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The Germ





A mighty creature is the germ,
Though smaller than a pachyderm.
His customary dwelling place
Is deep inside the human race.
His childish pride he often pleases
By giving people strange diseases.
Do you, my poppet, feel infirm?
You probably contain a germ.

—Ogden Nash








 
PART I


The Animalcules




The number of these animalcules in the

scurf of a man’s teeth are so many, that
I believe they exceed the number of

men in a kingdom.

—Antoni van Leeuwenhoek, 1684
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Seeds of Disease, Seeds of Life




Our Greatest Fear

Think of Howard Hughes, and what comes to mind? Is it a picture of a handsome, vital man, heir to a great fortune, whose exploits as an aviator, a movie producer, a husband of starlets, a wily businessman, and a Nixon campaign contributor have filled scores of articles, books, and movies about him? Or does another image predominate, the lonely figure of an aging, unkempt, drug-addicted recluse, ensconced at vast expense in a Las Vegas hotel suite that he obsessively tries to keep operating-room clean, fretting endlessly that some germ will infect his system and kill him?
The picture of the germ-phobic old man that Howard Hughes became lingers in the public imagination because, when it comes to germs, we all have a little bit of Howard Hughes in us. We’re all infected with the psychic fear that at any moment, in any setting, invisible agents may as easily give us an incurable, lethal disease as they would a common cold. Or perhaps they will poison our food, or attack our children as they play with their friends and pets. We know that nasty germs could be anywhere, and so we feel helpless to predict when they’ll strike or to prevent the harm they can do to us, those we love, and our communities.

There is just cause for alarm. Except for the very earliest stages of human history, infectious diseases have been, and remain, the number-one killer worldwide. Thanks to advanced medical care and public sanitation, infectious diseases run a close third to heart disease, the number-one killer, and cancers, the number-two killer, in the United States and other developed countries. But that calculation may need to be revised. As we’ll see, the latest scientific evidence implicates infectious germs as a trigger for many cases of heart disease and many kinds of cancer.

Once upon a time, not too long ago, we thought we had defeated germs. In the middle of the twentieth century, the development of “wonder drugs” promised to end the scourge of infectious disease forever. Beginning with penicillin, scientists and medical researchers soon stocked our pharmacies with a wide range of antibiotics and vaccines. It seemed to be the culmination of one of the great themes in the saga of human history, the long struggle to understand the underlying causes of disease. As we’ll see, over the millennia people in many different cultures achieved profound insights into the nature and progress of disease—the ancient Chinese, for example, invented a dangerous but effective method of inoculating against smallpox—but the means to put all the pieces of the puzzle together were lacking. Superstition, greed, egotism, and inadequate technology all played roles in keeping us ignorant. Not until the Renaissance period in Western Europe did a critical mass of knowledge become available to scientists and physicians working in a new atmosphere of free inquiry.

These circumstances enabled an Italian physician named Girolamo Fracastoro to theorize that diseases were transmitted by tiny agents, too small to be seen by the naked eye, which he called “seminaria,” that is, “seeds” of disease. Fracastoro published his book on contagious diseases, the first statement of the modern germ theory of disease, in 1546. Just over a hundred years later Antoni van Leeuwenhoek in Holland and Robert Hooke in England used the new optical technology of the microscope to demonstrate that “seminaria” actually existed. But Fracastoro’s theory would not be proved in full until the late nineteenth century, when the Frenchman Louis Pasteur, the German Robert Koch, and others finally established reliable procedures for identifying specific disease-causing germs, mapping their transmission from host to host, and developing vaccines to combat them.

The great achievements of Pasteur and Koch set the stage for the twentieth century’s discovery of penicillin and all the wonder drugs that have followed to this day, including the latest “cocktails” being administered to patients with HIV, the virus that causes AIDS. Unfortunately, as the AIDS epidemic has made all too clear, we can no longer confidently expect an easy triumph over infectious disease. Even as our wonder drugs and vaccines have allowed us to eliminate scourges such as smallpox, probably the greatest single killer in the history of the human species, we face a frightening array of newly emergent diseases and of old diseases in new guises. Killer germs that once fell easy prey to a few doses of antibiotics, such as those that cause tuberculosis, have reappeared in drug-resistant forms. Some germs defy all known antibiotics. Meanwhile, globalization has unleashed germs that were once confined among isolated population groups—HIV, Ebola virus, West Nile virus, among others—and made it possible for them to spread from anywhere to anywhere, just like a computer virus on the Internet, only much more deadly. In the context of global commerce, travel, tourism, and mass migration, there is no longer any such thing as an isolated population group. When it comes to public health, if nowhere else, we must acknowledge that the world’s population is truly all one family.

In addition, medical research is continually uncovering new disease roles for germs, from toxic shock syndrome to cancer and heart disease. This is not even to mention the continuing threat of germ warfare or bioterrorism with lethal agents such as anthrax. Less than a thermosful of anthrax germs could kill every warmblooded creature in, say, Chicago—people, cats, dogs, horses, and the rest—leaving the Miracle Mile a desolate province of insects, reptiles, and birds. That is, it could do so if a way could be found to spread it effectively. Fortunately for us, that is no easy task, but, as we’ll explore, it is also not necessarily beyond the reach of a committed terrorist group.

Although we must ultimately look to medical science to save us from all these dangers, the medical profession itself has a dirty germ secret that can no longer be ignored. I mean literally dirty. Every year our very best hospitals sicken and even kill an untold number of patients with what are called nosocomial infections. That medical euphemism, “nosocomial,” means that it was doctors, nurses, and other staff who made the patients sick, because these caregivers’ hands were contaminated with germs. The source of the contamination? The caregivers’ failure to wash their hands properly, or wash them at all, after examining another patient, handling a specimen, using medical equipment, or attending to their own personal hygiene.

