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Preface

From the time of the ancients until almost the start of this century, physicians saw disease as an imbalance of the body's "humors." For two thousand years, bloodletting, sweating, herbs, and a warm bedside manner were therefore the only sensible treatments they had to offer to restore that balance. All that changed 150 years ago when science came to medicine.

It took the likes of Pasteur and others to realize that infectious diseases—diphtheria, TB, smallpox—were caused not by some vague humors, but by specific organisms. The real miracle in medicine, the author argues, was not the discovery of wonder drugs such as penicillin and insulin, but the revolution in the way we conceived of disease, which enabled researchers to look for specific cures.

At the beginning of this century, the average life expectancy was thirty years. Most people were swept away by infectious diseases before they reached old age. Today we can expect to live almost eighty years. Our chief scourges are the chronic diseases of an aging population: cancer, heart disease, Alzheimer's. Unlike infectious illness, however, these diseases don't have single, identifiable causes. But, The Limits of Medicine argues, we are approaching them with the same mind-set and expectations we have for infectious diseases. We're looking for a specific "magic bullet" to give a dramatic cure.

Dr. Golub, a distinguished researcher and former professor of immunology and microbiology, argues provocatively that we cannot cure today's health threats with the prevailing medical mentality. We need instead another scientific revolution in how we conceive of disease. Our new goal of medicine must be to extend health, not life span. Fdigh-tech solutions— whether for AIDS, cancer, or whatever the next horrifying scourge will be—are not inevitable.

Digitized by the Internet Archive in 2012

[image: ]

All rights reserved under International and Pan-American Copyright Conventions. Published in the United States by Times Books, a division of Random House, Inc., New York, and simultaneously in Canada by Random House of Canada Limited, Toronto.

Grateful acknowledgment is made to Liveright Publishing Corporation and W. W. Norton & Company Ltd. for permission to reprint four lines from “voices to voices, lip to lip” from Complete Poems, 1904-1962 by E. E. Cummings, edited by George Firmage. Copyright © 1926, 1954, 1991 by Trustees for the E. E. Cummings Trust. Copyright © 1985 by George Firmage. Rights throughout the British Commonwealth are controlled by W. W. Norton & Company Ltd., London. Reprinted by permission of Live-right Publishing Corporation and W. W. Norton & Company Ltd.

Library of Congress Cataloging-in-Publication Data Golub, Edward S.

The limits of medicine : how science shapes our hope for the cure / Edward S. Golub, p. cm.

Includes bibliographical references and index.

ISBN 0-8129-2141-0

1. Medicine—History. 2. Social medicine. 3. Medicine—

Philosophy. I. Title.

R133.G656    1994

610—dc20    94-10016

CIP

Design by Anistatia R. Miller

Manufactured in the United States of America

98765432

First Edition

To my mother, Mildred Mazer Golub, as she enters her eighty-ninth year




Illness is the night-side of life, a more onerous citizenship. Everyone who is born holds dual citizenship, in the kingdom of the well and in the kingdom of the sick. Although we all prefer to use only the good passport, sooner or later each of us is obliged, at least for a spell, to identify ourselves as citizens of that other place.

—Susan Sontag, Illness as Metaphor








A Few Important Words to the Reader

In writing this book I made what was for me an incredible discovery: that for the vast majority of human history, nothing changed in the way we either conceived of health or treated disease. Like most of us, I had been reared with the heroic version of scientific and medical history, and none of my general education or scientific training prepared me for this finding. For a rather long time I thought that I just must be making a mistake—after all, I am not trained in history—but eventually, historians assured me that my great discovery was no surprise to them. Yet when I lecture or engage in discussions with physicians, scientists, or just plain folks, I rarely find anyone who is not as surprised as I was. So the first important word to the reader is a disclaimer: This long period of changelessness will be an important part of the book, but it is not an original discovery. I am indebted to the historians who have worked so hard to make the discovery and all I am doing is trying to get their message out to a wider audience in a different context.

But at this point you are correctly asking, Why is it important to know these facts, startling though they may be? The second important word to the reader is that since the message of this book is that nothing changed for such a long time, we have had our present views for a relatively short time. When we realize how amazingly short a time we have had our modern views, it makes the idea of changing the direction we appear to be headed in easier. My main goal is to give the reader the context in which to understand the changes that are going on in the world of science and medicine today, which are usually received in a passive way because we think we are being swept along in the flow of history. We aren’t.

The third important word to the reader is one of caution. Based on my reading of how we got where we are today, I will point out what I think are some of the choices we can make as individuals and as a society for the future, but there will be no simple solutions. Golub’s first rule is that if you can fit the solution to a complex problem on a bumper sticker, it is wrong! (I tried to condense this book to fit onto a bumper sticker and couldn’t.) I think that part of our problem is that we have allowed “experts” to make decisions for us because we think the problems are too complex and difficult to solve by ourselves. The details, of course, are complex and difficult, but if we understand the context in which the details are discussed, we can make decisions that lead us where we want to go.

The third important word to the reader is that the subject matter of this book is serious, but one can be serious without being somber. I tried to eliminate all technical jargon, be it scientific, medical, or cultural. I promised my mother that I would write a book that she and her friends can read and enjoy . . . and I never lie to my mother.




Introduction: Framing Health and Disease

On October 19, 1970, Dr. Edward H. Kass, professor of medicine at the Harvard Medical School, delivered the presidential address to the Infectious Disease Society of America. The war in Vietnam had already begun to polarize American society, and the economic impact of the war was leading to limitations in funding for biomedical research. Dr. Kass, an honored physician and researcher, told the assembled experts in infectious diseases what they already knew but were glad to hear from a man in his position: “[A]ll that we have asked for is to be able to continue our good works in an atmosphere that will put to effective social use the fruits of our earnest efforts.” These efforts, everyone agreed, had been responsible for providing Americans their unsurpassed level of health, so why should the government suddenly cut their funding and interrupt their noble work? But then he dropped a bombshell: “There is nothing basically wrong with this charming scenario of the white-coated medical scientist distributing good works like free beer at a political picnic, although it does seem to have been written by the least sophisticated of writers for the Sunday supplements.” There was nothing wrong with the scenario, he told them, except that it was distorted in some of its most basic assumptions!

Just what kind of assumption could these physician-scientists have distorted? After all, everyone knew that it was their predecessors who were responsible for the virtual elimination of infectious diseases and who had extended the life expectancy of the citizens in the industrialized world. To their amazement, Dr. Kass told them it was not medical research that had stamped out tuberculosis, diphtheria, pneumonia, and puerperal sepsis; the primary credit for those monumental accomplishments must go to public health, sanitation, and the general improvement in the standard of living brought about by industrialization. What little history the medical scientists in the audience had learned was indeed as accurate and sophisticated as that found in the Sunday supplement. Many had probably been attracted to their profession by reading Microbe Hunters, an incredibly popular and stunningly incorrect book by Paul de Kruif, or Arrowsmith, Sinclair Lewis’s romantic version of the physician-bacteriologist. It is a virtual certainty that the corrected versions of the romantic assumptions Dr. Kass then presented to them were too unbelievable to register properly in their consciousness. He told them that the “data on deaths from tuberculosis [as well as diphtheria, scarlet fever, measles, and whooping cough] show that the mortality rate from this disease has been declining steadily since the middle of the nineteenth century.” Furthermore, this steady decline in deaths was not altered measurably by any of the great scientific discoveries of their predecessors. Contrary to all they had been taught, those great scourges of humanity had begun to be brought under control before medicine became scientific!

It is extremely important to realize that the president of the Infectious Disease Society of America was not telling its members that all of their work was for naught. Far from it. Their work and that of their predecessors was of great value in healing those individual patients who still contracted the diseases. Extending the life and alleviating the pain of the individual patient are the most valued aims of medicine and for this they had every right to be proud of their heritage and of their current work. This part of his message we all can understand, and as one who was cured of tuberculosis because of scientific medicine (and as a result of the experience went on to become a biomedical scientist), I can offer a personal testimony to the power and value of their work. But why were neither I nor that audience nor the vast majority of people with whom I discuss the question aware of the facts of history?

Most of us have been taught that there has been a steady march of progress in medicine, leading inexorably to a high-tech future. I will argue in this book that a realistic understanding of the nature of progress in medicine, and the role that science plays in that progress—a role that is quite different from the romanticized versions we have been taught— is absolutely crucial if we are to see clearly what medicine can give us in the future. Only when we have this realistic understanding can we understand the limits of what science and medicine can give us. This book will show that for most of our history nothing changed in either our conception of or our treatment of disease. Change came such a short time ago that it will be clear to even the most romantic reader that our medical future has not been determined by destiny and that vve have much more control over what we want from scientific medicine than we have been led to think. But we must realize that medicine has limits; it cannot deliver all the miracles we expect of it.

Consider these two statements by well-respected historians: “Let me simply put my own view as starkly as possible. ... I assert, to begin with, that ‘disease’ does not exist,” and “[I]n some ways disease does not exist until we have agreed that it does, by perceiving, naming and responding to it.”

How can disease only exist when we define it? Isn’t disease a scientifically discernible and measurable thing? There probably has never been a time in human history when people did not on occasion perceive themselves to be not well, so were they only deluding themselves? Clearly, the answer is no; disease is as real as anything in our lives, but we all know that some of the most important things in our lives are not scientifically discernible and measurable. When we say we love or hate, have fear or loathing, feel joy or sadness, we are communicating real states of our being and we expect others to understand what we mean. One of my favorite pieces of poetry is a fragment by E. E. Cummings (the poet of the lowercase):

While you and i have lips and voices which are for kissing and to sing with who cares if some oneeyed son of a bitch invents an instrument to measure Spring with?

Of course we know when spring has arrived and don’t need some “oneeyed son of a bitch” to measure it!

The important lesson these historians are teaching us is that our perception of when we are well or ill is defined by time and culture or, to use Susan Sontag’s imagery, the use of the “good passport” is not absolute. Through most of the history of the West, death from infectious disease was a regular feature of life and only a small proportion of the population lived to old age. In this setting, the gnarled hands and painful joints associated with arthritis might not have been thought of as disease but rather as the natural condition of those who were lucky (or blessed) enough to have survived the fevers, epidemics, and countless travails of life. But at the end of the twentieth century, when rampant infectious disease has been brought under control and the rate of infant mortality has been reduced, the incapacitation from arthritis has gone from a badge of honor for having survived to being one of the major diseases of our time.

If we need an extreme example from history, a “disease” called drapetomania, the insatiable desire of slaves to escape, was identified by a Louisiana physician, Dr. Samuel Cartwright, in 1851. Cartwright was serious; to him and his colleagues in the Louisiana Medical Association, the normal state of life for black people in the American South was involuntary servitude and the normal state of life for white people was to take care of their slaves. Anybody who deviated from this norm was “diseased.”

To choose an extreme example from our own time, some have begun to refer to the growing urban violence in the United States as an “epidemic” that should be treated as a medical and scientific problem. In a time when everything seems to be subjected to genetic analysis, serious people have made the suggestion that there is a genetic element in urban violence and have proposed that the “genetics of violence” be studied with the aim of medical treatment. The potential racist implications of this proposal have not escaped the attention of many, and it is very clear that there has long been a tendency to scientificize our social problems.

How we define disease and understanding how we have brought it under control have special implications in this time of AIDS, because if we do not understand the limits of science and medicine, we make unreasonable demands on them that can only lead to disappointment and disillusionment. In June 1993, writer Harold Brodkey wrote an article in The New Yorker magazine declaring that he had AIDS. According to The New York Times, Mr. Brodkey percolated with annoyance that the federal government had been slow to mobilize an effort to find a cure and declared: “I want Clinton to save my life.”

The personal tragedy of this situation tears at the heart because Mr. Brodkey speaks for all who have AIDS, those who love them, and those who live with the fear of contracting this most dreaded disease of our times. Even though in 1992 the United States government spent $4.3 billion on AIDS, more than for any other disease except cancer, the expectations for a cure are so great that Mr. Brodkey was speaking for many in society when he said that the “Federal Government was slow to mobilize an effort to find a cure.” Is this really true? Is it really a question of money, and is $4.3 billion not enough? Or is it the scientists who are to blame for not caring enough? Should we also blame them for not caring enough about breast and cervical cancer, Alzheimer’s, and heart disease as well? No, the problem is that all of us, medicine, science, public, and the press, still assume what the members of the Infectious Disease Society of America assumed in 1970—that science was responsible for the elimination of infectious diseases in the past, and if we only have the will, science can find the cure for AIDS and any disease in the future. Of course, Mr. Brodkey doesn’t expect the president to cure his disease, and in his very heart he knows that there are no cures for most cancers and many other diseases. Because AIDS has been associated with gay men, many gay activists who make similar statements are probably reflecting the not unreasonable feeling that the pervasive homophobia in our society has led to a lack of will to marshall the resources necessary to come up with a cure. But that is the very point; the misconception runs deep that with the will to do it, science can cure any disease just as it eliminated tuberculosis, cholera, diphtheria, and measles.

There of course are many diseases that scientific medicine can cure or prevent, and it would be difficult to find many in the industrialized world who would choose to go back to medicine before it became scientific. Penicillin and the Salk polio vaccine have set the standards for what we expect from medicine because of the completeness of their ability to cure or prevent. Insulin and cortisone, on the other hand, neither prevent nor cure diabetes and rheumatoid arthritis, but a world without them is frightening because these drugs have given those who have the diseases the chance of leading reasonably normal lives. Even though neither insulin nor cortisone has had the emotional impact of penicillin and the Salk vaccine, they are good examples of the kind of benefit science brings to medicine.

The problem is that too many people have developed the faith that Science (with a capital S) will solve all of our health problems and do it as dramatically as penicillin and the Salk vaccine. Consider these words of a Nobel prize-winning biochemist:

[W]e owe science our understanding of the nature of the universe, the origins of life on Earth, and the intimate kinship we have with our earthly neighbors. While we have few or no scientific solutions to economic problems or to living at peace with ourselves and with our neighbors, there is no doubt that in the long term, only a profound grasp of the chemistry of life can offer the hope of solving these difficult problems.


AIDS, cancer, real cures for diabetes and arthritis are not even worth mentioning for this Nobel laureate because he assumes that science will cure them, and he has already turned his vision to a scientific solution to peace and human conflict! When the leaders of science make unreasonable promises about what science will do for humanity in the future, we find a clash in expectations and realities. Science is one of the truly glorious inventions of the human mind, and it has been a dominant force in shaping how we view our world and our place in it. But in the end we must always remember that it is only a mode of problem solving, and one that was introduced quite recently in human history. The Scientific Revolution began in the seventeenth century and only started to affect medicine in the nineteenth, yet by the middle of the twentieth century science has become our secular religion. It is a faith that has become an unquestioned assumption in most of industrialized society, but it is a faith that can be easily lost if its practitioners make claims that are beyond their ability to deliver.

The combination of public health, vaccination, and antibiotics allowed the average life span to increase from around thirty years at the beginning of this century to over seventy as we enter the twenty-first century. We have an aging population; in fact ours has been the first century in which death is associated with old age, and we are finding that the pattern of diseases from which we suffer is changing. The infectious diseases that took the lives of our ancestors at such early ages have been replaced with chronic and degenerative diseases. Even the goals of medicine have changed: When people died young, medicine tried to extend life, but now that we die when we are old, its goal is to improve remaining life.

My aim in this book is to put the changes that have occurred in medicine and science into a context that allows the reader to see how we have conceived of disease and how we have treated it in the past and

what we might reasonably expect to do about our new chronic diseases as we enter the twenty-first century. All of this is crucial for a society trying to make sense of the complexities in the debate about the healthcare delivery system, which has focused on who will pay and what services will be covered rather than asking the more difficult questions: What are the reasonable goals of medicine and what are their limits? I hope to show that the limits of medicine are conceptual, not technical, and I hope that once this is clear, the reader will be in a better position to think about what the goals of medicine should be.








Part I: Reframing the External World









Chapter 1: The Constant Presence of Death

We learn history as a series of epochs: wars, treaties, reigns of terror, synods, schisms, assassinations, intrigues—Great Men causing Great Events. But in the background of all of this, real people led real lives and, in general, it was a life of misery. The Great-Man view of history tells us little of the incredibly high rate of infant death, the even higher rate of sickness, and the appallingly short life expectancy. Great Men and ordinary people lived their lives with the constant presence of death, and the astonishing fact is that this was so until almost the twentieth century. One quarter of children died in the first year of their lives, and life expectancy was only thirty years. How can we even imagine the bleakness of the lot of the average person?

The principal reason for this dreadful state of affairs was the havoc wrought by infectious diseases. We humans have lived with infectious disease—indeed, the limits of our lives have been defined by disease— almost from the beginning of recorded history. Only at the beginning of the twentieth century, when infectious diseases had ceased to carry away the young and epidemics had abated, did the lives of people in the industrial nations change. Disease and the conditions that supported its spread were a tolerated backdrop while Dante was writing The Divine Comedy, Rembrandt was painting Night Watch, Shakespeare was writing Hamlet, Napoleon was conquering Europe, and Jefferson was writing the Declaration of Independence. The suffering caused by disease was so pervasive that until very recently there was little comment on it. Walk through any Renaissance painting collection in a museum and you will see biblical scenes of suffering and salvation but only rarely depictions of contemporary misery. There was no need for artists to show their contemporaries the death that was everywhere around them; the purpose of art was to focus on the deliverance from the everyday suffering that religion could offer.
The Worst of Times and the Best of Times

To understand the magnitude of the changes that have occurred in our relationship to infectious diseases during the twentieth century, which is the best of times in terms of at least this factor, we must try to imagine living in the pretwentieth-century world, which was the worst of times. It is of course difficult for people living in one period to be able to re-create in their imaginations what it felt like to live in another because we live with a romanticized view of the past, seeing the world of our parents and grandparents through the filter of stories and photographs. Literature, art, and films have given us the Renaissance without the plague, the court of the Sun King without the odor, and the American frontier without the hunger and desolation, so to truly understand the magnitude of the changes in what we expect from our world in terms of health and disease, we must try to feel what it was like to live in an earlier time. We must try to come as close as we can to being able to smell the smells and feel the fears that made up the world of our grandparents and their grandparents before them.

Fernand Braudel, the great French historian, makes the point very nicely: “It is easy to imagine being transported to, say, Voltaire’s house at Ferney, and talking to him for a long time without being too surprised. In the world of ideas, the men of the eighteenth century are our contemporaries: their habits of mind and their feelings are sufficiently close to ours for us not to feel we are in a foreign country. But if the patriarch of Ferney invited us to stay with him for a few days, the details of his everyday life, even the way he looked after himself, would greatly shock us. Between his world and ours, a great gulf would open up: lighting at night, heating, transport, food, illness, medicine. So we have to strip ourselves in imagination of all the surroundings of our own lives if we are to swim against the current of time and look for the rules which for so long locked the world into a stability which is quite hard to explain if one thinks of the fantastic change which was to follow.”

Voltaire lived from 1649 to 1778; consider the scene that met a contemporary of his, the young Rousseau, when he entered Paris for the first time in 1742: “The strong smell of excrement pervaded the environment, and the stench of public places was both terrible and ceaselessly condemned. The vile-smelling effluvia of the faubourg St.-Marcel assailed [the young Rousseau] when he entered the capital. In the Palais de Justice, in the Louvre, in the Tuileries, at the Museum, even at the Opera . . . the quays revolted the sense of smell.” Excrement was everywhere: in alleys; at the foot of milestones; in cabs; in the gutters into which the cesspools were emptied; on the urine-stained walls of houses.

Things were no better at the glorious court at Versailles, where the cesspool was next to the palace. “The unpleasant odors in the park, gardens, even the château, make one’s gorge rise. The communicating passages, courtyards, buildings in the wings, corridors, are full of urine and feces; a pork butcher actually sticks and roasts his pigs at the bottom of the ministers’ wing every morning; the avenue Saint-Cloud is covered with stagnant water and dead cats.” Livestock defecated in the great gallery and the stench even reached the king’s chamber.

Statistics help us understand, but in general they affect only the intellect and hardly ever the gut. In any case, how can we use statistics to help us imagine what is unimaginable in our own time? When we are old, we know that we are coming to the end of our life because in our times death is associated with old age, but how many of us are aware that the association of death and old age has come about only during this century? In our great grandparents’ time, death was associated with youth. To have lived to old age meant that you had safely traversed a very hazardous course, one that had claimed most of your contemporaries long before you. I often walk through old cemeteries near our summer home on the rugged coast of Maine, noting the ages of death on the eroding tombstones and trying to imagine the silent members of the small, isolated communities huddled at the gravesides as the infants and toddlers were lowered into the inhospitable soil.

Some statistics may help prove the point to the intellect: In seventeenth-century France, while Louis XIV reigned in splendor at Versailles, one person in four died before he reached his first birthday. Another one in four died before his twentieth birthday. Yet another quarter never reached the age of forty-five. Less than 10 percent of the population reached the age of sixty! “The most striking feature which distinguishes the Early Modern family from that of today does not concern either marriage or birth; it was the constant presence of death [author’s emphasis]. Death was at the center of life, as the cemetery was at the center of the village.” A description from France in 1657 shows this juxtaposition of the daily routines of life and death: In the midst of the throng of public writers, seamstresses, booksellers, secondhand-clothes dealers, people had to go about conducting a burial, reopening a tomb, and removing cadavers that were not yet entirely decomposed; “here, even in the dead of winter, the earth of the cemetery gave off mephitic odors.”

How then is it possible for us at the end of the twentieth century, when in the industrialized countries our fastest-growing social problems involve the caring for an aging population and we engage in moral debates about assisting the death of old people, to imagine a world in which a person had only a fifty-fifty chance of making it to age forty-five? In 1885, when my own grandparents were alive, the infant death rate in New York City was 273 per 1,000 live births, the same percentage as in the time of Louis XIV. By 1914 the infant death rate had already dropped to 94 per 1,000 (roughly 10 percent) and by 1990 we were scandalized that the mortality rate for black children in New York was as high as 15 per 1,000 live births.

While we almost always focus on the death of children, another consequence of the high mortality rates was that children were left without parents. As recently as 1900, close to a quarter of the children born in the United States had lost one parent by the time they were fifteen years old. It is no accident that the plight of widows and the pity of orphanages filled the literature and thinking of the West until very recent times.

If we cannot feel the “constant presence of death” that our great-grandparents felt, perhaps we can come close to feeling the conditions of life they lived. The cities teemed with people living in overcrowded, unventilated, often vermin-infested quarters. The gutters and streets were awash with sewage and as often as not acted as conduits carrying human waste to the source of the drinking water. Adults and children alike worked long hours in harsh, cruel conditions. Inadequate nutrition and rotting food were the rule. Some of the descriptions of cities, even in the not-too-distant past, conjure up scenes from I Iicronymus Bosch. Consider these descriptions of Philadelphia in 1832 and New York City in 1865.

Philadelphia was a low, level town, hottest and dampest of all the American seacoast, hotter even than Charleston, Savannah, or the West India cities, people said. Wharves jutted out into the river and cut off the current; high tide deposited rotting stuff on the banks and in the mud. Below the city were swamps, marshes, pools in clay pits, stagnant water. Most of the streets were unpaved. There was no water system, and only one sewer, under the serpentine of Dock Street. Elsewhere holes were dug, as at Market and Fourth streets, to receive water from the gutters. These “sinks” exhaled a noxious effluvia, for dead animals and all kinds of nauseous matters were hurled into them to putrefy. All the wells were shallow; citizens continually pronounced them polluted.




Chapter 2: La Longue Durée




Chapter 3: The Seeds of Change


We live in a century that has raised science and technology to the level of a secular religion, and our intuition tells us that the seeds of this belief should be readily seen in history. But as we have just seen, when we do look, what we see is that for over two thousand years little changed in the most fundamental of human concerns—our health and physical wellbeing—and it was often unexpected things that brought about the changes when they did occur.

It certainly runs counter to the intuition of one trained in the sciences, as I am, to think that the French Revolution may have played a greater role in changing medical practice than any scientific discovery. Like all scientists, I was taught to believe that science is “value-free,” and that it drives the changes in society. And yet we have just seen that acceptance of the idea that the blood circulates through the body as scientific truth did not alter the way patients were treated. Indeed, the “scientific truth” only gave more credence to the “intuitive truth” that the humors had to have a way of getting to the solid parts of the body. In the era of the new philosophy of science, if a physician needed a scientific basis for bloodletting, he now had it! Being social equals made physician and patient virtual healing equals, so the subtle fact that the blood circulated did nothing to change their ideas of therapy—because even if the physician did think this new fact might lead to a new therapy, he didn’t dare jeopardize his relationship with paying customers and social equals by turning them into guinea pigs. It took more than a new concept of science to change this relationship.
Enlightenment, Revolution, and “Hospital Medicine”

The French called the eighteenth century the siècle de lumière, “the century of light,” because of the flowering of the idea that human reason and intelligence would illuminate the path to knowledge and progress. When Immanuel Kant, the German metaphysician, was asked in 1785 if he believed he lived in an “enlightened age,” he answered: “No, we are living in an age of enlightenment,” the term by which the age has become known. The thinkers who formed the Enlightenment (note the capital letter!) were in fact only a loose coalition of privileged men whose sole area of agreement was secularism and the insistence on the freedom to question even the most ingrained assumptions of their time. The advent of the new philosophy of science a century earlier opened a new way of looking at the world, one that insisted on testing ideas, not relying on accepted wisdom handed down from the past; and although only a few of the men of the Enlightenment were scientists, they were all moved by the desire to question and test everything, from the purely scientific to the social. To them, the social order was as proper to examine with the new philosophy as was the physical order. They called themselves philosophes, a term that has no English equivalent and can only be rendered as “philosophers,” but they really saw themselves as “enlighteners.”

The philosophes trampled on the accepted prejudices, traditions, and authority. “Everything must be shaken up, without exception and without circumspection,” said Diderot, the creator of the great Encyclopédie des Arts, Sciences et Métiers, published between 1751 and 1772. Establishing the conditions for questioning, recording the information to be used to draw conclusions rather than accepting the received wisdom of either church or state, was to be the great legacy of the Enlightenment. Building on the new philosophy of science from the seventeenth century, the eighteenth-century philosophes posited experience and experiment as the bases for true knowledge and human advancement.

The social program of the Enlightenment was based on the belief that since there were no fixed ideas, people could change their environment by understanding everything, a belief that reached its zenith in the monumental Encyclopédie. The purpose of collecting and explaining knowledge was to “hand it down to those who follow us, so that the labor of centuries past may not become lost for the centuries to follow.” For the first time, an idea of social progress separate from the Christian apocalyptic view of man’s pilgrimage on earth, as an education from sin to purity and rewards in the life to follow, had a hold on an influential segment of a population in the West. Granted, the pilgrim’s progress was more direct than the philosophes ’, but they meant to show that the difficult secular road was possible. As they constantly questioned everything except the ability of the human mind, they did not hope for utopian progress—there would be balances and trade-offs, a law of compensation that d’Alembert, the co-editor of the Encyclopédie, called “the misery of the human condition.” Voltaire called life a “shipwreck,” the world “a miserable pile of mud,” and history a “depressing tale,” while predicting a profound and beneficial triumph from the inevitable victory of philosophy!

