing number of studies have brought these plants back into the spotlight. Extensive research has made it possible to gain a deeper understanding of their antibiotic properties. Not only have they been shown to have a greater therapeutic effectiveness than was once believed, but they have been revealed to have a much greater spectrum of action. Indeed, many of them are also effective against viruses, which is not the case for pharmaceutical antibiotics. In addition, their side effects—if they even have any—tend to be benign, and the plants do not prompt germs to develop resistance against them.

Today, we also benefit from better preparation methods for plant-based remedies, which has made it possible to obtain products that are more powerful and more reliable than those of centuries past.

The purpose of this book is to introduce the reader to the world of natural antibiotics by presenting eighteen of the most important ones and explaining how to use them. To do this, I shall first explain the role played by germs in infectious diseases as well as that of the body’s cellular terrain and immune system on the possible development of infections. I will also examine the manner in which standard antibiotics work, as well as the question of their side effects and the development of resistance in germs when they are used, as the use of natural antibiotics provides a solution to both these growing problems.

The fact that modern pharmaceutical antibiotics have side effects and elicit resistance in the bacteria they are meant to treat does not mean that we have to reject them. They provide an enormous service to humankind, and we can only be happy that they exist. In some cases they are indispensable. Rather, the question is how to act with discernment in choosing the most effective remedy for the patient being treated, with “effectiveness” here meaning the ability to halt the infection without harming the body. As it happens, for mild infections or chronic diseases whose intensity and development are well known to the patient, natural antibiotics are often preferable because of the absence of noxious side effects.

Whatever your personal situation may be, if you have concerns about your health or are dealing with a serious condition, it is essential to seek the informed opinion of a health care professional.

I would like to clarify one vocabulary issue. Throughout this book, I use the term natural antibiotic. Antibiotic is used here in its broad sense. Strictly speaking, that term designates only the substances produced by microorganisms that possess the property of killing pathogenic germs or of inhibiting their growth. But because the molecules of certain plants possess the same properties, and because the term antibiotic has broad public recognition, I will use it in reference to those plants, although plants are hardly microorganisms. I add the adjective natural to the term antibiotics to clearly establish the difference between plant antibiotics and standard pharmaceutical antibiotics.
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The History of Natural Antibiotics

Rediscovering the Power of Plant-Based Remedies

Human beings have inhabited the earth for tens of thousands of years, but antibiotics—in the form we know them today—were discovered and perfected a mere hundred years ago. How were our remote ancestors able to muddle through without them? Were methods of fighting infection completely unknown to them?

Since the dawn of time, human beings have turned to plants that possess antibiotic properties. Of course they did not use the term antibiotic, nor did they speak of germs, but they knew that the use of these medicinal plants to treat certain specific illnesses was very effective.

The oldest evidence for the use of plants with antibiotic properties by human beings dates back more than fifty thousand years. Archaeologists have discovered in northern Iraq the skeleton of a man who was buried with a number of different objects, including medicinal plants that are effective against infections—and that are used by the populace of that region even today.

Studies have also provided evidence that around forty thousand years ago, the aboriginal natives of Australia used numerous plants for healing purposes, particularly the leaves of the tea tree (Melaleuca alternifolia), which has powerful anti-infective properties with a wide spectrum of activity.

Ancient texts reveal that in India more than seven thousand years ago, “aromatic waters” were used to heal the sick. They were produced from anti-infective plants such as cinnamon, coriander, ginger, and myrrh.

The oldest alembic known to human being was discovered in Pakistan and dates back to around 5000 BCE. Other alembics dating back to 3500 BCE have been found in China. We can assume that in these remote eras, people knew that the active principles of certain plants could be found primarily in their essential oils, and they consequently manufactured objects that would allow them to extract those oils.

Mesopotamian inscriptions dating back almost four thousand years have shown that medicinal plants were used during that time to combat epidemics. The famous epic of Gilgamesh tells how the Chaldeans (3000 BCE) treated themselves almost exclusively with plants. This was also the case at almost the exact same time on the other side of the ocean in America, with the pre-Columbian peoples. For example, the latter used the bark of the cinchona tree (which contains quinine) to fight against fevers in general and those caused by malaria in particular.