How is it possible that doctors at elite teaching hospitals don’t wash their hands enough? Don’t they know any better? Of course they do. And every good hospital now has a hand-washing program in place. Next time you’re in a hospital, you might look for some of the signs that remind medical personnel about hand washing. These signs often feature a picture of two clasped hands and the words “Wash me.”

The real importance of the fact that doctors don’t always wash their hands as they should is that it indicates the extent to which inadequate personal hygiene cuts across all socioeconomic lines. This is not just a problem of agricultural workers and restaurant staffs. When researchers put cameras in public rest rooms to track people’s behavior, the numbers of those who don’t wash their hands properly, or don’t wash them at all, is staggering, often over ninety percent. The rates are such that we really need a vast publiceducation campaign on hand washing, equivalent to that we now have on smoking. If we look at the matter honestly, we’ll see that the cost to public health from not washing our hands is enormous.

Why so few people wash their hands appropriately is baffling. One part of the answer may well be the complacency about infections that the ready availability of antibiotics has encouraged until recently. But it is hard not to think that the behavior is mainly fueled by ignorance or selfishness. From the point of view of public health, there is a clear link between not covering one’s mouth when one coughs and not fully disclosing one’s sexual history to a prospective partner. They are related behaviors, and the threat posed by them gets ever greater, as our world becomes ever more populous and more closely connected.



Our Best Hope

What can we do to protect ourselves, our families, and our communities? Well, we can’t rid the world of germs. For one thing, we depend on a great many germs to keep our economy churning along. Germs are vital to numerous agricultural, commercial, and medical processes, from the yeasts that make bread rise, through the microscopic algae used in manufacturing cosmetics, paints, and fertilizers, to the soil bacteria from which antibiotics are extracted.
More to the point, the cycle of life requires the action of germs at every stage. No living creature could survive for long in an entirely germ-free environment. Without germs, animals, including human beings, could not develop mature immune systems or even digest their food (as germs break down food in the intestine, they extract and produce essential nutrients and vitamins). The ecosystem of the human body, if you will, is delicately balanced by germs. Often when we get sick, the problem is that we have disturbed this natural balance and turned our own good and necessary germs against us. We can see that there is a similar balance in the world as a whole, if we consider the role that germs play at the end of life. If there were no germs to decompose them, the dead carcasses of animals and plants would soon cover the earth, choking off all future growth. Recently we have learned to utilize this capacity of germs to break down organic matter to help clean up oil spills and other pollution.

At an even deeper level, we have discovered that germs were the initial building blocks of evolution. They are much more than just the seeds of disease. They are the seeds of life itself. A fossilized germ cell found in a rock in western Australia and dated to 3.5 billion years ago is the oldest known sign of life on earth. In the beginning was the germ. With all that time in which to multiply, mutate, and adapt to diverse conditions, it should not surprise us to learn that thousands upon thousands of species of germs have colonized every corner of the Earth, from the ocean floor and the frozen wastelands of Antarctica to boiling mineral hot springs and the lava cones of volcanoes. The air we breathe, the water we drink, the food we eat, the ground we walk on, the surfaces we touch, all of it is a teemingly populous, roiling sea of germs. Germs inhabit every inch of our skin, and every channel of our bodies. In fact, some germs and some exposure to germs throughout life are vital to human health and immunity. There are more germs in our intestines than there are stars in the sky, some thousand billion germs per gram of matter. The number of germ cells in a human body actually exceeds the number of body cells by a factor of ten. And the combined weight of microscopic germs exceeds the combined weight of all living animals and plants. Germs can survive, even thrive, at radiation counts a thousand times higher than the level that would kill a human being; they have been recovered, alive, from the petrified gut of a forty-million-year-old bee and from a 250-million-year-old piece of frozen brine.

Germs fill an important niche even when they die, as fossilized germs become a significant part of the surface structure of the Earth. The stones used to construct the pyramids in Egypt, for example, largely consist of the shells of countless protozoa, one of the many varieties of germs we’ll take a look at in the course of this book.

Germs are so important in the ecology of the world that alien observers might conclude that they are the dominant life-form on our planet. These observers might logically see us human beings as just one of many species that have evolved from germs and continue to live among them. If we could have the observational data these aliens might compile, we could learn an enormous amount about our place in a “germ healthy” world.

That’s actually a good working description of what human science has tried to do in studying germs. The continuing benefits of that effort can improve the quality of life of everyone on the planet. In the course of a lifetime’s involvement in studying germs, including the experience, as I will recount later, of helping to solve the mystery of toxic shock syndrome, I have gained an enduring admiration for the astonishing variety of germs and their seemingly limitless adaptability. My fascination with germs began in childhood, when I read the life story of Louis Pasteur. Around the same time I saw on television a Hollywood movie about Pasteur, starring Paul Muni. Then I read Paul de Kruif’s classic book, The Microbe Hunters, about Pasteur and the other great pioneers of microbiology, and that got me hooked. Right then I knew that I wanted to become a microbe hunter, too, and take part in the quest to solve the germ puzzles that lie at the heart of human health and disease, and indeed of all biology.

 
The more we discover of the secrets of germs, the most genetically resourceful and varied living things on our planet, the more we shall understand about the fundamental workings of biology and the better able we will be to fight cancer and other as yet incurable diseases. My work has also given me an abiding appreciation for humanity’s ability, slowly but surely, to lift itself out of ignorance and adapt to change. We will learn the secrets of the germ—we are learning them now—and the pace of discovery, as we’ll see, grows ever faster. In the meantime, the science of germs has already given us effective strategies we can employ now, at home, school, work, and elsewhere, to safeguard ourselves, our families, and our communities from infectious illness and deadly contagions.

