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THE GREAT INFLUENZA



PROLOGUE

T'hEe Grear WaR had brought Paul Lewis into the navy in 1918 as a

lieutenant commander, but he never seemed quite at ease when in his
uniform. It never seemed to fit quite right, or to sit quite right, and he was
often flustered and failed to respond properly when sailors saluted him.

Yet he was every bit a warrior, and he hunted death.

When he found it he confronted it, challenged it, tried to pin it in place
like a lepidopterist pinning down a butterfly, so he could then dissect it
piece by piece, analyze it, and find a way to confound it. He did so often
enough that the risks he took became routine.

Still, death had never appeared to him as it did now, in mid-September
1918. Row after row of men confronted him in the hospital ward, many of
them bloody and dying in some new and awful way.

He had been called here to solve a mystery that dumbfounded the
clinicians. For Lewis was a scientist. Although a physician he had never
practiced on a patient. Instead, a member of the very first generation of
American medical scientists, he had spent his life in the laboratory. He had
already built an extraordinary career, an international reputation, and he was
still young enough to be seen as just coming into his prime.

A decade earlier, working with his mentor at the Rockefeller Institute in
New York City, he had proved that a virus caused polio, a discovery still
considered a landmark achievement in the history of virology. He had then
developed a vaccine that protected monkeys from polio with nearly 100
percent effectiveness.

That and other successes had won him the position of founding head of
the Henry Phipps Institute, a research institute associated with the
University of Pennsylvania, and in 1917 he had been chosen for the great
honor of giving the annual Harvey Lecture. It seemed only the first of many
honors that would come his way. Today, the children of two prominent
scientists who knew him then and who crossed paths with many Nobel
laureates say their fathers each told them that Lewis was the smartest man
they had ever met.



The clinicians now looked to him to explain the violent symptoms these
sailors presented. The blood that covered so many of them did not come
from wounds, at least not from steel or explosives that had torn away limbs.
Most of the blood had come from nosebleeds. A few sailors had coughed
the blood up. Others had bled from their ears. Some coughed so hard that
autopsies would later show they had torn apart abdominal muscles and rib
cartilage. And many of the men writhed in agony or delirium; nearly all
those able to communicate complained of headache, as if someone were
hammering a wedge into their skulls just behind the eyes, and body aches
so intense they felt like bones breaking. A few were vomiting. Finally the
skin of some of the sailors had turned unusual colors; some showed just a
tinge of blue around their lips or fingertips, but a few looked so dark one
could not tell easily if they were Caucasian or Negro. They looked almost
black.

Only once had Lewis seen a disease that in any way resembled this.
Two months earlier, members of the crew of a British ship had been taken
by ambulance from a sealed dock to another Philadelphia hospital and
placed in isolation. There many of that crew had died. At autopsy their
lungs had resembled those of men who had died from poison gas or
pneumonic plague, a more virulent form of bubonic plague.

Whatever those crewmen had had, it had not spread. No one else had
gotten sick.

But the men in the wards now not only puzzled Lewis. They had to
have chilled him with fear also, fear both for himself and and for what this
disease could do. For whatever was attacking these sailors was not only
spreading, it was spreading explosively.

And it was spreading despite a well-planned, concerted effort to contain
it. This same disease had erupted ten days earlier at a navy facility in
Boston. Lieutenant Commander Milton Rosenau at the Chelsea Naval
Hospital there had certainly communicated to Lewis, whom he knew well,
about it. Rosenau too was a scientist who had chosen to leave a Harvard
professorship for the navy when the United States entered the war, and his
textbook on public health was called “The Bible” by both army and navy
military doctors.

Philadelphia navy authorities had taken Rosenau’s warnings seriously,
especially since a detachment of sailors had just arrived from Boston, and



they had made preparations to isolate any ill sailors should an outbreak
occur. They had been confident that isolation would control it.

Yet four days after that Boston detachment arrived, nineteen sailors in
Philadelphia were hospitalized with what looked like the same disease.
Despite their immediate isolation and that of everyone with whom they had
had contact, eighty-seven sailors were hospitalized the next day. They and
their contacts were again isolated. But two days later, six hundred men were
hospitalized with this strange disease. The hospital ran out of empty beds,
and hospital staff began falling ill. The navy then began sending hundreds
more sick sailors to a civilian hospital. And sailors and civilian workers
were moving constantly between the city and navy facilities, as they had in
Boston. Meanwhile, personnel from Boston, and now Philadelphia, had
been and were being sent throughout the country as well.

That had to chill Lewis, too.

Lewis had visited the first patients, taken blood, urine, and sputum
samples, done nasal washings, and swabbed their throats. Then he had
come back again to repeat the process of collecting samples and to study the
symptoms for any further clues. In his laboratory he and everyone under
him poured their energies into growing and identifying whatever pathogen
was making the men sick. He needed to find the pathogen. He needed to
find the cause of the disease. And even more he needed to make a curative
serum Or a preventive vaccine.

Lewis loved the laboratory more than he loved anyone or anything. His
work space was crammed; it looked like a thicket of icicles—test tubes in
racks, stacked petri dishes, pipettes—but it warmed him, gave him as much
and perhaps more comfort than did his home and family. But he did not
love working like this. The pressure to find an answer did not bother him;
much of his polio research had been conducted in the midst of an epidemic
so extreme that New York City had required people to obtain passes to
travel. What did bother him was the need to abandon good science. To
succeed in preparing either a vaccine or serum, he would have to make a
series of guesses based on at best inconclusive results, and each guess
would have to be right.

He had already made one guess. If he did not yet know precisely what
caused the disease, nor how or whether he could prevent it or cure it, he
believed he knew what the disease was.



He believed it was influenza, although an influenza unlike any known
before.

Lewis was correct. In 1918 an influenza virus emerged—probably in the
United States—that would spread around the world, and one of its earliest
appearances in lethal form came in Philadelphia. Before that worldwide
pandemic faded away in 1920, it would kill more people than any other
outbreak of disease in human history. Plague in the 1300s killed a far larger
proportion of the population—more than one-quarter of Europe—but in raw
numbers influenza killed more than plague then, more than AIDS today.

The lowest estimate of the pandemic’s worldwide death toll is twenty-
one million, in a world with a population less than one-third today’s. That
estimate comes from a contemporary study of the disease and newspapers
have often cited it since, but it is almost certainly wrong. Epidemiologists
today estimate that influenza likely caused at least fifty million deaths
worldwide, and possibly as many as one hundred million.

Yet even that number understates the horror of the disease, a horror
contained in other data. Normally influenza chiefly kills the elderly and
infants, but in the 1918 pandemic roughly half of those who died were
young men and women in the prime of their life, in their twenties and
thirties. Harvey Cushing, then a brilliant young surgeon who would go on to
great fame—and who himself fell desperately ill with influenza and never
fully recovered from what was likely a complication—would call these
victims “doubly dead in that they died so young.”

One cannot know with certainty, but if the upper estimate of the death
toll is true as many as 8 to 10 percent of all young adults then living may
have been killed by the virus.

And they died with extraordinary ferocity and speed. Although the
influenza pandemic stretched over two years, perhaps two-thirds of the
deaths occurred in a period of twenty-four weeks, and more than half of
those deaths occurred in even less time, from mid-September to early
December 1918. Influenza killed more people in a year than the Black
Death of the Middle Ages killed in a century; it killed more people in
twenty-four weeks than AIDS has killed in twenty-four years.

The influenza pandemic resembled both of those scourges in other ways
also. Like AIDS, it killed those with the most to live for. And as priests had



done in the bubonic plague, in 1918, even in Philadelphia, as modern a city
as existed in the world, priests would drive horse-drawn wagons down the
streets, calling upon those behind doors shut tight in terror to bring out their
dead.

Yet the story of the 1918 influenza virus is not simply one of havoc, death,
and desolation, of a society fighting a war against nature superimposed on a
war against another human society.

It is also a story of science, of discovery, of how one thinks, and of how
one changes the way one thinks, of how amidst near-utter chaos a few men
sought the coolness of contemplation, the utter calm that precedes not
philosophizing but grim, determined action.

For the influenza pandemic that erupted in 1918 was the first great
collision between nature and modern science. It was the first great collision
between a natural force and a society that included individuals who refused
either to submit to that force or to simply call upon divine intervention to
save themselves from it, individuals who instead were determined to
confront this force directly, with a developing technology and with their
minds.

In the United States, the story is particularly one of a handful of
extraordinary people, of whom Paul Lewis is one. These were men and
some very few women who, far from being backward, had already
developed the fundamental science upon which much of today’s medicine is
based. They had already developed vaccines and antitoxins and techniques
still in use. They had already pushed, in some cases, close to the edge of
knowledge today.

In a way, these researchers had spent much of their lives preparing for
the confrontation that occurred in 1918 not only in general but, for a few of
them at least, quite specifically. In every war in American history so far,
disease had killed more soldiers than combat. In many wars throughout
history war had spread disease. The leaders of American research had
anticipated that a major epidemic of some kind would erupt during the
Great War. They had prepared for it as much as it was possible to prepare.
Then they waited for it to strike.



The story, however, begins earlier. Before medicine could confront this
disease with any promise of effect, it had to become scientific. It had to be
revolutionized.

Medicine is not yet and may never be fully a science—the
idiosyncrasies, physical and otherwise, of individual patients and doctors
may prevent that—but, up to a few decades before World War I, the practice
of medicine had remained quite literally almost unchanged from the time of
Hippocrates more than two thousand years earlier. Then, in Europe first,
medical science changed and, finally, the practice of medicine changed.

But even after European medicine changed, medicine in the United
States did not. In research and education especially, American medicine
lagged far behind, and that made practice lag as well.

While for decades European medical schools had, for example, required
students to have a solid background in chemistry, biology, and other
sciences, as late as 1900, it was more difficult to get into a respectable
American college than into an American medical school. At least one
hundred U.S. medical schools would accept any man—but not woman—
willing to pay tuition; at most 20 percent of the schools required even a
high school diploma for admission—much less any academic training in
science—and only a single medical school required its students to have a
college degree. Nor, once students entered, did American schools
necessarily make up for any lack of scientific background. Many schools
bestowed a medical degree upon students who simply attended lectures and
passed examinations; in some, students could fail several courses, never
touch a single patient, and still get a medical degree.

Not until late—very late—in the nineteenth century, did a virtual
handful of leaders of American medical science begin to plan a revolution
that transformed American medicine from the most backward in the
developed world into the best in the world.

William James, who was a friend of—and whose son would work for—
several of these men, wrote that the collecting of a critical mass of men of
genius could make a whole civilization “vibrate and shake.” These men
intended to, and would, shake the world.

To do so required not only intelligence and training but real courage, the
courage to relinquish all support and all authority. Or perhaps it required
only recklessness.

In Faust, Goethe wrote,



"Tis writ, “In the beginning was the Word.”

I Pause, to wonder what is here inferred.

The Word I cannot set supremely high:

A new translation I will try.

I read, if by the spirit, I am taught,

This sense, “In the beginning was the Thought....”

Upon “the Word” rested authority, stability, and law; “the Thought”
roiled and ripped apart and created—without knowledge or concern of what
it would create.

Shortly before the Great War began, the men who so wanted to
transform American medicine succeeded. They created a system that could
produce people capable of thinking in a new way, capable of challenging
the natural order. They, together with the first generation of scientists they
had trained—Paul Lewis and his few peers—formed a cadre who stood on
alert, hoping against but expecting and preparing for the eruption of an
epidemic.

When it came, they placed their lives in the path of the disease and
applied all their knowledge and powers to defeat it. As it overwhelmed
them, they concentrated on constructing the body of knowledge necessary
to eventually triumph. For the scientific knowledge that ultimately came out
of the influenza pandemic pointed directly—and still points—to much that
lies in medicine’s future.



Part I

THE WARRIORS



CHAPTER ONE

ON SEPTEMBER 12, 1876, the crowd overflowing the auditorium of

Baltimore’s Academy of Music was in a mood of hopeful excitement, but
excitement without frivolity. Indeed, despite an unusual number of women
in attendance, many of them from the uppermost reaches of local society, a
reporter noted, “There was no display of dress or fashion.” For this
occasion had serious purpose. It was to mark the launching of the Johns
Hopkins University, an institution whose leaders intended not simply to
found a new university but to change all of American education; indeed,
they sought considerably more than that. They planned to change the way in
which Americans tried to understand and grapple with nature. The keynote
speaker, the English scientist Thomas H. Huxley, personified their goals.