We tend to think of the Enlightenment as a French phenomenon because of the association of the philosophes with the French Revolution of 1789, but the movement was truly a European one. For the purposes of our narrative about the interaction of science, society, and changes in the patient’s worldview and the medical practices of physicians, we will focus on Paris, where a major revolution in medicine would occur and where by the second half of the eighteenth century, many of the philosophes were physicians. It is of course too simplistic to say that the Enlightenment was responsible for the French Revolution, but it “certainly helped to create a situation in which ideological loyalty to the old regime was steadily and almost entirely eroded.” The old regime was not only the political regime but the social and medical regimes as well. The shadow of the Enlightenment has been seen by many in the Reign of Terror that followed the Revolution, but as we will now see, it can also be seen in the revolution in medical practice initiated in France after the Revolution. A quarter of a century later, it can be seen again in the revolution in sanitation in England: Both were changes that had profound effects on health. The point to remember is that the profound changes that so altered how we frame health and disease and what we expect from medicine were driven by changes in society. Only later would medicine become scientific. At the start of the nineteenth century, social developments were the engine driving the changes in medical practice and the general improvement in health we automatically associate with scientific medicine. One aim of the French Revolution was to give medical care to all citizens, and to do this meant that the hospitals had to be changed from repositories of society’s outcasts to places where ordinary citizens could be treated. Historians see the French Revolution as the start of what they call “hospital medicine,” the mode of practice that replaced “bedside medicine.”

Hospitals have a long history in human civilization and tell us a good deal about how we have looked at people and their illnesses through time. For example, the plans for the equivalent of a hospital in the Fifth century B.C. at Pergamon, the site of the sanctuary of the healing god Asclepius and the birthplace of Galen, still exist. From them scholars have been able to deduce a great deal about the way the sick were treated in that time and place. The main feature was a long room, open along one of its long walls, oriented toward the sun, with pillars through which the patients could see the temple. This main “treatment room” was a place where the attendant priests converted the dreams of the patients into therapeutic regimens. True, there were sacrifices, bed rest, baths, exercise, and perhaps attention to the patient’s diet, but this was chiefly a place where the therapeutic word of the gods was interpreted through the dreams of the patient. If the patient was too sick to be there himself, he could send a surrogate to dream his dreams for him.

The Romans set up hospitals for sick and wounded soldiers throughout the empire. These consisted of light and airy rooms with courtyards, good plumbing, and a remarkable amount of privacy, a commodity that even most well-born Romans did not have. This treatment shows us that soldiers were valuable to the Romans (remember that Galen’s first job was as physician to the gladiators, who were also valuable property). We don’t really know what kind of therapies were given in these institutions, but there is no reason to suppose it was anything other than the accepted Hippocratic and Galenic medicine of the time, with perhaps some religion thrown into the mix.

The word hospital comes to us from the Latin word hospes, which means “guest” or “host,” and the hospital as we know it comes from Scripture, specifically the Christian “acts of mercy”: “For I was hungered, and ye gave me meat: I was thirsty, and ye gave me drink: I was a stranger, and ye took me in: naked, and ye clothed me: I was sick, and ye visited me: I was in prison, and ye came unto me” (Matt. 25:35-36). Early Christian hospitals were places where these acts of mercy could be carried out, repositories for all of kinds of social relief to the aged, infirm, dying, diseased, wounded, blind, crippled, and insane. Orphans, paupers, wanderers, and pilgrims could all be served in the same structure, and the more miserable the sufferer, the greater glory to the giver of the charity. Many of the earliest hospitals were set up along the routes taken by pilgrims, who were almost by definition sick, having undertaken a long journey as a form of penance, wearing sackcloth and, occasionally, pebbles in their shoes while traveling over primitive roads through strange lands with new diseases.

Through the Middle Ages the monasteries served as infirmaries and centers for healing, their gardens the source of healing herbs and the monks an important source of medical knowledge and care. In time, as population and urbanization increased, hospitals moved to the secular world of the cities, but they still housed the same mixture of miserable souls. While retaining their character as places of religion, where the salvation of the soul of the poor wretch was often more important than healing his or her body, they became death traps and hotbeds of infection.

But slowly the characteristics we know in our modern hospitals began to emerge. In eighteenth-century England, for example, an increasing number of hospitals were run by the state to serve the “deserving poor”—working-class people who were able to secure a letter from an upper-class sponsor attesting to their good character and financial plight. These were mostly young people suffering from non-life-threatening ailments, for whom coming to the hospital was often a welcome relief from the soiled garments, wretched living quarters, and deficient diets they knew at home. In France the tradition of the hôtel-Dieu went back to medieval times as an institution that took in the sick and abandoned but excluded the incurable or those suffering from venereal diseases. The conditions of the French hospitals at the time of the Revolution (1794) were appalling.

The general policy of the Hotel Dieu—policy caused by the lack of space—is to put as many beds as possible into one room and to put four, five, or six people into one bed. We have seen the dead mixed with the living there. We have seen rooms so narrow that the air stagnates and is not renewed and




Chapter 4: “Pasteur” and the Authority of Science

The “new philosophy” of science may not have had much effect on either the constant presence of death or the way people thought about disease, but it was beginning to permeate the thinking of almost everyone by the start of the nineteenth century. Two Enlightenment personalities, one virtually unknown today who appears at the beginning of the “Age of Reason,” the other a well-known figure who lived just before the French Revolution, serve as examples of the extent of the rise of science during the eighteenth century.

In the early part of that century, Julien Offray de La Mettrie (1709— 1751) was a physician and philosophe who railed against the theoretical training in Galenic medicine that physicians received; to him the preeminence of physicians was not only useless but downright harmful. Surgeons, Mettrie argued, did far more good for people, and he called for the application of the new philosophy of science into medicine. He died early, and although his name is hardly known today, his ideas can be found again and again in the medical ideas of the philosophes. “Medicine is philosophy at work; philosophy is medicine for the individual and society.” Yet for all of this radical talk, Mettrie was not advocating that disease be reframed. After all, he pointed out in his book Lhomme machine (1747), an obstructed spleen was all that was necessary to turn a brave man into a coward; the human body was a “machine which winds its own springs” and, by implication, balances its own humors.

The second character, much more colorful and far more influential, appeared by the end of the century. When Franz Anton Mesmer (1734-1815) arrived in Paris in 1778, the goal of the phi/osophes to have science a part of life had reached dizzying proportions. Science was everywhere; the only problem was that there were no clear ground rules for deciding just what constituted “science.” Parisians flocked to Mesmer, who claimed that he had discovered a superfine fluid surrounding and penetrating everything. An obstacle to the flow of this fluid through the body resulted in sickness, which could be healed by “mesmerizing” (massaging) the body’s magnetic poles to induce a “crisis” (often in the form of convulsions). In the resulting cure, the harmony of man with nature was restored. These ideas seemed as natural to Parisians as Newton’s gravity and Franklin’s electricity, which were being talked about everywhere. Antoine-Laurent Lavoisier, who is celebrated today as one of the discoverers of oxygen and a founder of modern chemistry, had discovered an invisible gas with remarkable powers. All around them, Parisians saw science describing invisible forces, so Mesmer’s invisible fluid was really not that special. Talk of science was so pervasive that one mistress asked her lover not to send her light verse, “because I only like poems when they are dressed up in a bit of physics or metaphysics.”

And over and above all of these (literally) would be the ultimate proof that science was all-powerful. Using the new wondrous gases of science, the Montgolfiers made their first balloon ascent in 1783. It is very difficult for us, with supersonic travel on earth and landings on the moon, to understand the feelings of people as they watched a balloon slowly and majestically rise into the air: “[T]he women in tears, the common people raising their hands toward the sky in deep silence; the passengers, leaning out of the gallery, waving and crying out in joy . . . you follow them with your eyes, you call to them as if they could hear, and the feeling of fright gives way to one of wonder. No one said anything but, ‘Great God, how beautiful!’ Grand military music began to play and firecrackers proclaimed their glory.” What late-Enlightenment and preRe volution France took for science is very different from what people would consider science half a century later, but then, late-twentieth-century science is almost certain to be very different from what science will be in the mid-twenty-first century. If we are not fools for believing in our version of what science is, then neither were they! The point is, when we look back at what people then believed to be science, we must work very hard to see the world in the same context in which they saw it. Why would someone not accept Mesmer’s electric fluid and the therapies he devised to establish a balance when the humors of Hippocrates and Galen had been believed for millennia? Why shouldn’t one believe in noxious odors and mephitic vapors causing epidemics any more than one should believe that an invisible force such as gravity causes objects to fall to earth and is responsible for the tides?

The hand of the Church, pointing the finger of divine punishment at the cowering faithful, had lost much of its power to blame people for their diseases by the beginning of the nineteenth century, but what replaced it? Hippocrates himself had stressed that variations in weather and the character of the seasons were the true elements that determined the rise and fall of epidemic disease and the idea resurfaced in Europe in the early 1600s. By the middle of the seventeenth century in England the renowned physician Thomas Sydenham (1624-1689), who was called the English Hippocrates, was claiming that epidemic diseases such as plague, smallpox, and dysentery were caused by atmospheric changes, while diseases such as scarlet fever, pleurisy, and rheumatism were due to some innate susceptibility of the individual. He wasn’t sure exactly what it was about the atmospheric changes that led to “the epidemic constitution,” but he believed that it was some kind of a miasma arising from the earth.1 To have some perspective into the seventeenth-century scientific mind, Sydenham, like others at the time, including Newton, gave serious consideration to an astrological origin of disease.

An alternative view based on contagion had been put forward first by the German Paracelsus (1490-1541) and then the Italian Girolamo Fra-castoro, who wrote a three-volume treatise called On Contagion, Contagious Diseases and their Treatment in 1546. Fracostoro had what was at the time the rather bizarre idea that epidemics were caused by minute infective agents that were able to propagate themselves and be transmitted between people. Moreover, he thought that these seeds, or seminaria, of disease were specific for individual diseases. To compound the problem, he claimed that the seeds could be transmitted not only by direct person-to-person contact, but also through intermediate agents, such as clothing, or through the air. During abnormal atmospheric or astrological conditions the air might become infected with these seeds, and great epidemics were the result. It is of course tempting to sec the origins of our modern understanding of bacteria and the germ theory of disease in the writings of Fracostoro, but his ideas were no more related to our modern scientific view than were the views of Sydenham. How many who are willing to accept those of his ideas that fit into our modern view (the seeds) are also willing to accept the parts that do not (the astrology)? Picking and choosing ideas from the past to show the relentless march of progress is a tricky business.

To the populace, who knew they were at risk to epidemics, and to those responsible for their safety and the public order, theories were far less important than doing something to stop the spread of disease. Mephitic vapors, filth, and miasma might be responsible for disease, but it could do no harm to isolate people with plague, burn their clothing, and close down the theaters. By 1850, as a result of the Public Health Act in England, there were better sewers and water purification, and this gave empirical evidence that when the streets were not filled with dead and decaying animals, human excrement, and other things too horrible to contemplate, the amount of disease did in fact decline. So we see that by the mid-1800s, when science was beginning to permeate everything, it had contributed little to allow people to choose between ideas of how disease was caused and spread. But all of that would change because of the work and public figure of Louis Pasteur.
The Authority of Science:
Louis Pasteur and “Louis Pasteur”

By the start of the nineteenth century, science was no longer the domain of a few philosophers and curious souls wealthy enough to indulge their fancy. The physical sciences (chemistry, physics, astronomy) had become part of the technical advances upon which all industrializing societies depended, even though most laypeople made no distinction between Newton’s force of gravity and Mesmer’s force that penetrated everything. In contrast, those who were responsible for moving industrial society forward had a very good way of distinguishing between different scientific claims; if they could apply a scientific “fact,” it was good science. Mesmerism may have captivated the minds of many and fulfilled the radical political ends of a few, but in the end it did not prove to have a useful end and it faded from the scene. The Revolution may have sent Lavoisier to the guillotine in 1794 with the statement that “the Republic is in no need of chemists,” but those responsible for conducting the French revolutionary wars soon discovered their loss and reestablished French chemistry for the good of the war effort. When James Watt, who was not a scientist, improved the primitive steam engine, it gave physicists such as Joule, Kelvin, and Helmholz a practical reason for deriving theoretical information about the relationship between heat and power, making it possible to harness steam power for transportation and industry with even greater efficiency. When it was found that an electric current became twisted around a magnet, the interaction between currents and magnets led Ampère, Faraday, and other physicists to show that this phenomenon could be used to create the telegraph and the electric motor. The English chemist Humphry Davy is known to scientists as the discoverer of twelve elements, but he was known in his time as the man who invented the miner’s safety lamp and a device that prevented mine explosions, making mines safer places to work and ensuring a supply of coal to fuel the factories of industrialization. The role of science was so important that in 1807, when France was at war with England, Napoleon presented a medal to Davy and later, in 1813, allowed him to visit the volcanoes at Auvergne. By the nineteenth century, what today are called the “hard” sciences had gained great authority because their value to society had become so evident.

But it is painfully clear that this was not the case with medicine and biology One of the reasons science came so late to medicine was that the fundamental assumptions of biology and medicine were the deeply rooted in the idea of vitalism. This is the belief that some kind of mysterious “vital force” separates living things from nonliving matter. It was an idea of so much inherent attraction that it would change only when the functioning of living organisms began to be looked at as a collection of chemical reactions and processes. These reactions differ in no way from chemical reactions and processes that are not associated with life, so the thing that makes life unique is the particular combination of reactions. This was a hard idea to take hold, given the fact that any particular society has a religious explanation for the uniqueness of life, the obvious similarity between animals and humans, and the mystery of the growing cycle of plants. So it is perhaps characteristically human for most people to believe that evolution through natural selection has been pointed toward the evolution of humans, the “highest” of the animals. And it is only natural that philosophers, scientists, and ordinary people for a very long time resisted the idea that Uhomme machine is really no different from the steam engine.

One of the first chemists to study processes that directly affect living things was Justis von Liebig (1803-1873). As a means of improving the agriculture in the rural area of Germany in which his laboratory was established, he began to elaborate the scientific principles of soil fertility so that fertilizers could be used in a more rational way. By the 1830s he was one of the world’s leading chemists, and although he studied living entities, as a chemist it was unthinkable for him to invoke the concept of a “vital force.” Chemists could describe reactions in strict quantitative terms, so there was no need to explain any fundamental part of the chemistry, even of living things, as being due to something as nebulous and philosophical-sounding as “vital forces.” For example, since the beginning of time everyone knew that yeast were associated with the fermentation of wine and beer and the rising of bread. In the new era of science there was no reason to think that this was an especially wondrous thing; after all, both fermentation and bread making were only the production of alcohol and carbon dioxide by simple chemical conversions of sugar. Chemists knew that yeast were necessary for these chemical conversions to occur and assumed that they must play some role in the chemistry, but there was no reason to think that they are living creatures.

One of the goals of Liebig and the other great chemists of his time, in addition to explaining chemical reactions, was the destruction of the old-fashioned idea of vitalism. But in 1839 two Frenchmen and one German independently published the results of experiments which they claimed showed that yeast were in fact living creatures and not simple chemical entities. The great arbiter of the chemical world, the Swedish chemist Jons Jakob Berzelius, treated these reports with incredulity and disdain. In response, the French Academy asked one of its members to attempt to repeat the Finding (after all, the honor of France was at stake) and he was able to do so. But rather than rethinking their assumptions, Leibig and his equally famous chemist colleague Friedreich Wohler joined in the ridicule by publishing an elaborate and cruel parody of the idea that yeast were alive and could ferment sugar to alcohol. In one of the most prestigious chemical journals, they published a cartoon that showed yeast looking like eggs that developed into minute animals shaped like the familiar distilling apparatus used by chemists, taking in sugar as food and excreting alcohol. This should have been enough to scare off anyone who wanted to champion an idea the chemists considered to be vitalism.

But why, the modern reader asks, should the result of bona fide scientists, repeated at the request of a prestigious academy of science, be ridiculed? Why indeed. It did not have sufficient authority! To the chemists, the question of how the sugar in grape juice became the alcohol in wine was one that was already closed. Lavoisier, before he lost his head, had “solved” the problem using the methods of quantitative chemistry. He had reached a conclusion so exact that for the chemists of the day, the fundamental nature of the phenomenon was solved. Granted, Lavoisier’s equations made no provision for the yeast that were known to be present during the process, but they could be explained by assuming that they were nonliving “catalysts,” substances that speed up chemical reactions without actually taking part in them. In the chemist’s view of the world, there was no place for vitalism or living entities being a part of a chemical reaction, so even sound and repeatable experiments were rejected and ridiculed by the leading chemists of the day. The most Liebig was willing to admit was that //yeast were alive, it was only in their dying that they contributed to fermentation, because, as all chemists knew, fermentation was the process of breaking things down.

As strange as it might seem, this was the backdrop to the beginning of the changes in how we frame disease. To the laborer in the factory, the farmer in the field, the merchant selling the goods from the factories, vitalism, the touch of the divine—or whatever explanation professors, clerics, or divines discussed—was of only passing interest unless it could change the way disease was framed and treated. It took a Frenchman named Louis Pasteur to put the last nail in the coffin of vitalism and usher in a new era of medicine.

Pasteur’s life, from 1822 until 1895, spans the century that he did so much to shape. His work and the force of his personality have formed our understanding of the nature of normal living processes and enabled us to reframe the concept of disease. Bruno Latour, a noted sociologist of science, recently wrote a book entitled The Pasteurization of France, in which he wonders why in the popular mind Pasteur has received credit for all that the sanitarians did to eliminate infectious disease. Every village in France has a street named after Pasteur, but are there very many in England named after Chadwick? Why science was “triumphant” in the mind of the public and of scientists themselves, and why a myth developed in France around Louis Pasteur, becomes clear when we look at Pasteur’s role in reframing disease. He brought the “hard” science of chemistry together with medicine, so for the first time it was possible to see how the hope and promise of science could be applied to medicine. It was Louis Pasteur who dealt the final blows to vitalism and turned the tide against miasmas as the cause of infectious diseases. The start of the reframing came when Pasteur showed that not only are the yeast that carry out fermentation living things, but that the living creatures in the microscopic world first opened up to us by Leuwen-hoek can be responsible for disease. Few scientists have the emotional stamina to stand up to the established power structure of science to fight for their seemingly heretical viewpoints, but Pasteur was one of them. Fewer scientists really change the way ordinary people in future generations will look at the world as Pasteur did. In the process, Pasteur the scientist became “Pasteur” the symbol of science. To understand the grandness of Pasteur’s accomplishments, it will be necessary for the reader to set aside the fact that he or she knows the “correct” answer, that specific microbes cause specific disease. That idea was unthinkable at the start of the nineteenth century, and by changing it, Pasteur was changed into “Pasteur.”
Pasteur and the Reframing of Disease

Born in the eastern part of France and raised at Arbois, the son of a former sergeant in Napoleon’s army who owned and managed a small tannery, Louis Pasteur was an ordinary, earnest, provincial young man who gave no early indication of future greatness. An admiring biographer (until it recently became fashionable to deconstruct science, Pasteur had only admiring biographers) points out that when he came to Paris to enroll in the Ecole Normale Supérieure, only his interest in portrait painting separated him slightly from the other good students. After receiving his doctorate in chemistry Pasteur taught chemistry at the University of Strasbourg between 1848 and 1854, where he made his early reputation with a striking chemical discovery that two crystalline forms of a molecule can be identified and isolated. By the age of thirty-three he had already received the Legion of Honor and was appointed professor of chemistry and dean in the newly organized Faculté des Sciences at Lille. So Pasteur’s first work gained him standing and fame as a chemist, an important point in the scientific-political struggles for authority that are to follow, but gave little indication that he would go on to become anything but a well-respected member of the establishment.

Shortly after he came to Lille in 1854, Pasteur was approached by the owner of a sugar-beet distillery who was having trouble with the fermentation of beet sugar to alcohol. When the juices of grapes or sugar beets are placed in vats, they begin to undergo characteristic changes that lead to the production of alcohol, a process we still call fermentation (and which was then called alcoholic fermentation). Everyone knew that milk left standing in a warm place would begin to sour, resulting in a dreadful mess or yogurt, in a process that was called lactic acid fermentation because lactic acid is produced during the process. Alcohol could be converted to vinegar, a process called acetic acid fermentation, because vinegar is acetic acid. From this we can see that chemistry was an advanced enough subject by the middle of the nineteenth century to be able to identify the products of all of these processes; and because the beginning material and the end products were really simple chemicals, chemists were certain they had the explanations for how they were produced. Every chemist knew that fermentation was a chemical process caused by chemical agents called ferments, which brought about the conversion, so when Wohler and Liebig ridiculed as being benighted “vitalists” the biologists who claimed yeast were living, they had the authority of “hard” science behind them. The chemistry of fermentation had been adequately explained, with yeast serving as nonliving catalysts.

This, of course, is why the owner of the sugar-beet distillery came to Pasteur, the professor of chemistry, rather than to the professor of biology. The distillery owner’s problem was that the alcohol was being converted into acetic acid (i.e., vinegar) before it could be distilled and marketed as pure amyl alcohol. The amyl alcohol was used for commercial purposes rather than drinking, but the same kinds of problems regularly occurred in the wine and beer industries. Pasteur was attracted to the problem because of its economic importance, but he soon realized that the problems at the sugar-beet factory were also of fundamental scientific importance.

The nonscientist can get an insight into how scientific debates come about by understanding why Pasteur took a different tack than a chemist would have been expected to take. Even though he and Liebig were both chemists, they disagreed on a fundamental technical point of chemistry because of the different kinds of chemical work they had each done before. Both agreed that the amyl alcohol that was a product of fermentation of sugar could assume two forms, which differed in how they refracted light in a certain laboratory apparatus (very much like right-handed and left-handed versions of the same molecule). Liebig assumed that the two forms of the end product (right-handed and lefthanded amyl alcohol) represented two forms of the sugars that were present at the start of the fermentation process and so was not surprised that they were there at the end. Pasteur’s experience with optically different molecules (he had made his reputation for this kind of work) was quite different. In his experience, the optical activity of the starting molecule was immediately lost when a molecule underwent the kind of chemical changes sugar had undergone when it was converted into alcohol. From this experience he assumed that the optical activity of the amyl alcohol at the end of the process could not have come from the optical activity of the sugar at the start, but must have been acquired along the way. He had already begun to suspect that living organisms can bring about chemical changes, and the only mechanism he could think of that would result in two optically different forms of amyl alcohol arising from the same molecule of sugar at the start was that a living process was involved. For two well-known chemists to disagree is “science as usual”; for one to explain the difference in a totally new way is either brilliant or ridiculous. It would not have been unusual for Pasteur to propose a new chemical explanation, but he chose to propose a biological one. It was an explanation that was, understandably, unthinkable and ridiculous to Liebig and his cohorts.

The first hint of what would be called the germ theory can be seen in the way Pasteur framed his discovery that yeast are responsible for alcoholic fermentation. He considered alcohol’s conversion to vinegar a “disease” of alcoholic fermentation. “Disease” clearly signifies more than benign chemical reactions, and Pasteur had noticed that in the cases where there was a “disease” in the fermentation process, he could see other forms besides yeast when he examined the material from the vats in the microscope. He went on to prove that these other things were bacteria that had “infected” the fermentation process and were carrying out an acetic fermentation. It was an infection that was converting the alcohol to vinegar!

This was too much for Liebig and the other chemists, who rejected the idea of living agents being responsible for fermentation, let alone causing disease. Not only was Pasteur saying that yeast carry out alcoholic fermentation, but that other microbes carry out acetic fermentation. Liebig showed his scorn in no uncertain terms, claiming that the idea that fermentations of any kind could be carried by “microscopic animalcula . . . may be compared to that of a child who would explain the rapidity of the Rhine current by attributing it to the violent movement of the many millwheels at Mainz.”

But Pasteur was more than a match for the members of the pantheon of chemistry. Slowly, and with much heated debate over the period of several years, the chemists came around to his viewpoint on the idea that microscopic living organisms can carry out specific chemical reactions. Pasteur went on to show that the noxious putrefaction of protein materials was also a form of fermentation due to living agents. This idea that specific organisms cause specific kinds of fermentation paved the way for the idea that specific organisms also cause specific diseases.

The battles with Liebig had crossed the boundaries of science and become personal, but in 1872, shortly before his death, Liebig wrote, “I would be much pained if M. Pasteur took in a disparaging sense the observations in my last work on fermentation. He appears to have forgotten that I have only attempted to support with facts a theory which I evolved more than thirty years ago, and which he had attacked. I was, I believe, in the right in defending it. There are very few men whom I esteem more than M. Pasteur, and he may be assured that I would not dream of attacking his reputation, which is so great and has been so justly acquired. I have assigned a chemical cause to a chemical phenomenon, and that is all 1 have attempted to do.”

It is one thing to show that microscopic living things carry out fermentation processes; it is quite another to ask where these living things come from. Darwin published Origin of Species in 1859; the important lesson from evolution was that species are not constant, and because they undergo changes, there is a continuity between existing species. Microbial life should not be an exception, and Pasteur, as the leading microbiologist, became involved in this question. In 1861 he published a monograph called Memoir on the Organized Bodies Which Exist in the Atmosphere, in which he described experiments that are now universally recognized as having sounded the death knell for spontaneous generation, the idea that living things appear spontaneously from nonliving matter. If Leeuwenhoek’s “animalcules” were alive, they had to come from somewhere, and although it had been several centuries since serious people thought that mice developed spontaneously in piles of old rags or maggots spontaneously appeared on meat, the origin of microbial forms of life was not clear. After all, Pasteur himself had shown that the fermentation of the sugar in grape juice to wine is caused by specific yeast and the fermentation of wine to vinegar by specific bacteria. Did the bacteria causing the acetic acid fermentation come from another place, or were they spontaneously generated in the wine vat? Some of Pasteur’s most ingenious experiments were carried out to show that the microbes that “infected” wine were present in the air. In every case where it seemed that they had appeared spontaneously he showed that they were introduced from some clearly identifiable source. All life comes from life, and the air around us teems with microscopic forms of life, most of which are harmless, some of which are useful, and some of which can do grave harm.

Between 1866 and 1870 Pasteur demonstrated that it was bacterial infection that was causing the silkworm disease that was ruining the French silk industry. In short, he had convincingly demonstrated that microbes can be the cause of disease and that these microbes do not appear spontaneously. They are in the air, in the water; they are everywhere. In England a young British surgeon named Joseph Lister was especially impressed with the practical medical implications of Pasteur’s demonstration. With the introduction of anesthesia around 1840, the need for speed in surgery had been eliminated, so surgeons could now undertake long and very complicated procedures. But in the process of keeping the surgical site open for a long time, the already existing problem of infection of the wound, technically called sepsis, became exacerbated. From the concepts of Pasteur, it was now clear that bacteria growing in these septic wounds were responsible for the putrefaction and that they had come from the air, the surgical instruments, and the hands of the surgeon. Based on this, Lister concluded that if he washed his hands in a strong solution that would kill microbes, sterilized his instruments, and kept the surgical wound clear of microbes, he would reduce the chance of sepsis during long surgery; he even began to use disinfectant-soaked dressings and to carry out the surgery under a spray of disinfectant. In short order he was able to reduce dramatically the incidence of sepsis during surgery, and after the usual initial skepticism that greets new ways of doing things, these methods were quickly and widely adopted, making surgery one of the most powerful tools of medicine and Joseph Lister a hero.