Today we are truly standing at the dawn of a new age. As we begin a new millennium, we are finally uncovering the deepest biochemical and genetic workings of germs. In so doing, we are gaining the capacity to use this knowledge for the benefit of humanity. These smallest of creatures may one day allow us to resolve the most pressing human problems of disease, hunger, and pollution. We must continue to explore the gargantuan potential of germs so that we may harness their power for the good of mankind. How strange yet fitting that the future of nature’s greatest creature, man, depends upon an intimate cooperation with nature’s least, the germ!
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How We Make Each Other Sick




It Could Happen to You

In the public rest rooms of Grand Central Terminal in midtown Manhattan, a scientific experiment is under way. The behavior of all the people who use the rest rooms is being observed without their knowledge. The researchers conducting the experiment want to find out the answer to a simple question: Who will, and who will not, wash their hands before leaving?
A busy train station is the perfect place for the experiment, because the variety of people passing through it insures that the researchers will get to observe a representative cross section of the population. In Grand Central, a major New York City subway station as well as an end point for travel in and out of the city, that cross section includes homeless people, commuters, suburbanites in town to shop or see a show, workers from station businesses, some of which sell food, and people from the surrounding neighborhood. People of every age, race, gender, ethnicity, and social class pass through the station every day, and as some of each group use the rest rooms, cameras record whether or not they wash their hands.

The results of the experiment don’t surprise the researchers, but they are dramatic. The numbers confirm the results of similar experiments: well over sixty percent of people fail to wash their hands at all, and fewer than ten percent really wash their hands adequately. Almost no one cleans his or her hands thoroughly with soap and water and then avoids touching any surfaces before leaving the rest room. Men, women, and children, blue-collar and business-class, people generally don’t wash their hands at all, or they only sprinkle a little water on their fingertips, as the high nobility did at the court of France’s Louis XIV, the Sun King, because they feared the diseases that water itself might transmit.

As far as hygiene is concerned, that little sprinkle of water is no improvement over not washing. Both behaviors will leave microscopic germs on the hands, ready to be brought near the eyes, nose, and mouth, or an open cut or sore, all primary infection sites, as people unconsciously touch their faces and bodies, greet one another with handshakes and kisses, or exchange objects such as the food that is prepared and served in a restaurant.

Just consider this imaginary, but very possible, scenario. Three men stand side by side at the urinals in a rest room at Grand Central. To the left is a twenty-something associate in a law firm. When he got off his subway train from Brooklyn a few minutes before, he bought a bagel with cream cheese to eat at his desk; it’s now in a paper bag stuffed into his messenger-style shoulder bag. To the right is a corporate insurance executive in his fifties, just off the train he takes every day from Nyack to his midtown office. In between them is a refugee expert for the United Nations, who’s spent the past two weeks in Africa and Southeast Asia, gathering field assessments for a special report to the secretary-general. As soon as he reaches his office, he has to start finalizing his covering memorandum. He worked on it on the journey home, which began in Indonesia twenty-seven hours ago, but the beginning still doesn’t feel quite right.

The last leg of the UN expert’s journey was a red-eye flight from Los Angeles. After it landed in New York, he raced home to drop his bags and change into some clean clothes. He was just about to leave his apartment thirty minutes ago, when he became nauseated and threw up. Luckily, he didn’t get anything on himself, as far as he could see; all he had to do was brush his teeth again. Then he went out the door, regretting that he’d eaten that yucky-looking breakfast on the plane that morning. You can’t trust airline food, he thinks, especially when you’ve been moving through so many time zones in so few days. He’s always had an irritable stomach, and unfortunately it seems to be getting more irritable with every passing year.

 
Unbeknownst to the man from the UN, however, he contracted Ebola virus about a week ago in Uganda. Now the virus is spotting his hands, which have microscopic particles of vomit on them. He will soon be very sick. Even as he stands at the urinal he starts to feel flushed and overheated. Sweat breaks out on his forehead and the palms of his hands. The virus teems in all his bodily fluids, in fact, including his urine, and that too is now spotting his hands.

Serendipitously, all three men finish at the urinals at the same time. As the UN expert steps away from his urinal, he feels as if he’s going to faint and he stumbles a little. The twenty-something lawyer and the middle-aged insurance executive both reach out to grab him. They steady him before he falls, and for a moment he stands between them, gripping the lawyer’s right hand in his left hand and the insurance executive’s left hand in his right hand. As he does so, he transfers the Ebola virus to each through the vomit, urine, and sweat on his hands. To the naked eye, his hands still look clean.

“Whew! This is a little embarrassing,” the UN expert says. “I ate some bad food a little while ago without realizing it, I think.” He lets go of the Good Samaritans’ hands, and they ask him if he’s sure he’s all right. He insists he is, thanks them again, and heads out the door.

The young lawyer follows right after him. Neither bothers to wash his hands. When the lawyer reaches his office, he goes straight to his desk to eat his bagel. In the process, he ingests the Ebola virus. In two weeks he will be as sick as the UN expert will become over the next couple of days. The prognosis for both is dire. As it will be for anyone else they infect.

As for the insurance executive, he’s the son of a cleanliness fanatic. Whenever he hears the expression “You could eat off the floor in that house,” he recalls his mother’s pride in keeping things spotless and how much trouble he used to get into for tracking dirt inside. Then there were the nuns at parochial school, who conducted cleanliness checks every day after lunch and recess, and who whacked many a dirty hand with their rulers. They always hit with the metal edge, too. So now, a creature of habit, the insurance exec goes from the urinal to the sinks and carefully washes his hands. In the process, he sheds all traces of the Ebola virus before it has a chance to enter his system or to infect someone else he touches.

This scenario may be imaginary, but it is all too possible. It demonstrates that cleanliness in public rest rooms is not just a question of what people naturally touch inside the rest room, but also of whatever microscopic organisms they pick up elsewhere and then carry inside to deposit on surfaces. In so doing they leave residues of germs for others to touch and become contaminated with. Even a pristine-looking bathroom may provide fertile breeding grounds for germs.