The import was not lost on the nation. Many newspapers, including the
New York Times, had reporters covering this event. After it, they would
print Huxley’s address in full.

For the nation was then, as it so often has been, at war with itself; in fact
it was engaged in different wars simultaneously, each being waged on
several fronts, wars that ran along the fault lines of modern America.

One involved expansion and race. In the Dakotas, George Armstrong
Custer had just led the Seventh Cavalry to its destruction at the hands of
primitive savages resisting encroachment of the white man. The day Huxley
spoke, the front page of the Washington Star reported that “the hostile
Sioux, well fed and well armed” had just carried out “a massacre of
miners.”

In the South a far more important but equally savage war was being
waged as white Democrats sought “redemption” from Reconstruction in
anticipation of the presidential election. Throughout the South “rifle clubs,”
“saber clubs,” and “rifle teams” of former Confederates were being
organized into infantry and cavalry units. Already accounts of intimidation,
beatings, whippings, and murder directed against Republicans and blacks
had surfaced. After the murder of three hundred black men in a single
Mississippi county, one man, convinced that words from the Democrats’



own mouths would convince the world of their design, pleaded with the
New York Times, “For God’s sake publish the testimony of the Democrats
before the Grand Jury.”

Voting returns had already begun to come in—there was no single
national election day—and two months later Democrat Samuel Tilden
would win the popular vote by a comfortable margin. But he would never
take office as president. Instead the Republican secretary of war would
threaten to “force a reversal” of the vote, federal troops with fixed bayonets
would patrol Washington, and southerners would talk of reigniting the Civil
War. That crisis would ultimately be resolved through an extra-
constitutional special committee and a political understanding: Republicans
would discard the voting returns of three states—Louisiana, Florida, South
Carolina—and seize a single disputed electoral vote in Oregon to keep the
presidency in the person of Rutherford B. Hayes. But they also would
withdraw all federal troops from the South and cease intervening in
southern affairs, leaving the Negroes there to fend for themselves.

The war involving the Hopkins was more muted but no less profound.
The outcome would help define one element of the character of the nation:
the extent to which the nation would accept or reject modern science and, to
a lesser degree, how secular it would become, how godly it would remain.

Precisely at 11:00 A.M., a procession of people advanced upon the stage.
First came Daniel Coit Gilman, president of the Hopkins, and on his arm
was Huxley. Following in single file came the governor, the mayor, and
other notables. As they took their seats the conversations in the audience
quickly died away, replaced by expectancy of a kind of declaration of war.

Of medium height and middle age—though he already had iron-gray
hair and nearly white whiskers—and possessed of what was described as “a
pleasant face,” Huxley did not look the warrior. But he had a warrior’s
ruthlessness. His dicta included the pronouncement: “The foundation of
morality is to have done, once and for all, with lying.” A brilliant scientist,
later president of the Royal Society, he advised investigators, “Sit down
before a fact as a little child, be prepared to give up every preconceived
notion. Follow humbly wherever and to whatever abysses nature leads, or
you shall learn nothing.” He also believed that learning had purpose,
stating, “The great end of life is not knowledge but action.”

To act upon the world himself, he became a proselytizer for faith in
human reason. By 1876 he had become the world’s foremost advocate of



the theory of evolution and of science itself. Indeed, H. L. Mencken said
that “it was he, more than any other man, who worked that great change in
human thought which marked the Nineteenth Century.” Now President
Gilman gave a brief and simple introduction. Then Professor Huxley began
to speak.

Normally he lectured on evolution, but today he was speaking on a
subject of even greater magnitude. He was speaking about the process of
intellectual inquiry. The Hopkins was to be unlike any other university in
America. Aiming almost exclusively at the education of graduate students
and the furtherance of science, it was intended by its trustees to rival not
Harvard or Yale—neither of them considered worthy of emulation—but the
greatest institutions of Europe, and particularly Germany. Perhaps only in
the United States, a nation ever in the act of creating itself, could such an
institution come into existence both so fully formed in concept and already
so renowned, even before the foundation of a single building had been laid.

“His voice was low, clear and distinct,” reported one listener. “The
audience paid the closest attention to every word which fell from the
lecturer’s lips, occasionally manifesting their approval by applause.” Said
another, “Professor Huxley’s method is slow, precise, and clear, and he
guards the positions which he takes with astuteness and ability. He does not
utter anything in the reckless fashion which conviction sometimes
countenances and excuses, but rather with the deliberation that research and
close inquiry foster.”

Huxley commended the bold goals of the Hopkins, expounded upon his
own theories of education—theories that soon informed those of William
James and John Dewey—and extolled the fact that the existence of the
Hopkins meant “finally, that neither political nor ecclesiastical
sectarianism” would interfere with the pursuit of the truth.

In truth, Huxley’s speech, read a century and a quarter later, seems
remarkably tame. Yet Huxley and the entire ceremony left an impression in
the country deep enough that Gilman would spend years trying to edge
away from it, even while simultaneously trying to fulfill the goals Huxley
applauded.

For the ceremony’s most significant word was one not spoken: not a
single participant uttered the word “God” or made any reference to the
Almighty. This spectacular omission scandalized those who worried about
or rejected a mechanistic and necessarily godless view of the universe. And



it came in an era in which American universities had nearly two hundred
endowed chairs of theology and fewer than five in medicine, an era in
which the president of Drew University had said that, after much study and
experience, he had concluded that only ministers of the Gospel should be
college professors.

The omission also served as a declaration: the Hopkins would pursue
the truth, no matter to what abyss it led.

In no area did the truth threaten so much as in the study of life. In no
area did the United States lag behind the rest of the world so much as in its
study of the life sciences and medicine. And in that area in particular the
influence of the Hopkins would be immense.

By 1918, as America marched into war, the nation had come not only to
rely upon the changes wrought largely, though certainly not entirely, by
men associated with the Hopkins; the United States Army had mobilized
these men into a special force, focused and disciplined, ready to hurl
themselves at an enemy.

The two most important questions in science are “What can I know?” and
“How can I know it?”

Science and religion in fact part ways over the first question, what each
can know. Religion, and to some extent philosophy, believes it can know, or
at least address, the question, “Why?”

For most religions the answer to this question ultimately comes down to
the way God ordered it. Religion is inherently conservative; even one
proposing a new God only creates a new order.

The question “why” is too deep for science. Science instead believes it
can only learn “how” something occurs.

The revolution of modern science and especially medical science began
as science not only focused on this answer to “What can I know?” but more
importantly, changed its method of inquiry, changed its answer to “How can
I know it?”

This answer involves not simply academic pursuits; it affects how a
society governs itself, its structure, how its citizens live. If a society does
set Goethe’s “Word...supremely high,” if it believes that it knows the truth
and that it need not question its beliefs, then that society is more likely to



enforce rigid decrees, and less likely to change. If it leaves room for doubt
about the truth, it is more likely to be free and open.

In the narrower context of science, the answer determines how
individuals explore nature—how one does science. And the way one goes
about answering a question, one’s methodology, matters as much as the
question itself. For the method of inquiry underlies knowledge and often
determines what one discovers: how one pursues a question often dictates,
or at least limits, the answer.

Indeed, methodology matters more than anything else. Methodology
subsumes, for example, Thomas Kuhn’s well-known theory of how science
advances. Kuhn gave the word “paradigm” wide usage by arguing that at
any given point in time, a particular paradigm, a kind of perceived truth,
dominates the thinking in any science. Others have applied his concept to
nonscientific fields as well.

According to Kuhn, the prevailing paradigm tends to freeze progress,
indirectly by creating a mental obstacle to creative ideas and directly by, for
example, blocking research funds from going to truly new ideas, especially
if they conflict with the paradigm. He argues that nonetheless researchers
eventually find what he calls “anomalies” that do not fit the paradigm. Each
one erodes the foundation of the paradigm, and when enough accrue to
undermine it, the paradigm collapses. Scientists then cast about for a new
paradigm that explains both the old and new facts.

But the process—and progress—of science is more fluid than Kuhn’s
concept suggests. It moves more like an amoeba, with soft and ill-defined
edges. More importantly, method matters. Kuhn’s own theory recognizes
that the propelling force behind the movement from one explanation to
another comes from the methodology, from what we call the scientific
method. But he takes as an axiom that those who ask questions constantly
test existing hypotheses. In fact, with a methodology that probes and tests
hypotheses—regardless of any paradigm—progress is inevitable. Without
such a methodology, progress becomes merely coincendental.

Yet the scientific method has not always been used by those who inquire
into nature. Through most of known history, investigators trying to
penetrate the natural world, penetrate what we call science, relied upon the
mind alone, reason alone. These investigators believed that they could
know a thing if their knowledge followed logically from what they



considered a sound premise. In turn they based their premises chiefly on
observation.

This commitment to logic coupled with man’s ambition to see the entire
world in a comprehensive and cohesive way actually imposed blinders on
science in general and on medicine in particular. The chief enemy of
progress, ironically, became pure reason. And for the bulk of two and a half
millennia—twenty-five hundred years—the actual treatment of patients by
physicians made almost no progress at all.

One cannot blame religion or superstition for this lack of progress. In
the West, beginning at least five hundred years before the birth of Christ,
medicine was largely secular. While Hippocratic healers—the various
Hippocratic texts were written by different people—did run temples and
accept pluralistic explanations for disease, they pushed for material
explanations.

Hippocrates himself was born in approximately 460 B.c. On the Sacred
Disease, one of the more famous Hippocratic texts and one often attributed
to him directly, even mocked theories that attributed epilepsy to the
intervention of gods. He and his followers advocated precise observation,
then theorizing. As the texts stated, “For a theory is a composite memory of
things apprehended with sense perception.” “But conclusions which are
merely verbal cannot bear fruit.” “I approve of theorizing also if it lays its
foundation in incident, and deduces its conclusion in accordance with
phenomena.”

But if such an approach sounds like that of a modern investigator, a
modern scientist, it lacked two singularly important elements.

First, Hippocrates and his associates merely observed nature. They did not
probe it.

This failure to probe nature was to some extent understandable. To
dissect a human body then was inconceivable. But the authors of the
Hippocratic texts did not test their conclusions and theories. A theory must
make a prediction to be useful or scientific—ultimately it must say, If this,
then that—and testing that prediction is the single most important element
of modern methodology. Once that prediction is tested, it must advance
another one for testing. It can never stand still.



Those who wrote the Hippocratic texts, however, observed passively
and reasoned actively. Their careful observations noted mucus discharges,
menstrual bleeding, watery evacuations in dysentery, and they very likely
observed blood left to stand, which over time separates into several layers,
one nearly clear, one of somewhat yellowy serum, one of darker blood.
Based on these observations, they hypothesized that there were four kinds
of bodily fluids, or “humours”: blood, phlegm, bile, and black bile. (This
terminology survives today in the phrase “humoral immunity,” which refers
to elements of the immune system, such as antibodies, that circulate in the
blood.)

This hypothesis made sense, comported with observations, and could
explain many symptoms. It explained, for example, that coughs were
caused by the flow of phlegm to the chest. Observations of people coughing
up phlegm certainly supported this conclusion.

In a far broader sense, the hypothesis also conformed to the ways in
which the Greeks saw nature: they observed four seasons, four aspects of
the environment—cold, hot, wet, and dry—and four elements—earth, air,
fire, and water.

Medicine waited six hundred years for the next major advance, for
Galen, but Galen did not break from these teachings; he systematized them,
perfected them. Galen claimed, “I have done as much for medicine as
Trajan did for the Roman Empire when he built the bridges and roads
through Italy. It is I, and I alone, who have revealed the true path of
medicine. It must be admitted that Hippocrates already staked out this
path.... He prepared the way, but I have made it possible.”

Galen did not simply observe passively. He dissected animals and,
although he did not perform autopsies on humans, served as a physician to
gladiators whose wounds allowed him to see deep beneath the skin. Thus
his anatomic knowledge went far beyond that of any known predecessor.
But he remained chiefly a theoretician, a logician; he imposed order on the
Hippocratic body of work, reconciling conflicts, reasoning so clearly that, if
one accepted his premises, his conclusions seemed inevitable. He made the
humoral theory perfectly logical, and even elegant. As historian Vivian
Nutton notes, he raised the theory to a truly conceptual level, separating the
humours from direct correlation with bodily fluids and making them
invisible entities “recognizable only by logic.”