The advances Lister made in surgery dramatized the more far-reaching implications of Pasteur’s discovery. The realization grew that if there are microbes in the air that can cause diseases of wine and silkworms and sepsis in surgery, there must be microbes that cause cholera, tuberculosis, or any other infectious disease. There was no longer any need for vague talk of miasmas, mephitic vapors, or “germinating” factors. The authority of science had now been firmly brought to medicine, because now science could be converted into things that really mattered—the way we frame disease and what we can do about it. From this point forward, disease would be framed in terms of specific living causes, an idea that was called the germ theory of disease.
Robert Koch and the “Microbe Hunters”

Robert Koch was a modest man whose only ambitions in life seem to have been to practice medicine in rural Germany and indulge his passion for nature study. All of that changed when, because of Pasteur’s discoveries, Koch turned the microscope he had been using for his nature studies to look into a local outbreak of anthrax, a disease of sheep and cattle that can also infect humans. In April 1874, Koch first saw bacteria in the blood of a sheep sick with anthrax and, following the new idea of the germ theory, thought they might be responsible for the disease. By December 1875, he had completed all of the work necessary for the proof that there were specific kinds of bacteria that were able to cause anthrax, and his life was changed forever. From a modest rural physician with an interest in nature studies, Koch would become a world-famous bacteriologist and disease hunter, sharing for a while the world spotlight with the great Pasteur himself. Koch is still today a widely known and respected name, but he never became “Koch.”

In the isolation of his rural medical practice, Koch first had to figure out a way to grow the bacteria that he saw in the blood of the diseased sheep. He saw in his microscope that there were many different kinds of bacteria in the diseased sheep, but if the germ theory was correct, only one specific kind was causing the disease and the others were probably harmless. Pasteur grew his bacteria in liquid culture, but this would not have allowed Koch to separate the culprits from the bystanders, so necessity forced him to devise a way to grow the bacteria on a solid-culture medium to tell the difference. Once he was able to do this, he carried out a very thorough sequence of steps to separate the different kinds of bacteria and find the ones that caused the disease. It is clear from this earliest of his scientific work that he was a naturally gifted scientific thinker, but we will see how his lack of rigorous training in the self-skepticism of scientific thought would hurt him in later years.

The steps he used to show that anthrax was caused by a specific kind of bacteria would later be formulated as “Koch’s postulates.” They are an instructive and easy-to-follow example of how science is really a logical and often remarkably common-sense way of solving problems (although the answers are seldom what one would have come up with using only common sense). Reasoning that if the microbes he saw in the blood of the diseased sheep really caused anthrax they might also kill rabbits, he began by injecting a rabbit with blood from an infected sheep. When the rabbit became ill and died twenty-four hours later, he removed various organs to see if he could grow bacteria that looked like the ones he had seen in the blood of the diseased sheep on his solid-culture medium. He found that when one kind of these bacteria were injected into another rabbit, it came down with the same kind of disease as the first rabbit, strongly suggesting that these were the bacteria responsible for the disease. Of course to complete the experiment, Koch would have to inject the bacteria into healthy sheep and show that they came down with anthrax. Koch did not do this part of the experiment, but we will see later on that when it was done, the sheep did in fact come down with anthrax. The clarity of the experiment should be evident to everyone. It would serve as the model for proving that bacteria suspected of causing human disease were indeed the culprits.

Perhaps the most striking thing about this obviously first-rate piece of science was the fact that he had done it in complete scientific isolation. Pasteur and Liebig were in the mainstream and had fought their battle on the stage of science visible to the whole world, but here was a physician in rural Wollstein who had carried out a scientific coup. Arthur Conan Doyle, himself a physician, in a character sketch of Koch in 1890, wrote that “[n]ever, surely, could a man have found himself in a position less favourable for scientific-research—poor, humble, unknown, isolated from sympathy and from the scientific appliances which are the necessary tools of the investigator. Yet he was a man of too strong a character to allow himself to be warped by the position in which he found himself, or to be diverted from the line of work which was most congenial to his nature.”

The reality of his isolation struck Koch when it came time for him to publish the work. Pasteur, remember, had already received the Legion of Honor and was professor and dean when he published his work on fermentation and so Koch was seized with the natural fear that he might have made a blunder. He finally summoned up enough courage to have his work evaluated by Ferdinand Cohn, the director of the Institute of Plant Physiology at the University of Breslau, which was only a few hours’ train ride away from his home. Without too much armchair psychology, it might be thought that Koch was able to gather the bravery to approach Cohn because even though Cohn was a world famous botanist and expert on microscopic life forms, he was a somewhat marginalized person in German society and science. Though universally recognized as brilliant, and a native of Breslau, Cohn had been forced to go to Berlin to complete his scientific training because Jews were not allowed to study for doctorates at Breslau. He returned to Breslau, and even though he finally was appointed professor, it took the university twenty years to get around to providing him with the laboratory facilities that should have accompanied the title. Finally in 1866 he was given his “Institute” in some rooms on the second floor of an old student dormitory.

In a modest letter to Cohn stating that he thought he had discovered the bacterial cause of anthrax, Koch asked that “before I publish my work, I would like to request, honored professor, that you, as the best expert on bacteria, examine my results and give me your judgment on their validity.” Koch traveled to Breslau to show his work to Cohn, who was impressed by the science and, realizing that the work was of great medical importance, immediately sent word to the Pathology Institute that there was something of great importance here. As luck would have it, the director of the Pathology Institute, Julius Cohnheim, came to see the rural doctor his colleague and friend Ferdinand Cohn seemed so taken with. Cohnheim, who was one of the world’s leading pathologists, had studied with one of the central characters in the scientification of medicine, Rudolf Virchow, whom we will meet shortly. A battlefield conversion to Christianity during the German-Danish war had made it possible for Cohnheim to obtain both his professorship and a place at the institute at a young age. He was the perfect person to spread the word that Robert Koch had made a discovery of the highest importance. “He has done everything himself and with absolute completeness. There is nothing more to be done. I regard this as the greatest discovery in the field of pathology, and believe that Koch will again surprise us and put us all to shame by further discoveries.”

The anthrax paper was published in December 1876, and by April 1880 Koch was no longer a rural physician. He moved to Berlin as a member of the staff of the Imperial Health Office, and in August of the next year he demonstrated his techniques to Pasteur and Lister. At that meeting Pasteur, then at the height of his fame and powers, paid him an honor: “C'est un grand progress, Monsieur, ” but a few months after this meeting Koch, along with other German bacteriologists, attacked Pasteur’s work on anthrax (of which we will see more presently). Pasteur had never said a disparaging word about Koch or his work; indeed, he had called the original paper “remarkable.” Now, taking advantage of his newfound fame, the formerly humble country doctor wrote of Pasteur’s work on anthrax that “there is little which is new, and that which is new is erroneous.”

Koch’s modest and humble demeanor had changed, but Cohnheim’s prediction that he would make even greater contributions was fulfilled.

In early 1882 Koch electrified the world with the announcement that he had isolated the bacteria responsible for tuberculosis, and in 1884 he traveled to Egypt to head the German expedition to isolate the organism responsible for cholera. The following year he was appointed professor and director of the Institute of Hygiene in Berlin. French “microbe hunters” under the direction of Pasteur and Germans led by Koch were isolating and identifying the bacteria that were the cause of virtually all of the important infectious diseases. Koch may have disparaged Pasteur’s work on anthrax, but he was one of the people most responsible for making the germ theory displace miasmas as the cause of disease. We will return to both Pasteur and Koch later, but this was to be the peak of Koch’s career.

The nineteenth century began with the promise that science would change people’s lives and it ended with the promise about to be fulfilled. While the world was not yet free from disease, it most certainly was becoming a world without the constant presence of death, and science held the hope of the eradication of even more disease. In the popular mind, “Pasteur” had been the reason for the change. We have seen, of course, that it was public health, sanitation, nutrition, and better housing that were responsible for the changes, yet as Edward Kass noted in his lecture at the Society for Infectious Disease in 1971, science received the credit. This is a very important point, not because the placing of credit is important in itself, but because if we have a false understanding of the past, we are liable to have false hopes for the future.

1 The Oxford English Dictionary cites the first use of the word miasma in English in 1665 by Needham, who talks of “The Miasma or Malign Inquination of blood and humors.”







Chapter 5: Rewriting History: The Triumph of Science

By the nineteenth century science was not only in the air, it represented two of the most powerful of modern ideas—progress and faith in the power of humans to change the world. The germ theory of disease was a radical new way of framing disease and represented the fulfillment of the faith in the power of science; and while the conditions of life were actually being improved by better sanitation, housing, and nutrition, science received the credit. The triumph of science over public health is an important issue to examine because it is on the basis of this misconception that we have set the goals for what we want from science in the twenty-first century. Oddly enough, it was the appearance of two new epidemic diseases, cholera and polio, that brought together ideas of civilization and social justice, and of science and medicine. In its responses to these new diseases, the public health movement wholeheartedly adopted the germ theory and in the process gained the authority of science, but in doing so, it abdicated to “Pasteur” the credit for the eradication of disease for which it was primarily responsible.

Today, with the germ theory of disease firmly entrenched in our thinking, we know that cholera is a disease caused by infection with bacteria called Vibrio cholera. But before the acceptance of the germ theory, what we today consider a basic and obvious fact was neither. The truth of this message is dramatically seen when we examine cholera in the period just before and just after the germ theory was gaining acceptance.

Cholera was the classic epidemic disease of the nineteenth century. It had a profound emotional impact, but one that was quite different from plague or smallpox. About half of those who came down with it died in a few days, suffering from particularly terrible gastric symptoms leading to coma and death. The initial outbreak was in India in 1826. From there it moved to Persia in 1829, Russia in 1830, then westward through Poland, Hungary, Prussia, Germany, Austria, and England in 1831. By 1832 it reached Paris, where it killed 25 out of every 1,000 inhabitants (18,000 out of a population of 785,000). By 1860 its cause and cures were being thought about in what we would now recognize as something like modern terms, and by 1883 its submission had become one of science’s great triumphs. So the changing ideas about cholera through the middle Fifty years of the nineteenth century give us a window into the changing ideas of the cause and control of infectious disease and the role of science.

The Hippocratic and Galenic traditions dictated that to understand what was happening to patients, it was necessary to be aware of the role played by the seasons of the year, winds, drinking waters, site, elevation, soil, climate, astrological signs, and diet. That medicine had changed little since Galen became starkly clear as cholera spread west from India through Russia, Poland, and Germany. Each country set up a medical commission to report on the progress of the epidemic, and make recommendations about how to stop it, while it moved inexorably across Europe. Even a brief look at these reports and responses tells us a great deal about how disease is framed in social, religious, and economic terms and how these both reflect and shape the scientific stance we take at any time in history.

As the epidemic approached France, for example, the citizens were told by one expert that there was no chance that a disease that had started in “fetid, marshy areas in certain parts of Asia Minor” could possibly arrive in France, where “civilization” had attained “a higher degree of perfection.” The experts saw little chance that cholera would enter France by way of the seaports, because of the enlightened sanitary measures observed by the country. At any rate, even if it did enter the country, “the disease would quickly be confined to the ports and treated with such success by rational medicine known to all French physicians, that there need be no fear of its spread to the interior. . . .” But a few months later, when all of France was in the terrible grip of the disease, another expert proclaimed that “the people of Paris were not made to serve as fodder for the cholera of Asia and to die like slaves in pain and terror. . . . What good, then, are all its hospitals, its doctors, its science, and its public administration? Is civilization incapable of compensating mankind for all the harm it had done through its laws, its institutions its errors, and its injustices?” The French sanitarians had seen death as a “social disease” and here was the proof that this was the case; there was still too much dirt, too much poverty, too much human suffering, and too much human greed. Until these were changed, death from cholera and other diseases would continue to plague the high “civilization” of France.

One of the fathers of modern physiology and one of the most famous physicians in France, François Magendie (1783-1855), studied the disease and reported to the French Academy in 1831 that cholera was neither imported nor contagious: It was due to “filth.” Horrid housing conditions, lack of ventilation and light, and humidity were the causes of cholera and quarantines were of no use. In the next ten years virtually all the physicians who were revolutionizing medicine in the Paris hospitals would publish various declarations and reports arguing against con-tagionism not only in cholera, but in leprosy, yellow fever, typhus, and plague as well. They may not have agreed on what caused cholera, but they were in perfect accord on what did not: It was not a disease caused by a unique living entity.

In Germany the presence of the epidemic rekindled the old moralistic fervor that disease was divine punishment for personal and collective sins. The citizens of Hamburg were told, “Just don’t be afraid!”: The thing to do is be “moderate and sober.” Ministers and physicians agreed that those who succumbed to cholera had weakened their constitutions and thereby predisposed themselves to the disease. Drinking, overeating, sexual excess—all could dissipate the vital forces, leaving the sinner susceptible to whatever the cholera-causing forces were in the atmosphere. But there was no unanimity on this point. One German authority at the time argued that cholera was due neither to miasma nor contagion, nor necessarily to moral dissipation; if the disease was caused by miasma or personal sin, why had it not broken out before? Conditions had not changed that visibly and people were no worse now than they had ever been. No, he claimed. Cholera was due to unknown “repeated cosmic-telluric influences,” which caused the nervous system to become “feverishly overexcited.” It was the fear caused by seeing victims of the disease that caused the observer to come down with it: “Contagion is only psychological” (author’s emphasis). Another authority claimed it was “sadness and fear” that caused people to succumb to cholera, and yet another argued that “the claim that cholera only seizes those who are predisposed by a faulty diet or depressed emotions ... is completely without foundation”; instead, he argued, it is a question of “polarity”: Cholera affected people by changing the balance of “sympathies” and “antipathies” within the body.

So just as science had not yet established its authority in medical matters to allow physicians to distinguish between the ideas that disease was caused by miasma, atmospheric effects, contagious seeds, or other reasons, so too religion had lost enough of its authority to assert its moralistic views on how the public responded to the advancing new disease of cholera. In a time when no one idea had authority, all were open for consideration.

During the cholera outbreak in England in 1831, an eighteen-year-old apprentice to a Newcastle surgeon was sent to help with the victims of the disease at the nearby Killingworth Colliery. John Snow, the son of a farmer, had been apprenticed at the age of fourteen and would soon be ready to go to London to take his exams and become a member of the Royal College of Surgeons; years later he would become the leading anesthetist (he administered chloroform when Queen Victoria gave birth) and one of the most respected surgeons in London. Snow was a man of strong moral character, an active vegetarian for many years, and a lifelong, vocal advocate of the temperance movement.

His experiences with cholera as a young man made him a lifelong student of the disease, and Snow concluded that cholera “travels along the great tracks of human intercourse, never going faster than people travel, and generally much more slowly. In extending to a fresh island or continent, it always appears first at a seaport. It never attacks the crews of ships going from a country free from cholera to one where the disease is prevailing, till they have entered a port, or had intercourse with the shore. Its exact progress from town to town cannot always be traced; but it has never appeared except where there has been ample opportunity for it to be conveyed by human intercourse ” (author’s emphasis). This, as we have seen, was quite contrary to the general thought.

Even though disease was associated with dirt and poverty, it was common knowledge that in a crowded tenement some people came down with cholera and others did not. While the “miasmists” invoked individual differences, moral character, or any number of other things to explain this fact, Snow’s explanation was different, and also very much at odds with the prevailing view: “[T]he communicable diseases of which we have a correct knowledge spread in very different manners.

The itch, and certain other diseases of the skin, are propagated in one way; syphilis, in another way; and intestinal worms, in a third way.” Because cholera is a disease of the intestine, he concluded that the agent of infection must be present in the discharge from the intestinal tract, and those people who ingested food or water that was contaminated with this agent would come down with cholera, while those who did not would remain disease-free. Again note that Snow is at a divergent pole from the accepted explanation; he sees disease as specific in a time when all others see it as general.

When cholera returned to London in 1853, Snow made a remarkable study in which he examined the distribution of the disease and the distribution of water by the private water companies of London. The history7 of London’s water is fascinating, but all we need to know for the present is that between 1849 and 1853, when London was free of cholera, one of the private water companies, the Lambeth Company, moved the source of its water from Hungerford Market to Thames Dit-ton because the original source of water was so visibly and grossly polluted that people were beginning to complain of the odor and color. In much of London it was easy to identify which of the companies supplied the water, but in other areas, the pipes of the Lambeth Company and those of the Southwark and Vauxhall Company ran down the same streets and any given house might receive water from one or the other company. Snow was convinced that by moving its source of water, the Lambeth Company had contributed to a lowering of the number of cholera cases in the 1853 epidemic, but the fact that some districts were served by both companies made this difficult to test. In Snow’s words, “In consequence of this intermixing of the water supply, the effect of the alteration made by the Lambeth Company on the progress of cholera was not so evident, to a cursory observer, as it would otherwise have been.” It was clear that in areas where Lambeth was the sole supplier, there was virtually no cholera and in areas where Southwark and Vauxhall was the sole supplier, there was a great deal. The question was how to determine the role played by the water supply in the areas where the pipes ran side by side. In those areas Snow made a careful study of which households received water from which company and could show that if a household had its water supplied by the Lambeth Company, there was little or no cholera. Most of the cholera in these mixed areas was due to water from the Southwark and Vauxhall Company. So Snow’s contention that cholera is transmitted by something in the water was fulfilled from this “experiment.”

John Snow is a hero among modern public health professionals. His studies on the distribution of water and the spread of cholera are taken as the forerunner of modern scientific public health and vivid proof that the germ theory has its origin in this field. This idea draws its greatest support and has its greatest appeal in the story of the Broad Street pump, which has become legendary. In the Golden Square area of London, in the six weeks between August 19 and September 30, 1854, there were 616 fatal attacks of cholera, 369 of them in a four-day period between August 30 and September 4. It was common knowledge that the Golden Square area, one of London’s poorest, was the hardest hit by the epidemic, a fact that was consistent with the idea that the cause of the disease was the filth, poverty, and overcrowding of the area. But Snow sought a cause that was based in the water, and so he requested permission “to take a list, at the General Register office, of the deaths from cholera, registered during the week ending September 2, in the subdistricts of Golden Square, Berwick Street, and St. Ann’s, Soho, which was kindly granted.” Using the same plan he had used in showing that the Southwark and Vauxhall Company’s water was implicated in the earlier outbreak, he placed a black mark on a map of the area at the residence of each person who had died during the period. A glance at the map shows that the deaths were clustered within a radius of 250 yards, and at the center of the circle is a public water pump, the now infamous Broad Street pump.1

But some deaths occurred in houses that were not in the immediate area of the pump. For these he was able to determine through interviews with the family members that the victims had drunk water from the Broad Street pump. One family that lived a few blocks away preferred the taste of the water from that same pump to the taste of the water from its local pump. One case of cholera in a small town outside of London could be traced to the Broad Street pump: A young woman had come to Broad Street to visit a relative dying of cholera and had taken a drink of water from the fateful pump. When he realized that the pump was at the epicenter of the epidemic in Golden Square, he received permission to remove the handle of the pump, and tradition has it that there were no further cases, but this is not true. Even he realized that new cases of cholera were already on the decline when he removed the handle; “the attack had so far diminished before the use of the water was stopped, that it is impossible to decide whether the well still contained the cholera poison in an active state.”
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It would seem from this true medical detective story that science pure and simple had won the day. But this is not at all what happened. John Snow used methods that we today recognize as scientific, but it will be instructive for the reader to take a short break in the narrative and take another look at Snow’s map of the area. Try to put yourself into the times. It is 1854, the same year Pasteur is beginning his studies on the diseases of fermentation. Science is “in the air,” but there is nothing in science to argue against cholera being caused by filth and poverty, moral weakness, or mephitic vapors and miasmas. If John Snow had not been looking for a source of water as the cause of the outbreak in Golden Square, would he have noticed that the cases clustered around a water pump? There were pumps nearby in Little Marlborough Street, Marlborough Mews, Warwick Street, and Bridle Street, so why even notice the Broad Street pump? There was a brewery near Golden Square and not near the other pumps; why not assume that it was the production of beer that was responsible for cholera?

A short while later, when the pump was excavated it was found to be contaminated by sewage from the local houses, but this was only learned retrospectively and we can’t be sure that the other pumps were not also contaminated. The lesson is that science is always part of its time. It is extremely rare for a scientist to see the world very differently from his or her fellows and to convince them of a radically new view.
Who Made John Snow a Hero?

It would seem by logic and the fact that John Snow is a public health hero that he had put the case for contagion in a manner that even the most recalcitrant opponent could not resist. Indeed, the mythology that has arisen around John Snow and the Broad Street pump is that the city of London, indeed the whole world, immediately recognized that cholera was a contagious disease transmitted by something in the water. It could not he entertained for a moment longer, given Snow’s brilliant detective work, that cholera was due to miasmas or mephitic vapors. A scholar who has looked deeply into the reception Snow’s reports received has concluded that Snow was not a hero in his time. Quite the contrary; if people actually paid any attention to his studies, they probably regarded him as “a holder of eccentric views that went back to the dark sixteenth-century theories of contagion of Fraces-torius.” He asks the question, “Who made John Snow a hero?”

It is clear that in the 1850s there was little support in medical and scientific circles for the idea that diseases were contagious. The voice that dominated the discussions of the cause and prevention of cholera for a quarter of a century was not John Snow’s, but that of the German Max von Pettenkofer (1818-1901). Pettenkofer has been cast as the fool to Snow’s hero, but from 1855 until the 1880s, crucial years in the development of our ideas of what causes infectious disease and how the diseases are transmitted, he was a dominant force.

Pettenkofer’s idea was that a “cholera miasma” arose because of a series of changes in the level of ground water: It is the water table that determines if cholera will come to a community. When the water table suddenly rises, the moisture content of the soil is increased; if the water table falls in a dry period, the moisture content falls, leaving a layer of soil above the water table in which cholera can “germinate.” Even when the idea that specific bacteria were responsible for specific diseases such as cholera began to gain acceptance, Pettenkofer would continue to argue that such organisms could contribute to disease only if they were present under the proper atmospheric conditions. Under these conditions, a proper “miasma” would be created and the disease could then be transmitted through the air that had been polluted by the germination process. This may look a bit like a view that is in keeping with the germ theory, but Pettenkofer was one of the most vocal of the anticon-tagionists in a period that was full of them.

Given his background, it is no accident that Pettenkofer resisted the growing trend and held to his ideas. The ground-water theory can probably be traced to the fact that after he received his medical degree in Munich in 1843, Pettenkofer went to study organic chemistry with none other than Justis Liebig himself. Liebig was then championing the idea that decomposing matter contained “ferments,” chemical entities that caused the breakdown of organic matter, and was a vocal opponent of

Pasteur’s idea that living organisms carry out specific fermentation. Liebig had begun to advocate the idea that, these ferments in decomposing matter somehow could determine whether a geographical area would be receptive to endemic disease, and Pettenkofer, who was trained in medicine as well as chemistry, put Liebig’s ideas into a clearer medical framework.

To understand the events of the time, try to conjure up a picture of Pettenkofer the man. He was not only a physician and an organic chemist, he was also partly responsible for developing the method of preparing meat extracts that eventually led to bouillon cubes; he devised a copper amalgam for filling teeth; he created a new kind of “good German cement”; he invented a practicable way of producing gas from wood which was used to light the theater and the main railway station in Munich; he improved the Bavarian method of coinage by improving assays for gold, silver, and platinum; he devised ways of restoring cracked varnish on the paintings in the Munich Pinakothek; and much more. Clearly, this was a mind and an energy to be reckoned with, especially when we consider that all of these inventions were done in his spare time; Pettenkofer’s real interest and main work was in public hygiene. His was the voice that was heard when public hygiene and cholera were discussed, not that of an English surgeon who dabbled in epidemiology. In 1854, the same year Snow implicated the Broad Street pump, Pettenkofer wrote in a report on cholera, “I have disposed, once and for all, of causation by drinking water.”

But how could such a statement have been listened to in the face of John Snow’s evidence? The answer is painful: because Pettenkofer was in a position to be listened to by the people who mattered (other hygienists and people in political power) and Snow was not. Pettenkofer had become the court apothecary to King Maximilian II of Bavaria in 1850 because of the work he had done in devising a method for the manufacture of reproductions of antique stained glass and his assays for precious metals. By 1855 he had become a full professor at Munich and by 1864 he was rector of the university. Using his influence in both the academic world and at court, he was able to get hygiene recognized as a full subject in all three Bavarian universities, and he took the chair of hygiene himself at Munich. The Bavarian government was forced to build him his own Institute of Hygiene in 1878, when he threatened to accept the directorship of a newly built Institute of Hygiene in Vienna. In 1890 he was elected president of the Bavarian Academy of Sciences, and by the turn of the century virtually every major director of a hygiene institute or professor of hygiene in Germany and in much of Europe was a former student of his. He and his disciples controlled the two major journals in which hygiene research was published, so they effectively controlled the terms of the scientific debate. But like Miniver Cheevy, Max von Pettenkofer committed suicide in 1901.

So here was a man who was at the top of his profession, had the ear of the government, and controlled what was taught and what the professionals in the field read. Because Pettenkofer was in a position to have his ideas put into practice, something Chadwick was less than successful at and which Snow could not do at all, Munich developed a reasonably safe water-supply system. The system Pettenkofer devised to ensure that the citizens of Munich would be free from cholera was based not on water filtration (as would a system that had been built based on Snow’s ideas) but on keeping drinking water separate from ground water. Pettenkofer thought it was necessary for clean, fresh water to be delivered to every house and garret in Munich so that people could wash—he was a vocal advocate of cleanliness, good diet, and ventilation—and then, after the water was used, remove it before it could contaminate any surfaces or become mixed with the ground water. The system brought water in from the mountains, delivered it to houses, and removed it by a sewage system that channeled it far downstream before it could allow disease to “germinate” and create a miasma.

It is obvious that Pettenkofer’s solution would have differed only slightly if he had been a full convert to the germ theory. Pettenkofer was a famous scientist who used his science to clear up the dreaded cholera in a major city. The fact that he did it for the wrong reason has cast him in history as a fool, while John Snow, who had absolutely no effect on the course of history, has been cast as a hero. Sic transit gloria.

During this same period, because of advances in methods of performing chemical analyses on water, many people in England were focusing on the role of inorganic chemicals in water, trying to find correlates with disease. With the development of chemical methods to measure the content of inorganic salts in water, the chemical water analysts became authorities about the safety of water in England, even though they did not know that what they were measuring had anything to do with disease. The case should be a cautionary one for the present day, when the front pages of newspapers and television stations carry news stories of breakthroughs and miracles in biotechnology and gene cloning or dangers from small amounts of pesticides or voltage transformers. Each of these stories, of course, has commentary from an authority, a scientist working in the field who is certain that he or she knows the deep significance of the most current breakthrough or miracle. The layperson accepts the word of these authorities. Obviously, we must rely on authorities, but it takes a scientifically literate populace to be aware that even scientific authority is ephemeral, and a scientific community that must learn to temper its certainty when discussing with the public the social implications of science.
Disease Reframed and the “New” Public Health

By the end of the nineteenth century, the great change had been completed: There was no question now that specific microbes cause specific diseases; they could be identified and grown in pure culture. In the roughly half century since Chadwick stressed that it was the duty of well-born society to remove the disease-producing miasma from the environment of the poor to the triumphant identification of the causes of the two great scourges, tuberculosis and cholera, the idea of the nature of infectious diseases was turned on its head. But by this time, death no longer had a constant presence. Slowly but surely, major cities had been adding sewers and providing clean water to their inhabitants. Despite the horrors it brought, industrialization was improving the economic lot of the poor, and with it came better nutrition and housing. We were beginning to see a glimpse of the world as we know it.