What makes this important is the fact that eighty percent of all infectious illnesses, from the common cold to flesh-eating bacteria and lethal viruses like Ebola, are transmitted by touch. This happens either directly, by contact with another person, or indirectly, by contact with something that person has touched. In this light, hand washing emerges as a public-health issue that is every bit as serious as smoking, if not more serious. As I mentioned in the introduction, the issue extends to hospitals, where caregivers’ dirty hands regularly produce unnecessary illnesses and deaths. As we’ll see later, the infections people get in hospitals can be particularly nasty. The very fact that hospitals use large amounts of antibiotics makes them growth zones for dangerous antibioticresistant germs.

There are two and a half million of these nosocomial infections every year. And every year they directly cause thirty thousand deaths and contribute substantially to another seventy thousand. A hundred thousand deaths a year and an annual cost to society of $4.5 billion for treatment after the infections occur, when simple hand washing could prevent the overwhelming majority of them. Nosocomial infections kill more people every year than pancreatic cancer, leukemia, multiple sclerosis, Parkinson’s disease, and Alzheimer’s combined. These diseases are the subject of large public-relations campaigns to raise awareness and solicit funds to combat them. As yet there is nothing of the kind for the much more serious matter of illness and death from nosocomial infections.

The number of deaths from nosocomial infections, most of them one hundred percent preventable, should make anyone stop and think before going into a hospital for any period, however brief, for any treatment or procedure, however minor. Even if you’re only going to the hospital as an outpatient for the day or a few hours, you should ask, “What can I do to protect myself from the very real risk that the hospital will make me sicker than I was when I went in, maybe even kill me?” Or perhaps your partner or child has to go to the hospital. Later on I will discuss how to lower these risks, but the matter has clearly reached a crisis point and needs to be addressed in terms of society, and the medical profession, as a whole. More about that later, too.




Germ City




Of course, as the Ebola scenario suggests, you don’t have to go into a hospital to become sick by touching someone or something. It’s germ city, and indeed germ world, out there. Recently I taught a reporter working on an article about germs for a weekly newspaper, the New York Observer, how to collect bacterial samples from thirty-four suspected germ hot spots in New York, ranging from the backseat of a taxicab to the engagement-ring counter at Tiffany’s and the rest rooms at the Waldorf Hotel. The reporter, Alex Kuczynski, and her associates took samples during the summer, when heat and high humidity create ideal conditions for germs to thrive. Sure enough, the samples contained a dazzling profusion of microbes, enough to warrant a front-page story headlined, “New York Is Germ City.”

When I tested the sample taken from a taxicab seat, it contained Streptococcus viridans, a common mouth germ probably expelled by a cough; Enterobacter sp, found in feces; and Staphylococcus aureus, shed from skin. A movie-theater seat sample teemed with S. aureus as well as group B strep, which is usually found in vaginal fluid, and Enterococcus, another fecal germ. A woman wearing shorts or a short skirt likely deposited these germs on the seat. There were high counts of S. aureus and Escherichia coli, yet another fecal germ, on the headsets at a movie theater. Skin and fecal germs were also found on bar stools in various places and on the armrest of a chair in a corporate cafeteria. An apparently spotless glass at the bar in an exclusive Upper East Side hotel was actually spotted, invisibly, with group D strep, another of the many germs passed in feces; no doubt, a bartender or busboy handled the glass improperly. Pseudomonas aeruginosa, a common environmental organism which can produce a whopping eye infection, thrived on a nail dryer at an exclusive beauty salon and in the shower at a fashionable sports club. The sports-club shower also contained Klebsiella pneumoniae; as its name indicates, this germ, which is found naturally in the human intestine, can cause penumonia if it manages to get into the lungs. Finally, among other germ-ridden locales, consider a public phone at Madison Avenue and Seventyfirst Street. Lingering on the handset were S. aureus and betahemolytic strep group A, a flesh-eating bacterium.

These are the sorts of germs we run into every day. Some of them, like S. aureus shed from skin or the intestinal bacteria that get passed in feces, are part of our bodies’ normal complement of germs and are necessary for our health, as I’ll explain later. But if enough of them get in or on the wrong part of the body, serious illness, even death, can result. For example, if S. aureus infects an open sore or cut and goes untreated, it could lead to a minor infection or possibly to something as potentially lethal as toxic shock syndrome. The relatively innocuous fecal germs found on seats, stools, and armrests could just as easily have been parasitic amoebae, Norwalk virus, or Salmonella, all of which can cause diarrhea. Fortunately, people with healthy immune systems usually beat off most germs pretty easily, including some of the nastier ones. What causes an illness to take root is not just contact with an infectious germ, but the kind and quantity of germs, the frequency or length of contact, and the health of the individual.

Some population groups are at extra risk of getting sick from infectious germs. Children, pregnant women, the elderly, and those with depressed immune systems may be vulnerable when others are not. The group B strep found on the movie-theater seat could have been a risk to a pregnant woman, for example, because it can cause neonatal meningitis. But the lack of adequate hand washing in our society can catch up with almost anyone sooner or later, including the minority who do wash their hands regularly and well (although they are better protected than the rest of the population, by far). If and when it does, count yourself lucky if all you come down with is a cold, a bout of diarrhea from food poisoning, or some other self-limiting infection. (A self-limiting infection is one that runs its course in a healthy person without doing any serious or lasting damage.)

The Grand Central Terminal rest room experiment, the New York Observer article, and many similar studies, formal and informal, demonstrate conclusively that, given the germy state of things, most of our society doesn’t wash hands as frequently as is really advisable. It’s as if people, including the doctors and nurses who don’t wash their hands often enough, had no idea that invisible agents with the potential to sicken and kill were everywhere around them. One very worrying aspect of this is that children aren’t learning better habits. Sadly, cameras in rest rooms reveal how seldom adults help children to wash their hands. One can only hope that there is more hand washing being done at home.