In fact, our ancient ancestors not only knew a few good plants but used a large number of them. The Sumerian-Akkadian pharmacopeia (2300 BCE) contained more than 250 plant species. Hippocrates, the father of medicine, who lived around 400 BCE, mentions close to 350 medicinal plants in his writings. The Greek scholar Theophrastus, who lived around 300 BCE, and who is considered to be the father of botany, describes more than 450 species in his treatise on plants. He was not satisfied with merely providing descriptions of them but also indicates which of their parts (leaves, root, et cetera) have more or less potent therapeutic properties depending on the time of day when they are picked.

Greek physician Dioscorides (146 BCE) drew up a list of 500 plants in his De Materia Medica, which would go on to serve as the basis for all the manuals of medicine created in the Middle Ages. Cato the Elder, meanwhile, described only 120 medicinal plants, but they were the ones that he grew in his garden. Pliny the Elder, who died in 79 AD during the eruption of Vesuvius, wrote the monumental Natural History in thirty-seven volumes; volume 13 describes the plants that produce essential oils whose principal property is antimicrobial.

How did the ancients use the plants that they knew had antibiotic effects to treat infections? They did not simply turn to herbal teas, as we might easily imagine, given that teas are the most common and simplest method of employing plants. Instead, they perfected a vast variety of methods to help the antibiotic principles enter the body via every possible entryway, from the digestive tract to the respiratory tract and the skin.

For the digestive tract, for example, they prepared teas and decoctions, but also wines and vinegars in which they let the plant material macerate. While the vinegar formulas of ancient Egypt and Greece have not made their way down to us, we cannot say the same about the vinegars of sixteenth-century France. First and foremost of these is the Vinegar of the Four Thieves, which corpse looters would rub on their bodies during plague epidemics. According to historical sources, this vinegar contained cloves, cinnamon, lavender, and mint.

Anti-infective plants were also regularly ingested with food. It is no accident that the diet of the bulk of the earth’s people—especially those in hot climates—includes numerous herbs and spices. Whether they include hot, strong spices like chiles, pepper, turmeric, ginger, and so forth or milder ones like parsley, sage, thyme, and marjoram, these common culinary herbs and spices do more than enhance the flavor of food and stimulate digestion. They also have strong disinfectant properties, killing harmful microorganisms in foods and in the person who eats them.

The bottom end of the digestive tract was also a way that was used to get the active substances of plants into the body. The Chaldeans were using plant-based suppositories in 3000 BCE. The Egyptians performed enemas using medicinal plants in this same era. According to one legend, the idea for this practice came to the Egyptians through their observation of ibis, birds that inhabit the banks of the Nile and administer enemas to themselves with their beaks.

To permit the active properties of plants to enter the body by means of the respiratory tract, the plants were burned. Patients would breathe in the vapors, along with the disinfectant properties they carried, in the same way they would breathe air. In fact, this method was sometimes practiced on a mass scale. In ancient Babylon, for example, in the event of an infectious epidemic, large fires of cypress and other aromatic plants were lit in the streets. Hippocrates recommended the same thing during the great plague that raged in ancient Athens, but he called for savory, hyssop, lavender, and sage. During the Middle Ages, the famous medical school in Salerno, Italy, also recommended “public fumigations” using myrrh, cloves, and so forth during smallpox and plague epidemics. Such procedures are the ancestors of the therapeutic inhalations people perform today in the comfort of their home—for example, breathing in the fragrance of thyme or eucalyptus during a case of the flu or bronchitis.

Thanks to its absorbent qualities, the skin is another excellent route for introducing the antibiotic properties from plants into the body. Plant poultices would be applied to infected wounds, for example, or the plant material could be mixed with bathwater so that the patient could “steep” in it. Recipes for healing bath preparations using cinnamon, cardamom, coriander, ginger, and myrrh can be found in the Rig Veda, a work that appeared in India at least three thousand years ago.

But the most common procedure for using herbs was in ointments and medicinal massage oils. The antibiotic properties of plants are located primarily in oily compounds in plant tissue that are called essential oils. When plants are macerated in olive oil, for example, the essential oil leaves the fibrous plant threads and moves into the olive oil. This oil thus becomes charged with the antibiotic properties. When the oil is rubbed onto the skin, its disinfectant action will manifest not only on the surface of the skin but in the very depths of the tissues because of the ease with which essential oils can penetrate the body. In a matter of minutes after application, these essential oils can be found circulating in the bloodstream!

While ointments using aromatic oils were common in the Greek and Roman world for general hygiene as well as therapeutic remedies, they had already been in use some one to two thousand years earlier in China and Mesopotamia.