The germ theory was accepted at about the time when the effects of the sanitation and public health reforms instituted to fight miasmas were becoming obvious to everyone. Pasteur became “Pasteur,” and Koch and the other microbe hunters isolated new kinds of specific bacteria responsible for the old dreaded diseases. The idea became planted in the minds of physicians, scientists, and the public alike that the science of medicine, epitomized by “Pasteur” and the new field of bacteriology, was doing what the science of chemistry and physics had done before: improving the lives of real people. The great benefits that came from improved sanitation and nutrition were assumed to be the fruits of the progress promised by science.

The acceptance of the germ theory and the developments in bacteriology in the 1880s that resulted from it—the identification of the specific bacteria that caused the great diseases—were embraced by the advocates of public health and disease prevention in the 1890s. The intellectual basis of the public-health and sanitation movements had been the institution of general methods of disease prevention, so when disease became framed by specificity, these movements found a way to gain scientific authority and separate themselves from “mere social reforms.” As two modern authorities of the subject put it, bacteriology sharply differentiated the “old” public health, the province of untrained amateurs, from the “new” public health of scientifically trained professionals. William Sedgwick, who used bacteriology to study the water supplies of Massachusetts, said, “Before 1880 we knew nothing; after 1890 we knew it all; it was a glorious ten years.” The “everything” scientists came to know in those ten years was that infectious diseases are specific and that unique diseases can be transmitted in unique ways. Public health had become a legitimate arm of scientific medicine.

In the new fervor of specificity, some took on the ardor of converts. In a 600-page handbook for public-health officers in 1915, J. Scott Mac-Nutt devoted about half to contagious diseases, four pages to industrial hygiene, and gave “only passing notice to housing, water supplies, public education and environmental health.” But others worked very hard to incorporate the new, powerful idea of specificity into the more traditional aims of “preventing disease, prolonging life, and promoting physical health and efficiency thorough organized community efforts for the sanitation of the environment, the control of community infections, education of the individual in principles of personal hygiene.”

The “new” public health urged on the public the acceptance of the idea of specificity and the germ theory of disease. But the association of dirt and disease that the “old” public health had done so much to establish remained fixed in the public’s mind, and while officials tried to make germs as fearful as filth, it was a difficult task, because “unlike garbage and overflowing sewers, germs were not readily visible.”

America, where public-health laboratories had been opened in the 1880s in Rhode Island, Michigan, New York, and Massachusetts, had opened its gates to the poor and hungry, “the huddled masses yearning to be free.” Though they might have been free, they were still poor, hungry, huddled masses crammed into teeming tenements. The immigrants’ overcrowding and subsequent lack of sanitation caused the native-born middle classes to link them with disease, so that by the early 1900s, even though the germ theory had permeated scientific medicine and the “new” scientific public health, the power of the old way of framing disease remained when polio appeared on the scene.

While the polio epidemic struck many of the industrialized nations, it was especially bad in the United States; between 1905 and 1909, two-thirds of the over 8,000 cases of polio reported worldwide occurred in America. In 1916 there were 27,000 cases in the United States, with 6,000 deaths. Between June and December in New York City alone, there were 2,400 deaths from the 8,900 cases. While the death rate for that horrid epidemic year was 25 percent, many of the three children in four who survived were paralyzed and would remain so for life. The disease became known as infantile paralysis, the very name freezing the hearts of parents.

The new public-health laboratories set about isolating the “germ” that caused the disease, feeling, in all probability, that this would be yet another triumph of microbe hunting. But no bacterial cause could be found and the public, which had just begun to grasp the reality of disease caused by things that were invisible but could at least be grown in the laboratory, was informed that this new disease was caused by agents that could be neither seen nor grown. The great leap into the era of science in the new century was not proving to be easy; science, which had delivered so much, was proving sluggardly in isolating the cause and eradicating infantile paralysis. The same public that had gladly given credit to science for the dramatic reductions of tuberculosis and cholera was now demanding the same for polio. Scientific medicine made pleas for patience; miracles after all don’t come quickly.

The new public health took an approach very similar to the old public health. Disease might be caused by specific agents (in this case a vims), but these agents have always been associated with dirt and poverty; therefore Americans must redouble their efforts to eliminate this breeding ground of the terrible new virus. Campaigns against flies, dirt, and crowding were carried out in earnest. One unfortunate outcome of this well-meaning program was that the new immigrants were singled out as the visible source of dirt, disease, and ignorance. How could the children of clean, well-nourished, middle-class Americans with the best of sanitation and the cleanest of water be struck by this new disease? An era of scapegoating of immigrants began out of the frustration that science could not control and eradicate this terrible disease.

Science was triumphant in the minds of the public, medical scientists, and even public health officials. The answer to the question Why does “Pasteur” get the credit for that which the sanitation movement and public health were primarily responsible? is that public health was happy to cede the credit to gain the authority of science. The same answer applies to the question of who made John Snow a hero: He became a convenient icon to show that public health was aware of germs before the advent of germ theory. The changes in living conditions brought about by public health in the nineteenth century were very dramatic, and since they coincided with the reframing of disease, brought about by bacteriology, in an era when science was “in the air,” how could anyone resist bringing the two together?

It is ironic that science was given so much credit for the disappearance of disease but so little has been said about it’s most important contribution to medicine, the idea of specific causes of disease. Without this profound change in how we view disease there would be no movement to specific therapy.

1 Today, if they look hard, visitors to London can find the spot of the pump marked by red paint on the curb in front of the John Snow Pub, at the corner of Broadwick and Lexington streets, not far from the fashionable shops of Carnaby Street.





Part II: Reframing the Internal World








Chapter 6: “Never to Die of a Disease in the Future”

By making the invisible world of disease-causing microbes accessible to both our understanding and our manipulation, bacteriology in the 1870s provided the scientific basis for specificity In the 1880s Pasteur set in motion the scientific thinking that led to the idea that there can be specific prevention of disease. The development of specific vaccines to prevent specific diseases, and immunology, the science that studied how they work, only became possible when disease had been reframed, yet we will see that the promise of specific prevention was probably one of the most powerful forces leading to the full acceptance of germ theory and the idea of specific therapy for disease. Pasteur became “Pasteur” because of this promise, yet this was not the first time disease had been conquered and the conqueror made a hero. Successful, albeit risky, methods to prevent smallpox, one of the great scourges of the world, had been available for at least two centuries in Europe and perhaps much longer than that in China, India, and Persia. Edward Jenner had become a hero a century earlier, when he devised a much less risky method of preventing smallpox, called vaccination.

People in antiquity knew from repeated observation that those who recovered from some diseases were likely not to contract them again. Thucydides, the Greek chronicler of the Peloponnesian Wars, was probably the first to record it.

Yet still the ones who felt most pity for the sick and the dying [in the plague of Athens] were those who had had the plague themselves and had recovered from it. They knew what it was like and at the same time felt themselves to be safe, for no one caught the disease twice, or, if he did, the second attack was never fatal. Such people were congratulated on all sides, and they themselves were so elated at the time of their recovery that they fondly imagined that they could never die of any other disease in the future [author’s emphasis].

The lucky survivors were indeed protected from dying from a second bout of the plague that raged in Athens at the time (we don’t know what the disease really was), but they most certainly could die of other diseases in the future. It took a long time for people to realize that the protection possessed by the survivors of one disease was specific to the disease from which they recovered and did not protect them from getting other diseases. So when disease began to be reframed in terms of specificity, the idea of specific cures and specific preventions came with it.
“The Small-pox ... Is Here Entirely Harmless Jenner and Vaccination

Smallpox is an ancient disease, dating in Europe at least from the sixth century, and perhaps to A.D. 1000 in the Orient. By the seventeenth century it had replaced the plague as Europe’s most devastating and feared disease; there are reports, perhaps somewhat exaggerated, that at that time only five out of every one thousand people escaped infection with smallpox. There is good reason to believe that one out of four died of “the Scourge” in seventeenth-century England. “The smallpox was always present, filling the churchyard with corpses, tormenting with constant fears all whom it had not yet stricken, leaving on those whose lives it spared the hideous traces of its power, turning the babe into a changeling at which the mother shuddered, and making the eyes and cheeks of a betrothed maiden objects of horror to the lover.”

Over time, people began to notice that second attacks of smallpox were rare, and it became the practice in many areas for people who had recovered from smallpox to nurse those who were suffering from the disease. Probably on the basis of this folk observation, long before modern science, a means of protecting people from the ravages of the disease was developed in China, India, and Persia. 'The practice was to intentionally induce a mild case of the disease in a person so that he or she would not develop a severe case later. This was done by the rather dangerous and unappealing means of inoculating a healthy person with small amounts of disease material from someone who was suffering with the disease. Lady Mary Montagu, the wife of the British ambassador to Constantinople in the early 1700s, is usually credited with introducing this practice into European society. One wonders why Europeans, who were so sure that their culture was superior to any others that they spent a great deal of effort forcing it upon those others, had not made the same observation themselves. At any rate, Lady Mary wrote to a friend in England, “I am going to tell you a thing that I am sure will make you wish yourself here. The small-pox, so fatal, and so general amongst us, is here entirely harmless by the invention of ingrafting. . .”

The “ingrafting” consisted of “opening the pustules of one who had the Small Pox ripe upon them and drying up the Matter with a little Cotton . . . and afterwards put it up the nostrils of those they would infect” or poke it into the skin. Those who were ingrafted showed some mild symptoms, but not the tragic disfigurement suffered by those who had a full-blown case of smallpox. Lady Mary had her children ingrafted by the English physician of the embassy, Dr. Charles Maitland, and was obviously convinced of the efficacy of the procedure. Lady Mary was not optimistic, however, about the practice being instituted in her native land. She was “patriot enough to take pains to bring this useful invention into fashion in England; and I should not fail to write to some of our doctors very particularly about it, if I knew any one of them that I thought had virtue enough to destroy such a considerable branch of their revenue for the good of mankind. . . . Perhaps if I live to return, I may, however, have courage to war with them.” There truly seems to be nothing new under the sun! But we must remember that the doctors Lady Mary was talking about did not have the same kind of relationship with their patients we are accustomed to in the twentieth century. Recall that at the time doctors and patients were social equals, and the patients often were almost as sophisticated about medicine as the physicians; they were not people who would for one moment consider being a guinea pig for some “foreign” treatment.

During the smallpox epidemic of May 1721 in England, Princess Caroline, wife of George I, wanted the royal children to be “inoculated.” Of course, heirs to the throne are not lightly subjected to unfamiliar and “foreign” medical practices, so it was decided to see if the procedure was indeed safe enough to be used on the royal children. The king sought advice from the royal attorney and solicitor-general on the legality of his granting a pardon to several condemned criminals in Newgate prison if they would agree to be inoculated. It probably should come as no surprise that the king’s legal advisers found that the king could do what the king wanted to do . . . “the Lives of the persons being in the power of His Majesty, he may Grant a Pardon to them upon such lawful Condition as he shall think fit; and as to this particular condition We have no objection in point of Law, the rather because the carrying on this practice to perfection may tend to the General Benefit of Mankind.”

Three men and three women prisoners were inoculated on the morning of August 29, 1721, in front of twenty-five physicians, surgeons, and apothecaries, as well as representatives of the press, who covered the story because of the interest in the royal children. All but one of the subjects developed mild symptoms of smallpox, and that person was later found to have had a slight case of smallpox the year before (a fact that will become important to this story in a very short while, when we meet Edward Jenner). They all recovered, showing no ill effects of the inoculations and, true to the royal word, were pardoned on September 6.

This experiment convinced Princess Caroline that the procedure was safe, but it did not address the question of efficacy. Would these prisoners really be as protected if they came into contact with an infected person as if they had contracted a “real” case of smallpox, or could they still get the disease? The physician who carried out the inoculations was the same Dr. Charles Maitland who several years earlier had inoculated the children of Lady Mary Montagu in Constantinople. To show that the inoculation of smallpox material in small amounts was not only safe but really did protect against future infections with smallpox, he arranged for one of the survivors of the Newgate inoculations, a nineteen-year-old woman, to come to a small town near London to act as the nurse and lie in the same bed every night with a ten-year-old smallpox victim. So much for royal pardons! Fortunately, after six weeks of exposure, she still had not contracted the disease and, we hope, lived happily ever after. One can only be thankful that the good doctor didn’t think— or didn’t tell the queen—that the proper control for this experiment should have been to have an uninoculated nineteen-year-old woman also share the bed with the diseased boy to make sure he really had smallpox.

This cruel experiment convinced the queen that inoculation could protect against the disease. But apparently one could not be too careful with royal children; the question was raised that the procedure might work in adults but still be dangerous for children, so Princess Caroline asked that a list of orphans who had not had smallpox be drawn up so that they might be inoculated. (To show that even royals have feelings, she asked that the entire procedure be carried out at her expense.) In due course the orphans were inoculated and showed no ill effects, so it was now deemed safe for the royal children to be inoculated. None of them contracted smallpox in later years.

But even though the safety of inoculation had been so publicly demonstrated, there was little movement of the general public to avail themselves of it. The way medicine was organized was one possible reason, but given the general ideas of how disease was framed, it is not difficult to see that there was little reason to think well of such an obviously damn-fool idea as intentionally putting miasma-containing pus into a normal person. There were in fact enough cases where the procedure was not carried out properly—with the result that people developed severe cases of smallpox—that the idea, which was repulsive at best and dangerous at worse, fell into disuse in Europe. Three quarters of a century later, Edward Jenner was able to make the procedure less dangerous and a bit more aesthetically pleasing.

Edward Jenner (1749-1823), like Robert Koch a century later, was a country practitioner with an interest in natural history. In fact, his observations on natural history had been important enough for him to be elected a member of the Royal Society. Like all important historical events, those leading Jenner to his great discovery have become a story so often told that it might as well be true. The story is that he diagnosed a dairymaid in his Gloucestershire practice as having smallpox, but she told him (with a girlish shake of the head? a shocked look of incredulity? an exasperated sigh?), “I cannot take the smallpox because I have had the cowpox.” Cowpox, as the name implies, is a disease of cattle, so why should a person who had a cattle disease consider herself unable to contract smallpox? It was known to all rural people that those who had the scars of cowpox on their hands did not have the scars of smallpox on their faces. We now know that the disease of humans (smallpox) and the disease of cows (cowpox) are caused by very similar viruses, and the pustules that are one of the major symptoms of both diseases are similar. It must have been known by everyone in rural Gloucestershire that cowpox can infect and cause a mild disease in humans. The great insight of Jenner, who knew nothing about viruses, was to realize that the scars of cowpox on the hands of local milkmaids, and the slight illness that came with them, gave these women the same kind of protection as an inoculation with human disease material. Perhaps these women had unintentionally received some relatively harmless disease material from a cow with the same result as if they had undergone the more dangerous procedure of intentional inoculation. If that were the case, then Jenner should be able to show that intentionally inoculating someone with the cowpox material might prevent him from contracting smallpox, just as the accidental infection had protected the milkmaids.

The approach Jenner took fit into the way of thinking of the new philosophy of science; it was a systematic and logical way of testing a prediction. First, he knew that in the old method of inoculation, people who had never had smallpox always showed local swelling at the site where the pus was placed under the skin. This is one of the mild symptoms that folklore dictated was necessary in order to avoid contracting the disease again. We already saw that the one prisoner in the royal experiment who had recovered from an earlier case of smallpox did not have this kind of reaction when he was inoculated during the experiment. So Jenner knew that one sign that a person is protected from smallpox is that he does not show swelling at the site of inoculation; but to make sure that this was correct, he inoculated a small amount of pus from smallpox patients into some uninfected people and into some people he knew had previously been infected with cowpox. He then waited to see if there was swelling at the site of inoculation. No swelling at the site of inoculation in the people who had already had a slight case of cow-pox would show him that, indeed, infection with cowpox prevents the swelling from smallpox. This is exactly what he found: The naturally cowpox-infected patients showed only a transitory local reaction and no characteristic fluid-containing pustule at the inoculation site. In contrast, those people who had never been naturally infected with cowpox all showed the characteristic pustule.

This little experiment was a strong argument that the folklore had a basis in fact (as it so often does) and that “the cowpox protects the human constitution from the infection of the smallpox.” In passing, it is worth noting that this is also a good experiment by modern ethical standards. Jenner was not subjecting the patients to anything that was unduly harmful, because inoculation with smallpox pus was already an accepted, if not popular, medical practice. To carry out his experiment today, he would have to go before his institution’s ethical-standards board, at which he would no doubt argue that the royal smallpox experiment, which probably would not have been allowed by the ethics board, showed that inoculation with smallpox can be both safe and efficacious and that he was not putting his patients into any unusual or unnecessary danger.

Now Jenner began the real test to see if someone intentionally inoculated with cowpox would fail to develop pustules when he or she received an inoculation with smallpox a little while later. He inoculated an eight-year-old boy named James Phipps with cowpox and several months later inoculated him with smallpox. Again remember that even if the experiment failed, Joseph Phipps would not have come down with smallpox; he would only have had a strong reaction at the site of the smallpox inoculation, as did the prisoners in the first royal experiment. The results were all that Jenner could hope for: “[Ojn his being inoculated some months afterward, it proved that he was secure.” Jenner called the procedure vaccination from the Latin word vacca, for “cow.”

The original report that Jenner sent to the Royal Society was rejected for publication with the friendly admonition that such an incomplete study would injure his reputation. In fact he did have very few subjects and the claim was so very important that it merited more evidence. On those grounds we can forgive the Royal Society for rejecting one of the most important medical papers ever submitted to any journal. By 1798, Jenner had completed more studies and had them privately published as a pamphlet, with the catchy title An Inquiry into the Causes and Effects of the Variolae, a Disease Discovered in Some of the Western Countries of England, Particularly Gloucestershire, and known by the Name of Cow Pox. With the publication of the pamphlet, the importance of Jenner’s discovery of vaccination to protect from smallpox was recognized.

The procedure of vaccination was somewhat controversial for a while, as most important discoveries are. But it gained in acceptance and its effects were so clear that by 1802 Parliament voted Jenner £10,000, and in 1806 £20,000, as recognition of the importance of his achievements. In America, Thomas Jefferson had his whole family and some of his neighbors vaccinated. But even though the dreaded smallpox was now on its way to becoming a preventable disease, a significant number of people were opposed to vaccination. Antivaccination societies were formed in England (see the famous 1813 print by the satirist James Gilray showing the dire consequences of vaccination). As late as the end of the nineteenth century, which he called the Wonderful Century, Alfred Wallace, the codiscoverer of evolution, while recounting the wonders of science, called vaccination a hoax and a dangerous procedure. But even with the opposition, it was clear to most people that vaccination worked and the procedure was gradually accepted universally.

Because communicable diseases were still not considered separate entities and only cranks believed in the idea of contagion, there was no attempt to derive a general principle from Jenner’s work, to try to develop vaccination procedures for other diseases. All of that changed, of course, when the germ theory of disease became accepted in the middle of the nineteenth century and so many agents of infectious disease were identified during the golden age of bacteriology. When that happened, there were many proposals to try to use the principles of Jenner’s vaccination (causing a mild form of a similar disease to induce protection) against other diseases. The problem was to find something comparable to the harmless form of similar disease that Jenner had found with cowpox.
“Well then! men of little faith!”:
Pasteur Generalizes Vaccination

The mythology of “Pasteur” has it that he was so fascinated with the idea of generalizing Jenner’s cowpox work that he recalled farmyard experiences—seeing animals naturally infected with bacteria that cause only mild symptoms passing on the bacteria to other animals in which the bacteria are lethal. Supposedly, he realized that this was analogous to the cowpox-smallpox story. Whether this is true or not is not too important, but it does fit into Pasteur’s well-known dictum of science: “In the field of experimentation, chance favors only the prepared mind.” Pasteur’s ability to generalize Jenner’s vaccination certainly shows that his mind was “prepared.” Pasteur had begun to work with the disease of chickens, called chicken cholera, in 1879, about the time he started intense studies on the bacteria responsible for several human diseases. Even though it shares the name with the dreaded disease of humans, this disease of chickens has no relation to the cholera of humans. The bacteria that cause chicken cholera were routinely grown in cultures in Pasteur’s laboratory, and when a sample was inoculated into chickens, they inevitably contracted the disease and died. However, after returning from summer holiday in 1879, Pasteur found that the cultures that had previously proven virulent for chickens had now lost their lethal effect. Pasteur then isolated a fresh culture from an infected chicken during a natural outbreak of the disease, and as expected, normal chickens succumbed when injected with the new cultures. Perhaps for reasons of frugality, Pasteur decided to inject the new cultures into some of the chickens that had survived the inoculation with the cultures that had lost their virulence. To his surprise, the chickens remained free of disease! Although he was looking for harmless, naturally occurring bacteria that were similar to the dangerous ones that caused disease, this chance observation with chicken cholera gave him something even better—a less virulent form of the same bacteria. Just as the harmless contact with cowpox protected from the dreadful effects of smallpox, the harmless chicken-cholera organisms seemed to have protected animals from the lethal effects of the virulent ones.

The brilliance of Pasteur’s association of the two phenomena is his recognition that even though they were specific, infectious agents could change: They could lose their virulence. The idea of specificity of microbial life forms, an idea that Pasteur had introduced, had taken hold so firmly that Koch was arguing that microbial life was absolutely invariant. Now here was Pasteur, the father of specificity, saying that the specificity was not absolute. If Pasteur was correct, the advantage was obvious. To develop protection, one would not have to look for analogous diseases in some other species, one only had to look for ways to make changes in the infectious agents themselves to render them harmless. If bacteria have properties that can change or be changed, he could take advantage of this and make them as harmless as Jenner’s cowpox and his avirulent chicken cholera. It was clear to him that if he could really do this, he could “vaccinate” against all diseases! But Pasteur had to find a way to make virulent microbes harmless and still retain their mysterious ability to protect the body. Anthrax was to be his first great success.

Soon after Koch discovered the bacillus that causes anthrax, Pasteur began his studies on the disease. He knew that there was a high incidence of anthrax in the Beauce country of France and that the local shepherds and farmers thought some fields were “accursed.” They knew that even years after the last outbreak of anthrax, sheep grazing in these “accursed fields” could mysteriously come down with the disease. This inexplicable fact was actually used as an argument against the microbial cause of anthrax until Koch showed that the bacillus responsible for anthrax can exist as a spore, able to lie dormant for years. Pasteur had also discovered that spores can lie dormant for long periods of time when he had studied the diseases of silkworms plaguing the French silk industry, and in what we can see as his typical style of thinking, he realized that the two situations could be analogous. The sudden reappearance of the disease of silkworms after long periods free of disease and the sudden reappearance of anthrax in a fallow field was just too much to be coincidence. It seemed reasonable to suppose that spores were making the fields “accursed” because the sheep were being infected by them.

Because the portraits always show him in his laboratory, most people don’t know that Pasteur’s work style was a combination of laboratory and fieldwork. His practice of taking on problems that had both practical importance and theoretical significance meant that he often set up a laboratory at the site, so it was natural that he set up a field station in the Beauce area among the “accursed fields.” One day while walking through the fields shortly after the harvest, he noticed a patch of soil with a slightly different color. The owner told him this was where sheep that had died of anthrax had been buried the year before. Poking around the soil, Pasteur noticed that it was rich in earthworms and, according to yet another admiring biographer, realized on the spot that these earthworms could be responsible for bringing the anthrax spores from the carcasses of the dead sheep to the surface, where they could infect the sheep grazing in the field. In short order he was able to show that guinea pigs injected with soil from these earthworms came down with anthrax. It appeared that the spores came to the surface in the gut of the earthworms and, once above ground, infected the sheep through small abrasions on their legs caused by the dried stubble in the fields. The reason that some fields were “accursed” seemed to be solved.

But one more piece of folk knowledge stuck with him: Everyone knew that not all of the sheep grazing in the “accursed fields” contracted anthrax. When Pasteur injected some of these animals with pure cultures of the anthrax bacilli, he found to his surprise that some of them did not come down with the disease, while sheep from other fields injected with the same pure cultures died of anthrax. This happened a few years before the chicken-cholera episode and at the time there was no reason for him to think that the lucky sheep that did not get anthrax in the “accursed field” may actually have recovered from a mild case of the disease. But he filed the observation away in his mind to draw upon later. When he made the chicken-cholera discovery, his “prepared mind” saw the similarities among the sheep recovered from anthrax to withstand a lethal injection with anthrax bacilli, the chickens to withstand a lethal injection of chicken cholera, and the people vaccinated with cowpox to withstand the ravages of smallpox. Like the chickens that had been initially treated with the culture that had lost its virulence, those sheep that had recovered from the infection with the anthrax spores were protected from a further infection. This became the impetus for Pasteur to begin a search for ways to remove the disease-causing properties from virulent cultures of anthrax bacilli, a process known technically as attenuation. (It now should be obvious why it was important for him to think that the bacteria could change their properties.)

Probably reasoning that it was the searing August heat of Paris that had caused the cultures of chicken cholera to lose their virulence, Pasteur tried a similar trick with cultures of anthrax. He was lucky, because he found that by growing the anthrax bacilli at a slightly elevated temperature, they too became attenuated; they lost their virulence and could no longer cause disease. But would the attenuated bacilli protect animals from lethal injections with virulent anthrax? He injected guinea pigs, rabbits, and then some sheep with the attenuated anthrax bacilli and found that they were indeed protected when he challenged them with virulent bacilli. It appeared that he had found what so many had been ardently seeking, a way to generalize Jenner’s principle of vaccination.

Pasteur’s great discoveries, which led to the acceptance of the germ theory of disease and the phenomenal rise of bacteriology, were not without detractors. In our Whiggish way of looking at scientific history, it seems inconceivable that events we now see as historically significant could not have been obvious to everyone at the time. But as we saw with John Snow and Pettenkofer, there are always well-established and respected authorities in the field who see things differently, and they do not hesitate to defend the positions they feel to be correct. We are fortunate that the middle of the nineteenth century was a time when internecine battles were conducted in a much more visible manner than they are today and that language was still used with flair. A scientist had to be a talented debater and polemicist to make sure that his views would prevail. As an example of what Pasteur had to contend with, one Dr. Rossignol, a leader of the medical community that was still wedded to balance of humors and miasmas, wrote of him:

Microbiolatry is the fashion and reigns undisputed: it is a doctrine which must not even be discussed, particularly when its pontiff, the learned M. Pasteur, has pronounced the sacramental words, I have spoken. The microbe alone is and shall be the characteristic of a disease; that much is understood and settled; henceforth the germ theory must take precedence over the clinical art; the microbe alone is true, and Pasteur is its prophet.