Despite the advances in knowledge that modern medical science has achieved, when it comes to germs it’s out of sight, out of mind for most people. The only exception is the temporary public anxiety that breaks out when the media announce the emergence or reappearance of a killer germ, like those involved in AIDS, Ebola, or West Nile fever. The costs of getting sick—in time, money, and suffering—could be dramatically reduced, if only people would wash their hands more. But as history and common sense teach, it takes time, effort, money, and most of all understanding for individuals and societies alike to get and stay clean.

For much of human history that understanding has been fragmentary at best. It has taken millennia to acquire accurate knowledge of germs, their role in disease, and the benefits of cleanliness. Only in the last century and a half have scientists established the main facts of how germs work. So perhaps it shouldn’t be surprising that habits like bathing and showering regularly are still very recent and not always practiced consistently, even in developed Western societies. Regular showering has been common in the Western world for about fifty years; people took to the practice only after most homes became centrally heated and there was an adequate supply of hot water.

 
In the developing world, enormous numbers of people still live as all of our ancestors used to do. Forty percent of the world’s population—2.4 billion people—has no access to proper sanitation and clean water. As many as five million people, the majority of them children, die every year from acute diarrhea resulting from contaminated food and water, not to mention the toll of other germ diseases like tuberculosis. If the plight of people in developing countries does not give us pause on their account, it should on our own. In a global economy of mass migrations and frequent air travel, there is no such thing as an isolated population group, no guaranteeing that Third World germs will not invade First World communities.



Cleanliness Is Next to Godliness


When I showed the reporter from the New York Observer how to collect bacterial samples, there was one spot that seemed likely to host a multitude of germs, because of the large number of people who touch it every day. Yet the spot, a door handle at St. Patrick’s Cathedral, was virtually germ-free. Hearing this, my secretary said, “God made sure there were no germs there.”

The idea that “cleanliness is next to godliness,” as John Wesley, the founder of Methodism, put it in the late eighteenth century, has a long history. In Old Testament times, the Hebrew civilization stressed cleanliness and made sanitary and dietary laws a part of religious observance. In many ways, the history of good hygiene is the history of understanding disease, and vice versa. The records of that history, beginning about 3000B.C.,fall into three rough periods: from 3000B.C.to aboutA.D.500, the time of the great civilizations of the ancient world; fromA.D.500 toA.D.1500, the centuries of the Middle Ages; andA.D.1500 to the present, when recognizably modern sciences established themselves and became engines of discovery.

I want to point out some of the important highlights of those periods, but the time before recorded history has a few things to teach us, as well. In every human society, there have always been people who served as healers. From the earliest times, shamans, witches, and medicine men and women have called on religious belief, magic, and the power of suggestion to heal and comfort the sick. But they have also used concrete knowledge gained through careful observation and passed down from generation to generation. Ancient healers could set fractures and perform surgeries, and they amassed impressive knowledge of effective treatments using herbs and other natural substances. They usually tried to restrict this information to themselves, because it was their stock-in-trade, and shamanic traditions kept some important facts of health a secret for centuries, if not millennia. In the late 1700s, for example, an English witch told a physician named William Withering the secret of digitalis, a medicine derived from the foxglove plant that is now commonly used in treating heart disease. Today pharmaceutical companies pay close attention to what researchers can glean from indigenous peoples in the Amazon and elsewhere about medicinal plants.

The knowledge that primitive peoples gained from observing the natural world and the course of illness in both human beings and other animals became the foundation for the slow growth of medical science. The most important idea of primitive medicine may not seem at all scientific at first. It’s the notion that illness is the result of being out of balance in some way with the forces of the universe, whether the imbalance is imagined as being the work of gods, spirits, demons, or some mysterious natural cause. One way or another, humanity has kept pegging away at this idea of being in balance with one’s environment, developing more sophisticated versions of it to keep pace with more accurate knowledge of how all living things—animals, plants, and germs— form one vast, complex ecosystem. The difference today is that instead of speculating about imbalances in climate, diet, temperament, or the spirit world, as shamans did, modern scientists and researchers can track the spread of specific germs from one location to another, in the world at large or in the delicately balanced ecosystem of the human body. You might say that today we use antibiotics to restore a healthy balance between germs and people, and vaccines to prevent an imbalance from occurring.

But that’s getting ahead of the story. From the point of view of germs and disease, primitive people’s observations and trial-and-error efforts at healing surely produced one other significant idea, the notion that clean and dry is generally healthier than dirty and wet. This idea surfaced over and over again in recorded history before scientists were finally able to establish that disease-causing germs exist, and that they thrive in filthy, humid conditions. In fact, human societies throughout history can be ranked according to the value they put on cleanliness. If modern Western society is stacked up against ancient civilizations in these terms, the present isn’t always a clear winner over the past.




3000B.C.toA.D.500




The first record of a central community water supply and drainage dates to 3000B.C.in Nippur, a city in the Sumerian empire, which was located in the region known as Mesopotamia, a part of modern-day Iraq. The first reference to soap, a recipe for making it, is inscribed on clay tablets dating to the same time and region. At this point people had no way of figuring out how soap and water work on dirt and germs at the molecular level, but they could certainly see the effects of cleanliness. For a long time soap was a luxury item, difficult to manufacture. It was not until the early nineteenth century that new industrial processes made it possible to make good-quality soap in large quantities.

The ancient Egyptians put a great emphasis on cleanliness, and they cautioned against eating meat from sick animals. They also believed that diseases were caused by parasites. But without the aid of microscopes, they imagined that creatures big enough to be seen with the naked eye, such as insects and worms, were to blame. The ancient Egyptians were apparently the first people to practice a form of germ warfare, using diseased corpses to contaminate the food and water supplies of their enemies.