If additional proof is required of the great knowledge and mastery of plants with antibiotic effects by our ancient ancestors, all we need mention is the practice of embalming by the ancient Egyptians. The reason a corpse decomposes is because it is attacked by a large number of germs. Egyptian embalmers not only knew which plants would neutralize these germs and prevent this decomposition but they also knew how to introduce large quantities of the plants’ active agents into the body’s tissues so that they would permeate them completely. The marvelously preserved state of many mummies is proof of those ancient embalmers’ knowledge and expertise.

Even with the technology available to us today, we have not discovered many new plants with antibiotic properties that were not already known to our ancient ancestors. Most often, studies today have only confirmed their knowledge and demonstrated the soundness of their practices.

The antibiotic plants featured in this book are therefore the very same plants that were used by our remote ancestors. Our modern contribution to their application is primarily the fact that science now allows us to acquire a more exact knowledge of the properties of each plant and which illnesses they treat most effectively, so that we can choose more judiciously among them.

Before moving on into the description of natural antibiotics and the best way to use them—which is the subject of the latter part of this book—let’s first take a look at what these plants will have to deal with and related topics: germs, infections, the immune system, and standard antibiotics.
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Germs

What They Are and How They Interact with Humans

Germs are microbes—living creatures of extremely small size that, like all living organisms, eat, breathe, excrete, and multiply. When we speak of “germs,” we generally are referring to unicellular microbes that cause disease in humans and other creatures. There is one exception to this: the virus, which is only a portion of a cell and, as such, is technically not considered a living organism at all.

Germs can be broken  down into four basic  categories:


	Parasites

	Bacteria

	Fungi and yeasts

	Viruses



We’ll talk about each of them in turn later in this chapter. For now, let’s look at the way in which germs interact with the world and, most particularly, with human beings.


TINY BEINGS

Germs are so small that they are invisible to the naked eye. We need a microscope with great magnifying power to see them. To give an approximate idea of their size, let’s compare them to a hair. Parasites (the largest germs) are on average ten times smaller than the thickness of a hair, bacteria and molds are one hundred times smaller, and viruses are between one thousand and ten thousand times smaller. In other words, on a field that is 1 millimeter in size, you can lay out, side by side, ten hairs, one hundred parasites, one thousand bacteria or molds, and between ten thousand and one hundred thousand viruses.

Human cells on average have a diameter similar to that of parasites. Our cell wall thickness is smaller than any germ except for the smallest viruses. Even smaller in size are organic molecules like sucrose, for example (which is ten times smaller than the thickness of our cell walls and the smallest viruses), and atoms, of course. The hydrogen atom is ten times smaller than the sucrose molecule.
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Figure 1. Germ dimensions (from largest to smallest)

When we talk of “germs,” we mean those microbes that negatively affect us. However, these represent only a very small minority of all microbes. For example, there are thousands of different kinds of bacteria, but only fifty-five kinds are known to make us sick. The same holds true for parasites, fungi, and viruses: thousands of different kinds exist, but only a small proportion of them have a pathogenic effect on human beings.

Microbes inhabit our entire environment. They live in the earth of the fields, meadows, and forest undergrowth. They are in the water of the streams, rivers, lakes, and swamps. They have even been discovered in the ice of the ice pack and in the depths of the sea. They are in the air we breathe. They can be found everywhere; no place seems to be spared their presence. They live even inside plants and animals. We ourselves, as human beings, have numerous nonpathogenic microbes on our skin and in our intestines (our intestinal flora), mouth, nasal passages, respiratory tract, and more.




THE ROLE OF MICROBES

Why are microorganisms so numerous and omnipresent in nature? The reason is that these microbes play a fundamental role in the manufacture and decomposition of living material.

All matter is constructed from the fundamental elements of the universe, as depicted on Mendeleev’s periodic table of elements. These basic substances have characteristics that are too crude to form plant and animal tissues, however. A dynamizing and vivifying labor must first be performed so that they can combine with other elements in order to acquire the qualities necessary to make the transition into constructing living matter. In other words, they must go from the inorganic state to the organic state. This labor is performed by germs.

The bacteria that produce nitrates (azotobacter), for example, transform the nitrogen in the air into a more sophisticated substance that plants can assimilate. These bacteria can be found in a free state in the soil (which the nitrogen penetrates when it rains), but some plants offer them a haven. The bumpy nodes on the roots of leguminous plants like alfalfa and beans are full of these nitrogen-fixing bacteria.