Remember, Pasteur was a chemist whose work and thinking were having a profound effect on the field of medicine, which was Rossignol’s turf. This confrontation of authorities resulted in a highly publicized and famous public test of Pasteurs claim that he could protect animals from anthrax by using the same principles as Jenner’s vaccination. In the spring of 1881 Rossignol organized the financial support of farmers at Pouilly le Fort in the Brie district and used his own farm as the location for the large-scale test. He knew that many of the physicians and veterinarians who were involved were hoping this would be a public humiliation for the theory, the discipline, and “the learned M. Pasteur.” The event was highly publicized, probably by those who were sure it would fail even more than by those who had confidence it would work. The press would be there in force, including the Paris correspondent of The Times (of London).

Pasteur and the skeptical committee came to an agreement that twenty-four sheep, one goat, and six cows were to be inoculated with the heated anthrax cultures and then, after an interval of time, injected with virulent anthrax bacilli. This is a standard procedure, a variant of the one Jenner used with young James Phipps, but it needed more than this to be a proper experiment. Pasteur had to prove that the virulent anthrax bacilli with which he was challenging the “vaccinated” animals really were able to cause disease. (Remember the young woman who recovered from the royal smallpox experiment and was made to sleep in the same bed with the smallpox-infected boy?) So at the same time that the first group received the challenge of virulent organisms, a “control” group of twenty-four sheep, one goat, and four cows that had not been “vaccinated” were also challenged with the virulent anthrax. In two ways the experiment was quite different from Jenner’s. First, if the “vaccination” failed, all of the animals would die; if it worked, the vaccinated animals would live but the control group would die. Second, the field trial at Pouilly le Fort was being carried out before the public. While Jenner was a respected physician in his local area, Pasteur was a world-famous scientist who was putting his own authority and reputation, as well as the reputation and authority of bacteriology, on the line.

On May 5, 1881, the first group of animals was vaccinated with the attenuated anthrax and the control group remained unimmunized. All of the animals were challenged with virulent cultures a few days later. Pasteur had his most trusted assistant, Dr. Pierre Roux, make the inoculations. Later Roux related how as he left the laboratory in Paris for Pouilly le Fort, Pasteur, in a gay mood, told him, “be sure not to make a mistake with the bottles.” The story, perhaps apocryphal, is that several days after the challenge with the virulent organisms a message was brought to Pasteur advising him that some of the vaccinated sheep looked sick. He turned on Roux in a rage and accused him of having spoiled the field test by his negligence. Madame Pasteur attempted to calm him and get him ready for the journey to Pouilly le Fort the next day, but he would have none of it. He would not go! He would not expose himself to the ridicule of the public! Roux should go alone and suffer the humiliation, since it was all his fault!! However, a telegram came during the night telling him that all was well—the vaccinated animals were free of disease. The next day, knowing the trial was a success, Pasteur stood in his carriage, turned to the crowd, and exclaimed in a triumphant voice, “Well, then! Men of little faith!”

The results of the trial were astonishing. All of the immunized sheep were free of disease. Twenty-one control sheep were already dead and two others died before the very eyes of the spectators. The last of the unvaccinated sheep died the next day. All six vaccinated cows were normal, but all four of the controls had severe symptoms of anthrax. A few weeks after this triumph, Pasteur was the undisputed hero of the International Medical Congress in London and it was here that he proposed the use of the words vaccine and vaccination as generic terms as homage to “the merit and immense services rendered by one of the greatest men of England, your Jenner.”

Five years later, in 1885, Pasteur would once again astonish the world by announcing that he had created a vaccine for the dreaded disease rabies. He had been working on a method of attenuating the agent that causes rabies (it would later be found to be caused by a virus and not a bacterium) but did not know if the method really worked. In a report to the French Academy, he related how nine-year-old Joseph Meister had been bitten on the hands, calves, and thighs by a ferocious dog. Young Joseph had been pulled from beneath the dog covered with foam and blood. The dog, which was killed by its master, appeared to be rabid, and the boy was taken to Paris. Pasteur, who was not a physician, had him examined by two medical colleagues, who confirmed what everyone had suspected: There was a very good chance that young Joseph Meister would come down with rabies. Because rabies is virtually always fatal, Pasteur decided to treat him with the attenuated rabies vaccine that he had been testing in animals. “The death of the child appearing to be inevitable, I decided, not without lively and cruel anxiety, as one could imagine, to attempt on Joseph Meister the method which for me was constantly successful with dogs ...”

Joseph Meister was inoculated with a solution of dried spinal cord of rabbits that had been inoculated with material from rabid dogs and had been allowed to dry in a flask for fifteen days. This was the method Pasteur had developed to attenuate the agent of rabies. Joseph Meister did not contract rabies and it was concluded that the vaccine had worked. “Since the middle of August, I have looked forward with confidence to the future good health of Joseph Meister. Again at the present time, after three months and three weeks had passed since the accident, his health leaves nothing to be desired.”

Joseph Meister later became gatekeeper at the Pasteur Institute. There is a widely told story that on the day the Germans invaded Paris during the Second World War, he committed suicide rather than see them force their way into the crypt of his beloved Pasteur. This crypt, which can be visited by appointment at the Pasteur Institute, is a mixture of religion and science, the two strong elements of the life of Louis Pasteur, and is vivid proof of the reverence in which he was held.

The very next year, in 1886, a young American named Theobald Smith showed that Pasteur’s method of attenuation for bacteria (not viruses like rabies) could routinely be achieved by heating cultures of various different bacteria at 58° C (about 130° F) for ten minutes. This meant that the principle of attenuation, like the principle of vaccination, was a general one. It now seemed possible to prevent any disease caused by bacteria with a specific vaccine. A new horizon had been revealed. Sanitation and public health prevented disease by keeping the agents that cause them away from people; vaccination would protect people from a specific disease even if the causative agent was present. A new scientific discipline called immunology had been born, and with the promise of prevention through vaccination, the “Pasteurization” of our views was complete: Science and medicine had given us bacteriology and immunology, which had conquered death!
Koch and the False Cure for Tuberculosis

The time we are describing was, like our own, a time when scientific and medical advances were treated as news, and the great promise of the power of scientific medicine was constantly before the public. And as in our own time, the public expected delivery on the promise. The ability of Pasteur to actually save people with the rabies treatment, even though it was beginning to meet the same kind of opposition in some quarters that Jenner’s treatment had met, was widely seen as the first of a hoped-for series of vaccines that would be used to prevent human disease. Certainly, scientists believed this and Robert Koch, perhaps not to let his rival Pasteur have all the glory, was the first to act upon it.

Around 1886 Koch was becoming increasingly depressed. His marriage was failing, his beloved daughter had become engaged, and he had become an administrator who no longer carried out his own experiments. In the fall of 1889 he took a long holiday in Switzerland and when he returned to Berlin isolated himself in his laboratory and began working away at a project he kept secret even from his closest colleagues. In August 1890 the results of this solitary research were made known in a paper he delivered at the Tenth International Congress of Medicine in Berlin. Koch announced to the world that he had found a cure for tuberculosis, the single largest killer, which was responsible for almost 15 percent of all reported deaths in Europe! Koch reported to the Congress that


my experiments with these substances, though lasting more than a year, are not yet concluded, so that all I can say at present is that if guinea pigs are treated they cannot be inoculated with tuberculosis, and guinea pigs which already are in the late stages of the disease are completely cured, although the body suffers no ill effects from the treatment. From these experiments 1 will draw no other conclusion at present than that it is possible to render pathogenic bacteria within the body harmless without ill effect on the body itself.

Imagine the effect of such an announcement by the great Koch. Despite the disclaimer that his work had been done only with guinea pigs, the tone must have struck everyone as one of modesty becoming a medical hero. Surely Robert Koch would not lightly announce at an international congress that it is possible to render pathogenic bacteria inside the body harmless without ill effects on the body itself if he did not believe this was true for people as well as guinea pigs. Understandably, tuberculosis patients from all over Europe descended upon Berlin, hoping to be cured with the miraculous treatment. Lister came from London to witness the cure firsthand because Koch had not revealed to the congress how he prepared the material. The Lancet said that Lister “compared the action of Koch’s fluid with that used by Pasteur in the case of anthrax, an injection of which gave complete immunity from this disease...” (author’s emphasis). If Lord Lister held such high promise for the treatment, it must be correct. Unfortunately, Lister never got a chance to actually talk to Koch or see any of his data; he was simply caught up in the excitement of the times.

An English magazine sent Sir Arthur Conan Doyle, himself a physician, to Berlin. Doyle reported that when he visited Dr. Libbertz, whom Koch had entrusted with the preparation and distribution of the mysterious material, he saw a “pile of letters upon the floor, four feet across, and as high as a man’s knee” from tuberculosis patients asking to be treated by the method. And that pile represented only a single day’s post. Pasteur and the heads of the departments of the Pasteur Institute sent Koch a congratulatory telegram, and at a meeting of the French Academy there was extensive discussion of the new therapy. The result appeared to be so conclusive that Pasteur, when asked to comment, said, “Cela y est, cela y est, il ny a pas a discuter” (That is it, that is it, there is nothing to discuss).

But the euphoria was short-lived. It soon became painfully clear that Koch’s treatment of tuberculosis in humans was not comparable to Pasteur’s treatment of anthrax in sheep. It did not cure patients of their tuberculosis. The material, which he called tuberculin, was an extract made from the culture fluids in which tubercle bacilli had grown. The principle

Koch had used is clear; as with Pasteur’s vaccination against anthrax, he was attempting the treatment of an individual with material from the disease-causing agent. The same elements of specificity were there, only this time they did not work as a therapy; in fact, many of the people who were treated became more seriously ill. After the disappointment died down, it was realized that the rather severe reaction at the site of injection of tuberculin into the skin of a person who has been infected with tubercle bacilli but who still does not exhibit symptoms could be a valuable diagnostic test for tuberculosis. It is still used for this purpose today.

We now know that Koch had really discovered a whole new part of the immune response but of course had no way of knowing it. The “Koch phenomenon,” the reaction around the site of the injected tuberculin in a patient or experimental animal that is infected with tubercle bacilli, is a form of “hypersensitivity” or “allergy.” By injecting the material into the body, Koch was inducing a generalized allergic reaction with severe consequences. Koch’s fame kept him from a total disgrace, but he never again held the esteem of the world he had at the height of his microbehunting days.
Behring and the Real Cure for Diphtheria

The near fiasco with tuberculin set back the hopes that all infectious diseases could be treated by the principle of vaccination, but it did not destroy them. So high were the hopes of the populace that it was considered just a matter of time before the new science of immunology, moving hand in hand with bacteriology, would discover dramatic new vaccines.

In 1889, an ambitious young German army doctor named Emil Behring was assigned to Koch’s Institute for Infectious Diseases in Berlin. He was to direct the first successful application in humans of the new discipline of immunology against the widespread childhood disease diphtheria. The bacteriological discoveries that set the stage for the immune therapy came, not surprisingly, from people in Paris and Berlin who were working at the institutes that had been built for Pasteur and Koch in those cities. Two years before, Emil Roux in Paris made the remarkable discovery that diphtheria could be induced in experimental animals by injecting them with the liquid that the diphtheria bacilli had grown in after the bacteria had been removed. He grew the diphtheria bacilli in liquid cultures and then passed the material through a series of filters whose pores were increasingly smaller and smaller. Eventually, only the liquid could pass through the filters because the pores were too small for the bacteria to pass through, a method that was already used in the sanitation of water. 'The surprise, of course, was that the fluid was able to cause the disease even after the bacteria were removed, which meant that diphtheria bacilli cause the disease by producing a liquid toxin. In Berlin in 1890, Shibasaburo Kitasato discovered that the bacillus responsible for tetanus also produces a toxin.

Just as the bacteria that cause these diseases are specific for each disease, so too are the toxins. The toxin from Corynebacterium diphtheria, the bacteria that cause diphtheria, does not cause tetanus, and the toxin from Clostridium tetani, the bacteria that cause tetanus, does not cause diphtheria. About the only thing that diphtheria and tetanus have in common is that they are both caused by the toxin produced by the bacteria responsible for the diseases. In a brief but epoch-making paper in December 1890, Behring and Kitasato reported that by injecting a rabbit with an amount of toxin of tetanus bacilli so small that it did not cause disease, the animal was able to survive greater and greater amounts of toxin. The first dose of the toxin, which is too low to cause visible disease, somehow allows the animal to withstand the injection of a slightly higher dose. Eventually, “the degree of immunity of this animal was such that it would stand a dose of lOcc of a bacteria-containing culture of virulent tetanus bacilli, while a normal rabbit would always die from a dose of 0.5cc.” Obviously, this method of inducing protection is too dangerous to be used in humans, but it dramatically showed that the promise of using vaccination for other diseases was a real one.

One week later, Behring, this time writing alone, reported the same results for the toxin of diphtheria. Behring and Kitasato had a very clear idea that the injections of the increasing doses of tetanus or diphtheria had caused something to happen in the animals that could specifically neutralize the toxin. They called the material that protected against the lethal effects of the toxin antitoxin, a term that continues to be used to this day. The implications for therapy were obvious: If one could only figure out a way to attenuate the toxin—i.e., render it harmless but have it retain its ability to induce the animal to make the antitoxin—protection against diphtheria would be a reality.

Behring and Kitasato had made another discovery that was of equal importance and led to an immediate application. They found that if they mixed a small amount of diphtheria or tetanus toxin with some blood from an animal that had been specifically protected, the toxin was neutralized. Clearly the antitoxin was in the blood. It now became perfectly clear that while it might be dangerous to try to protect children by injecting them with small amounts of the dangerous toxin, they might be able to be protected with antitoxin that was already present in the blood of some other animal. First the idea had to be tested in experimental animals, so Behring and Kitasato injected mice with ever-increasing doses of toxin and then they transferred a small amount of the “protected” blood to disease-free mice. When these mice were injected with enough toxin to kill uninjected control mice, they survived. This was a momentous experiment for two reasons. On the practical level, it made clear the avenue to be taken for human therapy. On the theoretical level, it focused attention to “something in the blood” that was responsible for the protection.

These results made possible the first human therapy to come from the new science of immunology since Pasteur’s rabies treatment. Now that everyone knew diphtheria was caused by the toxin produced by the bacilli found growing in the throat of children with the disease, and that animal experiments showed that serum containing antitoxin could prevent the disease from developing in experimental animals, it was a simple step to injecting children who had contracted diphtheria with antitoxin to neutralize the toxin and save their lives. On Christmas night of 1891, a child in Berlin was treated with diphtheria antitoxin produced in a rabbit and lived. By the most dramatic means possible, Behring showed that serum therapy could be used to prevent death in children who had already contracted diphtheria. During the next three years, it is estimated that 20,000 patients, mostly children, were treated with antitoxins, with a very high recovery rate. Following the lead of Behring and Kitasato, Roux and Louis Martin at the Pasteur Institute inoculated a horse with graded doses of diphtheria and in February 1894 they treated all of the diphtheria patients at the Hospital for Sick Children in Paris with this antiserum. They all recovered. The Trousseau Hospital, the only other hospital in Paris that admitted children with diphtheria, was not using antitoxin and the mortality rate remained the same. The newspaper Figaro started a subscription to provide funds for the production of antitoxin and gave the money to the Pasteur Institute to build stables to house horses for immunization. In a matter of a few months, over 50,000 doses were given away free.

The effect on the mortality rate of children with diphtheria was dramatic. In Paris the rate at both the Hospital for Sick Children and the Trousseau had been around 50 percent (55 deaths per 100 cases). When the children at the Hospital for Sick Children were given the antitoxin, it fell to 24 percent, but remained at 55 percent at the Trousseau. While the disease could not yet be prevented, the chance of survival of a child that had contracted it was doubled. There was no question in anyone’s mind that a means of vaccinating children to give them “active immunity” would soon follow. The disgrace of Koch and his failed tuberculin therapy was blunted and the future of immune prevention of disease still looked bright. Kitasato would return to Japan as an honored scientist, to found a bacteriological institute in Tokyo that would later bear his name. Behring was the recipient of the first Nobel prize in Medicine, in 1901. By then he had been ennobled and was von Behring. The citation for the prize reads, “For his work on serum therapy, especially its application against diphtheria, by which he has opened a new road in the domain of medical science and thereby placed in the hands of the physician a victorious weapon against illness and death.”

Pasteur died four years after the first child was saved by the diphtheria antitoxin, but the myth of “Pasteur” remained fixed in the minds of the public and the medical scientists.







Chapter 7: Reframing the Internal World

There is another set of historical threads that must be examined to understand how science enabled us to reframe health and disease. Pasteur’s role was in reframing the external world, conceiving the microscopic agents that cause the body to malfunction. But it probably has not escaped the attention of the reader that as important as it was, just knowing that certain symptoms and death are caused by certain specific living microbes does not give us any new way of responding to them other than avoidance (public health) or prevention (vaccination). This is another version of scientia and techne, knowing and doing, that we first encountered in the earliest days of science. Unless the knowledge of science could be converted into the technology of therapy we would have changed our ideas about disease, but little would have changed in what we could do about it. However, science in the nineteenth century was also moving in the direction that allowed the knowing and the doing to come together in the twentieth century to give us specific therapies.

A new way of framing the way the body functions under normal conditions and how it responds to disease had begun. Once again reverting to the Great Men approach to history, we will take a short look at Claude Bernard and Rudolf Virchow, two figures equal in importance and visibility in their lifetimes to Pasteur, whose part in changing the very way we look at health and disease was crucial.

We have already seen that by the beginning of the nineteenth century, hospital medicine in Paris was bringing together the clinical observation of the sick person and the result of the autopsy of the dead subject. From this came the realization that to explain disease, it was necessary to explain what was going wrong in the solid tissues of the body. Pasteur had been the great force in convincing scientists that a chemist could study living systems, but we saw the reluctance of Liebig, Wohler, and other famous chemists to become entangled in anything that smacked of “vitalism.” It would take the work of Claude Bernard to convince the world of the importance of the milieu interieur, the idea that the functions of the body “varied as they are, have only one object, that of preserving constant the conditions of life in the internal environment.” And it would take the work of Rudolf Virchow to convince the world that the symptoms of diseases are the result of alterations and damage to the cells of which the tissues are composed.

The last half of the nineteenth century was a veritable intellectual three-ring circus of scientific medicine. We think of the twentieth century as the age of science, and twentieth-century science has certainly changed our lives and our expectations, but it was nineteenth-century science that changed the way we look at ourselves and empowered us to expect longer and healthier lives. The science of the nineteenth century allowed us to frame health and disease so that the twentieth century could be an era of medical technology.
Claude Bernard and Rudolf Virchow

While Louis Pasteur was showing that the physiological processes of microbes are responsible for fermentation as well as disease, his contemporary Claude Bernard was showing that the normal functions of the body are a delicately balanced set of chemical interactions. Together they were demonstrating a unity of biological functions from the microbes to humans which, when added to the new theory of evolution, changed the way we look at the functions of the body and the place of humans in the biological world. The results of the dissection room and the observation of the physician at the bedside at the end of the eighteenth century had brought together symptoms and pathology. Now in the nineteenth century the study of the normal functions of the body in the laboratory would enlarge this emerging picture. This powerful scientific combination, along with the nearly universal acceptance of the germ theory of disease, all but sounded the death knell for two thousand years of Galenic medicine. There would be little room for the balancing of humors in the new scientific medicine; diseases had specific causes and the symptoms were the result of specific changes in the organs and chemistry of the body Disease was beginning to be framed in the laboratory.

In Paris, the first laboratory devoted to physiology, the study of normal functions of the body, was established at the College of France for François Magendie. In our modern mind, the word laboratory conjures up visions of clean, well-lit rooms filled with equipment, but Magendie’s lab, as described by Claude Bernard, who was his assistant for several years and who would succeed him as director of the laboratory, shows a very different kind of place. It was “a sort of small closet where we two could scarcely fit ourselves in,” so damp that in later years, when Bernard was the professor, he worked wearing a hat and muffler. In fact, Magendie claimed that Bernard’s later poor health was due to the early years he spent working in that laboratory. But it was in laboratories such as this that modern science began and in which the fundamental discoveries we build on today were made.

Magendie was a powerful figure in Parisian medicine in the first half of the nineteenth century, when conflicts between the old and the new medicine were beginning to develop. As we have seen, Enlightenment philosophy and Revolutionary sentiment had changed the social order, and these changes were beginning to percolate into the consciousness of physicians. Most of the disagreements between the old and the new were not about changing therapies; we have already seen ample evidence that there was little alternative to bloodletting, emetics, and the other treatments derived from Galenic medicine. The disagreement was about the degree of scientific rigor that could be brought to the diagnosis of the patients in the new setting of the hospital. By more rigorously relating the symptoms of their patients to what was being learned about the changes in the organs of the body as a result of those symptoms, Magendie and the other medical visionaries were making the first steps toward scientific medicine.

Magendie was a physician who happened to be a scientist, while Bernard was a scientist who happened to be a physician. Magendie carried out physiology experiments in the dank laboratory, and he also treated patients and taught clinical medicine in the hospital ward. His clinical battles were not about whether to bleed but when to bleed. He once boasted in the Academy of Sciences that he never bled his pneumonia patients at the hôtel-Dieu, yet they recovered with a more rapid convalescence than the patients of those who practiced bloodletting in their pneumonia patients. “It is true that you do not bleed your patients, but your interns bleed them behind your back,” he was told by another physician, and the general snickering told him this was true. I leads rolled the next day, and from then on the only bleeding of Magendie’s pneumonia patients was done to obtain material for physiological experiments.

Magendie is remembered because he was most influential in bringing experimental animals into physiology. The idea that we can learn about how humans function by using animals was not new; after all, Galen had dissected animals to learn about human anatomy. What Magendie did, and Bernard raised to the highest levels, was devise clever ways of determining on living animals how the body functions. Both Magendie and Bernard had to contend with strong antivivisection sentiment in France. In Bernard’s case it was even more difficult because his wife held strong antivivisection sentiments, and as their unhappy marriage headed toward separation, she became more publicly vocal in her opposition. Magendie was a scowling, curt, and sarcastic man when he was dealing with his students and colleagues, but Bernard learned from Magendie that the feelings of the antivivisec-tionists must be respected and dealt with. He told the story of a Quaker who visited Magendie’s little laboratory, dressed in characteristic Quaker garb of wide-brimmed hat, coat with upturned collar, and knee breeches. “I have heard thee spoken of, and I see I have not been misinformed; for I have been told thee does experiments on living animals. I have come to see thee to ask thee by what right thee does so, and to tell thee that thee must stop experiments of this kind because thee has no right to cause the death of animals or to make them suffer, and because thee sets a bad example and accustoms thy fellows to cruelty.” Magendie ordered the experiment in progress to be stopped and the animal to be taken away, and then he pointed out to the man that his aim was to benefit humanity; war was cruel but may be necessary, and hunting inflicts more suffering on animals than does physiology. The Quaker replied that he was opposed to both war and hunting, and it was clear that neither man would convince the other, but the lesson of Magendie’s consideration of the sincere beliefs of the Quaker was an important one to Bernard.

Claude Bernard was a man of quite different temperament than Magendie; his quiet dignity served him as well as Magendie’s curled lip or Pasteur’s killer instinct in debates served each of them. In fact, a personal diffidence always marked Bernard’s bearing, even when he was at the very pinnacle of world acclaim. His modest, almost shy public demeanor was very different from Pasteur’s, because while Pasteur could go for long periods of time in his laboratory without speaking to anyone, in public he could be voluble and charming. When Bernard was invited to spend a long weekend at the court of Napoleon III and the empress Eugénie, he explained his work to the emperor and then faded into the scenery. When Pasteur received his invitation, he engaged the emperor and even sent back to Paris for his microscope (which the empress herself carried to the tea table, declaring that she was Pasteur’s garçon de laboratoire), and delivered an informal lecture on microbes, using fermented wine from the royal cellars as examples. He charmed everyone. When the emperor offered a personal gift after Bernard’s visit, he reluctantly asked for one year’s salary for a low-level laboratory assistant; Pasteur in contrast asked for a six-month leave (with pay) to continue his studies on silkworms. These two scientific giants shared with everyone in the second half of the nineteenth century the common sorrow of the death of children. Two of Pasteur’s daughters had died in infancy and a third died of typhoid at the age of twelve; Bernard had lost two sons in infancy. Even though Paris was the epitome of modern life, death among children was still ever-present.

Bernard was born in Saint-Julien in the Beaujolais region of France in 1813 and, like Pasteur, gave no indication as a young man of the scientific greatness he would achieve. In school, the local priests considered him rather ordinary but of serious enough manner to be enrolled in a Jesuit college in the hope that he would enter the service of the Church. But the rather ordinary young man had ambitions of becoming a playwright and not a priest, and when he was apprenticed to an apothecary at the age of eighteen, he was much more interested in writing drama than in concocting drugs. In fact, the pharmacist was forced to ask Bernard’s father to relieve him of the responsibility for his young apprentice. Bernard returned home, where he continued to write a “masterpiece” historical drama and prepared to take the entrance examinations for admission to the university, where he intended to fulfill his ambitions as a dramatist. In November 1834 he arrived in Paris, with his examinations passed and a letter from M. Millet, the apothecary, stating that “M. Claude Bernard . . . aged twenty-one years, entered my employ in the capacity of apprentice, January 1, 1832, and left it July 30, 1833, and during these eighteen months he served with honor and fidelity.” No mention of distinction, let alone interest in his work. Shortly after his arrival in Paris, Bernard somehow arranged to have his play read by the professor of French poetry at the Sorbonne. The verdict, alas, was that young M. Bernard lacked the temperament to be a dramatist, but after talking to him and learning of his experience in the pharmacy, the professor convinced him to remain in Paris and to study medicine. After all, medicine was a profession that could give him a decent livelihood and also provide the leisure time for literary pursuits. Bernard would always have an interest in the theater, which would be virtually his only diversion outside of science once he began his steady rise to the top of his profession.

As a medical student, Bernard began working as an assistant in Magendie’s little laboratory, and slowly his life became more and more focused on his physiology experiments. His talent for designing good experiments on living animals and his extraordinary technical ability to carry them out became obvious to everyone, so when he finished medical school and qualified as a physician, he chose to remain associated with Magendie and follow a life of research. He soon became the rising star of Paris physiology and eventually succeeded Magendie as professor of physiology.

The major accomplishment of Bernard’s life in physiology research was to bring about the realization that the internal environment of the body is a delicate balance among nutrients entering the body, the specialized functions of each of the organs, the chemicals they produce, and the elimination of the waste products generated during these processes. All of this was encapsulated in the phrase le milieu intérieur—“the internal environment.” It might appear at first glance that because the blood is the vehicle for transporting nutrients and signals from one organ to another that Bernard was merely enshrining the traditional Galenic view of the body, but nothing can be further from the truth. “The blood contains all the elements necessary to life, elements which it obtains from outside by means of certain organic mechanisms. . . . [It] serves as a vehicle for all the influences which, coming from without, act upon the fibers of the tissues. . . . [T]he blood comes into contact with the air and obtains from it oxygen which is subsequently carried to the whole organism. . . . [B]y the mechanism of alimentary absorption the blood obtains from without all the liquids which are subsequently furnished to the organism to serve as nourishment for the tissues. . .. [A]ll the products of organic decomposition are collected in the blood and circulate with it to be excreted, either in the form of gas through the skin and lungs or in the form of liquid by the kidneys.” This could be a concise synopsis of physiology as we know it today! One biographer claims that this notion of the constant and controlled internal environment, which Bernard first published in 1859, was to physiology what Darwin’s On the Origin of Species by Natural Selection, published in the same year, was to evolution.