Galen’s works were translated into Arabic and underlay both Western
and Islamic medicine for nearly fifteen hundred years before facing any
significant challenge. Like the Hippocratic writers, Galen believed that
illness was essentially the result of an imbalance in the body. He also
thought that balance could be restored by intervention; a physician thus
could treat a disease successfully. If there was a poison in the body, then the
poison could be removed by evacuation. Sweating, urinating, defecating,
and vomiting were all ways that could restore balance. Such beliefs led
physicians to recommend violent laxatives and other purgatives, as well as
mustard plasters and other prescriptions that punished the body, that
blistered it and theoretically restored balance. And of all the practices of
medicine over the centuries, one of the the most enduring—yet least
understandable to us today—was a perfectly logical extension of
Hippocratic and Galenic thought, and recommended by both.

This practice was bleeding patients. Bleeding was among the most
common therapies employed to treat all manner of disorders.

Deep into the nineteenth century, Hippocrates and most of those who
followed him also believed that natural processes must not be interfered
with. The various kinds of purging were meant to augment and accelerate
natural processes, not resist them. Since pus, for example, was routinely
seen in all kinds of wounds, pus was seen as a necessary part of healing.
Until the late 1800s, physicians routinely would do nothing to avoid the
generation of pus, and were reluctant even to drain it. Instead they referred
to “laudable pus.”

Similarly, Hippocrates scorned surgery as intrusive, as interfering with
nature’s course; further, he saw it as a purely mechanical skill, beneath the
calling of physicians who dealt in a far more intellectual realm. This
intellectual arrogance would subsume the attitude of Western physicians for
more than two thousand years.

This is not to say that for two thousand years the Hippocratic texts and
Galen offered the only theoretical constructs to explain health and disease.
Many ideas and theories were advanced about how the body worked, how
illness developed. And a rival school of thought gradually developed within
the Hippocratic-Galenic tradition that valued experience and empiricism
and challenged the purely theoretical.

It is impossible to summarize all these theories in a few sentences, yet
nearly all of them did share certain concepts: that health was a state of



equilibrium and balance, and that illness resulted either from an internal
imbalance within the body, or from external environmental influences such
as an atmospheric miasma, or some combination of both.

But in the early 1500s three men began to challenge at least the methods
of medicine. Paracelsus declared he would investigate nature “not by
following that which those of old taught, but by our own observation of
nature, confirmed by...experiment and by reasoning thereon.”

Vesalius dissected human corpses and concluded that Galen’s findings
had come from animals and were deeply flawed. For his acts Vesalius was
sentenced to death, although the sentence was commuted.

Fracastorius, an astronomer, mathematician, botanist, and poet,
meanwhile hypothesized that diseases had specific causes and that
contagion “passes from one thing to another and is originally caused by
infection of the imperceptible particle.” One medical historian called his
body of work “a peak maybe unequalled by anyone between Hippocrates
and Pasteur.”

The contemporaries of these three men included Martin Luther and
Copernicus, men who changed the world. In medicine the new ideas of
Paracelsus, Vesalius, and Fracastorius did not change the world. In the
actual practice of medicine they changed nothing at all.

But the approach they called for did create ripples while the
scholasticism of the Middle Ages that stultified nearly all fields of inquiry
was beginning to decay. In 1605 Francis Bacon in Rerum Novarum attacked
the purely deductive reasoning of logic, calling “Aristotle...a mere bond-
servant to his logic, thereby rendering it contentious and well nigh useless.”
He also complained, “The logic now in use serves rather to fix and give
stability to the errors which have their foundation in commonly received
notions than to help the search after truth. So it does more harm than good.”

In 1628 Harvey traced the circulation of the blood, arguably perhaps the
single greatest achievement of medicine—and certainly the greatest
achievement until the late 1800s. And Europe was in intellectual ferment.
Half a century later Newton revolutionized physics and mathematics.
Newton’s contemporary John Locke, trained as a physician, emphasized the
pursuit of knowledge through experience. In 1753 James Lind conducted a
pioneering controlled experiment among British sailors and demonstrated
that scurvy could be prevented by eating limes—ever since, the British have
been called “limeys.” David Hume, after this demonstration and following



Locke, led a movement of “empiricism.” His contemporary John Hunter
made a brilliant scientific study of surgery, elevating it from a barber’s
craft. Hunter also performed model scientific experiments, including some
on himself—as when he infected himself with pus from a gonorrheal case
to prove a hypothesis.

Then in 1798 Edward Jenner, a student of Hunter’s—Hunter had told
him “Don’t think. Try.”—published his work. As a young medical student
Jenner had heard a milkmaid say, “I cannot take the smallpox because I
have had cowpox.” The cowpox virus resembles smallpox so closely that
exposure to cowpox gives immunity to smallpox. But cowpox itself only
rarely develops into a serious disease. (The virus that causes cowpox is
called “vaccinia,” taking its name from vaccination.)

Jenner’s work with cowpox was a landmark, but not because he was the
first to immunize people against smallpox. In China, India, and Persia,
different techniques had long since been developed to expose children to
smallpox and make them immune, and in Europe at least as early as the
1500s laypeople—not physicians—took material from a pustule of those
with a mild case of smallpox and scratched it into the skin of those who had
not yet caught the disease. Most people infected this way developed mild
cases and became immune. In 1721 in Massachusetts, Cotton Mather took
the advice of an African slave, tried this technique, and staved off a lethal
epidemic. But “variolation” could kill. Vaccinating with cowpox was far
safer than variolation.

From a scientific standpoint, however, Jenner’s most important
contribution was his rigorous methodology. Of his finding he said, “I placed
it upon a rock where I knew it would be immoveable before I invited the
public to take a look at it.”

But ideas die hard. Even as Jenner was conducting his experiments,
despite the vast increase in knowledge of the body derived from Harvey and
Hunter, medical practice had barely changed. And many, if not most,
physicians who thought deeply about medicine still saw it in terms of logic
and observation alone.

In Philadelphia, twenty-two hundred years after Hippocrates and sixteen
hundred years after Galen, Benjamin Rush, a pioneer in his views on mental
illness, a signer of the Declaration of Independence, and America’s most
prominent physician, still applied logic and observation alone to build “a



more simple and consistent system of medicine than the world had yet
seen.”

In 1796 he advanced a hypothesis as logical and elegant, he believed, as
Newtonian physics. Observing that all fevers were associated with flushed
skin, he concluded that this was caused by distended capillaries and
reasoned that the proximate cause of fever must be abnormal “convulsive
action” in these vessels. He took this a step further and concluded that all
fevers resulted from disturbance of capillaries, and, since the capillaries
were part of the circulatory system, he concluded that a hypertension of the
entire circulatory system was involved. Rush proposed to reduce this
convulsive action by “depletion,” i.e., venesection—bleeding. It made
perfect sense.

He was one of the most aggressive of the advocates of “heroic
medicine.” The heroism, of course, was found in the patient. In the early
1800s praise for his theories was heard throughout Europe, and one London
physician said Rush united “in an almost unprecedented degree, sagacity
and judgment.”

A reminder of the medical establishment’s acceptance of bleeding exists
today in the name of the British journal The Lancet, one of the leading
medical journals in the world. A lancet was the instrument physicians used
to cut into a patient’s vein.

But if the first failing of medicine, a failing that endured virtually
unchallenged for two millennia and then only gradually eroded over the
next three centuries, was that it did not probe nature through experiments,
that it simply observed and reasoned from observation to a conclusion, that
failing was—finally—about to be corrected.

What can I know? How can I know it?

If reason alone could solve mathematical problems, if Newton could
think his way through physics, then why could not man reason out the ways
in which the body worked? Why did reason alone fail so utterly in
medicine?

One explanation is that Hippocratic and Galenic theory did offer a
system of therapeutics that seemed to produce the desired effect. They
seemed to work. So the Hippocratic-Galenic model lasted so long not only



because of its logical consistency, but because its therapies seemed to have
effect.

Indeed, bleeding—today called “phlebotomy”—can actually help in
some rare diseases, such as polycythemia, a rare genetic disorder that
causes people to make too much blood, or hemachromatosis, when the
blood carries too much iron. And in far more common cases of acute
pulmonary edema, when the lungs fill with fluid, it could relieve immediate
symptoms and is still sometimes tried. For example, in congestive heart
failure excess fluid in the lungs can make victims extremely uncomfortable
and, ultimately, kill them if the heart cannot pump the fluid out. When
people suffering from these conditions were bled, they may well have been
helped. This reinforced theory.

Even when physicians observed that bleeding weakened the patient, that
weakening could still seem positive. If a patient was flushed with a fever, it
followed logically that if bleeding alleviated those symptoms—making the
patient pale—it was a good thing. If it made the patient pale it worked.

Finally, a euphoric feeling sometimes accompanies blood loss. This too
reinforced theory. So bleeding both made logical sense in the Hippocratic
and Galenic systems and sometimes gave physicians and patients positive
reinforcement.

Other therapies also did what they were designed to do—in a sense. As
late as the nineteenth century—until well after the Civil War in the United
States—most physicians and patients still saw the body only as an
interdependent whole, still saw a specific symptom as a result of an
imbalance or disequilibrium in the entire body, still saw illness chiefly as
something within and generated by the body itself. As the historian Charles
Rosenberg has pointed out, even smallpox, despite its known clinical course
and the fact that vaccination prevented it, was still seen as a manifestation
of a systemic ill. And medical traditions outside the Hippocratic-Galenic
model—from the “subluxations” of chiropractic to the “yin and yang” of
Chinese medicine—have also tended to see disease as a result of imbalance
within the body.

Physicians and patients wanted therapies to augment and accelerate, not
block, the natural course of disease, the natural healing process. The state of
the body could be altered by prescribing such toxic substances as mercury,
arsenic, antimony, and iodine. Therapies designed to blister the body did so.
Therapies designed to produce sweating or vomiting did so. One doctor, for



example, when confronted with a case of pleurisy, gave camphor and
recorded that the case was “suddenly relieved by profuse perspiration.” His
intervention, he believed, had cured.

Yet a patient’s improvement, of course, does not prove that a therapy
works. For example, the 1889 edition of the Merck Manual of Medical
Information recommended one hundred treatments for bronchitis, each one
with its fervent believers, yet the current editor of the manual recognizes
that “none of them worked.” The manual also recommended, among other
things, champagne, strychnine, and nitrogylcerin for seasickness.

And when a therapy clearly did not work, the intricacies—and
intimacies—of the doctor-patient relationship also came into play, injecting
emotion into the equation. One truth has not changed from the time of
Hippocrates until today: when faced with desperate patients, doctors often
do not have the heart—or, more accurately, they have too much heart—to
do nothing. And so a doctor, as desperate as the patient, may try anything,
including things he or she knows will not work as long as they will not
harm. At the least, the patient will get some solace.

One cancer specialist concedes, “I do virtually the same thing myself. If
I’m treating a teary, desperate patient, I will try low-dose alpha interferon,
even though I do not believe it has ever cured a single person. It doesn’t
have side effects, and it gives the patient hope.”

Cancer provides other examples as well. No truly scientific evidence
shows that echinacea has any effect on cancer, yet it is widely prescribed in
Germany today for terminal cancer patients. Japanese physicians routinely
prescribe placebos in treatment. Steven Rosenberg, a National Cancer
Institute scientist who was the first person to stimulate the immune system
to cure cancer and who led the team that performed the first human gene
therapy experiments, points out that for years chemotherapy was
recommended to virtually all victims of pancreatic cancer even though not a
single chemotherapy regimen had ever been shown to prolong their lives for
one day. (At this writing, investigators have just demonstrated that
gemcitabine can extend median life expectancy by one to two months, but it
is highly toxic.)

Another explanation for the failure of logic and observation alone to
advance medicine is that unlike, say, physics, which uses a form of logic—



mathematics—as its natural language, biology does not lend itself to logic.
Leo Szilard, a prominent physicist, made this point when he complained
that after switching from physics to biology he never had a peaceful bath
again. As a physicist he would soak in the warmth of a bathtub and
contemplate a problem, turn it in his mind, reason his way through it. But
once he became a biologist, he constantly had to climb out of the bathtub to
look up a fact.

In fact, biology is chaos. Biological systems are the product not of logic
but of evolution, an inelegant process. Life does not choose the logically
best design to meet a new situation. It adapts what already exists. Much of
the human genome includes genes which are “conserved” i.e., which are
essentially the same as those in much simpler species. Evolution has built
upon what already exists.