Similar processes take place for the preparation and manufacture of all the other mineral substances necessary for organic life. In addition to the nitrogen cycle, there is one for sulfur, one for phosphorus, and so on. For each of these cycles, other bacteria—or specialized microorganisms—are active. In this respect, microbes could be compared to tiny, almost invisible workers whose activity is essential for preparing inert matter so that plant and animal bodies can take form from it. These bodies in fact entirely depend on the microbial world for their existence.

In natural cycles, the manufacture, formation, and multiplication of matter is followed by the stage of decomposition. Dead plants and animals contain in their tissues a host of substances that can be reutilized if they are freed from the organic structures that hold them. Here again, it is the job of microbes to break down the plant and animal tissues so they can be brought down to their basic elements.

The transformational powers of microorganisms are well known to human beings, who use some of them to make certain food products. It is, in fact, bacteria and fungi that transform milk into yogurt or cheese, grape juice into wine, wine into vinegar, flour into bread dough, malt and hops into beer, and so forth.

There are thousands of different kinds of microbes that can be divided into subcategories, each containing a countless number of individuals. This enormous populace inhabits the entire surface of the earth and everything that is found on it. Stepping in at different stages of the manufacturing and decomposing processes of matter, extremely different types of germs are close neighbors in a single environment.

For example, there are more than four hundred different kinds of microbes in the intestinal environment of the human being. Their relations with one another are most often harmonious, especially when they form crews of “workers” on the same line of work. There are times, though, when this harmony is broken. The struggle for territory and food—the same kind of struggle that can be seen among plants and animals—also takes place among these infinitely tiny creatures. At such times some microbial populations will be decimated by other ones, which will then take their place.

At other times a change in external conditions—humidity, temperature, and so forth—can have an adverse impact on the living environment of one kind of germ, and another kind can then take advantage of this and move in.




THE MICROBE–HUMAN RELATIONSHIP

The relationship between microbes and higher life-forms—animals and human beings, for example—can be beneficial or harmful.

The relationship is beneficial when the microbes and the organism that houses them can help each other mutually. This is the case with resident microbes, which colonize a body for the long term, as opposed to those that enter it by accident. The microbes of the intestinal flora are permanent residents. In this association, they provide a service to the body by participating in various physiological processes: digestion of cellulose, synthesis of various vitamins and amino acids, and so on. And the body offers microbes an environment that is favorable for their development, as the hot, moist intestinal milieu has a wealth of nutritious substances that they can eat. This relationship is described as symbiotic, and the microbes that participate in it are called saprophytes.

In a harmful relationship, there are no exchanges, support, or aid between the microbes and the body that houses them. To the contrary, the microbes colonize the organism and exploit the resources it offers them without giving it anything in return. In addition, the body suffers from all the negative consequences of their presence: injury to the tissues they inhabit and poisoning of the body from the toxins the microbes secrete.

This kind of relationship, in which one of the protagonists lives entirely at the expense of the other, is a parasitical relationship. A parasitical relationship cannot last long without endangering the survival of the host. The microbes involved therefore do not take up permanent residence and are present only temporarily. All the germs that make us sick fall into this category.




THE HISTORY OF THE DISCOVERY OF GERMS

Today, even children know that a germ is an extremely tiny pathological organism that makes us sick when it enters our body. But this knowledge is quite recent. For most of history, humans knew nothing about the existence of germs. Of course, they noted the contagious nature of some diseases and suspected that a “something” was being transmitted, but as they were unable to see this “something” with the naked eye, they had no idea what it could be.

The notions our ancestors had of this “something” were vague and sometimes far-fetched, but when put back in the context of their times, they reveal concepts that are surprisingly close to reality. In antiquity, infectious diseases and epidemics were sometimes attributed to miasma, meaning impurities (dirty things) that came from putrefying plant and animal wastes or from stagnant water—in which there are teeming populations of many kinds of germs, actually. People also spoke of putrid gases emanating from this putrefaction, or of “corrupted air,” to explain the contagious nature of certain diseases—which is actually a fair description of airborne microbes.

“Little winged worms” were mentioned as a probable cause of infections by Ulrich von Hutten around 1519, whereas the Swiss doctor Paracelsus (1493–1441) mentioned “little living germs.” Other physicians hypothesized about animalcules (“tiny animals”) or “vermicular germs.” But these concepts were too novel and revolutionary for the times and were therefore rejected by the majority of physicians.