The idea that the body was a complex integrated whole, with the blood serving as a means of distribution and communication between the organs and tissues, represented a powerful new way of thinking. It left no place for such vague concepts as the humors. Specific molecules made by specific tissues carried out specific functions; the blood was crucial but no longer mysterious. So between them, Pasteur and Bernard, the two giants of French nineteenth-century scientific medicine, set the ground for the use of rigorous science to describe the processes of life involving cells, tissues, and the chemical signals they make and receive. The way we frame the body in health and disease would be fundamentally changed for the first time since antiquity. The new philosophy of science had at last reached medicine.

The changes in the organization of medical-service delivery and education in Paris also affected German medicine. While Pasteur was showing that microbes carry out normal physiological processes that are useful and can cause disease, and Bernard was showing that the balance of chemicals between the tissues of the body determines health, Rudolf Virchow in Germany was studying the changes in the cells of the body during disease. The union of the bedside symptoms of the patient in life and the changes seen in the body at death had only reinforced the long-held belief that inflammation was at the center of disease. Cohnheim, the pathologist who was so impressed with the young Robert Koch, wrote in his definitive textbook of pathology that the interpretation of inflammation “has formed the starting-point and goal of all the systems and schools of medicine that have, in the course of centuries, succeeded one another.” Most people who died in the hospitals did so as a result of surgery at a time before Lister was to make it safer or from infections incurred during the process of therapeutic bloodletting, and many of course died in childbirth, which was a positively horrifying experience in a hospital. Little wonder that the subjects who turned up on the autopsy table were riddled with abscesses, their veins filled with disintegrating clots. Before Claude Bernard, few questioned that health was the balance of the humors, so it was only natural to them that they found the blood vessels of those who had recently died full of these obvious impediments to the flow of the blood (the ultimate result of an imbalance of humors). We can readily understand why one credo of French hospital medicine was, phlebite domine toute la pathologic’ (phlebitis, inflammation of the blood vessels, dominates all pathology).

The cell had been identified and named in the late 1600s by Robert Hook, who used a microscope modeled after one of Leeuwenhoek’s, but it was not until the modern microscope was developed around 1830 that the revolutionary idea that these cells are the basic unit of life was put forward by a German botanist and a physician, the same two who were ridiculed by Liebig and the chemists at the time of their battle with Pasteur about the role of yeast in fermentation. So in 1844, when the twenty-three-year-old Rudolf Virchow was assigned his first research task, it was to look at the cells involved in the inflammation of the blood vessels. The theme of the cellular processes of disease stayed at the center of Virchow’s work throughout his active, almost fabled life. It was his research that would set the stage for the revision of our understanding of the role of the cells seen in inflammation.

In the early years of his cellular approach to the pathology of disease, Virchow would resist Pasteur’s claim that specific microbes are responsible for specific diseases, because the local cellular changes he saw in many different kinds of diseases seemed so similar. Today we regard a disease such as tuberculosis as almost exclusively a chronic disease of the lungs, but in the mid-1800s it could also be systemic (miliary TB) or located in the lymph glands of the neck (scrofula). If the tubercle bacillus was causing both, how could such different symptoms represent the same disease? Scrofula, in turn, showed very similar cellular pathology to glanders, a disease of animals that caused swelling of the glands. So to Virchow disease was clearly associated with the cellular changes seen in inflammation, but rather than each disease being a specific entity, it was classified according to the cellular changes in the kinds of inflammation that were involved.

Rudolf Virchow was born in 1821, the son of a failed farmer and small-business man and his wife, of whom “nothing is known but an inclination to worrying and complaining.” The Prussian state at the time provided a means for talented children of the poor to be trained as army doctors, and at the age of eighteen Rudolf enrolled. It was a time, his biographer says, when German “medical science had reached an all-time low. . . reactionary German medicine had lost itself in the jungles of romantic speculation or the deserts of naked empiricism.” But Virchow rose above the rigid barracks atmosphere of the army medical school, the philosophical attraction of an almost primitive belief in vitalism, and the hierarchical structure of German medicine to become a liberal political leader, a medical visionary, a leader in public-health reforms, and a renowned anthropologist. Quite remarkably, from the very beginning of his career he took to lecturing the entrenched establishment, asserting that the future of medicine depended on clinical observation, animal experimentation, and a reliance on pathological anatomy (especially microscopic pathology). This message would have been hard enough to swallow if it only meant that the establishment had to look at itself as being hopelessly dated and out of touch, but it meant something even worse: German medicine must become more like French medicine! The amazing thing is that he was listened to; in general, this confident young man was taken seriously from the very beginning.

With the improved microscopes of the day, all pathologists saw cells in the sites of inflammation, so the question for young and old alike was not //cells were there but how they got there and what they were doing. The leading anatomical pathologist in Europe at the time was a Viennese, Karl Rokitansky, who claimed that during disease, changes in the blood led to the production of some kind of amorphous material at the site of inflammation, which was then converted into cells. This kind of thinking is what Virchow’s biographer meant by German medicine’s being lost in the jungles of romantic speculation; the growing tide of opinion against spontaneous generation had clearly not penetrated their thinking. Germany was undergoing revolutionary, democratic ferment, and Virchow was at the center of the revolution he believed would change not only the social structure of the country, but medicine, public health, and health-care delivery as well. He publicly took issue with Rokitansky and the old order, claiming that spontaneous generation was dead and that cells, rather than being the byproduct of some nondescript forces, were the basic unit of both normal life and of disease. Cells could not develop spontaneously from amorphous material any more than mice could come from dirty rags; it was time to use modern thinking. The leading journal, run by the establishment, of course would not publish his claims, so he and a few like-minded young friends decided to create a journal of their own, leading his admiring biographer to declare that “this somewhat [sic!] overwhelming complete confidence in himself sustained Virchow throughout his life.”

That same year, 1846, the twenty-five-year-old Virchow began a series of lectures on anatomical pathology that attracted not only the young, idealistic, and revolutionary doctors but even some of the veritable establishment Geheimräte. It is amazing as we look back to see how rapid his rise was, but his biographer points out that at the time there were a great many young brilliant German medical and political revolutionaries, many of whom died in their thirties and forties. (Again we see the constant presence of death and the effect it had on everything.) Virchow may have been outspoken, but he was brilliant, and furthermore, had the talent of not making personal enemies of his scientific foes. Of course, it didn’t hurt that he was a product of the military school; if he was a radical, he was their radical.

The occasional liberals in the Prussian bureaucracy did little to help his career, and the revolution of 1848, rather than speed the acceptance of his views and his career, led to an extreme reactionary backlash, so that in 1849 he lost his position in Berlin. That year he took a professorship in rural Würzburg and for the moment immersed himself in his scientific work. Virchow’s withdrawal from political life was temporary, but it was not unique. Ferdinand Cohn (whom we met with Koch) wrote in his diary on September 25, 1849, “Germany dead; France dead; Italy dead; Hungary dead; only cholera and court-martials immortal. I have retired from this unfriendly outside world, buried myself in my books and studies; seeing few people, learning much, only inspired by nature. ...” Although he was exiled to Wurzburg, politics still remained an integral part of Virchow’s life and thinking; he would describe the body as composed of equal individuals (the cells) within a free state, or as a federation of cells. And just as he saw the importance of political process, he also saw disease as a process. Disease to him was only “life under changed conditions,” and in the political calm of the Wurzburg years he developed these ideas into a new way of looking at disease with cells as the centerpiece. It is important to realize that the shift of focus of pathology from tissues to cells was not original with Virchow; by the late 1840s, the wide availability of good microscopes and the acceptance of the idea that cells were the basic unit of life made it natural and fashionable to look at them in disease. But Virchow was crucial in establishing the relationship of the cells to the pathology of the tissues.

At the same time, Virchow was in the vanguard of those pathologists who were applying the methods of chemistry to studying diseased tissue. This combination of microscopic examination of the lesions of disease and the chemical changes that occurred during the process of disease formed the basis of the next profound change in medicine, which would now move into its new era of “laboratory medicine.” But more immediately, as we will shortly see, Virchow’s breadth of thought and his position of power in the medical-science world allowed him to respond quickly to a truly revolutionary way of looking at the role of the cells in inflammation when it was introduced to him forty years later.
Elie Metchnikoff, Phagocytosis, and the Idea of Immunity

By the 1880s hardly any scientific physicians would disagree that bacteria were the cause of infectious disease, but hardly any of them would agree on what the bacteria were doing to the body that resulted in disease. At its foundations, science is a form of debate, a state of mind that requires the scientist to look at the world and design experiments to find out how it works. A common misconception about science is that it is value-free—that facts are facts and that once one is confronted with them, understanding follows. Nothing can be further from the truth: The facts that come from scientific experiments are always understood within the context of the assumptions the experimenter made when designing the experiment. The bacteriologists at the close of the nineteenth century assumed that bacteria are responsible for disease because they cause the pathological changes in the body of the infected person. The pathologists, looking at the same “facts,” saw bacteria as agents that initiated changes in cells and tissues in the body that resulted in disease. Because science is really a valueladen intellectual exercise in which the participants are constantly striving to turn the “facts” into “truth,” it almost always takes on the characteristics of a debate, and in special cases can look like a courtroom drama. The role of the bacteria and the cells was one of those scientific debates that determines the framework in which generations of scientists would look at the “facts.”

Both the pathologists and the bacteriologists saw degrees of specificity in disease; diseases of the lung, for example, may have common features, but they were diseases of the lung and did not reflect a general condition implied by an imbalance of humors. They most certainly disagreed on what the basis of the specificity was, but the “fact” of specificity was inherent in each of their arguments. They also agreed on the “fact” that inflammation was synonymous with disease. Physicians since antiquity had seen that the accumulation of pus was a hallmark of many diseases, just as fever and swelling (two of the cardinal signs of inflammation) were the hallmarks of others. When anatomical pathologists began correlating the lesions at autopsy with the symptoms in life, they saw the obvious correlation between inflammation and disease. The microscope allowed these observations to be extended to the cells in lesions and it became a “fact” that they were part of the disease process. Virchow, as the father of cellular pathology, was one of the leading exponents of the idea. It is ironic, then, that Virchow would be instrumental in bringing about a total reversal of this idea during one brief encounter with a fantastic Russian zoologist named Elie Metchnikoff.

Elie Metchnikoff was the person who realized that the cells seen in inflammation were the body’s way of combating the infecting bacteria, a concept of such monumental importance that all of modern immunology and much of modern medicine is built on it.

If Elie Metchnikoff had never existed, we would surely have had to invent him. He has been characterized by the great popularizer of the golden era of microbiology, Paul de Kruif, as something between a mad holy man and a fool. He was neither. As a recent biography makes very clear, he was a complex, intense, probably brilliant, often infuriating man who was spectacularly correct about some things and equally spectacularly wrong about others. His childhood years resemble a Chekhov play: his father serves in the Imperial Guard and marries the sister of a fellow officer; the couple quickly become part of the high life of St. Petersburg society until their money runs out and they must retire to a boring provincial life on the family estate. It was in this provincial atmosphere of The Cherry Orchard and Uncle Vanya that the very bright and moody Metchnikoff grew up. When it came time for him to go to university, his mother thought he was of too delicate a temperament to study medicine, so, because of the interest he had shown in botany from an early age, he studied natural science. But his career began as a series of unhappy events: mentors taking credit for his work; old professors who did not have his burning passion for science; inadequate salary—the whole litany of an unhappy life.

The pattern of Metchnikoff’s life, and the future that he saw for himself, can be seen in the description to his mother of the woman he intended to marry: “She is not bad, but that is all. She has beautiful hair; her complexion is not pretty.” The object of this passion, Ludmilla Federovitch, was suffering from a wasting disease and had to be carried to the church for their wedding. She died a few years later and, distraught at all of the failures of his life, Metchnikoff made a dramatic and probably intentionally ineffective attempt at suicide. A short while later he put his life together sufficiently to marry a very young student and tried to settle into an academic life at the University of Odessa. But this too was filled with unhappiness and distractions.

It was from this unlikely start that Metchnikoff made his revolutionary discovery. One might expect a brilliant insight from such a person, but who would have ever predicted that this unhappy, apparently unsettled man would be able to focus his attention on that discovery for the rest of his life! It was after he acquired a bit of financial security from his own family’s estate and that of his new wife that Metchnikoff took himself, his wife, and some of her family off to Messina, in Sicily, in 1883, where he planned to do research on marine organisms. It was this research that changed the view of pathologists and all of medicine about the role of inflammation. Later, he wrote this much-quoted account of the great discovery:

I was resting from the upheaval which had led to my resignation from the University and I was passionately working in the marvelous setting of the Strait of Messina. One day, as the whole family was at the circus to see some trained apes, I remained home alone with my microscope and I was observing the activity of the motile cells of a transparent starfish larva, when a new thought suddenly dawned on me. It occurred to me that similar cells must function to protect the organism against harmful intruders. ... I thought that if my guess was correct a splinter introduced into the larva of a starfish should soon be surrounded by motile cells much as can be observed in a man with a splinter in his finger. No sooner said than done. In the small garden of our home ... I took several rose thorns that I immediately introduced under the skin of some beautiful starfish larvae which were as transparent as water. Very nervous, I did not sleep during the night, as I was waiting for the results of my experiment. The next morning, very early, I found with joy that it had been most successful. This experiment was the basis of the phagocytic theory, to which I devoted the next twenty-five years of my life.

To be sure, Metchnikoff was a romantic and this is certainly a romantic view of an important event. There may even be a small element of truth in it, but that is doubtful. He had in fact been reading works by cellular pathologists, especially Julius Cohnheim’s treatise on inflammation that we mentioned earlier, as well as the work of Darwin. The great intellectual leap Metchnikoff made was to see a universal biological phenomenon in the accumulation of cells that are able to ingest a foreign body in the larva of starfish. He realized that this resembled the accumulation of cells at an area of damage in the inflammation of disease and he saw in this something that had been conserved in evolution from the starfish to humans. It made perfect sense to him that the cells he saw attempting to engulf the rose thorns were the evolutionary precursors of the cells pathologists saw at the inflammatory sites of infections. If this was true, he thought it must then follow that the cells at the site of the inflammation were attempting to engulf and destroy the infecting bacteria. If they were trying to destroy the bacteria, then they were not causing the disease, they were trying to protect the body from it! It was an idea that set the whole idea of the pathology of infection on its head; what everyone had assumed was the cause of the disease and therefore had to be controlled and eliminated, this eccentric Russian zoologist argued, was the body’s means of curing it. Since the time of the Greeks, people had talked about “letting nature take its course,” or the “ability of the body to heal itself,” but these things had been said only metaphorically. These cells at the site of inflammation could be the real thing!

In one of the wonderful ironies of history, Virchow was visiting in Messina at the time Metchnikoff had his insight, and Metchnikoff was able to describe his result and his ideas to him. The idea that the cells in the inflammatory site were ingesting the bacteria was not new to Virchow, but the idea that the body used these cells as its defense against disease certainly was. He was not convinced by Metchnikoff, but he was interested enough in the intellectual idea to be encouraging. Four years later he would still disagree, writing, with his usual style of political analogy, that he did not “regard the pus corpuscles as gendarmes ordered by the police-state to escort over the border some foreigner or other who is not provided with a passport.” So while warning Metchnikoff that his ideas flew in the face of the current wisdom—especially of the very powerful Robert Koch, who was convinced that the cells at the site of inflammation were the vehicle for the spread of bacteria—he encouraged him to publish. Virchow at the time believed that the cells at the site of inflammation were local cells that had responded to the local irritation, and it was this response that we saw as disease, but he gave the necessary psychic encouragement to a man who wanted to overturn the accepted scientific truth of the day. Perhaps Virchow, the old social revolutionary, liked the idea of yet another revolution, and the idea that the cells in inflammation were neither passive responders to irritation nor spreaders of the disease but were the active defenders of the body was certainly revolutionary.

Metchnikoff’s idea got enthusiastic reception from two zoologists, Nicolaus Kleinenberg, a German who was professor at Messina at the time, and C. Claus, the director of the Zoological Institute in Vienna, whom he visited on his return trip to Russia. In fact, Claus was so enthusiastic that he asked Metchnikoff to publish his results in his journal, and he and his colleagues even coined the term for the ingestion and destruction of bacteria by the cells. Metchnikoff had used the awkward German term Fresszellen, or “devouring cells,” but the Viennese zoologists gave him the Greek term phagocyte (phaegin = “to eat”; kytos = “cell”). To this day we use the term phagocyte for cells that take in other cells or particles, and call the process phagocytosis. With the intellectual encouragement of the great pathologist Virchow and the enthusiastic encouragement of his fellow zoologists, Metchnikoff began the work that would engage him for the rest of his life, gathering the proof that phagocytosis is the mechanism by which the body defends itself from disease. The idea was so clearly correct to him that once one “accepts the concept that phagocytes fight directly against pathogens, it becomes understandable that inflammation is a defensive mechanism against bacterial invasion.”

Metchnikoff returned to Russia in 1885. The city of Odessa had decided to open an institute to prepare anthrax vaccines in the manner of Pasteur, and he was to be the director. It is not clear why a man who could not get along with authorities and who had such little interest in organization would be chosen for this position, which required great skill at both. He was probably the worst person to hold such a position, and not surprisingly, the first batch of anthrax vaccine the institute produced was not properly tested and resulted in the killing of thousands of sheep. Metchnikoff left Russia forever in 1888.

When they left Russia, the Metchnikoffs went first to Berlin, where Elie presented to Koch and his colleagues the evidence for his idea that phagocytosis was part of the protective response of the body. His meeting with Koch, as one might suspect, was less than cordial; the great man looked at the microscopic preparations that showed bacteria inside the phagocytic cells of a lesion and told him, “You know, I am not a specialist in microscopical anatomy; I am a hygienist [sic]. Consequently, it is entirely indifferent to me whether [bacteria] are within or without the cells.” The response of Pasteur was quite different. Pasteur was by then old and ill and probably took a fatherly interest in the energetic young Metchnikoff. There is also the possibility that his personal dislike of Koch may have made him a bit more receptive to both the idea and the person who was presenting it to him. He offered Metchnikoff a laboratory in the new Pasteur Institute, and here the turbulence that had characterized his life till now ended, and he found the environment that would give him peace to carry out his life’s work.

Virchow was helpful but unconvinced; Koch was uninterested; Pasteur was interested, but his physical powers were fading. Elie Metch-nikoff, who went on to receive a Nobel prize, has been called the founder of immunology and has become a thoroughly mythic character. But how did an obscure and unstable Russian zoologist become so famous? Indeed, we very well might ask, as we did of John Snow, Who made Elie Metchnikoff a famous man?
The Body Actively Defends Itself

The fin desiecle always brings hopes and promises of wondrous changes to come in the new century. The end of the nineteenth siecle showed that such hopes and promises could be fulfilled before the satisfied eyes of the observers who already thought of it as “the wonderful century.” And to these satisfied eyes, it was science that made the century so wonderful. Science was the engine that drove the changes. It had brought electric lights, which freed people from the tyranny of the darkness after sunset. Science had given them transportation, which freed them from the confines of their local neighborhoods and villages; it brought them goods from distant places and allowed even the working class to share the bounty that had been available only to the wealthy before. Science had given them, through photography, images of places and people of which they had only dreamed. Science let them soar in balloons, send messages by telegraph, listen to the phonograph, see moving pictures and even pictures of their own internal organs through X rays. But most important in the mind of the public, science had eliminated the constant presence of death. Of all the wonders of science and its benefits, this was the most important. Is it any wonder that they were turning Pasteur into “Pasteur”? Their children could be saved from dying of diphtheria; the causes of tuberculosis, cholera, typhoid, and syphilis were known; surgery was now safer; and the constant presence of death was becoming a memory only of the old people.

These changes were there for everyone to see, but science was also bringing an important subtle change into the new century—the way we thought about how our bodies respond to disease. Since the time of the ancient Greeks, people did not “catch” a disease, they slipped into it. To catch something meant that there was something to catch, and until the germ theory of disease became accepted, there was nothing to catch. But by the middle of the “wonderful” nineteenth century, Louis Pasteur had provided both the something to catch and the demonstration that specific protection (immunity) was possible. Patients may not have known it, but Claude Bernard and Rudolf Virchow had changed the way they would look at the function of their bodies, because their physicians would know that the cells and the chemicals they produced maintain an internal environment in the body that is the basis of normal function in health and abnormal function in disease. They may have been curious, but unmoved, by the advances in science, but they were passionately interested in the practical results that followed. For the first time in history there was the certain knowledge that the thing in which they were most interested—their health and the health of their children—would be changed for the better.

Lister had been able to make surgery safe by eliminating the bacteria from the surgical site; Koch had discovered the cause of so many diseases; and Pasteur had shown that it was possible to give specific protection against them. They were famous men because they visibly and understandably personified the science that was bringing about the changes in the health of the people. Metchnikoff’s contribution was not so obviously practical, but if one of the quiet messages of this book is that science is a way of looking at the world and understanding it, then the idea that the body actively fights the microbial invaders responsible for disease was one of the most important that the new century would build on to fulfill the promise of even greater advances in health. Things are only understood in the context of what is already known, and until that time, with death from infectious disease the rule, there was little reason to seriously think that the body had much of a defense mechanism. Now, when the promise of general vaccination against infectious diseases seemed about to be fulfilled and death was about to be conquered, science had to find the context in which to understand it all.

How does vaccination give specific protection? To Metchnikoff the answer was clear: Evolution had provided humans and higher animals with phagocytosis as a protection mechanism to destroy the invaders. To be sure, other factors must be important; in 1884 he wrote, “I believe that the bacilli are destroyed by the phagocytes although the influence of other factors that may hinder their development is not eliminated.” Pasteur, the quintessential microbiologist, had explained specific immunity after vaccination by analogy with bacteria growing in a flask in the laboratory; the specific bacteria used up all of the specific foodstuff they needed to grow, so that if the person was infected after he had been vaccinated, the vaccination had used up all of the nutrients and the bacteria could not grow. But when someone showed that it was possible to vaccinate with dead bacteria, which obviously could not use up the specific nutrients, the idea faded away. Metchnikoff’s answer that the phagocytic cells were responsible for immunity was appealing, but he obviously had difficulty connecting it with specificity. And this was something he had to do, because the idea that specific microbes caused specific diseases, and that vaccination gave specific protection, was now accepted. It is one thing to argue that the inflammatory response is a general defense against invaders; it is quite another to argue that it is a specific defense. And specificity was essential if the idea was to carry the day.

In 1901 Emil Behring won the first Nobel prize because of the dramatic effect his antitoxin therapy had had in reducing fatality from diphtheria. Antitoxins fit into the ideas of Claude Bernard’s chemical basis for the functions of the body, and they fulfilled the truly wonderful part of Pasteur’s legacy of specificity. Behring had removed much of the terror from that awful childhood killer diphtheria, but to make his work on antisera practicable, he had teamed up with Paul Ehrlich, whom we will meet in the next chapter. Ehrlich had argued convincingly that diphtheria antitoxin protected children by neutralizing the diphtheria toxin in the same way an acid neutralizes a base. In short, it was all chemistry! And yet here was a person at the Pasteur Institute, appointed by Pasteur himself, who claimed that cells were responsible.

Scientific debate tends to begin at polar opposites and then move toward the middle ground. Only rarely does one side in a scientific debate get it totally “wrong,” but it is even rarer that one side will admit to much reason in the arguments of the other at the time when the extremes are being defined. Metchnikoff had begun in 1884 by arguing that phagocytosis was important, but “other factors” also play a role. Neither Behring nor Ehrlich wanted to argue that cells played no role in normal functions and in disease, but how could the dramatic effect of diphtheria antitoxin be explained by cells? Their positions became polarized. Koch was becoming more and more vocally an enemy of Pasteur, and the conflict between the exponents of the role of the cells and the exponents of the role of antitoxins grew and took on an ugly, sometimes even nationalistic, tone. By 1901 Metchnikoff was saying “there is only one constant element in immunity, whether innate or acquired, and that is phagocytosis.”

These cat fights run counter to the image of the dispassionate searchers for truth that scientists believe they are—and certainly want the world to believe they are—but they have always occurred. But if we keep in mind that Behring kept a picture of Pasteur in his office for all of his life and that Metchnikoff stood as godfather to one of his children, we see that to the really great scientists, polar debate and a bit of mud-slinging are just the way business is conducted. It was necessary for someone to see that the middle ground was where truth could be found, and just such a man stepped in.
Sir Almroth Wright: The Great “Immunizator”

If Elie Metchnikoff is a character out of Chekhov, Almroth Edward Wright is a character out of Dickens. Born in 1861 to a clergyman father and a Swedish mother (the daughter of a chemistry professor), Wright lived his early years in Dresden and Boulogne, where his father was first the chaplain of the English church and then founder of the British Seamen’s Institution. As might be imagined from this background, he was reared in a strict Protestant home in which frivolity was frowned on; all of the blinds in the house were drawn on Sunday and the hours not spent in church were devoted to Bible study and meditation. The children were educated by the parents in classics, mathematics, and languages; one son became lord chief justice of Trinidad, another the first librarian of the London library and a translator of Tolstoy, another the major-general of engineers who overcame the formidable supply problems of Allenby’s campaign in the Middle East in the

First World War. Although the family income never exceeded four hundred pounds per year, Wright would later say that he was brought up in an atmosphere of intellectual riches and material poverty “entirely favourable to the growth of the life of the mind.” We will see later that he continued to lead “the life of the mind,” but he more than overcame the romance of material poverty

When his father was transferred to Belfast, Wright entered Trinity College in Dublin, where he read English, French, German, Spanish, and Italian literature and gained first-class honors and the gold medal in his B.A. degree in 1882. He read medicine at the same time and qualified in 1883, the same year as Metchnikoff’s great insight. It was at Trinity that Wright learned about the new scientific medicine of specificity that was developing in France and Germany, and he adopted the concepts (as he did other things) with an evangelical enthusiasm. In 1884, at the age of twenty-three, he went to Germany to study with Gohnheim, where he learned to observe the cells of the blood in the inflammatory process. So he was well prepared for Metchnikoff’s phagocytic theory when he learned of it, but when he returned to London in 1885 ready to do something about it, he found that British clinical medicine had been largely unmoved by the advances in pathology and physiology on the Continent. Not fitting into the clinical scene and unable to get a university appointment, Wright won a scholarship to read law! But after finishing the course, he decided that he did not want to be a lawyer after all, and took the civil service higher examination. Thus, qualified in two professions and passionate about medical research in the scientific mode, he became a clerk in the Admiralty. Even Dickens would not have used this as a plot!

Wright was able to carry out his duties as a bureaucrat with ease and began to do research at the Brown Animal Sanatory Institute, the first experimental pathology laboratory in Britain. Founded with a bequest from an eccentric Irishman named Thomas Brown as a center for investigating and curing “maladies of Quadrupeds and Birds useful to man,” it had gradually turned into an institute of animal pathology. When the superintendent, who had also worked with Cohnheim, became professor of pathology at Cambridge in 1886, he offered Wright a post in the department. At last, it seemed, the brilliant but restless Wright would be able to do the research he was so passionate about. But Cambridge soon palled (he told a friend that Cambridge scientists did not “take him at his own valuation”) and in 1888 he won a scholarship to study for another year on the Continent.