The result, unlike the clean straight lines of logic, is often irregular,
messy. An analogy might be building an energy efficient farmhouse. If one
starts from scratch, logic would impel the use of certain building materials,
the design of windows and doors with kilowatt hours in mind, perhaps the
inclusion of solar panels on the roof, and so on. But if one wants to make an
eighteenth-century farmhouse energy efficient, one adapts it as well as
possible. One proceeds logically, doing things that make good sense given
what one starts with, given the existing farmhouse. One seals and caulks
and insulates and puts in a new furnace or heat pump. The old farmhouse
will be—maybe—the best one could do given where one started, but it will
be irregular; in window size, in ceiling height, in building materials, it will
bear little resemblance to a new farmhouse designed from scratch for
maximum energy efficiency.

For logic to be of use in biology, one has to apply it from a given
starting point, using the then-extant rules of the game. Hence Szilard had to
climb out of the bathtub to look up a fact.

Ultimately, then, logic and observation failed to penetrate the workings
of the body not because of the power of the Hippocratic hypothesis, the
Hippocratic paradigm. Logic and observation failed because neither one
tested the hypothesis rigorously.

Once investigators began to apply something akin to the modern
scientific method, the old hypothesis collapsed.



By 1800 enormous advances had been made in other sciences, beginning
centuries earlier with a revolution in the use of quantitative measurement.
Bacon and Descartes, although opposites in their views of the usefulness of
pure logic, had both provided a philosophical framework for new ways of
seeing the natural world. Newton had in a way bridged their differences,
advancing mathematics through logic while relying upon experiment and
observation for confirmation. Joseph Priestley, Henry Cavendish, and
Antoine-Laurent Lavoisier created modern chemistry and penetrated the
natural world. Particularly important for biology was Lavoisier’s decoding
of the chemistry of combustion and use of those insights to uncover the
chemical processes of respiration, of breathing.

Still, all these advances notwithstanding, in 1800 Hippocrates and
Galen would have recognized and largely agreed with most medical
practice. In 1800 medicine remained what one historian called “the
withered arm of science.”

In the nineteenth century that finally began to change—and with
extraordinary rapidity. Perhaps the greatest break came with the French
Revolution, when the new French government established what came to be
called “the Paris clinical school.” One leader of the movement was Xavier
Bichat, who dissected organs, found them composed of discrete types of
material often found in layers, and called them “tissues” another was René
Laennec, inventor of the stethoscope.

Meanwhile, medicine began to make use of other objective
measurements and mathematics. This too was new. Hippocratic writings
had stated that the physician’s senses mattered far more than any objective
measurement, so despite medicine’s use of logic, physicians had always
avoided applying mathematics to the study of the body or disease. In the
1820s, two hundred years after the discovery of thermometers, French
clinicians began using them. Clinicians also began taking advantage of
methods discovered in the 1700s to measure the pulse and blood pressure
precisely.

By then in Paris Pierre Louis had taken an even more significant step. In
the hospitals, where hundreds of charity cases awaited help, using the most
basic mathematical analysis—nothing more than arithmetic—he correlated
the different treatments patients received for the same disease with the
results. For the first time in history, a physician was creating a reliable and
systematic database. Physicians could have done this earlier. To do so



required neither microscopes nor technological prowess; it required only
taking careful notes.

Yet the real point at which modern medicine diverged from the classic
was in the studies of pathological anatomy by Louis and others. Louis not
only correlated treatments with results to reach a conclusion about a
treatment’s efficacy (he rejected bleeding patients as a useless therapy), he
and others also used autopsies to correlate the condition of organs with
symptoms. He and others dissected organs, compared diseased organs to
healthy ones, learned their functions in intimate detail.

What he found was astounding, and compelling, and helped lead to a
new conception of disease as something with an identity of its own, an
objective existence. In the 1600s Thomas Sydenham had begun classifying
diseases, but Sydenham and most of his followers continued to see disease
as a result of imbalances, consistent with Hippocrates and Galen. Now a
new “nosology,” a new classification and listing of disease, began to
evolve.

Disease began to be seen as something that invaded solid parts of the
body, as an independent entity, instead of being a derangement of the blood.
This was a fundamental first step in what would become a revolution.

Louis’s influence and that of what became known as “the numerical
system” could not be overstated. These advances—the stethoscope,
laryngoscope, opthalmoscope, the measurements of temperature and blood
pressure, the study of parts of the body—all created distance between the
doctor and the patient, as well as between patient and disease; they
objectified humanity. Even though no less a personage than Michel
Foucault condemned this Parisian movement as the first to turn the human
body into an object, these steps had to come to make progress in medicine.

But the movement was condemned by contemporaries also. Complained
one typical critic, “The practice of medicine according to this view is
entirely empirical, is shorn of all rational induction, and takes a position
among the lower grades of experimental observations and fragmentary
facts.”

Criticism notwithstanding, the numerical system began winning convert
after convert. In England in the 1840s and 1850s, John Snow began
applying mathematics in a new way: as an epidemiologist. He had made
meticulous observations of the patterns of a cholera outbreak, noting who
got sick and who did not, where the sick lived and how they lived, where



the healthy lived and how they lived. He tracked the disease down to a
contaminated well in London. He concluded that contaminated water
caused the disease. It was brilliant detective work, brilliant epidemiology.
William Budd borrowed Snow’s methodology and promptly applied it to
the study of typhoid.

Snow and Budd needed no scientific knowledge, no laboratory findings,
to reach their conclusions. And they did so in the 1850s, before the
development of the germ theory of disease. Like Louis’s study that proved
that bleeding was worse than useless in nearly all circumstances, their work
could have been conducted a century earlier or ten centuries earlier. But
their work reflected a new way of looking at the world, a new way of
seeking explanations, a new methodology, a new use of mathematics as an

analytical tool.”

At the same time, medicine was advancing by borrowing from other
sciences. Insights from physics allowed investigators to trace electrical
impulses through nerve fibers. Chemists were breaking down the cell into
its components. And when investigators began using a magnificent new tool
—the microscope equipped with new achromatic lenses, which came into
use in the 1830s—an even wider universe began to open.

In this universe Germans took the lead, partly because fewer French
than Germans chose to use microscopes and partly because French
physicians in the middle of the nineteenth century were generally less
aggressive in experimenting, in creating controlled conditions to probe and
even manipulate nature. (It was no coincidence that the French giants
Pasteur and Claude Bernard, who did conduct experiments, were not on the
faculty of any medical school. Echoing Hunter’s advice to Jenner, Bernard,
a physiologist, told one American student, “Why think? Exhaustively
experiment, then think.”)

In Germany, meanwhile, Rudolf Virchow—both he and Bernard
received their medical degrees in 1843—was creating the field of cellular
pathology, the idea that disease began at the cellular level. And in Germany
great laboratories were being established around brilliant scientists who,
more than elsewhere, did actively probe nature with experiments. Jacob
Henle, the first scientist to formulate the modern germ theory, echoed



Francis Bacon when he said, “Nature answers only when she is
questioned.”

And in France, Pasteur was writing, “I am on the edge of mysteries and
the veil is getting thinner and thinner.”

Never had there been a time so exciting in medicine. A universe was
opening.

Still, with the exception of the findings on cholera and typhoid—and
even these won only slow acceptance—little of this new scientific
knowledge could be translated into curing or preventing disease. And much
that was being discovered was not understood. In 1868, for example, a
Swiss investigator isolated deoxyribonucleic acid, DNA, from a cell’s
nucleus, but he had no idea of its function. Not until three-quarters of a
century later, at the conclusion of some research directly related to the 1918
influenza pandemic, did anyone even speculate, much less demonstrate, that
DNA carried genetic information.

So the advances of science actually, and ironically, led to “therapeutic
nihilism.” Physicians became disenchanted with traditional treatments, but
they had nothing with which to replace them. In response to the findings of
Louis and others, in 1835 Harvard’s Jacob Bigelow had argued in a major
address that in “the unbiased opinion of most medical men of sound
judgment and long experience...the amount of death and disaster in the
world would be less, if all disease were left to itself.”

His address had impact. It also expressed the chaos into which medicine
was being thrown and the frustration of its practitioners. Physicians were
abandoning the approaches of just a few years earlier and, less certain of the
usefulness of a therapy, were becoming far less interventionist. In
Philadelphia in the early 1800s Rush had called for wholesale blood-letting
and was widely applauded. In 1862 in Philadelphia a study found that, out
of 9,502 cases, physicians had cut a vein “in one instance only.”

Laymen as well were losing faith in and becoming reluctant to submit to
the tortures of heroic medicine. And since the new knowledge developing
in traditional medicine had not yet developed new therapies, rival ideas of
disease and treatment began to emerge. Some of these theories were
pseudoscience, and some owed as little to science as did a religious sect.

This chaos was by no means limited to America. Typical was Samuel
Hahnemann, who developed homeopathy in Germany, publishing his ideas
in 1810, just before German science began to emerge as the dominant force



on the Continent. But nowhere did individuals feel freer to question
authority than in America. And nowhere was the chaos greater.

Samuel Thomson, founder of a movement bearing his name that spread
widely before the Civil War, argued that medicine was simple enough to be
comprehended by everyone, so anyone could act as a physician. “May the
time soon come when men and women will become their own priests,
physicians, and lawyers—when self-government, equal rights and moral
philosophy will take the place of all popular crafts of every description,”
argued his movement’s publication. His system used “botanic” therapeutics,
and he charged, “False theory and hypothesis constitute nearly the whole art
of physic.”

Thomsonism was the most popular layman’s medical movement but
hardly the only one. Dozens of what can only be called sects arose across
the countryside. A Thomsonian rhyme summed up the attitude: “The nest of
college-birs are three, / Law, Physic and Divinity; / And while these three
remain combined, / They keep the world oppressed and blind /...Now is the
time to be set free, / From priests’ and Doctors’ slavery.”

As these ideas spread, as traditional physicians failed to demonstrate the
ability to cure anyone, as democratic emotions and anti-elitism swept the
nation with Andrew Jackson, American medicine became as wild and
democratic as the frontier. In the 1700s Britain had relaxed licensing
standards for physicians. Now several state legislatures did away with the
licensing of physicians entirely. Why should there be any licensing
requirements? Did physicians know anything? Could they heal anyone?
Wrote one commentator in 1846, “There is not a greater aristocratic
monopoly in existence, than this of regular medicine—neither is there a
greater humbug.” In England the title “Professor” was reserved for those
who held university chairs, and, even after John Hunter brought science to
surgery, surgeons often went by “Mister.” In America the titles “Professor”
and “Doctor” went to anyone who claimed them. As late as 1900, forty-one
states licensed pharmacists, thirty-five licensed dentists, and only thirty-
four licensed physicians. A typical medical journal article in 1858 asked,
“To What Cause Are We to Attribute the Diminished Respectability of the
Medical Profession in the Esteem of the American Public?”

By the Civil War, American medicine had begun to inch forward, but
only inch. The brightest lights involved surgery. The development of
anesthesia, first demonstrated in 1846 at Massachusetts General Hospital,



helped dramatically, and, just as Galen’s experience with gladiators taught
him much anatomy, American surgeons learned enough from the war to put
them a step ahead of Europeans.

In the case of infectious and other disease, however, physicians
continued to attack the body with mustard plasters that blistered the body,
along with arsenic, mercury, and other poisons. Too many physicians
continued their adherence to grand philosophical systems, and the Civil War
showed how little the French influence had yet penetrated American
medicine. European medical schools taught the use of thermometers,
stethoscopes, and ophthalmoscopes, but Americans rarely used them and
the largest Union army had only half a dozen thermometers. Americans still
relieved pain by applying opiate powders on a wound, instead of injecting
opium with syringes. And when Union Surgeon General William Hammond
banned some of the violent purgatives, he was both court-martialed and
condemned by the American Medical Association.

After the Civil War, America continued to churn out prophets of new,
simple, complete, and self-contained systems of healing, two of which,
chiropractic and Christian Science, survive today. (Evidence does suggest
that spinal manipulation can relieve musculoskeletal conditions, but no
evidence supports chiropractic claims that disease is caused by
misalignment of vertebrae.)

Medicine had discovered drugs—such as quinine, digitalis, and opium
—that provided benefits, but, as one historian has shown, they were
routinely prescribed indiscriminately, for their overall effect on the body,
not for a specific purpose; even quinine was prescribed generally, not to
treat malaria. Hence Oliver Wendell Holmes, the physician father of the
Supreme Court justice, was not much overstating when he declared, “I
firmly believe that if the whole materia medica, as now used, could be sunk
to the bottom of the sea, it would be all the better for mankind—and all the
worse for the fishes.”