The period from 3000B.C.toA.D.500 saw the rise of sophisticated medical traditions in India, China, and the Middle East and Mediterranean. Although there are many differences among them, the Indian system of Ayurvedic medicine, traditional Chinese medicine with herbs and acupuncture, and classical Greek and Roman medicine were all based on humoral theories. The humors were elements thought to be at work in the cosmos or in human bodies. Illness occurred when these elements were out of balance. Ayurvedic physicians classified seven body substances (bone, flesh, fat, blood, semen, marrow, and digestive juices) that they saw as the product of three humors (phlegm, bile, and wind). Traditional Chinese medicine described five elements (metal, wood, water, fire, and earth) as embodying the relationship of yin and yang (representing male and female forces). And the Greeks and Romans influenced the course of medicine in the West for centuries with their belief in four humors (yellow bile, black bile, phlegm, and blood).

Quaint as these theories may seem today (of course, traditional Indian and Chinese medicine continue to be used by millions of people, including increasing numbers of people in Western societies), they did not stop ancient physicians and scientists from recognizing a number of interesting factors in the course of disease. For example, the earliest medical records in China, Egypt, and Mesopotamia all describe using moldy and fermented substances to treat wounds. This was, in effect, a use of antibiotics, which occur naturally in these substances. The practice dates at least as far back as 1500B.C.,but it probably began much earlier, in the trial-and-error experiments of medicine men and women.

Around 2000B.C.,Sanskrit writings advised boiling water to purify it. In the fifth centuryB.C.,the Greek physician Hippocrates, whose famous oath graduating physicians still take, observed that respiratory illness peaks in the winter, when people tend to stay inside in close proximity to one another, and that malaria peaks in the summer. But he did not take the step of theorizing that anything approximating germs was involved in these ailments. In the second centuryA.D.,Galen, the personal physician to the Roman emperor Marcus Aurelius, asserted that all diseases had purely natural causes; he also prescribed washing with soap and water to help cure skin diseases. In the fifth centuryA.D.,the Hindu physician Susruta noted connections, which he could not explain without the benefit of germ theory, between mosquitoes and malaria and between rats and plague. And as I mentioned in Chapter 1, the ancient Chinese devised a method of inoculating against smallpox, using pus taken from recovering patients. This technique reached Europe only in 1720. It was effective, but dangerous because of the virulence of the smallpox virus in the pus.

These observations and a great many others that remain scientifically valid were like so many scattered pieces to the puzzle of how germs cause disease. But wherever there were large cities and towns, astute observers couldn’t help noticing that the density of population and the accumulation of all manner of waste and garbage made fertile ground for epidemics. In the Roman world this motivated the creation of a network of aqueducts, sewers, and public baths that was not equaled, much less surpassed, until the great urban publichealth projects of late-nineteenth-century Europe and America.




A.D.500 toA.D.1500



As the Roman empire broke up, much of the understanding of the need for effective public sanitation was lost. The ruling principle of early Christian Europe was in many ways obedience to authority, especially that of the Bible but also that of figures like Galen. The hierarchy of the Church also stressed curing the ills of the soul rather than those of the body. This did not mean that science stopped cold in the Dark Ages, as they are sometimes still called. But along with demographic, economic, and other factors, a reliance on received authority as the ultimate guide did slow scientific progress. In terms of understanding germs and their role in disease, a key event during this period was the thirteenth-century English scientist Roger Bacon’s assertion that invisible natural entities, not supernatural ones, were responsible for disease. This had an impact on later scientists, but when the Black Death, the bubonic plague, began to ravage Europe half a century later, beginning in 1348, most people saw it as a divine punishment for sins or attributed it to other imaginary causes.
During these centuries, medicine and science fared better in the Islamic world. Although Islamic scientists and physicians, like their Christian counterparts, looked to Galen and other ancient writers for guidance, they also discovered basic chemical processes such as distillation. The tenth-century Islamic physician Rhazes was able to recognize that smallpox and measles, which have some of the same symptoms, were actually different diseases. And thirteenth-century Cairo saw the establishment of the first hospitals to have separate wards dedicated to specific diseases. Keeping patients apart in this way reduced the incidence of multiple infections and speeded recovery.



 A.D.1500 to the Present

In Renaissance Europe the pieces to the puzzle of germs and disease finally began to come together in a secure way. As I discussed in Chapter 1, in 1546 the Italian physician Girolamo Fracastoro published a book on contagious diseases that argued that “seminaria,” invisible “seeds,” were the cause of disease. Fracastoro’s concern with infectious diseases was heightened enormously by a contagious new venereal disease that was then sweeping across Europe. People variously named this disease the “French disease,” the “Polish disease,” and so on, blaming it on whichever of their neighbors they happened to despise and fear the most. Fracastoro keenly noted the onset and progress of the disease, and his observations influenced his theory of how all diseases spread. Italy and France were often bitter enemies at this time, and like other Italians Fracastoro thought of the new illness as the “French disease.” But he also gave it the name we know it by today in a Latin poem he wrote called “Syphilis sive morbus gallicus,” that is, “Syphilis or the French disease.” The poem minutely describes the “foul sores” that break out on the body of a shepherd named Syphilis when he makes the mistake of angering the god Apollo.
Proof that “seminaria” such as those posited by Fracastoro actually existed came in 1676, when Antoni van Leeuwenhoek, a Dutch merchant, used a handheld lens to become the first person to see living germs. His detailed descriptions and simple drawings of what he called “animalcules,” or “little animals,” presented in letters to the Royal Society of London between 1676 and 1723, have withstood the test of time to the present day. His observations were so accurate that he was able to assert, rightly, that the “number of these animalcules in the scurf of a man’s teeth are so many that I believe they exceed the number of men in a kingdom.” In fact, there are more germs in the intestinal tract of a human being than the number of people who have ever lived.