To make the story more Dickensian, he then spent two years in Sydney as a demonstrator in physiology, finally returning home in 1891, with no job, to spend two years working without pay in the Laboratory of the Colleges of Physicians and Surgeons in London. By 1892 he urgently needed a salary and when he was offered the post of professor of pathology in the army medical school at Netley Hospital, by Southampton Water, he accepted it. As professor of pathology, he was expected to teach and do research. The army was interested in the pathology of wound infections and infectious diseases because these were the major causes of deaths during wars. The success of Lister’s antiseptic surgery and the acceptance of the germ theory had convinced army surgeons that harsh antiseptic treatment of wounds was the only way to prevent infections. Wright would later campaign against this practice, arguing that the strong antiseptics killed the phagocytes that were crucial for the destruction of the bacteria infecting the wounds.

But alas, the military life was also not for him; once when his military laboratory assistant was required to take part in a parade, Wright stalked onto the parade ground and plucked the man out of the ranks. Another time, when he was giving evidence to a military tribunal, the president asked him if he had anything more to say; Wright replied, “No, sir. I have given you the facts. I can’t give you the brains.” Having fit into the military no better than he had fit into the academic life at Cambridge or Sydney, Wright left Netley to become professor of pathology at St. Mary’s Hospital in London in 1902. The post at St. Mary’s may have gotten him away from the military, but it was far from a plum. The facility was run-down and decrepit, he had little space and no funds for research, and he had the responsibility for all of the routine hospital bacteriology and pathology, as well as teaching. The salary was far less than his salary at Netley (£300) and the department was housed in two rooms that were ill lit, ill equipped, and shaken every few minutes by the Underground railway. But Wright was a magnetic teacher who told students that the physician of the future would be an “immunizator” and probably had a vision of what he wanted to be in the world that could only be brought off in this situation at St. Mary’s.

In his training, Wright had absorbed the emerging modern, scientific basis of medicine laid down by Pasteur, Bernard, and Virchow. The year before he went to St. Mary’s, Behring had won the Nobel prize for his work on diphtheria antitoxin. The power of immunization was “in the air.” Wright could not help getting caught up in this excitement, but being the quintessential independent spirit, he would not follow any party line. From his experiences in Germany and in dealing with the army surgeons, he had become convinced that phagocytes played a very important protective role in the body, but he also knew the importance of specificity in immunization. He turned his department at St. Mary’s over to putting all of the principles into practice: He would immunize to increase the power of the phagocytes/

One of the first things Wright found was that if he mixed some blood from a patient recovering from a disease with bacteria that cause the disease, the bacteria were engulfed by the phagocytic cells much more rapidly than they were when they were mixed with the blood from normal people. Wright was never a clear experimental thinker, but he was a talented bench worker and soon developed methods for measuring this phenomenon; a drop of blood from a patient who was suffering from a bacterial disease was mixed with the bacteria that cause the disease, and after a set time, the average number of bacteria ingested per phagocyte was determined by examining the drop under the microscope. The same was done with the blood from a disease-free person, so he could determine what he called the “phagocytic index,” the ratio between the cells of the patient and the normal person’s ability to phagocytize. He claimed that as patients recovered from disease, their phagocytic index rose, indicating that each cell was able to phagocytize (and presumably kill) more and more bacteria, resulting in the recovery of the patient. He reasoned that if a person’s phagocytic index could be raised artificially, his body would behave as if it were recovering from the disease, and immunization was the way to do this. Wright constantly harped on the phagocytic index throughout his career, even when it was becoming clear that this was not going to be the key to the secrets of immunity. He later was called, behind his back of course, Sir Almost Wright. The irony is that from the distance of almost one hundred years we can see that Wright overstated a case that we now understand as being essentially correct, once again showing that heros and fools are difficult to distinguish at the time.

Wright was quickly associated in a very public manner with the idea that immunization functions by stimulating the phagocytes. His friend George Bernard Shaw used him as the model for Sir Colenso Ridgeon in his play The Doctors Dilemma. Shaw, in reality, was using this as part of his argument against vaccination, because he found the idea of injecting disease-causing agents into healthy people offensive. But what Shaw really objected to most was the idea of specificity of disease, and therefore the specificity of the protection. In the play, the character of Sir Ralph Bloomfield Bonington (known as B.B.) speaks the following lines:

B.B. What! Ridgeon: did you hear that? Sir Patrick: I am more struck by what you have just told me than I can well express. Your father, sir, anticipated a discovery of my own. Listen, Walpole. Blenkinsop: attend one moment. You will all be intensely interested in this. I was put on the track by accident. I had a typhoid case and a tetanus case side by side in the hospital: a beadle and a city missionary. Think of what that meant for them, poor fellows! Can a missionary be eloquent with lockjaw? No., NO. Well, I got some typhoid anti-toxin from Ridgeon and a tube of Muldooley’s anti-tetanus serum. But the missionary jerked all my things off the table in one of his paroxysms; and in replacing them I put Ridgeon’s tube where Muldooley’s ought to have been. The consequence was that I inoculated the typhoid case for tetanus and the tetanus case for typhoid. [The doctors look greatly concerned. B.B., undamped, smiles triumphantly.] Well, they recovered.




Chapter 8: Magic Bullets and the New Paradigm of Medicine

It took Pasteur, Bernard, and Virchow to change the way we frame disease and, as a consequence, how we treat it. At the start of the twentieth century, disease still meant infectious disease, but it would now be framed by specific microbes causing pathological changes in specific organs resulting in specific symptoms. It was specificity that made medicine scientific, and it was specificity that captured the public’s imagination the way Newton’s gravity, Franklin’s electricity, and Lavoisier’s oxygen had a century before; the hunt for the microbes that cause disease replaced the thrill of seeing the balloons of the Montgolfiers. Scientific medicine was so successful in replacing Galenic medicine because finally, like the other sciences, there was the promise that it could do something. Bacteriology had identified the causes of the diseases and immunology had already shown that there could be specific prevention. Now the promise of specific drugs would be the goal.
Magic Bullets: Paul Ehrlich’s Quest for Specificity

When Emil Behring was trying to convert his discovery that antitoxin could save a mouse from the lethal effects of diphtheria toxin from a laboratory experiment into a therapy that could be used on children, he kept stumbling over the difficulty of producing a serum of enough activity to be effective. Paul Ehrlich came to his rescue by applying the reasoning of chemistry to the production of antiserum. For well over a quarter of a century, the children who were saved by diphtheria antitoxin therapy owed their lives to Paul Ehrlich as much as to anyone; and the rest of us owe the idea of specific drugs to treat specific diseases to him.

Of the odd and fascinating characters who have populated this narrative, Paul Ehrlich is one of the oddest and most fascinating. He was born in Strehlen, in Upper Silesia, in 1854, the year Pasteur became dean of the faculty at Lille and began his interest in biological research. Much of what we know of Ehrlich’s life comes from a biography written in 1949 by Martha Marquardt, an adoring secretary who often tells us more than she thought she did. We learn, for example, that Ehrlich’s father, an innkeeper, was “a man of keen judgment, with a cheerful manner and full of good humour. But in spite of these lively characteristics he would sometimes sit at the window for hours talking to himself, accompanying his words with movements of the head, and gesticulations of the hand. When speaking to others he would put out his words and sentences in a strange hurry, introduce a jest, repeat it several times loudly in the conversation, and laugh over it.” The reminiscences of some of his schoolmates make it clear that even at an early age Paul was his father’s son, and Marquardt’s descriptions of his everyday activities in his laboratory show a quirky, preoccupied genius given to talking to himself and repeating stock phrases. But we know from his colleagues and the scientists who dealt with him that Ehrlich was a man of the keenest scientific insights who could visualize chemical and biological structures in his mind and devise complicated theoretical explanations based on these visualizations.

As a student, Ehrlich was fascinated with the chemistry of dyes and especially their use in the staining of biological tissues, so after he passed his initial medical school exams, through the influence of his cousin, the pathologist Karl Weigert, he was able to work in the laboratory of Cohnheim at Breslau while preparing for his final examinations. In fact, when Koch made his first fateful visit to Breslau and was taken to see Cohnheim, he was introduced to the young man as “little Ehrlich,” who is “very good at staining, but he will never pass his examinations.” But he did pass his examinations and became doctor of medicine with a thesis on the theoretical and analytical basis of staining. In 1878 he became an assistant at the Charité-Hospital in Berlin, and was apparently present in the audience at the 1882 lecture to the Physiological Society of Berlin at which Koch announced that he had isolated the bacillus responsible for tuberculosis. Ehrlich had been staining the organs and sputum of tuberculosis patients and remembered that he had seen some strange rod-shaped bacteria, but they were so faint that he could not be sure what they were. The story, probably not true, is that he rushed back to his laboratory and stained up some new preparations, but because it was late and he was so messy, he put them on top of an iron stove to dry and then forgot about them. The next morning the cleaning lady lit the fire in the stove, and when Ehrlich came in and recovered the slides, he found they were beautifully stained and so he was the first person to see the tubercle bacillus in a specimen. The story probably grew out of the fact that to stain the tubercle bacillus, unlike most other bacteria, it is necessary to heat the slide slightly to facilitate the penetration of the dye into the organisms. Even though we now know that heating slides while staining them seems to have been a practice that “little Ehrlich, who was good with stains” did in a rather routine way, the story is too good not to retell. Koch would later write that “with Ehrlich’s method of staining, the recognition of tubercle bacilli could readily be made use of in diagnosis. We owe it to this circumstance alone that it has become a general custom to search for the bacillus in sputum, whereas, without it, it is likely that but few investigators would have concerned themselves with tubercle bacilli.”

The sudden death of his chief and patron at the Charité brought about a sudden and severe change in Ehrlich’s life. The new chief was not as indulgent with the eccentric Ehrlich and began to make him feel unwelcome. It is not clear how much of the pressures Ehrlich began to feel were due to the institutional anti-Semitism in German academic medicine and how much was due to the fact that Ehrlich truly must have been a pain in the neck for any administrator, but his health began to suffer and he resigned his position at the Charité Hospital. He claimed to have developed tuberculosis during the course of his research on staining, but his closest associates thought it was nervous strain. His brother-in-law would later write in an obituary that Ehrlich could not stand the constraints put on him under the regime of the new director, and just “as a highly strung racehorse would end by quivering helplessly in the yoke, breaking down as a result of nervous excitement without advancing or making any effective effort, so Ehrlich’s body would pine away when his spirit was fettered. . .. His illness was called tuberculosis of the lungs, and he had the clinical symptoms of that disease. But what he was suffering from mostly was constraint. The easily cured tuberculosis never troubled him again when once he had recovered his strength.” Ehrlich spent two years in Egypt recovering from whatever it was that ailed him, and his life took a new direction when he returned.

Fie had married the daughter of a wealthy Silesian factory owner a few years before, and when they returned from Egypt, he was able to set up a small private laboratory in Berlin. Koch, who was grateful for Ehrlich’s contribution of the staining method, offered him the chance to work in his new Institute for Infectious Diseases—with no pay. Shortly after he began working in the institute, Ehrlich began a collaboration with Behring, who was in the middle of his work on diphtheria antitoxins. In his earlier research, Ehrlich had found that when he injected experimental animals with small amounts of the plant toxins ricin or abrin, the toxic effects were neutralized by the blood of the injected animals. By increasing the amount of toxin injected, slowly over a period of time, he had been able to increase the amount of antitoxin in the blood. This was important because Behring was unable to reliably get active preparations of diphtheria antitoxin from the blood of the animals he was immunizing with diphtheria toxin. Ehrlich had not only solved that problem with the plant toxins, he had even worked out the test-tube chemistry to measure how much antitoxin there was in the blood of the animals. Koch’s biographer, the American bacteriologist Thomas Brock, says that “[A] 11 sources seem to agree that if it had not been for Paul Ehrlich, Behring’s honors would have come to naught. For it was Ehrlich who first developed suitable quantitative methods for diphtheria antitoxin, thus permitting analysis of diphtheria antitoxin production and efficacy.”

From his work with dyes and his early training, Ehrlich had the mindset of a chemist; he thought in terms of specific chemical groups interacting with each other and of their quantitative relationships. Diphtheria toxin and antitoxin, in his mind, could be treated like any other chemical interaction and so he quickly devised a method for measuring the amount of diphtheria antitoxin in the serum of a horse that had been immunized. The importance of this work in moving the antitoxin therapy process forward into a routine reality was recognized by everyone, and once there was no question that serum therapy worked, it did not escape the notice of commercial interests.

Behring was approached by the German chemical company Hoechst with an offer to enter into a commercial venture to produce diphtheria antitoxin. But Hoechst first required that the procedure for producing the antitoxin be patented, and Ehrlich’s contribution was of course an essential part of the patentable process. In 1893, in the presence of one of the directors of the company at the Hoechst headquarters, Behring told Ehrlich that he had sufficient connections in high government places to assure him of both a professorship and the directorship of a government laboratory. For a Jew to gain a professorship was rare, but to run a government laboratory was more than Ehrlich could have ever dreamed of. There was a rub, however: Behring told his friend that if he accepted royalties from a company for the commercialization of his research, neither offer would probably be forthcoming. On the spot, Ehrlich chose the honors over the royalties, and mysteriously, Behring’s director friend immediately provided a piece of paper for him to sign away his financial rights. Behring was unable to deliver either the professorship or the directorship and he and Ehrlich never spoke to each other again. Ehrlich would later write to a friend:

I always get wild whenever I think of that dark period and the way in which B. tried to hide our scientific partnership.




Chapter 9: The Therapeutic Revolution

To people at the beginning of the twentieth century, the speed with which the microbes responsible for so many diseases were identified showed the power of science, and the success of antitoxin therapy and compound 606 served as dramatic proof that specific cures were not only possible, they were already at hand. This belief in the power of science to bring about social change was reflected in what the social reformer Beatrice Webb called the “time-spirit” of the late Victorian age, which had just ended: “a trust in science and a commitment to mankind.” It is now unfashionable to talk about a “time-spirit” or Zeitgeist, but these were the terms used by the late Victorians themselves. It may not be possible to isolate for analysis the elements of the “spirit” of a time, but few who live in interesting times would disagree that there is a “spirit,” even if they cannot verbalize and analyze it, and one very large part of the spirit of the age in the beginning years of the twentieth century was faith in the power of science.

In art, the Neoimpressionist painter Georges Seurat had developed a whole “scientific” explanation for his method of applying paint in small dabs similar to a printed picture. In retrospect, it seems clear that his references to scientific texts and methods served as a justification for his breaking from the Impressionist movement, and he was probably only using science to lend authority to what he was doing. Even the makers of patent medicines appealed to the authority of science through bacteriology. At the turn of the century, a Texan named William Radam sold a patent medicine, called Microbe Killer, based on the germ theory. So successful was this mixture of water laced with traces of red wine, hydrochloric acid, and sulfuric acid that by 1890 he had seventeen factories producing the elixir. The idea made perfectly good sense to the public; bacteriology (which to the public represented the highest realms of science) had shown that diseases are caused by microbes, so what better inducement than a nostrum that killed the microbes that caused the disease? One historian has noted the irony of the fact that when science could for the first time explain disease, it “was the very age in which patent medicines reached their apogee.” Now that medicine was the science of specific causes of disease, who would not expect specific cures for everything?

Until now, healers had done all they could to bring the body to the point of health, and then let divine will take its course. Now, with the new scientific way of looking at the world and our place in it, that had changed. The faith that had been reserved for divine control of the outcome of disease was being transferred to science; the power of science would now prevent suffering and death. We can see what T. H. Huxley meant when he likened the growing authority of science and scientists in the late nineteenth century to the church. He called it the Church Scientific.

But the new therapies that the “Church Scientific” promised were slow in coming. Lewis Thomas, the well-known physician and a scientist who has written eloquently about biology, medicine, and the changes scientific medicine has brought to our lives, gives us an instructive comparison of how little had changed in medical practice and medical education between 1901, when his father was a medical student at the College of Physicians and Surgeons of Columbia University, and 1933, during his own medical education at Harvard.

By the time my father reached P&S, the principal concern of the faculty of medicine was the teaching of diagnosis. The recognition of specific illnesses, based on what had been learned about the natural history of disease and about the pathological changes in each illness, was the real task of the doctor. If he could make an accurate diagnosis, he could forecast from this information what the likely outcome was to be for each of his patients’ illnesses. . . . [I]t was assumed that he [the physician] would stand by, on call, until it was over. .. . [G]ood medical schools produced doctors who could make an accurate diagnosis and knew enough of the details of the natural history of disease to be able to make a reliable prognosis. This was all there was to science in medicine, and the store of information which made diagnosis and prognosis possible for my father’s generation was something quite new in the early part of the twentieth century.

Thirty-two years later, when Lewis himself went to medical school, he recalls, things had not changed all that much:

We were provided with a thin, pocket-size book called Useful Drugs, one hundred pages or so, and we carried this around in our white coats when we entered the teaching wards and clinics in the third year, but I cannot recall any of our instructors ever referring to this volume. Nor do I remember much talk about treating disease at any time in the four years of medical school except by the surgeons . . . [author’s emphasis].



Part III: Framing the Future







Chapter 10: Reshaping the Goals of Medicine in the Era of Chronic Diseases

Genes and Disease

The argument that specificity of disease is the basis of scientific medicine is a central theme of this book. Because genes are the ultimate of specificity and the era of infectious diseases was an era of extreme specificity, the majority of biological and biomedical scientists have placed great faith in the power of genes to explain the causes of chronic diseases and in the idea that the study of the genes will point the direction to specific cures. But there is a growing divergence of opinion among scientists about where we are in the process and whether the solutions to either cause or cure are really to be found in our genes.

The lines of the reframing began to be drawn as early as 1981, with Stephen Jay Gould’s widely read book The Mismeasure of Man, which was a strong indictment of biological determinism, the idea that “biology is destiny.” Gould took on the idea of racial differences in IQ testing and showed that bad social policy can result from misunderstood and misapplied science. This was followed in 1984 by Notin Our Genes, written by the respected and controversial Harvard evolutionary biologist Richard Lewontin and two colleagues, a neurobiologist and a psychologist. The authors, who have always been forthright about their political positions, began by voicing their concern about “the rising tide of biological determinist writing, with its increasingly grandiose claims” for the genetic basis of IQ, and the “inequalities of status, wealth, and power between classes, genders, and races in Western society.” But the true importance of Not in Our Genes was that it raised very serious questions about the assumptions biologists bring to their work. The title conveyed the authors’ thesis that genes not only do not determine our behavior; except for a few very specific cases, they said, it is very difficult to predict the role of genes in any complex biological function. Ultimately, their book was an argument against a strict reductionist kind of science, one that “attempts to derive the properties of wholes from intrinsic properties of parts.” But reductionism has been the foundation of modern biology from Pasteur, Bernard, and Virchow to Watson and Crick, so the book was not only an attack on the role of genes and the misuse of genetic information in society, it was a critique of how science itself is done and raised questions about what we can expect from biology.

Ten years later a book by Ruth Hubbard, yet another Harvard biologist, has picked up these arguments against biological determinism, reductionist science, and the role of genes. In the intervening decade the idea that the gene is the ultimate of specificity has become the dominant paradigm of biology, and the public is now constantly being told of new “breakthroughs” in the cloning of various genes. Each news report of a “breakthrough” is of course accompanied by a description of the practical significance of the discovery, and a casual glance at the newspaper or local evening news broadcast shows that scientists are convinced that the era of the gene will lead to the era of ultimate specific therapy for chronic diseases. Furthermore, the Human Genome Project is being hailed as the locus from which all of the benefits will flow. The director of the part of the Genome Project controlled by the U.S. National Institutes of Health calls the project “the most important and the most significant project that humankind has ever mounted.”

The title of Hubbard’s book, Exploding the Gene Myth: How Genetic Information is Produced and Manipulated by Scientists, Physicians, Employers, Insurance Companies, Educators, and Law Enforcers, makes it very clear that she disagrees with this assessment. Hubbard’s message is that our genes act in the context of the whole body and the environment, and therefore it is an error to use the reductionist approach and think that by understanding everything about a single gene, we will be able to predict what that gene does in the context of all of the other factors affecting the normal and pathological functioning of the body.

The reductionist view is clearly and forcefully represented in a book called The Code of Codes: Scientific and Social Issues in the Human Genome Project, edited by historian Daniel Kevles and geneticist Leroy Mood. In the preface of their book, published in 1992, the editors quote the Nobel Prize-winning geneticist Walter Gilbert, who says that the human genome is “the very key to what makes us human, what defines our possibilities and limits as members of the species Homo sapiens.”

The promise of the power of genetics is more modestly and realistically laid out by Hood in a chapter titled “Biology and Medicine in the Twenty-First Century.” Here he discusses the great advances in technology and fundamental understanding of how genes are organized:

This technology will figure in the diagnosis of genetic diseases whose single-gene defects have been identified; in determining the presence of dominant or recessive oncogenes that may predispose an individual to cancer; in the identification of infectious agents, such as the AIDS virus; and in forensics . . . perhaps the most important area of DNA diagnostics will be the identification of genes that predispose individuals to disease. However, many such diseases—cardiovascular, neurological, autoimmune—are polygenic. . . . Human genetic mapping will permit the identification of specific predisposing genes and DNA diagnostics will facilitate their analysis in many different individuals [author’s emphasis].

It is in this last statement that the differences in the viewpoints of the two sides are clearly seen. By now the fact that intelligent and wellmeaning people are found on the polar extremes should come as no surprise to the reader, and the outcome of the debate is as important as the debates in which Pasteur engaged with the German chemists or the French physicians. Nothing less is at stake than the way we frame health and disease, the therapies we develop, and the goals of medicine in the twenty first century.

Given the importance of the debate, how is the nonscientist reader to balance the claims of those scientists who are certain that the reductionist approach to understanding our genes will provide the understanding of normal functions and the cures for chronic diseases with those scientists who argue that this is a futile enterprise because the functions of genes are too complex to be understood using traditional reductionist approaches? As is almost always the case when polar positions are taken, the truth will probably end up somewhere near the middle, but over the last two years I have become convinced that the nonreductionist side has more going for it than the reductionists in this case. Reductionism is still a very powerful tool, and absolutely essential most of the time, but the data from new laboratory experiments and from what we are learning about how genes function have begun to convince me that we must find a way of studying not only the functions of our genes but the causes and cures of most chronic diseases in a new, more integrative way

Cystic fibrosis, the most common genetic disease, is a case study from which we can take a closer look at the problem. It will also give the nonscientist reader a glimpse of how scientists approach problems and a chance to see how our often unexamined assumptions drive these approaches.

As early as the seventeenth century, there were scattered reports of peculiar cases of children who died young and “tasted salty.” In that time of such high infant mortality rates, these children were merely interesting anomalies to be noted and discussed, but three hundred years later, when infant and childhood mortality rates had decreased so dramatically, the strange cases appeared often enough that they clearly represented a specific disease affecting the lungs and the pancreas. After the Second World War, when basic biomedical research began to burgeon, it was found that the same mechanism accounted for both the elevated levels of salt in the skin (thus the salty taste) and the dire symptoms in the lungs and pancreas that resulted in debilitation and, often, in early death. At that time the nature of the movement of water and salt across cellular membranes was a “hot” topic of investigation by physiologists, and children with cystic fibrosis were found to have a defect in this mechanism. The result is not only an accumulation of salt in the skin but, most important, a clogging of the lungs with mucus, which in the normal lung is diluted and flushed away by water.

By the 1930s it was already known that the disease was genetically transmitted; the children who developed cystic fibrosis had the misfortune of inheriting from their parents the genes responsible for the disease. But the parents themselves, who did not have the disease, were passing on a “defective” or mutated form of the gene (for cystic fibrosis) to some, but not all, of their children. Each of the parents may be a carrier—that is, they each may carry one mutated form of the gene—but they do not have the disease themselves, because it requires two mutated genes for cystic fibrosis to develop. If both parents are carriers of a mutated gene, then there is a fifty-fifty chance that each will pass on that gene to a child, which means that on average, one quarter of their offspring will have two mutated genes. It is these children who will have the disease.

So both physiologists and geneticists had an interest in the mechanism and, of course, the treatment of cystic fibrosis. The nature of the malfunction had been determined by physiologists to be the transport of chloride across cellular membranes, and since there was already a precedent for developing drugs that have an effect on the transport of calcium across membranes (the calcium channel blockers used in heart disease), a promising avenue for therapy existed. But by the 1980s all of biomedical science was caught in the thrall of genetics and the attention of the public, much funding of science, and the hopes of those who suffer from the disease was focused on the cloning of the “cystic fibrosis gene.” The very important point here is that this view was the natural one for scientists to take because the history of scientific medicine had been pointing toward the ultimate specificity of the genes. By 1985 geneticists had identified the chromosome on which the cystic fibrosis gene was located, and then, using the technology of molecular biology, the gene itself was isolated and cloned in 1989, with much fanfare in the press. As predicted, the normal form of the gene encoded one of the channels in membranes that are used to transport chloride. The promise was that now it would not take long to identify how the defective gene differed from the normal.

It is at this point that the complications of the kind that made me change my view on the subject began to appear. It has been very surprising to find there are an enormous number of different mutations in the genes from patients with cystic fibrosis; so far mutations at over 350 different places in the gene have been found. Considering that it requires two mutated forms of the gene to have the disease—one from each parent—this means that the number of possible combinations is astronomical. It is now becoming clear that different combinations of the mutations result in very different effects. For example, some combinations may cause crippling cystic fibrosis and some may cause a very mild form of the disease; some may result not in cystic fibrosis at all but in asthma or chronic bronchitis or infertility, because of the absence of the vas deferens, the tube that carries sperm from the testes to the penis. Some may result in no symptoms at all. But perhaps the most surprising finding has been that some combinations of mutations that result in cystic fibrosis in some people result in no signs of any disease in others. These kinds of results have led to the idea that genes other than the one that has been called the “cystic fibrosis gene” are important in the expression of the mutated forms of the gene.

A similar kind of complication has also arisen in Huntington’s disease, the rare neurological disorder that is also transmitted genetically. The disease was first called to wide public attention when it became known that the folk singer Woody Guthrie was afflicted with it. Because of the unique symptoms of the disease, neurologists have believed that only certain cells of the brain are affected, but it has now been discovered that the mutated gene is found in virtually all cells of the brain. The reason why the same gene can be present in many different kinds of cells but only some are affected is not known, but the explanation of another gene or genes interacting in some way with the “Huntington gene” is reasonable.

Much of the promise of identifying the genes involved in disease is the idea that the “defective” gene can be replaced by a normal one through gene-replacement therapy. Even with the complications discussed above, it is still true that cystic fibrosis is caused by a “defective” gene, and the idea of replacing it with a normal one is logical. But gene-replacement therapy is still in its early experimental phase, and given all the other surprises that have greeted us in the revolution that biology has been undergoing in the last ten years, we should be girding our intellectual loins for more surprises to come. Meanwhile, the effort spent on the genetic approach has taken attention and perhaps funding away from less newsworthy approaches that could possibly lead to drugs that would not cure cystic fibrosis but would alleviate its symptoms as efficiently as insulin controls the symptoms of diabetes. We all want specific and absolute cures for this and other diseases, but it seems to me that the genetic approach is much more complex than scientists had anticipated, and certainly more difficult than most newspaper stories would lead the lay reader to expect. The possible payoff of gene-replacement therapy as a routine and affordable mode of treatment for cystic fibrosis is decades away, and this is a disease in which we already know the major gene that is responsible.