There was something else about America. It was such a practical place.
If it was a nation bursting with energy, it had no patience for dalliance or
daydreaming or the waste of time. In 1832, Louis had told one of his most
promising protégés—an American—to spend several years in research
before beginning a medical practice. The student’s father was also a
physician, James Jackson, a founder of Massachusetts General Hospital,
who scornfully rejected Louis’s suggestion and protested to Louis that “in



this country his course would have been so singular, as in a measure to
separate him from other men. We are a business doing people.... There is a
vast deal to be done and he who will not be doing must be set down as a
drone.”

In America the very fact that science was undermining therapeutics
made institutions uninterested in supporting it. Physics, chemistry, and the
practical arts of engineering thrived. The number of engineers particularly
was exploding—from 7,000 to 226,000 from the late nineteenth century to
just after World War I—and they were accomplishing extraordinary things.
Engineers transformed steel production from an art into a science,
developed the telegraph, laid a cable connecting America to Europe, built
railroads crossing the continent and skyscrapers that climbed upward,
developed the telephone—with automobiles and airplanes not far behind.
The world was being transformed. Whatever was being learned in the
laboratory about biology was building basic knowledge, but with the
exception of anesthesia, laboratory research had only proven actual medical
practice all but useless while providing nothing with which to replace it.

Still, by the 1870s, European medical schools required and gave
rigorous scientific training and were generally subsidized by the state. In
contrast, most American medical schools were owned by a faculty whose
profits and salaries—even when they did not own the school—were paid by
student fees, so the schools often had no admission standards other than the
ability to pay tuition. No medical school in America allowed medical
students to routinely either perform autopsies or see patients, and medical
education often consisted of nothing more than two four-month terms of
lectures. Few medical schools had any association with a university, and
fewer still had ties to a hospital. In 1870 even at Harvard a medical student
could fail four of nine courses and still get an M.D.

In the United States, a few isolated individuals did research—
outstanding research—but it was unsupported by any institution. S. Weir
Mitchell, America’s leading experimental physiologist, once wrote that he
dreaded anything “removing from me the time or power to search for new
truths that lie about me so thick.” Yet in the 1870s, after he had already
developed an international reputation, after he had begun experiments with
snake venom that would lead directly to a basic understanding of the
immune system and the development of antitoxins, he was denied positions
teaching physiology at both the University of Pennsylvania and Jefferson



Medical College; neither had any interest in research, nor a laboratory for
either teaching or research purposes. In 1871 Harvard did create the first
laboratory of experimental medicine at any American university, but that
laboratory was relegated to an attic and paid for by the professor’s father.
Also in 1871 Harvard’s professor of pathologic anatomy confessed he did
not know how to use a microscope.

But Charles Eliot, a Brahmin with a birth defect that deformed one side
of his face—he never allowed a photograph to show that side—had become
Harvard president in 1869. In his first report as president, he declared, “The
whole system of medical education in this country needs thorough
reformation. The ignorance and general incompetency of the average
graduate of the American medical Schools, at the time when he receives the
degree which turns him loose upon the community, is something horrible to
contemplate.”

Soon after this declaration, a newly minted Harvard physician killed
three successive patients because he did not know the lethal dose of
morphine. Even with the leverage of this scandal, Eliot could push through
only modest reforms over a resistant faculty. Professor of Surgery Henry
Bigelow, the most powerful faculty member, protested to the Harvard Board
of Overseers, “[Eliot] actually proposes to have written examinations for
the degree of doctor of medicine. I had to tell him that he knew nothing
about the quality of the Harvard medical students. More than half of them
can barely write. Of course they can’t pass written examinations.... No
medical school has thought it proper to risk large existing classes and large
receipts by introducing more rigorous standards.”

Many American physicians were in fact enthralled by the laboratory
advances being made in Europe. But they had to go to Europe to learn
them. Upon their return they could do little or nothing with their
knowledge. Not a single institution in the United States supported any
medical research whatsoever.

As one American who had studied in Europe wrote, “I was often asked
in Germany how it is that no scientific work in medicine is done in this
country, how it is that many good men who do well in Germany and show
evident talent there are never heard of and never do any good work when
they come back here. The answer is that there is no opportunity for, no
appreciation of, no demand for that kind of work here.... The condition of
medical education here is simply horrible.”



In 1873, Johns Hopkins died, leaving behind a trust of $3.5 million to found
a university and hospital. It was to that time the greatest gift ever to a
university. Princeton’s library collection was then an embarrassment of only
a few books—and the library was open only one hour a week. Columbia
was little better: its library opened for two hours each afternoon, but
freshmen could not enter without a special permission slip. Only 10 percent
of Harvard’s professors had a Ph.D.

The trustees of Hopkins’s estate were Quakers who moved deliberately
but also decisively. Against the advice of Harvard president Charles Eliot,
Yale president James Burril Angell, and Cornell president Andrew D.
White, they decided to model the Johns Hopkins University after the
greatest German universities, places thick with men consumed with creating
new knowledge, not simply teaching what was believed.

The trustees made this decision precisely because there was no such
university in America, and precisely because they recognized the need after
doing the equivalent of market research. A board member later explained,
“There was a strong demand, among the young men of this country, for
opportunities to study beyond the ordinary courses of a college or a
scientific school.... The strongest evidence of this demand was the
increased attendance of American students upon lectures of German
universities.” The trustees decided that quality would sell. They intended to
hire only eminent professors and provide opportunities for advanced study.

Their plan was in many ways an entirely American ambition: to create a
revolution from nothing. For it made little sense to locate the new
institution in Baltimore, a squalid industrial and port city. Unlike
Philadelphia, Boston, or New York, it had no tradition of philanthropy, no
social elite ready to lead, and certainly no intellectual tradition. Even the
architecture of Baltimore seemed exceptionally dreary, long lines of row
houses, each with three steps, crowding against the street and yet virtually
no street life—the people of Baltimore seemed to live inward, in backyards
and courtyards.

In fact, there was no base whatsoever upon which to build...except the
money, another American trait.

The trustees hired as president Daniel Coit Gilman, who left the
presidency of the newly organized University of California after disputes
with state legislators. Earlier he had helped create and had led the Sheffield



Scientific School at Yale, which was distinct from Yale itself. Indeed, it was
created partly because of Yale’s reluctance to embrace science as part of its
basic curriculum.

At the Hopkins, Gilman immediately recruited an internationally
respected—and connected—faculty, which gave it instant credibility. In
Europe, people like Huxley saw the Hopkins as combining the explosive
energy and openness of America with the grit of science; the potential could
shake the world.

To honor the Hopkins upon its beginnings, to honor this vision, to
proselytize upon this new faith, Thomas Huxley came to America.

The Johns Hopkins would have rigor. It would have such rigor as no
school in America had ever known.

The Hopkins opened in 1876. Its medical school would not open until
1893, but it succeeded so brilliantly and quickly that, by the outbreak of
World War I, American medical science had caught up to Europe and was
about to surpass it.

Influenza is a viral disease. When it kills, it usually does so in one of two
ways: either quickly and directly with a violent viral pneumonia so
damaging that it has been compared to burning the lungs; or more slowly
and indirectly by stripping the body of defenses, allowing bacteria to invade
the lungs and cause a more common and slower-killing bacterial
pneumonia.

By World War I, those trained directly or indirectly by the Hopkins
already did lead the world in investigating pneumonia, a disease referred to
as “the captain of the men of death.” They could in some instances prevent
it and cure it.

And their story begins with one man.



CHAPTER TWO

NorinG aBour the boyhood or youth of William Henry Welch suggested
his future.

So it is apt that the best biography of him begins not with his childhood
but with an extraordinary eightieth-birthday celebration in 1930. Friends,
colleagues, and admirers gathered for the event not only in Baltimore,
where he lived, but in Boston, in New York, in Washington; in Chicago,
Cincinnati, and Los Angeles; in Paris, London, Geneva, Tokyo, and Peking.
Telegraph and radio linked the celebrations, and their starting times were
staggered to allow as much overlap as time zones made possible. The many
halls were thick with scientists in many fields, including Nobel laureates,
and President Herbert Hoover’s tribute to Welch at the Washington event
was broadcast live over American radio networks.

The tribute was to a man who had become arguably the single most
influential scientist in the world. He had served as president of the National
Academy of Sciences, president of the American Association for the
Advancement of Science, president of the American Medical Association,
and president or dominant figure of literally dozens of other scientific
groups. At a time when no government funds went to research, as both
chairman of the Executive Committee of the Carnegie Institution of
Washington and president—for thirty-two years—of the Board of Scientific
Directors of the Rockefeller Institute for Medical Research (now
Rockefeller University), he had also directed the flow of money from the
two greatest philanthropic organizations in the country.

And yet Welch had been no great pioneer even in his own field of
medical research—no Louis Pasteur, no Robert Koch, no Paul Ehrlich, no
Theobald Smith. He had generated no brilliant insights, made no
magnificent discoveries, asked no deep and original questions, and left no
significant legacy in the laboratory or in scientific papers. He did little work
—a reasonable judge might say he did no work—so profound as to merit
even membership in, much less the presidency of, the National Academy of
Sciences.



Nonetheless, these hundreds of the world’s leading scientists had
measured him as coldly and objectively as they measured everything and
found him worthy. They had gathered to celebrate his life, if not for his
science then for what he had done for science.

In his lifetime the world had changed radically, from horse and buggy to
radio, airplanes, even the first television. Coca-Cola had been invented and
rapidly spread across the country before 1900, by the 1920s Woolworth’s
had over fifteen hundred stores, and a technocratic makeover of America
had accompanied the Progressive Age, culminating in 1930 in a White
House conference on children that proclaimed the superiority of experts to
parents in child raising, because “it is beyond the capacity of an individual
parent to train her child to fit into the intricate, interwoven, and
interdependent social and economic system we have developed.”

Welch had of course played no role in those changes. But he had played
a large and direct role in an equivalent makeover of medicine and especially
American medicine.

He had served first as a kind of avatar, his own experience embodying
and epitomizing that of many in his generation. Yet he was no simple
symbol or representative. Like an Escher drawing, his life both represented
that of others and simultaneously defined the lives of those who followed
him, and those who followed them, and those who followed them, down to
the present.

For if he did no revolutionary science, he lived a revolutionary life. He
was personality and theater; he was impresario, creator, builder. Like an
actor on a live stage, his life was a performance given once, leaving its
impact upon his audience, and only through them echoing in time and
place. He led the movement that created the greatest scientific medical
enterprise, and possibly the greatest enterprise in any of the sciences, in the
world. His legacy was not objectively measurable, but it was nonetheless
real. It lay in his ability to stir other men’s souls.

Welch was born in 1850 in Norfolk, Connecticut, a small town in the
northern part of the state that remains even today a hilly and wooded
retreat. His grandfather, great-uncle, father, and four uncles were
physicians. His father also served a term in Congress and in 1857 addressed
the graduates of Yale Medical School. In that speech he demonstrated a



significant grasp of the latest medical developments, including a technique
that would not be mentioned at Harvard until 1868 and the striking new
“cell theory with its results in physiology and pathology,” a reference to the
work of Rudolf Virchow, who had then published only in German-language
journals. He also declared, “All positive knowledge obtained...has resulted
from the accurate observation of facts.”

Yet if it seemed foreordained that Welch would become a physician, this
was not the case. Years later he told the great surgeon Harvey Cushing, a
protégé, that in his youth medicine had filled him with repugnance.

Perhaps part of that repugnance came from his circumstances. Welch’s
mother died when he was six months old. His sister, three years older, was
sent away, and his father was distant both emotionally and physically.
Throughout Welch’s life he would be closer to his sister than to any other
living soul; over the years their correspondence revealed what intimacies he
was willing to share.

His childhood was marked by what would become a pattern throughout
his life: loneliness masked by social activity. At first he sought to fit in. He
was not isolated. Neighbors included an uncle and cousins his age with
whom he played routinely, but he longed for greater intimacy and begged
his cousins to call him “brother.” They refused. Elsewhere, too, he sought to
fit in, to belong. At the age of fifteen, submitting to evangelical fervor, he
formally committed himself to God.

He attended Yale where he found no conflict between his religious
commitment and science. While the college had begun teaching such
practical arts as engineering, it kept a measured distance from the scientific
ferment of these years immediately following the Civil War, purposely
setting itself up as a conservative, Congregationalist counterbalance to the
Unitarian influence at Harvard. But if Welch’s intellectual interests
developed only after college, his personality had already formed. Three
attributes in particular stood out. Their combination would prove powerful
indeed.