People did not immediately put Leeuwenhoek’s discoveries and Fracastoro’s germ theory together, however. It would take two more centuries for that to happen. But after millennia of ignorance interrupted by fragmentary insights and logical conjectures, humanity at last knew of the existence of germs and could begin to trace their role in disease.

 
If science had been able to draw the connection sooner, the seventeenth and eighteenth centuries would probably have been a lot cleaner than they were. At the same time that Leeuwenhoek was establishing the existence of germs, the court of Louis XIV at Versailles was scrupulously avoiding washing too much. Physicians cautioned against daily bathing, because they believed that even clean water transmitted disease. They advised their patients to wash only the tips of the fingers, because they were used for eating, the cheeks, nose, and the area under the eyes, using a linen cloth called a “ toilette,” the origin of the word toilet. Apparently, the French physicians and their patients never noticed the logical contradiction between washing some areas of the body and not others. But they actually had some good logic on their side. At that time only the very well off had piped-in running water, and the pipes were made of wood, which naturally contained a great many microorganisms that would infect the water. So too much of that very impure but cleanlooking water could indeed make a person sick.

In the eighteenth century, fashion changed and middle-class and upper-class people began to wash more of their bodies and to wash more frequently. But because hot water for bathing was difficult to provide, even in well-off households, an entire family would wash in the same tub of water. A sheet of fabric was placed on the bottom of a metal tub before the first person took a bath. The cloth served two functions. It protected the bather against being burned by the bottom of the tub. It also helped filter dirt and debris that would collect on the bottom of the tub as each person bathed. The sheet was taken out and replaced each time another person got into the bathwater.

The mass of people continued to live without washing much. In the first place they often didn’t have access to clean water. And in the second, well, old habits die hard. Even in the nineteenth century, people bitterly resented the cold showers that armies and prisons began to insist on, and many physicians cautioned well-todo patients that full immersion in water could cause disease.

After Leeuwenhoek, the next big breakthrough in understanding germs and disease came in 1796, when the English physician Edward Jenner discovered a safe vaccination for smallpox. Jenner noticed that people who had suffered from cowpox, a related but milder disease, were immune to smallpox, perhaps the greatest killer in human history. He inoculated an eight-year-old boy with material taken from cowpox pustules. After waiting a few weeks for the boy to fall ill with cowpox and recover, he inoculated him with material taken from smallpox pustules. This time the boy did not fall ill. It would take almost two hundred years for scientists to figure out how to manufacture sufficient quantities of a reliable vaccine and eliminate smallpox worldwide, but Jenner’s inoculations represented the first significant step toward that goal.

Leeuwenhoek’s research with a microscope and Jenner’s experiment with inoculation proved conclusively that germs existed, that they caused disease, and that imitating their actions, as Jenner did with his vaccine, could combat disease. But no one knew where germs come from, or how ubiquitous they are in air, water, soil, and all living things. The consensus of scientific opinion was that germs arose by some kind of spontaneous generation on moldy or fermented materials. This was a continuation of an age-old theory that diseases resulted from miasmas, poisons spontaneously released into the air by stagnant water, swampy soils, and dead animals and plants. If miasmas made people sick, personal cleanliness couldn’t matter very much. Those who thought the facts might be different were hard-pressed to make any headway against the establishment.

In the 1840s Ignaz Semmelweis, a Hungarian physician working in Vienna, did his level best just the same. A great problem of this time was puerperal, or childbed, fever, which often raged among poor women in hospital maternity wards. Death rates from childbed fever sometimes reached thirty percent. Better-off women usually gave birth at home, attended by a physician, midwife, or both. But if the poor wanted medical assistance during childbirth, they had to go to public hospitals.

Semmelweis noticed that medical students were going straight from the autopsy rooms to the maternity wards without washing their hands, and that the women they treated had very high rates of infection. He also knew that a colleague of his had died of fever after cutting himself during an autopsy. Although Semmelweis, like other scholars of his day, didn’t realize that Leeuwenhoek’s germs were the cause of disease, he theorized that the students were carrying a contagious agent of some kind from one place to another. He therefore instructed all the students working in his ward to wash their hands thoroughly with chlorinated lime before assisting at births. This resulted in an immediate, dramatic drop in deaths from childbed fever. Unfortunately the hospital authorities, outraged at Semmelweis’s taking a policy matter into his own hands, so to speak, and refusing to accept his results as in any way conclusive, ordered the hand washing to stop.

In 1850, Semmelweis left Vienna and returned to Hungary, becoming professor of obstetrics at the University of Pest. There he again enforced a strict hand-washing regimen and again dramatically reduced deaths from childbed fever. But other doctors refused to adopt his practices. Semmelweis was haunted by the thought of so many women dying unnecessarily, and he was also deeply troubled when his two children died young from other causes. The combination apparently precipitated a mental breakdown, and Semmelweis died in a mental hospital in Vienna in 1865. In a tragic irony, the cause of death was an infected cut he had sustained while performing an autopsy.

Perhaps the most poignant aspect of Semmelweis’s story is that he was a prophet only slightly before his time. In 1858, the Frenchman Louis Pasteur, one of the greatest medical scientists in history, finally put together the existence of germs, as established by Leeuwenhoek, and the germ theory of disease, as formulated by Fracastoro. That year he announced his first important research results in a paper titled, “A History of Lactic Acid Fermentation,” showing that specific germs caused specific kinds of fermentation and stating that specific germs also caused many different diseases. As he wrote in a somewhat later paper, diseases resulted from “bodies . . . resembling in all points the germs of the lowest organisms, and so diverse in size and structure that they obviously belong to a number of species.”