With the invention of the microscope in the seventeenth century, what had been until then only a vague hypothesis, though adhering fairly closely to reality, would be confirmed. The first direct observation of a germ most likely took place in 1680, which is to say a little more than 330 years ago. Using a microscope with several lenses, Antonie van Leeuwenhoek saw protozoa (the largest germs) as well as bacteria, which he described as “very little living animalcules, very prettily a-moving” and called infusoria.

The manner in which germs reproduce would be discovered forty years later. In 1720 Italian scientist Lazzaro Spallanzani isolated a germ in a drop of water and watched it divide in its environment to give birth to new germs.

The construction of increasingly sophisticated microscopes and the perfection of techniques for cultivating germs in a liquid environment would make it possible to obtain many more precise observations. Proof that certain germs were the source of different diseases was established in 1865 by two researchers pursuing their efforts separately: the Frenchman Louis Pasteur (1822–1895) and the German Robert Koch (1843–1910). They extracted germs from the blood of diseased animals and cultivated them in the laboratory. Once they had isolated several specimens, they used them to inoculate healthy animals. These animals then contracted the disease. These studies demonstrated the causeand-effect relationship between the presence of germs and the infection.

Systematic studies of the germs responsible for infectious diseases were then performed. In this manner staphylococci were discovered in 1878, streptococci in 1879, and the tuberculosis and cholera bacilli in 1882, followed by the diphtheria bacterium, the rabies virus, and so on.




PATHOLOGICAL GERMS

What are the germs responsible for illnesses in humans beings, and how are they different from other microbes? To explore these questions, we will successively examine the four major groups they form: the parasites, the bacteria, the fungi, and the viruses.

Parasites

When we speak of parasites in this book, we are referring primarily to protozoans, unicellular organisms of the protist family (they should not be confused with the multicellular creatures like ticks, fleas, and intestinal worms that are also called parasites). They form the largest group of the germs that attack human beings. They consist of a protective envelope (cellular membrane) containing a fluid (cytoplasm) in which all the organs (organelles) responsible for breathing, digestion, energy production, and so on are immersed, as well as a command center (the nucleus of the cell).

[image: image]

Figure 2. The protozoan cell

To develop and, more importantly, multiply, some protozoans temporarily or permanently need a higher organism to house them; hence the name parasites. These higher organisms offer them a favorable environment and a generous source of food. Unfortunately for the host organism, “food” for a protozoan is not just the food its host consumes but also the host’s own tissues and secretions.

Parasites will not colonize just any animal. Each variety attacks a specific host species that offers the specific living conditions the invader requires. This means that a parasite that is extremely dangerous for one animal species will not be dangerous for another species, or it might attack human beings but not animals. Similarly, parasites will colonize not all the tissues in the organs of the host body but only a select few (known as target organs).

The protozoan Trichomonas vaginalis, for example, lives in vaginal secretions and causes vaginitis. Trypanosomes, which are transmitted by the tsetse fly, poison the human nervous system with their metabolic wastes and cause sleeping sickness.

Among the protozoans that are implicated in human disorders we also find the plasmodia and certain amoebas. Plasmodium, the agent responsible for malaria, is a parasite of red blood cells. It multiplies a thousandfold within each blood cell, causing them to explode. When this phenomenon takes place in many red blood cells at the same time, the bloodstream is suddenly overtaken by their decomposing cadavers and wastes. This causes fever, characterized by spikes of extremely high temperatures that correspond to the parasites’ reproductive cycle. The parasites that are freed during the crisis state then colonize more red blood cells, which explode in turn, starting the entire process over again. Moreover, the destruction of a large number of red blood cells is not inconsequential for the composition of the blood: the sharp drop in the proportion of red blood cells will cause serious anemia.

Amoebas are protozoans that live in both fresh and salt water. The majority are harmless to humans, but one kind, Entamoeba histolytica, is responsible for a form of dysentery characterized by painful and bloody diarrhea. E. histolytica is primarily found in the world’s hotter regions.


	PARASITICAL DISEASES


	
PROTOZOAN

	DISEASE



	
Entamoeba histolytica amoeba
	
		Amebiasis (amebic dysentery)



	
		Plasmodium
	
		Malaria



	
		Trichomonad
	
		Vaginitis, urethritis



	
		Trypanosome
	
		Sleeping sickness




Bacteria

In structure, bacteria are even less complex than protozoans. While they are constructed on the same basic model as all cells, bacteria still do not possess as many organelles as the parasites. In addition, the nucleus of the bacterial cell is not surrounded by a protective membrane, and its genetic code consists of only one DNA chromosome.
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Figure 3. The bacterial cell

The thousands of various kinds of bacteria in existence can be divided into major families depending on their shape. The bacteria with a long rod shape are called bacilli, those that are spherical are called cocci, and those that have a spiral, or helical, shape are called spiral. Within the bacillus group we find bacilli arranged in pairs and in chains as well as bacteria that are curved and have tails. The coccus group appears in the shape of a single seed or as pairs, strings, or clusters. Spiral bacteria can be subclassified by the number of twists, cell flexibility, and motility.