His intelligence did shine through, and he graduated third in his class.
But the impression left on others came not from his brilliance but from his
personality. He had the unusual ability to simultaneously involve himself
passionately in something yet retain perspective. One student described him
as “the only one who kept cool” during heated discussions, and he would
carry this trait through the rest of his life.



There was something about him that made others want him to think well
of them. Hazing of freshmen was brutal at the time, so brutal that a
classmate was advised to keep a pistol in his room to prevent sophomores
from abusing him. Yet Welch was left entirely alone. Skull and Bones,
perhaps the single most secret society in the United States, which marks its
members powerfully with the embrace of the establishment, inducted him,
and he would remain deeply attached to Bones his entire life. Perhaps that
satisfied his desire to belong. At any rate, his earlier desperation to fit in
was replaced by a self-sufficiency. His roommate on parting left him an
extraordinary note: “I ought to try to express my great indebtedness for the
kindness which you always manifested toward me, the pure example you
set me,...I feel now more deeply the truth of what I often said to others if
not to you—that I was utterly unworthy of such a chum as yourself. I often
pitied you, to think that you had to room with me, your inferior in ability,
dignity and every noble and good quality.”

It is the kind of note that a biographer might interpret as homoerotic.
Perhaps it was. At least one other man would later devote himself to Welch
with what could only be called ardor. Yet for the rest of Welch’s life he also
seemed somehow, in some indefinable way, to generate similar if less
intense sentiments in others. He did so without effort. He charmed without
effort. He inspired without effort. And he did so without his reciprocating
any personal connection, much less attachment. A later age would call this
“charisma.”

His class rank entitled him to give an oration at commencement. In an
undergraduate essay entitled “The Decay of Faith,” Welch had decried
mechanistic science, which viewed the world as a machine “unguided by a
God of justice.” Now, in 1870, the year after Darwin published Origin of
Species, in his oration Welch attempted to reconcile science and religion.

He found it a difficult task. Science is at all times potentially
revolutionary; any new answer to a seemingly mundane question about
“how” something occurs may uncover chains of causation that throw all
preceding order into disarray and that threaten religious beliefs as well.
Welch personally was experiencing the pains that many in the last half of
the nineteenth century experienced for the first time as adults as science
threatened to supplant the natural order, God’s order, with an order defined
by mankind, an order that promised no one knew what, an order that, as
Milton wrote in Paradise Lost, “Frighted the reign of Chaos and old night.”



Taking a step backward from what his father had said a dozen years
before, Welch rejected the personal God of Emerson and the Unitarians,
reiterated the importance of revealed truth in Scripture, argued that
revelation need not submit to reason, and spoke of that which “man could
never discover by the light of his own mind.”

Welch would ultimately devote his life to discovering all the world with
his own mind, and to spurring others to do the same. But not yet.

He had studied classics and he had hoped to teach Greek at Yale. Yale did
not, however, offer him a position, and he became a tutor at a new private
school. That school closed, Yale still offered him nothing, and, with no
immediate prospects for employment, with his family importuning him to
become a physician, he returned to Norfolk and apprenticed to his father.

It was an old-fashioned practice. Nothing his father did reflected his
knowledge of the newest medical concepts. Like most American
physicians, he ignored objective measurements such as temperature and
blood pressure, and he even mixed prescriptions without measuring
dosages, often relying on taste. This apprenticeship was not a happy time
for Welch. In his own later accounts of his training, he passed over it as if it
had never occurred. But sometime during it his views of medicine changed.

At some point he decided that if he was going to become a physician, he
would do so in his own way. Routinely those preparing for medicine
apprenticed for six months or a year, and then attended medical school. He
had served his apprenticeship. But in the next step he took he marked out a
new course. Welch returned to school all right, but he did not attend
medical school. He learned chemistry.

Not only did no medical school in the United States require entering
students to have either any scientific knowledge or a college degree, neither
did any American medical school emphasize science. Far from it. In 1871, a
senior professor at the Harvard Medical School argued, “In an age of
science, like the present, there is more danger that the average medical
student will be drawn from what is practical, useful, and even essential by
the well-meant enthusiasm of the votaries of the applicable sciences, than
that he will suffer from the want of knowledge of these....[We] should not
encourage the medical student to while away his time in the labyrinths of
Chemistry and Physiology.”



Welch had a different view. Chemistry seemed to him a window into the
body. By then Carl Ludwig, later Welch’s mentor, and several other leading
German scientists had met in Berlin and determined to “constitute
physiology on a chemico-physical foundation and give it equal scientific
rank with physics.”

It was highly unlikely that Welch knew of that determination, but his
instincts were the same. In 1872 he entered Yale’s Sheffield Scientific
School to study chemistry. He considered the facilities there “excellent...
certainly better than in any medical school, where chemistry as far as I can
learn is very much slighted.”

After half a year of grounding, he began medical school at the College
of Physicians and Surgeons in New York City, which was not yet connected
to Columbia University. (He disdained Yale’s medical school; fifty years
later he was asked to give a speech on Yale’s early contributions to
medicine and replied that there hadn’t been any.) It was a typical good
American medical school, with no requirements for admission and no
grades in any course. As elsewhere, faculty salaries came directly from
student fees, so faculty wanted to maximize the number of students.
Instruction came almost entirely through lectures; the school offered no
laboratory work of any kind. This, too, was typical. In no American school
did students use a microscope. In fact, Welch’s work in one course won him
the great prize of a microscope; he cherished it but did not know how to use
it, and no professor offered to instruct him. Instead he enviously watched
them work, commenting, “I can only admire without understanding how to
use its apparently complicated mechanism.”

But unlike in many other schools, students at the College of Physicians
and Surgeons could examine cadavers. Pathological anatomy—using
autopsies to decipher what was happening within organs—enthralled
Welch. New York City had three medical schools. He took the course in
pathological anatomy at all three.

Then he completed his school’s single requirement for an M.D. He
passed a final examination. Welch called it “the easiest examination I ever
entered since leaving boarding school.”

Shortly before Welch took this test, Yale finally offered him the position
he had so earnestly sought earlier—professor of Greek. He declined it.

To his father he wrote, “I have chosen my profession, am becoming
more and more interested in it, and do not feel at all inclined to relinquish it



for anything else.”
He was interested indeed.

He was also beginning to be recognized. Francis Delafield, one of his
professors, had studied pathological anatomy in Paris with Pierre Louis and,
like Louis, kept detailed records of hundreds of autopsies. Delafield’s was
the best work in America, the most precise, the most scientific. Delafield
now brought Welch into his fold and allowed him the extraordinary
privilege of entering his own autopsy findings into Delafield’s sacred notes.

Yet huge gaps in Welch’s knowledge remained. He still did not know
how to use his microscope. Delafield, an expert in microscopic technique
who had made his own microtome (a device for cutting exquisitely thin
slices of tissue), would sit for hours with one eye glued to the lens, smoking
a pipe, while Welch watched impotently. But Delafield did let Welch
perform a huge number of autopsies for someone in his junior position.
From each one he tried to learn.

That knowledge did not satisfy him. His best professors had studied in
Paris, Vienna, and Berlin. Although Welch still intended to practice clinical
medicine—not a single physician in the United States then made a living
doing research—he borrowed from family and friends and, having run
through all that his American professors could teach him, on April 19,
1876, a few months before Huxley spoke at the inauguration of the Johns
Hopkins University, Welch sailed for Europe to continue his scientific
education. Simon Flexner, Welch’s protégé and a brilliant scientist in his
own right, declared this trip “a voyage of exploration that was in its results
perhaps the most important ever taken by an American doctor.”

He was hardly alone in seeking more knowledge in Germany, where the
best science was then being done. One historian has estimated that between
1870 and 1914, fifteen thousand American doctors studied in Germany or
Austria, along with thousands more from England, France, Japan, Turkey,
Italy, and Russia.

The overwhelming majority of these physicians were interested solely
in treating patients. In Vienna professors established a virtual assembly line
to teach short courses on specific aspects of clinical medicine to foreign



doctors, especially Americans. These Americans took the courses partly out
of desire to learn and partly to gain an edge over competitors at home.

Welch himself expected to have to practice medicine to make a living,
and he recognized how helpful to such a career studying in Germany could
be. He assured his sister and brother-in-law as well as his father, all of
whom were helping support him financially, “The prestige and knowledge
which I should acquire by a year’s study in Germany would decidedly
increase my chance of success. The young doctors who are doing well in
New York are in a large majority those who have studied abroad.”

But his real interest lay with the tiny minority of Americans who went
to Germany to explore a new universe. He wanted to learn laboratory
science. In America he had already acquired a reputation as knowing far
more than his colleagues. In Germany he was refused acceptance into two
laboratories because he knew so little. This inspired rather than depressed
him. Soon he found a place to start and excitedly wrote home, “I feel as if I
were only just initiated into the great science of medicine. My previous
experiences compared with the present are like the difference between
reading of a fair country and seeing it with one’s own eyes. To live in the
atmosphere of these scientific workshops and laboratories, to come into
contact with the men who have formed and are forming the science of
today, to have the opportunity of doing a little original investigation myself
are all advantages, which, if they do not prove fruitful in later life, will
always be to me a source of pleasure and profit.”

Of Leipzig’s university, he said, “If you could visit the handsome and
thoroughly equipped physiological, anatomical, pathological and chemical
laboratories and see professors whose fame is already world-wide, with
their corps of assistants and students hard at work, you would realize how
by concentration of labor and devotion to study Germany has outstripped
other countries in the science of medicine.”

He focused on learning how to learn and stayed constantly alert to
technique, to anything offering another window into the new world,
anything that allowed him to see more clearly and deeply. “The chief value”
of his work with one scientist was “in teaching me certain important
methods of handling fresh tissues, especially in isolating particular
elements.” Of another scientist whom he disliked, he said, “What is of
greater importance, I have acquired a knowledge of methods of preparing
and mounting specimens so that I can carry on investigations hereafter.”



By now he was attracting attention from his mentors, who included
some of the leading scientists in the world, but they left a more distinct
impression upon him. One was Carl Ludwig, whom he called “my ideal of a
scientific man, accepting nothing upon authority, but putting every
scientific theory to the severest test.... I hope I have learned from Professor
Ludwig’s precept and practice that most important lesson for every man of
science, not to be satisfied with loose thinking and half-proofs, not to
speculate and theorize but to observe closely and carefully.”

Julius Cohnheim, another mentor, taught him a new kind of curiosity:
“Cohnheim’s interest centers on the explanation of the fact. It is not enough
for him to know that congestion of the kidney follows heart disease.... He
is constantly inquiring why does it occur under these circumstances.... He
is almost the founder and certainly the chief representative of the so-called
experimental or physiological school of pathology.”

Welch began to analyze everything, including his most deeply held
beliefs. Five years earlier he had condemned the concept of a world ruled
other than by a God of justice. Now he told his father that he embraced
Darwin: “That there is anything irreligious about the doctrine of evolution I
cannot see.... In the end our preconceived beliefs must change and adapt
themselves. The facts of science never will change.”

He also analyzed the means by which German science had achieved
such stature. Its three most important elements, he decided, were the
thorough preparation required of students by German medical schools, the
schools’ independent financing, and the support of research by the
government and universities.

In 1877, a year after the Johns Hopkins University opened, its president,
Daniel Gilman, laid plans to assemble the greatest medical school faculty in
America, one to rival any in Europe. The decision to launch a national—
indeed international—search was itself revolutionary. With the exception of
the University of Michigan, located in tiny Ann Arbor, every medical
school in the United States filled its faculty exclusively from the ranks of
local physicians. To perform the search Gilman chose the perfect man: Dr.
John Shaw Billings.

Billings lay behind America’s first great contribution to scientific
medicine: a library. This library grew out of the detailed medical history of



the Civil War ordered by the army surgeon general. The army also created a
medical “museum,” which was actually a library of specimens.

Both the museum and the history were remarkable. In 1998 scientists at
the Armed Forces Institute of Pathology, a direct descendant of this
museum, used specimens preserved in 1918 to determine the genetic
makeup of the 1918 influenza virus. And the medical history was
extraordinarily precise and useful. Even Virchow said he was “constantly
astonished at the wealth of experience therein found. The greatest exactness
in detail, careful statistics even in the smallest matters, and a scholarly
statement embracing all sides of medical experience are here united.”