The greater problem on the horizon is that most diseases for which there is a genetic component are already known to involve multiple genes. Schizophrenia, atherosclerosis, and manic depressive disease, to name only a few, are conditions in which the genetic component will most probably turn out to play an important role, but because we know there will be many genes involved, we are decades away from knowing which genes are important and how they interact with each other and with other components in the body and the environment. Unraveling this great complexity, I am convinced, will be the great challenge of biology in the twenty-first century. We are already beginning to see the shape of the complexities of the biological landscape in some of the most fascinating experiments ever carried out, in which the function of a gene can be tested by creating genetically engineered mice that lack a specific gene.

Decades of experiments have culminated in the identification, cloning, and sequencing of hundreds of genes in every experimental system used by biologists from yeast and fruit flies to mice and humans. Reductionist experiments, many of them quite brilliant, have identified the function of these genes, but missing was a way to intentionally make a gene /»¿//function in an experimental animal so that experimenters could be sure that the reductionist experiments had given the correct description of what goes on in the complexity of the living system.

Well-meaning people worry about the possible abuse and frivolous use of laboratory animals. I know of no scientist who is in favor of inflicting gratuitous pain and suffering on animals, and any who do should be prevented from ever carrying out experiments on animals again. But anyone who argues that computers can tell us everything we need to know and that there is no need to use the living animal is just wrong! Protesters certainly have the right to say that they are not interested in gaining scientific understanding at the expense of laboratory animals, but they are not correct in saying that the kind of information we are getting can be obtained without them, as will be clear from the case of the “gene-knockout” mice.

A few years ago it became possible to test the validity of information of gene function obtained from test tube experiments. A method was developed in which a defect could be introduced into a cloned gene so that it is impossible for the gene to carry out its normal function. When this unusable gene is introduced into mice, they become carriers, so that when two carriers are mated, one quarter of their offspring have two copies of the nonfunctional gene. The first reports of these “gene-knockout” mice—so named because the function of the gene has literally been knocked out—were electrifying because now the formal proof of all the reductionist experiments would be at hand. The reductionist experiments had shown us that a given gene encoded a given protein, which is necessary for a certain function. Theoretically, the gene-knockout mice should not have that function and we should not only be able to test the correctness of the reductionist experiments, we should also be able to see what other roles the gene product plays in the intact animal.

The gene-knockout mice have been a continuing source of surprises, but taken together with what we are seeing in the analysis of the genes in cystic fibrosis and other human diseases, they are giving us a glimpse into the glorious complexity of the body. It was assumed that when the genes were inactivated in the knockout mice, the animals would either stop developing at an early embryonic stage if the knocked-out gene acted in early development or would lack the single gene function the gene was thought to control in the adult. While some gene-knockout mice do meet our expectations, the majority do not. In some cases the animals seem perfectly normal; in others the expected effect is there but is so small it can hardly be seen; and in the most interesting cases a defect occurs that has no relationship to the expected function of the gene.

In a recent description of some experiments in which the prediction of the function of the gene was fulfilled, a molecular biologist wrote facetiously that “a sigh of relief went up from the [muscle research] community when it became clear that engineering mice to lack [a gene thought to be crucial in muscle development] does indeed have a drastic effect on their skeletal muscle.” The reason for the relief was that the year before when a gene called myf-5 was knocked out, the prediction had been that the animals would die early in embryonic development because of poor muscle development. The animals did die in early development, but they had normal muscles; they had severely malformed ribs! The reason for the feigned “sigh of relief’ from the research community was because the new experiments showed that when another gene, one that encodes a molecule called myogenin, is knocked out, muscle development is impaired. These two experiments have allowed researchers in the field to gain a clearer view of the complexities of muscle development because they now can begin to analyze the relationship between the functions of the two genes.

In another surprise, researchers knocked out the gene encoding a molecule called TGFa that is known to be important in both normal development of embryos and in the normal function of cells in adults. In other words, the scientists had predicted that the mice would either not develop normally or, if they did, they would have severely impaired cellular functions as adults. But the knockout mice do develop normally, and the only malfunction in the adults seems to be that they had wavy hair and curly whiskers! In this case, it is known that TGFa shares a receptor with another molecule that is important in both development and adult function. Does the result of the knockout mean that the other molecule took over the function of TGFa? Further experiments will show if this is the case, but once again we are getting a glimpse at the rich complexity of the body.

This kind of result prompted one molecular developmental biologist to ask his colleagues, “Don’t you just love experiments that raise more questions than they answer?” This is a question every scientist understands and a sentiment we all agree with, but it is one that is often disquieting to laypersons, who have been led to believe that scientific discoveries lead us down an unbroken path to truth and straight to a technological fix.

In my own opinion, the complexity of genetic diseases in humans and the results from the gene-knockout mice have opened the door to the biology of the twenty-first century, and we should walk through that door to make the scientific discoveries we need to reexamine the therapeutic goals we seek of scientific medicine. The surprises should be lessons that make us realize that much of the talk in the media by scientists and biotech entrepreneurs about our having entered the era of genetic medicine is too often glib. Few would disagree that in time, one of the options we will have for therapy is the replacement of “defective” forms of genes in those cases where there is a clear one-to-one relationship between the gene and the disease. But to take us down a path of expecting the therapeutic mode to be replacement of genes because in the experimental mode we studied the gene to discover the nature of the disease is the kind of decision making about the goals of medicine and the applications of scientific knowledge that the public must begin to understand and to discuss.
The Limits of Medicine

I want to emphasize here what I said at the very start of this book: A world without vaccination, penicillin, safe surgery, and insulin is unthinkable. Scientific medicine may have been given too much credit for the steady elimination of infectious disease, but which of us has not had our life or the life of a loved one saved because of it? The fact that most physicians have now become specialists who rely on the laboratory and high technology has meant that we have received the benefits of scientific medicine in a social framework that is very different from that in which healing was carried out through history, but hardly anyone would give up its real benefits. Yet what is it we really want from scientific medicine in a century when science has been elevated to the level of religion and the scientific healer has become the custodian of knowledge about our most personal and intimate selves? After all, as patients we have all been more or less willing participants in this change and so we can alter what we have done if we are dissatisfied.

The problem is that we have come to expect that by using the technology derived from science, the modern physician would make all parts of our lives free from the suffering that was the lot of our ancestors. Yet strangely, even though we in the industrialized nations should consider ourselves demonstrably healthier than people have ever been, there is growing unrest and even fear about technology and medicine as we prepare to enter the twenty-first century. We fear the dire consequences to our health from atomic power plants and voltage transformers in our neighborhoods, the stress of urban living and traces of insecticides on our apples, often even the consequences of some of the therapies themselves. As a backlash to the effect of being asked to turn over the responsibility of what we think and feel about health to the practitioners of scientific medicine, many are beginning to question its very healing power. In 1990 one American in three tried relaxation therapy, herbal medicines, acupuncture, chiropractic, spiritual healing, and other “alternative” medical approaches in addition to “standard” medicine. An estimated 425 million visits were made to “alternative” practitioners, in contrast to the 388 million visits made to family doctors and other primary-care physicians. In terms of money, $13.7 billion was spent on these unconventional therapies, of which $10.3 billion was out of pocket (not covered by insurance). When this amount of time, money, and hope is spent on “alternative” approaches to therapy, it is clear that scientific medicine is not giving a significant number of people everything they want. But what do we want, and is there a way for us to articulate it and get the message to what Arnold Reiman, the former editor of The New England Journal of Medicine, called the “medical-industrial complex”? A very telling statistic is that of these people who sought “alternative” therapy, the majority did so in addition to consulting a physician. I think this fact tells us that they had not completely given up on scientific medicine, rather that they craved something more from it.

The problem is that the goals and the limits of science and medicine have continued to go unexamined. After the Second World War, the promise of specific therapies became a dramatic reality with antibiotics and immunizations—exemplified in the mind of the public by penicillin and the Salk vaccine. In the prevailing wartime mentality, science began to grow and an all-out “attack” on disease was made. Remember, before the acceptance of the germ theory, healing was not a battle against some defined “enemy,” but with the realization that disease is specific, it became a foe we could deal with as we do any other foe. And just as we had marshalled science to give us the technology to win the real war (World War II has been called the first war won by science) and were building our science establishment to use it as the engine that would drive the technology to wage the Cold War, so too would we marshal science to give us the technology to defeat disease, suffering, and even death. The military metaphor helped ensure that money would flow to medical science, and with the launching of Sputnik, the general increase in spending on science as part of our “national security” meant that research in medical science was a ship that rose on the rising tide. Since then we have waged a “war” on cancer, activists are now demanding that we wage a “war” on AIDS, and through all of this a multibillion-dollar health industry was being put into place. Without very much reflection, curing replaced caring as the dominant ideology of this new technology-driven medicine. We are slowly realizing that most people want both.

And in fairness, while this was happening, what was there to reflect upon? Was it not the common perception that science and medicine had removed the constant presence of death? Who would be so churlish to suggest that the forces of the technology spawned by science, combined with the growing technical specialization of physicians and the pharmaceutical industry, all united with the full force of capitalism, which the Cold War had made synonymous with democracy, would not give us health and even youth eternal? But the uncontrolled costs of medical care in the United States and the obvious searching for an alternative to scientific medicine tell us that we no longer have the luxury of allowing the goals and the limits of the system to go unexamined or be set by groups with their own agendas. Because it is technology-driven, it is important that we know what we want from medicine before we introduce new technologies. Since science does not translate directly into technology, someone has to decide what kind of technology gets developed. Why not those who pay for it?

The overwhelming majority of the scientific knowledge that is available for conversion into the technology of modern medicine has come from science paid for by taxpayers with the understanding that it will be used for our well-being. Unfortunately, there is little mechanism for the public to participate in the process of deciding what kinds of technology gets developed and, therefore, of what kind of medicine will be practiced, yet we must begin to decide what we want from medicine. Only a scientifically aware population can do that, but being scientifically aware is not to be merely bombarded with announcements of “breakthroughs” and “miracles.” It is understanding how science functions, what it can provide and, even more important, what it cannot.

One thing is clear: If the people who pay for the science don’t make the decisions about how it is used, others will. Just as we found that we could not trust the goals of our national defense to the military-industrial complex, we are beginning to learn that we cannot trust the goals of scientific medicine to the medical-industrial complex. The medical-industrial complex is not an evil cabal; it is for the most part composed of people who are convinced that they are doing what is right for society, and of course, much of what is done does work toward the public good. But there is little place for alternative viewpoints (I find that I must constantly stress to my friends and colleagues in science and the biotech industry that I am not an enemy), and the force this collection of constituencies exerts is powerful. The collective weight of the professional scientists and physicians; the pharmaceutical and biotechnology industries; the large research universities; the groups of patients organized into politically potent fund-raising groups; the sentimentality, sensationalism, and gullibility of too much of the media; the religious beliefs of different groups—all are forces at work. Out of all of this, as a society we must somehow decide what we want.

Saying we should be able to control the technology science can give to medicine is fine, but to do it we must ask ourselves some hard questions. As a society do we want scientific medicine to prevent death indefinitely, to relieve all suffering, to take the responsibility for health and disease out of our hands altogether, or some more modest middle ground? A strong case can be made that the normal human life span is only slightly more than the biblical three score and ten (seventy years). Has scientific medicine received a signal from society to roll back death indefinitely? As we have seen, in the twentieth century death has become associated with old age for the first time in recorded history; is death at any age now to be seen as a defeat of science? A profile in the financial pages of The New York Times with the title “Laying Pipe for the Fountain of Youth” told of an entrepreneur who made his fortune by designing a better toothbrush and has now decided to invest vast amounts of money in a company that will refine technology for organ and tissue transplantation, with the goal of keeping people alive for two hundred years. One wonders how much thought he has given to where all of these people he hopes to be putting spare parts into will spend their extra 130 years, what they will do to occupy themselves, or if he is also contemplating brain transplantation to prevent declining mental function? Should we assume that an entrepreneur who can use modern technology to design a better toothbrush can be trusted with the idea that technology can be used to more than double the life span—especially when he expects the company he has formed to have annual sales of a billion dollars?

Is this how the public wants the decisions made about how science is turned into technology? An entrepreneur has every right to spend his money and the money of investors in any legal way he chooses, but what are the counterforces? In a free-market economy, the forces that shape the market are among the most powerful in determining what technology will be derived from scientific discoveries. But we must remember that in the industrialized world it is the taxpayers who pay for the vast majority of the research on which the technology is based, and it is carried out in academic and nonprofit organizations. No reasonable person wants to reinvent the Soviet economic system, but since the public’s money paid for the research, does not the public have some say in the development of technology? There seems to be little enthusiasm for removing the development of medical technology from the free market, yet there must be some way to ensure that the public interest is being looked after.

If the goal of scientific medicine is not to extend life indefinitely, is it to focus on the heartbreak of the rare disorder that takes a life too soon? Does society want high-tech individualized therapies for individual tragedies? Now that our genes are being identified and cloned, the technology is already in place to tell us if we carry a gene that will lead to such diseases as cystic fibrosis, Tay-Sachs, sickle-cell anemia, or any of a myriad of diseases caused not by infectious agents or by our parts wearing out but by a gene that does not function “properly.” As we have seen, there is already a concerted effort of public funding and private capital in the development of therapies for some of these diseases that involve replacing the “defective” gene with one that functions properly. While the costs of this kind of therapy in the short term will be colossal, the hope is that in time it will become routine and less expensive. But in the industrialized nations there are children who do not yet receive immunizations that can prevent them from getting measles or polio; adults who have such poor nutrition that they develop heart and kidney problems so debilitating that they have impaired function and shortened life spans; people who are so poorly educated that they do not follow through on the simple medications when they or their children develop tuberculosis. Eric Cassel has written that the “obligation of physicians to relieve human suffering stretches back into antiquity,” but how do we define whose suffering we will turn our knowledge and technology toward? Should the technology that comes from science be applied to finding inexpensive ways of delivering basic medical care to relieve the suffering of those who cannot afford or do not avail themselves of what scientific medicine has even today? Or are these political problems that society must take care of while moving to an even higher-tech medicine of the twenty-first century, because there is little doubt that science can provide us with the basis for very high-tech, very expensive technology. There is also little doubt that it can provide us with less glitzy, less costly technology.

Daniel Callahan says that “health itself, we sometimes need reminding, is a means and not an end,” and that “a goal of extension of life combined with an insatiable desire for improvement in health ... is a recipe for monomania and bottomless spending.” He sees a more reasonable “goal of medicine that stresses the avoidance of premature death and the relief of suffering.” If this sage counsel is heeded, then neither the scientist, the all-knowing physician, nor the entrepreneur will carry the day. But how can we begin to come to some consensus about what the goals are and what we want transferred from science to become medical technology?

We certainly have to ask how much technology we want in the scientific medicine of the twenty-first century. Considering that we have an infectious-disease mentality, with the expectations of the same effectiveness from all drugs that we get from penicillin and Salk vaccine in a time when we will be confronting chronic illnesses, one goal of medicine will have to be to educate the patients to the new realities. Consider this from Stanley Reiser, editor of The Journal of Technology Assessment in Health Care: “[I]t is unlikely (though certainly desirable) that illness will be treated by quick fixes stemming from basic causal knowledge about disease processes and simple remedies that follow from it. It is unlikely that the prime example of such a fix—treating bacterial illness with penicillin—will be replicated in the near future to deal with the spectrum of chronic illnesses and the degenerative changes of an aging population. A more likely prospect for the immediate future is the use of an increasingly complex and generally more expensive technology for a growing array of health problems.” Reiser is not advocating more expensive technology for the growing array of health problems, he is warning us that unless we do something, this is where we are headed.

So what can be done?
Reshaping Our Search for the Cure

If the infectious-disease mode of thinking is inappropriate for the era of chronic diseases, what should we expect from medicine and what can science do to further the goals? I think there are three things we can do—two short-term and one long-term:

• We can quickly begin to stop relying so heavily on the promise of high-tech solutions to problems for which low-tech solutions already exsist.

It has been very painful to watch the kaleidoscopic changes among scientists, people infected with HIV, the public, and the press over the past decade. The story of the appearance of AIDS in our midst, the intense homophobia in the initial responses, the despair and then newfound militancy of the gay community have been told often. But through all of this there runs the cadre of scientists who became media figures, quoted daily, it seemed, in the press and on television. These scientists had a message that everyone wanted to hear: Given the money, science will deliver the cure. A vaccine before the end of the century was all but guaranteed and new drugs based on the scientific knowledge gained from studying the virus would soon be available. Any scientific paper appearing in virtually any scientific journal became the subject of an article in which one of the new media-wise scientists was quoted.

The tragic consequence was that although we knew the causative agent of AIDS (the HIV virus), the manner in which the disease is spread (unprotected sex and contaminated needles), and who were the people most at risk, we chose to put our faith in technology. Remember Edward Kass’s presidential address: Tuberculosis and most other diseases were brought under control not by immunization or antibiotics but by public health. As a society, however, we chose not to arouse people who are offended by the very fact of homosexuality, let alone that it is an integral part of our society, or people who out of religious conviction don’t want to inform teenagers who engage in unprotected sex about condoms. It was easier for us to not ask why so many in our population have turned to drugs, as we would have had to if we instituted needle-exchange programs. And we could turn away from these questions because science was going to save us the discomfort; it was going to give us a high-tech cure.

As we all know, there has been growing gloom and despair over a vaccine. The problems faced in developing a vaccine for cholera at the turn of the century or the polio vaccine after the Second World War were enormous—but they are greater for an AIDS vaccine. With the virus’s incubation period of over ten years, even if we had the perfect candidate vaccine in hand today, we would not know for sure that it works for years and years. But we don’t have the candidate vaccine in hand. In fact, the greed of the medical-industrial complex, the difficulty of marshalling large but still limited resources, and the painful question of the inclusion of controls all have made it so that we cannot say when, or even if, we will have a vaccine. And then there is the reality that most vaccines are not as effective as those against smallpox, polio, and measles. Will we be content with a vaccine that is 60 percent effective?

Meanwhile, behavioral changes in the middle-class gay male population have brought a reduction in the number of those who become infected with the virus and who will develop AIDS. Public health measures and education work! But what about the urban poor, who transmit the disease through contaminated needles? Who will change their habits? Will it take an even greater rise in tuberculosis among them for us to realize that we must face the low-tech solutions to poverty, despair, and homelessness that fuel the spread of the disease in that world?

• We can begin to replace the “penicillin mode” of expectations from therapies with the “insulin mode. ”

By this I mean that we have become accustomed to the dramatic eradication of the cause of infectious diseases by antibiotics, the “penicillin mode” of thinking. But because of the complexity of their causes, it is likely that we will realistically only be able to treat the symptoms and not eliminate the causes of most chronic disease. I am calling this the “insulin mode” because insulin does not cure diabetes, but it gives diabetic people a large portion of normalcy in their lives and may have to become the mode of therapy we live with. This is not to say that science should not and will not go on looking for outright cures where they are feasible and affordable, but we must not rely solely on the promise of their coming with the next generation of technology and must devote energy and money to seeking therapies that eliminate pain and allow a semblance of normal life to go on.

The double-helix structure of DNA has become the icon of modern medicine, simultaneously representing both the power of scientific research to discover the deepest mysteries of life and the promise of research to deliver relief from pain and suffering. The similarity between the twined snakes of the caduceus, the symbol of the medical profession, and the structure of our genetic material is becoming deeply ingrained in our expectation from science and medicine. The promise of eliminating disease and suffering through engineered genes, replaced parts, and synthetic molecules has replaced the thrill people felt when insulin was introduced in the 1920s and cortisone in the 1940s. Those condemned to an early death by diabetes or to middle and later years of incapacitation due to rheumatoid arthritis or hypertension have known that through the application of science, medicine can give them lives that approach normal without curing their disease.

The new biology of complexity that genetics is revealing is beginning to strike a cautionary note in the planning of many scientists. If the wondrous complexity that is being revealed continues—and I know of no one who doubts that it will—we are going to be in for more and more surprises. The very good news is that as we begin to understand the complexity, whole new avenues of creative therapies should become opened to us, but we must begin to make it clear that we aren’t waiting for miracles but want a steady stream of improvements in therapies to give each of us the optimal amount of health during our lifetime.

• We must begin the slow and difficult process of changing our views of aging and death.

When life expectancy was only thirty years, death usually came suddenly and was the universal enemy. Now that life expectancy approaches eighty, we have time to contemplate the approach of death and to become accustomed to our aging bodies and minds. How we deal with these questions will determine the quality of our extended life spans.

Through all of the two thousand years when death came early and healers could only attempt to balance the humors, the holding back of death was the noblest goal of the healer and the inability of the healer to prevent death was the main limit of medicine. Now the role of the healer has changed: We all must die, and death must not be seen as a defeat of the healer or a weakness of the patient. What do we mean when we say that someone "lost his battle with cancer?” Was it a sign of weakness or a character flaw? None of us knows how we will face the end when it comes, and one can argue in the abstract that it is wasteful of limited resources to turn the full force of modern high-tech medicine onto someone who has lived eighty-eight years. My mother has lived that long, and how will she react when the time comes to face heroic measures—and just as important for me, how will I react? One’s own mother is not an abstraction.

That is why I said that two of the solutions were relatively short-term, but one was long-term. Even though scientific medicine has been with us a relatively short time, 150 years compared to the two thousand years of Galenic medicine, we have no memory of the earlier times and know only how to look at aging and death as we learn it from our parents and grandparents. Technology can change our expectations quickly, but how we look at aging and death is a question of spirituality. Slowly over the next generations we must develop a new spiritual sense of how we value ourselves as well as others as we grow old, and we must learn to make a comfortable place for death at the end of our lives. The goal and the limit of medicine must be to maximize health, to hold back premature death and, according to Daniel Callahan, “remove the unpleasant, distressing causes of death, thus transmuting it from a condition to be feared to one that can be managed and tolerated.”






Finale: Changing the Metaphor

By all objective standards, people in the industrialized nations are healthier than they ever have been, yet there is growing dissatisfaction with health care and growing evidence that people perceive themselves as less healthy Costs have become uncontrollable; there are too few primary-care physicians, endless waits, and impersonal treatment—the list goes on and on. An aging population worries about spending its waning days without dignity and in pain, and vast amounts of money and resources are spent on high-technology solutions that benefit only a few or keep people alive a few painful months longer. Harsh therapies with little effect are administered at the same rate as those that give great benefit. It is a system seen to be out of control, with every segment of society blaming the other. The sad facts are that if there is an essential element of truth in this litany, it is that we all are to blame because we have all been willing partners in making promises about and expecting miracles from scientific medicine. Scientists have promised wondrous cures as a result of basic research, physicians have promised to roll back death and eliminate pain through specialization and high-tech medicine, the pharmaceutical industry warns that if profits are curtailed they will stop developing innovative lifesaving drugs, the press breathlessly reports yet another medical miracle, and patients urge all of them on by wanting desperately to believe each of them.

But when we look at the history of how we got to where we are, it begins to look as if all is not lost. In this book we have seen that our present situation has not been developing inexorably through the long corridors of history. Scientific medicine as we know it is a product of the long twentieth century and the worst of its aspects have been with us for only the last fifty years. The old people who worry about financial ruin caused by spending their last days on expensive machinery are the first generation to have lived through the modern era. Someone who will be eighty years old in the year 2000 was born when insulin was developed. People who were teenagers when penicillin became commonly available and the Salk vaccine was developed are still in their productive years. Almost all of our parents or grandparents lived a significant part of their lives without much of what we have come to take for granted as “modern” medicine. Given the fact that the problem of unreasonable expectation is a relatively recent one, the situation can be brought into a proper alignment. It is not too late to educate a Pulitzer Prize-winning playwright who declared that “now is the time to end the AIDS crisis— we can with enough money, and will, and President Clinton, we are watching you” that all the money and will in the world are wasted without realistic promises and expectations.

But a society whose individuals refuse to take responsibility for their actions, one in which growing numbers of people see themselves as victims of the actions of others, will have a very difficult time placing the present into a historical context that allows its citizens to make judgments and decisions about the allocation of its limited resources and results that are more in line with chronic diseases. Our crisis in health care is really a crisis in facing the problems of our modern world in the twenty-first century. I have argued in this book that at the center of the difficulty is our misunderstanding of how we got to where we are and how long we have been here. It comes in part from making science a secular religion and then expecting miracles from it, and from not having developed a context in which to understand and handle physical suffering and death in a scientific world. There are no easy solutions, and I have urged caution in relying on experts for advice about what to do rather than on getting the information we need to decide for ourselves.

Perhaps one way we can begin to change our expectations is to change our metaphor. It is no coincidence that our high hopes and goals for modern scientific medicine were formed during the period of great expansion of scientific research that followed the Second World War. We have come to accept as an inviolate truth that just as science brought victory over totalitarianism, so too will it bring victory over disease and death. The metaphor fit into our thinking during the Cold War years, when we learned that price was no object for victory, and it bordered on the treasonable to question technology because it was technology that would secure our safety. In this half century we have learned to think about disease and dying as unnatural, as enemies to be fought and vanquished. We don’t talk about people dying from cancer or other chronic diseases, we talk about their losing the battle; scientists do not work to find causes and cures, they battle deadly killers; physicians do not treat their patients, they do battle with disease and death. Infectious diseases lent themselves to the imagery—microbes do invade, and the body does respond—but the metaphor has failed us with chronic, degenerative, and genetic diseases.

No society wants to see its freedom and land lost to an enemy, and no person wants to give an inch to the enemies of disease; but are internal alterations in metabolism or in our genes or the decline of our powers with age really the enemy? The description of the complexities we are beginning to see in the forms of disease caused by the various “defective” forms of the cystic-fibrosis gene, or the surprises that the geneknockout mice are giving us, should be the alarm bell telling us that the functions of the body are more complex than we had become accustomed to thinking about in our infectious-disease mentality. I think that we are beginning to see the biology of the twenty-first century, and it is a biology of complexity. I predict that, ironically, this complexity will cause us to return to understanding that health really is a form of internal balance. Of course it will not be a balance based on mystical ideas or on the humors of the Greeks; it will be the balance of cells, molecules, and gene expression, an understanding of which has come from modern physiology and cell biology. I have come to believe, as a result of writing this book, that in the twenty-first century we will rediscover Claude Bernard and elevate him to the level of reverence in which we hold Louis Pasteur, because the idea of balance as milieu intérieur fits the chronic diseases. In the twenty-first century we will be learning to live and die with this more realistic view of ourselves rather than with the idea of rigorous specificity we inherited from the era of microbe hunting. And when we do that, we will begin to change our metaphor.

We return to Susan Sontag: “The body is not a battlefield. The ill are neither unavoidable casualties nor the enemy. . . . About that metaphor, the military one, I would say, if I may paraphrase Lucretius: Give it back to the war-makers.” But just returning the metaphor will not be enough. Giving up the military metaphor means giving up the idea that experts will carry out the job for us; it means that as patients, physicians, and scientists, we must begin to develop a vision of what we want from science and medicine. The limits of medicine are not technological, they are conceptual, and all of us together must define the concept.
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