	
	BACTERIA SHAPES



	
	COCCI (SPHERICAL SHAPE)

	
	BACILLI (ELONGATED ROD SHAPE)

	
	SPIRAL (HELICAL SHAPE)




	
		Micrococci (in seeds)


		Pneumococci (in pairs)


		Streptococci (in strings)


		Staphylococci (in clusters)
	
		Filamentous bacteria (with a tail)


		Vibrio (curved)
	
		Spirilla (thick, rigid spirals)


		Spirochetes (thin, flexible spirals)




Another classification is based on the degree to which bacteria are receptive to a violet dye known as a Gram stain (named for the inventor of the test, Danish scientist Hans Gram). Some bacteria take on an intense violet color when exposed to the stain; they are called Gram positive. Other bacteria turn pink; they are called Gram negative. Which reaction a bacterium has provides useful information about the structure of its outer membrane and, therefore, whether it will have more or less receptivity to various kinds of antibiotics.

A bacterial cell’s membrane has the distinctive feature of being extremely extensive in proportion to its volume. In fact, the membrane is nine million times larger than the cell’s volume. In comparison, the skin surface of a human being is only twenty times larger than the volume of the body. This large expanse is both to the advantage and to the detriment of bacteria. The advantage comes from the fact that bacteria root themselves into the environment they intend to exploit by surface contact, and with a greater surface area, they have a greater ability to take root. The drawback is that having a larger surface area makes it harder to defend themselves from attack—from antibiotics, for example.

As was the case for the protozoans, different bacteria have a preference for certain species, tissues, and organs. Consequently it is these organs and tissues that they will colonize and damage. But many bacteria produce toxins that are transported through the body by the bloodstream or the lymph flow, and these toxins can poison tissue that is quite distant from the area the bacteria have colonized.

The bacillus Bordetella pertussis, for example, colonizes the lungs and triggers violent coughing fits and whooping cough. The Helicobacter pylori bacterium establishes itself in the stomach and causes gastritis and gastroduodenal ulcers. Escherichia coli is a regular inhabitant of the lower intestine; it becomes virulent when it moves out of this organ and is responsible for 80 percent of all urinary tract infections. Vibrio cholerae is not a regular inhabitant of the intestine; however, when it gains entrance it will cause copious watery diarrhea that can lead to dangerous levels of dehydration and mineral deficiencies. Brucella melitensis, which is responsible for Malta fever (also known as brucellosis, Bang’s disease, or Gibraltar fever), does not develop within an organ cavity but inside the very cells themselves, which makes it harder to attack and eradicate with antibiotics.

The bacillus for botulism, Clostridium botulinum, poses a threat because of the toxins it produces. The starting point for this disease is the digestive tract, but the poisoning rapidly spreads into the central nervous system, causing paralysis. The same holds true for the bacillus for tetanus, Clostridium tetani. It multiplies over the surface of the body, but when it enters the body through wounds, the toxins it manufactures attack the central nervous system and then the muscles, causing them to contract painfully. In the same way, the damage that betahemolytic streptococci cause to the kidneys and heart valves (also known as hemolysis) is due not to the presence of the bacteria in these organs but to the toxins they secrete, which are transported to the organs by the bloodstream.

While some bacteria are responsible for only one disease—for example, Koch’s bacillus, Mycobacterium tuberculosis, is responsible for tuberculosis—others can be the source of a wide variety of diseases depending on which part of the body they attack, either by their direct presence or with their toxins. This is why staphylococci and streptococci are responsible not only for skin disorders (boils, abscesses, impetigo) and throat problems (angina/throat inflammation, rhinopharyngitis) but also ear problems (otitis) and disorders affecting the small intestine (enteritis), lungs (pneumonia), bladder (cystitis), kidneys (pyelitis), and brain (encephalitis), among other things.

It is also possible for one disease to be caused by different bacteria. Cystitis, for example, can originate in an infection caused by enterococci, streptococci, Escherichia coli, Proteus mirabilis, klebsiella, or Pseudomonas aeruginosa.
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