Billings did not write that history, but it did inspire him to create a
medical library of comparable quality. He built what one medical historian
judged “probably the greatest and most useful medical library in the world.”
By 1876 it already held eighty thousand volumes; ultimately it grew into
today’s National Library of Medicine.

But he did more than collect books and articles. Knowledge is useless
unless accessible. To disseminate knowledge, Billings developed a
cataloging system far superior to any in Europe, and he began publishing
the Index Medicus, a monthly bibliography of new medical books and
articles appearing in the Americas, Europe, Japan. No comparable
bibliography existed anywhere else in the world.

And no one else in the world had a better sense of what was going on in
all the world’s laboratories than Billings.

He traveled to Europe to meet possible candidates for the Hopkins
faculty, including established scientists of international renown. But he also
sought out young men, the next generation of leaders. He had heard of
Welch, heard of his potential, heard that he had exposed himself not to one
or two of the great scientists but to many, heard that he seemed to know
everyone in Germany, including—even before they emerged as arguably the
two greatest medical scientists of the nineteenth or early twentieth century
—Robert Koch and Paul Ehrlich. (In fact, when Koch, then unknown, first
made his dramatic demonstration of the life cycle of anthrax, Welch was in
the same laboratory.)

Billings met with Welch in an ancient Leipzig beer hall, a hall that itself
belonged to myth. On the wall were murals depicting the sixteenth-century
meeting of Faust and the Devil, for the meeting had supposedly occurred in
that very room. Billings and Welch talked passionately of science deep into



the night, while the murals endowed their words with conspiratorial irony.
Billings spoke of the plans for the Hopkins: unheard-of admission standards
for students, labs that filled great buildings, the most modern hospital in the
world, and of course a brilliant faculty. They talked also about life, about
each other’s goals. Welch knew perfectly well he was being interviewed. In
response, he opened his soul.

After the dinner Billings told Francis King, president of the yet-to-be-
built Johns Hopkins Hospital, that Welch “should be one of the first men to
be secured, when the time came.”

That time would not come for a while. The Hopkins had begun as a
graduate school only, without even any undergraduate students, although it
quickly expanded to include a college. Further expansion abruptly became
problematic since its endowment was chiefly in Baltimore & Ohio Railroad
stock. The country had been wallowing in depression for four years when
the B&O and the Pennsylvania Railroad cut wages 10 percent, sparking
violent strikes by railroad workers in Maryland that soon spread to
Pittsburgh, Chicago, St. Louis, and farther west. B&O stock collapsed, and
the plans to open the medical school had to be put off. There were no new
faculty posts at the Hopkins to fill.

So in 1877 Welch returned to New York desperate for “some
opportunity” in science “and at the same time making a modest livelihood.”
Failing to find one, he returned to Europe. In 1878 he was back in New
York.

At no time in history had medicine been advancing so rapidly. The
thousands who flocked to Europe were proof of American physicians’
intense interest in those advances. Yet in the United States neither Welch
nor anyone else could support himself by either joining in that great march
or teaching what had been learned.

Welch proposed to a former mentor at the College of Physicians and
Surgeons that he teach a laboratory course. The school had no laboratory
and wanted none. No medical school in the United States used a laboratory
for instruction. The school rejected his suggestion but did offer to let Welch
lecture—without salary—in pathology.

Welch turned to Bellevue, a medical school with a lesser reputation. It
let him offer his course and provided three rooms for it, equipped only with



empty kitchen tables. There were no microscopes, no glassware, no
incubators, no instruments. Facing the empty rooms, discouraged, he wrote,
“I cannot make much of a success out of the affair at present. I seem to be
thrown entirely upon my own resources for equipping the laboratory and do
not think that I can accomplish much.”

He was also worried. His entire compensation would come from student
fees, and the three-month course was not required. He confided to his sister,
“I sometimes feel rather blue when I look ahead and see that I am not going
to be able to realize my aspirations in life.... There is no opportunity in this
country, and it seems unlikely there ever will be.... I can teach microscopy
and pathology, perhaps get some practice and make a living after a while,
but that is all patchwork and the drudgery of life and what hundreds do.”

He was wrong.

In fact he would catalyze the creation of an entire generation of
scientists who would transform American medicine, scientists who would
confront influenza in 1918, scientists whose findings from that epidemic
still echo today.



CHAPTER THREE

WeLcH's course quickly became extraordinarily popular. Soon students

from all three of New York City’s medical schools were lining up for it,
attracted as Welch had been to this new science, to the microscope, to
experimentation. And Welch did not simply teach; he inspired. His
comments always seemed so solid, well grounded, well reasoned. A
colleague observed, “He would leak knowledge.” And the excitement! Each
time a student fixed a specimen on a slide and looked through a
microscope, an entire universe opened to him! To some, discovering that
universe, entering into it, beginning to manipulate it, was akin to creating it;
they must have felt almost godlike.

The College of Physicians and Surgeons had to offer a laboratory course
to compete. It beseeched Welch to teach it. He declined out of loyalty to
Bellevue but recommended the hiring of T. Mitchell Prudden, an American
he had known—and considered a rival for the Hopkins job—in Europe. It
was the first of what would be uncounted job offers that he engineered.
Meanwhile one of his students recalled “his serious, eager look, his smiling
face, his interest in young men which bound them to him. He was always
ready to drop any work in which he was engaged and answer even trivial
questions on any subject—in fact he was never without an answer for his
knowledge was encyclopedic. I felt instinctively that he was wasted at
Bellevue, and was destined to have a larger circle of hearers.”

But despite the throngs of motivated students taking the two courses,
neither Prudden nor Welch prospered. Two years went by, then three, then
four. To cobble together a living, Welch did autopsies at a state hospital,
served as an assistant to a prominent physician, and tutored medical
students before their final exams. As he passed his thirtieth birthday he was
doing no real science. He was making a reputation and it was clear if he
chose to concentrate on practice he could become wealthy. Little medical
research was being done in America—although the little that was done was
significant—but even that little he had no part of. In Europe science was



marching from advance to advance, breakthrough to breakthrough. The
most important of these was the germ theory of disease.

Proving and elaborating upon the germ theory would ultimately open the
way to confronting all infectious disease. It would also create the
conceptual framework and technical tools that Welch and others later used
to fight influenza.

Simply put, the germ theory said that minute living organisms invaded
the body, multiplied, and caused disease, and that a specific germ caused a
specific disease.

There was need for a new theory of disease. As the nineteenth century
progressed, as autopsy findings were correlated with symptoms reported
during life, as organs from animals and cadavers were put under a
microscope, as normal organs were compared to diseased ones, as diseases
became more defined, localized, and specific, scientists finally discarded
the ideas of systemic illness and the humours of Hippocrates and Galen and
began looking for better explanations.

Three theories stood as rivals to the germ theory.

The first involved “miasma.” Several variations of this concept existed,
but they basically argued that many diseases were caused by some kind of
putrefaction in the atmosphere, or by some climactic influence, or by
noxious fumes from decaying organic materials. (In China the wind was
originally regarded as a demon that caused illness.) Miasmas seemed a
particularly good explanation of epidemics, and the unhealthiness of swamp
regions seemed to support the theory. In 1885, when Welch considered the
germ theory as proven, the New York City Board of Health warned that
“laying of all telegraph wires under ground in one season...would prove
highly detrimental to the health of the city...through the exposure to the
atmosphere of so much subsoil, saturated, as most of it is, with noxious
gases.... Harlem Flats [had] a sufficient supply of rotting filth to generate
fetid gases adequate to the poisoning of half the population.” As late as the
1930s one prominent and highly regarded British epidemiologist continued
to advocate the miasma theory, and after the 1918 influenza pandemic,
climatic conditions were scrutinized in a search for correlations.

The “filth” theory of disease was almost a corollary of the miasma
theory. It also suited Victorian mores perfectly. Fear of “swamp gas”—often



a euphemism for the smells of fecal matter—and installation of indoor
toilets were all part of the Victorian drive to improve sanitation and
simultaneously to separate the human body from anything Victorians found
distasteful. And filth often is associated with disease: lice carry typhus;
contaminated water spreads typhoid and cholera; rats through their fleas
spread plague.

Both the miasma and filth theories had sophisticated adherents,
including public health officials and some extremely gifted scientists, but
the most scientific rival of the germ theory explained disease in terms
purely of chemistry. It saw disease as a chemical process. This theory had
much to recommend it.

Not only had scientists used chemistry as a lens that brought much of
biology into focus, but some chemical reactions seemed to mimic the
actions of disease. For example, advocates of the chemical theory of disease
argued that fire was a chemical process and a single match could set off a
chain reaction that ignited an entire forest or city. They hypothesized that
chemicals they called “zymes” acted like a match. A zyme started a series
of chemical reactions in the body that could launch the equivalent of
fermentation—infection. (The chemical theory of disease, without the
name, has in fact largely been validated. Scientists have clearly
demonstrated that chemicals, radiation, and environmental factors can cause
disease, although usually only through long-term or massive exposure and
not, as the zymote theory hypothesized, by suddenly igniting a cascade of
reactions.)

Ultimately this theory evolved to suggest that zymes could reproduce in
the body; thus they acted as both catalysts and living organisms. In fact, this
more sophisticated version of the zymote theory essentially describes what
is today called a virus.

Yet these theories left many scientists unsatisfied. Disease often seemed
to germinate, grow, and spread. Did there not then have to be a point of
origin, a seed? Jacob Henle in his 1840 essay “On Miasmata and Contagia”
first formulated the modern germ theory; he also offered evidence for the
theory and laid out criteria that, if met, would prove it.

Then, in 1860, Pasteur proved that living organisms, not a chemical
chain reaction, caused fermentation, winning converts to the germ theory.
The most important early convert was Joseph Lister, who immediately
applied these findings to surgery, instituting antiseptic conditions in the



operating room and slashing the percentage of patients who died from
infections after surgery.

But the work of Robert Koch was most compelling. Koch himself was
compelling. The son of an engineer, brilliant enough to teach himself to
read at age five, he studied under Henle, was offered research posts, but
became a clinician to support his family. He did not, however, stop
investigating nature. Working alone, he conducted a series of experiments
that met the most rigid tests and discovered the complete life cycle of the
anthrax bacillus, showing that it formed spores that could lie dormant in the
soil for years. In 1876 he walked into the laboratory of Ferdinand Cohn, one
of Welch’s mentors, and presented his findings. They brought him instant
fame.

He subsequently laid down what came to be known as “Koch’s
postulates,” although Henle had earlier proposed much the same thing. The
postulates state that before a microorganism can be said to cause a given
disease, first, investigators had to find the germ in every case of the disease;
second, they had to isolate the germ in pure culture; third, they had to
inoculate a susceptible animal with the germ and the animal then had to get
the disease; and, fourth, the germ had to be isolated from the test animal.
Koch'’s postulates became a standard almost immediately. (Meeting the
standard is not simple; finding a test animal that suffered the same
symptoms as humans when infected with a human pathogen, for example, is
not always possible.)

In 1882 Koch’s discovery of the tubercle bacillus, the cause of
tuberculosis, shook the scientific world and further confirmed the germ
theory. Tuberculosis was a killer. Laymen called it “consumption,” and that
name spoke to the awfulness of the disease. It consumed people. Like
cancer, it attacked the young as well as the old, sucked the life out of them,
turned them into cachectic shells, and then killed them.

It would be difficult to overstate the importance of Koch’s discovery to
the believers in bacteriology. In New York, one of Welch’s friends came
running into his bedroom with a newspaper account of the discovery. Welch
jumped out of bed and together they rushed to tell another friend. Almost
immediately afterward, Welch felt the excitement directly. He demonstrated
Koch’s discovery to his class, copying Koch’s method, his class watching
steam rise from the plate while he stained sputum from a consumption
patient with carbol-fuchsin, the stain binding to the bacillus so that it



became visible on a slide. Here was the newest and greatest of discoveries!
Students looked at the slide through the microscope, saw what Koch had
seen, and were electrified, many recalling the moment vividly years later.
One of those students was Hermann Biggs, who became a giant in his own
right; at that moment he decided to spend his life in bacteriology.

But for Welch, reproducing Koch’s finding must have been bittersweet.
He knew the Germans, knew nearly all of these men adventuring into the
unknowns of science. Yet here he was only keeping track of their work,
doing none himself.