After these first epochal discoveries, Pasteur attacked the question of spontaneous generation, convinced that the theory did not fit the facts. To test his ideas, he devised an ingenious procedure, which has become known as the “swan neck” experiment. The prevailing view was, again, that germs would generate spontaneously in a meat- or vegetable-broth infusion or similar substance left open to the air. Pasteur poured a broth into flasks with an open mouth and a long curved neck that extended sideways from the flask, rather like a swan’s neck or a backward letter “S” lying on its side. Some airborne particles would fall inside the open mouth of the flask, but gravity would keep the particles from moving up over the bend in the neck of the flask and then falling down into the broth. Pasteur showed that if the flasks were tilted so that some broth came into contact with the air at the end of the swan neck, and thereby became contaminated with airborne particles, germs would begin to grow in the broth. But if the flasks were not tilted, no germs grew. With this one experiment Pasteur exploded the myth of spontaneous generation, and proved that germs had to be carried from one growing place to another by some means.

Pasteur went on to a succession of scientific breakthroughs, including the process named in his honor, pasteurization, which keeps food from spoiling, and the first rabies vaccine. Together with major contributions from other scientists, such as Robert Koch in Germany, Pasteur’s achievements laid the groundwork for the new field of microbiology and all that has flowed from it down to the present day, including the burgeoning field of genetic engineering. Remarkably, Pasteur, who died in 1895, did much of his greatest work after suffering a paralyzing stroke in 1873, when he was only forty-six years old.

Luckily for humanity, the significance of Pasteur’s work was appreciated almost immediately. His studies of fermentation, for example, inspired the English surgeon Joseph Lister to campaign for antiseptic procedures in medical care and especially in hospitals. With Pasteur’s data to back him up, Lister fared much better than Semmelweis. Queen Victoria made him a baron, and the mouthwash Listerine was named for him. Most important, operating rooms today are relatively sterile, germ-free environments thanks to his medical activism. (In fact, operating rooms are not entirely sterile; they contain low counts of up to about five germs per cubic foot of air.)

The new science of microbiology came along just in time. In Europe and America, the nineteenth century saw an ever-increasing amount of urbanization. As a consequence of rapid industrialization, the majority of people came to live in densely crowded city slums rather than on farms or in small towns and villages. In 1848–49 a cholera epidemic in London killed 14,600 people; another 10,675 died in the outbreak of 1854. The new, more crowded living patterns made it even more important to understand the nature of infectious germs and the ways in which they spread from person to person and group to group.

The knowledge gained by Pasteur and others helped to motivate massive public-works projects in the late nineteenth century. Paris, for example, was rebuilt from the underground up to provide clean water and sanitation. Similar efforts went forward in cities all around the world, but the biggest achievements were in Europe and North America.

Unfortunately, as I noted above, proper sanitation and reliably clean water have still not reached much of the developing world. Millions of people die every year because they don’t have access to clean water or sanitary sewage systems. The World Health Organization estimates that it would cost $10 billion a year to bring clean water and sanitation to the 2.4 billion people who now live and die without them. That $10 billion is half of what U.S. consumers spend each year on pet food and about the same amount as European consumers spend on ice cream.

It bears repeating that in a time of global access from anywhere to anywhere, the world’s public health has become everyone’s concern. An epidemic that begins to rage in the shantytowns of an African, Asian, or South American city is only a plane ride away from Miami, New York, or London.

In these circumstances, we should support international efforts to improve sanitation and provide clean water for the world’s poor. Here at home we should press for a national campaign to educate the public about germs and the need for good personal hygiene. Remember, eighty percent of infections are transmitted by touch, and germs are acquiring antibiotic resistance with blinding speed. As I’ll show later, there is great hope for new antibiotics, vaccines, and other treatments down the road. But in the meantime, there is one vital thing we all can do now to protect ourselves and our families from unnecessary risks of infection: We can wash our hands properly, and much more frequently than most of us now do. This Protective Response Strategy ,as I call it, is one of many I will share with you in the course of these chapters. For convenience, the index gathers together all the Protective Response Strategies at the end of the book.





PROTECTIVE RESPONSE STRATEGY: HOW TO WASH YOUR HANDS

Effective hand washing requires soap and water. Soap contains one or more surface-active agents, or surfactants. The molecules that make up surfactants have a water-attracting, or hydrophilic, end, and a water-repelling, or hydrophobic, end. As the soap dissolves in water, the surfactant molecules lower the surface tension of the water and make it better able to loosen particles on whatever is being cleaned. The surfactant molecules and water then hold the dirty particles in suspension until they are rinsed away.
The temperature of the water is not a critical factor in this process. But if the water is cold, it will not dissolve the soap as easily, and it may be so uncomfortable that you don’t wash long enough.

To wash your hands effectively, wet your hands and lather with soap. Then rub the soapy water all over your hands and fingers, not forgetting to clean under your fingernails, for twenty or thirty seconds. Rinse, and repeat. This will not get your hands operating-room sterile, but it will remove any transient organisms you may have picked up since the last time you washed your hands.

For your health’s sake, you should wash your hands several times during the course of the day. At a minimum you should do so before eating, after using a bathroom facility, and after contaminating your hands with a cough or sneeze. It’s also advisable to wash your hands after shaking hands with someone. Although it’s rarely possible to do so politely immediately after greeting someone with a handshake, you can avoid touching your face or mouth until you have the opportunity to wash. I also personally always wash my hands whenever I come into the house from outside.

 
In public bathrooms (I’ll discuss proper toilet procedure in full a little later), you should wash your hands before using the toilet if you’ve had to touch a doorknob or other surface on your way in. When you wash your hands afterward, use a paper towel or a wad of tissue to shut off the faucet and turn the door handle. If there is no waste receptacle near the door, drop the paper towel on the floor. If enough people do so, there will soon be a receptacle there, as there should be.
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