Then, in 1883, Koch achieved the first great triumph of science over
disease. Earlier in the nineteenth century, two cholera epidemics had
devastated Europe and the United States. As a new epidemic in Egypt
threatened the borders of Europe, France dispatched investigators in this
new field of bacteriology to track down the cause of the disease. Germany
dispatched Koch.

Before this, medicine’s great successes had come about almost
serendipitously, beginning with an observation. With smallpox Jenner
started out by taking seriously the experiences of country folk inoculating
themselves. But not here. In this case the target had been fixed in advance.
Both the French and Koch rationally designed an approach, then turned the
general tools of the laboratory and bacteriology to a particular target.

The French failed. Louis Thuillier, the youngest member of the
expedition, died of cholera. Despite the bitter and nationalistic rivalry
between Pasteur and Koch, Koch returned with the body to France and
served as pallbearer at Thuillier’s funeral, dropping into the grave a laurel
wreath “such as are given to the brave.”

Koch then returned to Egypt, isolated the cholera bacillus, and followed
it to India to explore his findings in greater depth. John Snow’s earlier
epidemiological study in London had proved only to some that
contaminated water caused the disease. Now, in conjunction with Koch’s
evidence, the germ theory seemed proven in cholera—and by implication
the germ theory itself seemed proven.

Most leading physicians around the world, including in the United
States, agreed with a prominent American public health expert who
declared in 1885: “What was theory has become fact.”

But a minority, both in the United States and Europe, still resisted the
germ theory, believing that Pasteur, Koch, and others had proven that germs



existed but not that germs caused disease—or at least that they were the

sole cause of disease.”

The most notable critic was Max von Pettenkofer, who had made real
and major scientific contributions. He insisted that Koch’s bacteria were
only one of many factors in the causation of cholera. His dispute with Koch
became increasingly bitter and passionate. With a touch of both Barnum
and a tightrope walker about him, Pettenkofer, determined to prove himself
right, prepared test tubes thick with lethal cholera bacteria. Then he and
several of his students drank them down. Amazingly, although two students
developed minor cases of cholera, all survived. Pettenkofer claimed victory,
and vindication.

It was a costly claim. In 1892 cholera contaminated the water supply of
Hamburg and Altona, a smaller adjacent city. Altona filtered the water, and
its citizens escaped the disease; Hamburg did not filter the water, and there
8,606 people died of cholera. Pettenkofer became not only a mocked but a
reviled figure. He later committed suicide.

There was still no cure for cholera, but now science had demonstrated—
the dead in Hamburg were the final evidence—that protecting the water
supply and testing for the bacteria would prevent the disease. After that
only an isolated and discredited group of recalcitrants continued to reject
the germ theory.

By then Welch had arrived at the Hopkins. It had not been an easy
journey to Baltimore.

When the offer finally came in 1884, Welch had become comfortable in
New York, and wealth was his for the asking. Virtually every student who
had ever passed through his course had the utmost respect for him, and by
now many were physicians. He had already made a reputation; that and his
charm entered him into society as much as he desired.

His closest friend was his preparatory school roommate Frederick
Dennis, wealthy son of a railroad magnate and also a physician who had
studied in Germany. At every opportunity Dennis had advanced Welch’s
career, extolling his talents to editors of scientific journals, using his society
connections to help him in New York, occasionally even subsidizing him
indirectly. Indeed, Dennis behaved more like a lover trying to win affection
than a friend, even a close friend.



But Dennis had always demanded a kind of fealty. Welch had heretofore
been willing to give it. Now Dennis demanded that Welch stay in New
York. When Welch did not immediately agree, Dennis orchestrated an
elaborate campaign to keep him there. He convinced Welch’s father to
advise him to stay, he convinced Andrew Carnegie to donate $50,000 for a
laboratory at Bellevue, and he convinced Bellevue itself to pledge another
$45,000; that would match any laboratory in Baltimore. And not only
Dennis urged Welch to stay. A prominent attorney whose son had studied
under Welch warned him that going to Baltimore would be “the mistake of
your life. It is not in a century that a man of your age has acquired the
reputation which you have gained.” Even the president of the United States
Trust Company sent a message that “however bright the prospect is in
Baltimore it is darkness compared with the career” before him in New York.

The pressure was not without effect. Dennis did get Welch to set
conditions that, if met, would cause him to stay. For Welch had his own
doubts. Some related to his own fitness. He had done almost no real science
in the years since returning from Germany. He had only talked for years
about how his need to make a living prevented him from conducting
original research.

The Hopkins expected more than talk. It had been open for eight years
and, tiny as it was, had earned an international reputation. Welch confessed
to his stepmother, “Such great things are expected of the faculty at the
Johns Hopkins in the way of achievement and of reform of medical
education in this country that I feel oppressed by the weight of
responsibility. A reputation there will not be so cheaply earned as at
Bellevue.”

Yet precisely for that reason the Hopkins offered, he wrote,
“undoubtedly the best opportunity in this country.” Declining would reveal
him as a hypocrite and a coward. Meanwhile in New York, the conditions
he had set were not met, although Dennis considered them to have been.

Welch accepted the Hopkins offer.

Dennis was furious. His friendship with Welch had been, at least on
Dennis’s side, of great emotional depth and intensity. Now Dennis felt
betrayed.

Welch confided to his stepmother, “I grieve that a life-long friendship
should thus come to an end, but...[i]t looks almost as if Dr. Dennis thought
he had a lien upon my whole future life. When he appealed to what he had



done for me I told him that was a subject which I would in no way discuss
with him.”

Later Dennis sent Welch a letter formally breaking off their friendship, a
letter written with enough intensity that in the letter itself he asked Welch to
burn it after reading.

For Welch too the breaking off of the friendship was intense. He would
not have another. Over much of the next half century, Welch’s closest
collaborator would be his protégé Simon Flexner. Together they would
achieve enormous things. And yet Flexner too was kept distant. Flexner
himself wrote that after Welch’s estrangement from Dennis, “Never again
would he allow any person, woman or colleague, close.... The bachelor
scientist moved on a high plane of loneliness that may have held the secret
of some of his power.”

For the rest of his life Welch would remain alone. More than just alone,
he would never dig in, never entrench himself, never root.

He never married. Despite working with others in ways that so often
bind people together as comrades, with the single possible exception of the
great and strange surgeon William Halsted—and that exception only a

rumored possibilityi—he had no known intimate relationship, sexual or
otherwise, with either man or woman. Although he would live in Baltimore
for half a century, he would never own a home there nor even have his own
apartment; despite accumulating considerable wealth, he would live as a
boarder, taking two rooms in the home of the same landlady, then moving
with his landlady when she moved, and allowing his landlady’s daughter to
inherit him as a boarder. He would take nearly every dinner in one of his
gentlemen’s clubs, retreating to a world of men, cigars, and the
conversations of an evening for the rest of his life. And he would, observed
a young colleague, “deliberately break off relationships which seemed to
threaten too strong an attachment.”

But if he lived on the surface of ordinary life, his life was not ordinary.
He was free, not just alone but free, free of entanglements of people, free of
encumbrances of property, utterly free.

He was free to do extraordinary things.

At the Hopkins—it became simply “Hopkins” gradually, over several
decades—Welch was expected to create an institution that would alter



American medicine forever. When he accepted this charge in 1884, he was
thirty-four years old.

The Hopkins went about achieving its goal both directly and indirectly.
It served as home, however temporary, to much of the first generation of
men and women who were beginning the transformation of American
medical science. And its example forced other institutions to follow its path
—or disappear.

In the process Welch gradually accumulated enormous personal power,
a power built slowly, as a collector builds a collection. His first step was to
return to Germany. Already he had worked under Cohn, to whom Koch had
brought his anthrax studies, Carl Ludwig, and Cohnheim, three of the
leading scientists in the world, and had met the young Paul Ehrlich, his
hands multicolored and dripping with dyes, whose insights combined with
his knowledge of chemistry would allow him to make some of the greatest
theoretical contributions to medicine of all.

Now Welch visited nearly every prominent investigator in Germany. He
had rank now, for he happily reported that the Hopkins “already has a
German reputation while our New York medical schools are not even
known by name.” He could entertain with stories, recite a Shakespeare
sonnet, or bring to bear an enormous and growing breadth of scientific
knowledge. Even those scientists so competitive as to be nearly paranoid
opened their laboratories and their private speculations to him. His
combination of breadth and intelligence allowed him to see into the depths
of their work as well as its broadest implications.

He also learned bacteriology from two Koch protégés. One gave a
“class” whose students were scientists from around the world, many of
whom had already made names for themselves. In this group too he shined;
his colleagues gave him the honor of offering the first toast of appreciation
to their teacher at a farewell banquet. And Welch learned the most from
Koch himself, the greatest name in science, who accepted him into his
famous course—given only once—for scientists who would teach others
bacteriology.

Then, back in Baltimore, years before its hospital or medical school
actually opened, even without patients and without students, the Hopkins
began to precipitate change. For although the Hopkins medical hospital did
not open until 1889, and the medical school until 1893, its laboratory
opened almost immediately. That alone was enough.



In just its first year, twenty-six investigators not on the Hopkins faculty
used the laboratories. Welch’s young assistant William Councilman—who
later remade Harvard’s medical school in the Hopkins’s image—kept them
supplied with organs by riding his tricycle to other hospitals, retrieving the
organs, and carrying them back in buckets suspended from the handlebars.
Many of these guests or graduate students were or became world-class
investigators, including Walter Reed, James Carroll, and Jesse Lazear, three
of the four doctors who defeated yellow fever. Within a few more years,
fifty physicians would be doing graduate work at the same time.

And the Hopkins began assembling a faculty. Its institutional vision
combined with Welch himself allowed it to recruit an extraordinary one.
Typical was Franklin Mall.

Mall had gotten his medical degree from the University of Michigan in
1883 at age twenty-one, gone to Germany and worked with Carl Ludwig,
done some graduate work at the Hopkins, and had already made a mark. He
expected—required—the highest conceivable standards, and not just from
his students. Victor Vaughan, dean of the Michigan medical school and
second only to Welch in his influence on American medical education,
considered the school’s chemistry lab the best in America and comparable
to the best in the world. Mall dismissed it as “a small chemical lab” and
called his Michigan education equal to that of a good high school.

When Welch offered Mall a job, Mall was at the University of Chicago
where he was planning the expenditure of $4 million, an enormous sum—
John D. Rockefeller was the major donor to Chicago—to do what Welch
was attempting, to build a great institution. Mall responded to Welch’s offer
by proposing instead that Welch leave the Hopkins for Chicago at a
significant increase in salary.

By contrast, the Hopkins was desperate for resources but Welch rejected
Mall’s proposal and replied, “I can think of but one motive which might
influence you to come here with us and that is the desire to live here and a
belief in our ideals and our future.... They will not appeal to the great mass
of the public, not even to the medical public, for a considerable time. What
we shall consider success, the mass of doctors will not consider a success.”

Mall considered the alternatives. At Chicago he had already, as he told
Welch, “formulated the biological dept, got its outfit for $25,000 and have



practically planned its building which will cost $200,000,” all of it funded,
with more to come from Rockefeller. At the Hopkins there was a medical
school faculty and, by now, a hospital, but no money yet with which to even
open the school. (Its medical school finally opened only when a group of
women, many of whom had also recently founded Bryn Mawr College,
offered a $500,000 endowment provided that the medical school would
accept women. The faculty and trustees reluctantly agreed.) But there was
Welch.

Mall wired him, “Shall cast my lot with Hopkins.... I consider you the
greatest attraction. You make the opportunities.”

Yet it was not Welch’s laboratory investigations that attracted, that made
opportunities. For, unknown to Gilman and Billings, who hired him, and
even to Welch himself, he had a failing.

Welch knew the methods of science, all right, could grasp immediately
the significance of an experimental result, could see and execute the design
of further experiments to confirm a finding or probe more deeply. But he
had had those abilities during his six years in New York, when he did no
science. He had told himself and others that the demands of making a living
had precluded research.

Yet he had no family to support and others did magnificent science
under far greater burdens. No scientist had faced more adverse conditions
than George Sternberg, an autodidact whom Welch called “the real pioneer
of modern bacteriologic work in this country...[who] mastered the
technique and literature by sheer persistence and native ability.”

In 1878, as Welch met Billings in the same beer hall where legend had
Faust meeting the Devil, Sternberg was an army medical officer in combat
with the Nez Perce Indians. From there he traveled by stagecoach for four
hundred and fifty miles—enduring day after day after day of the stink of
sweat, of bone-shattering bumps that shot up the spine, of choking on the
dust—only to reach a train, then by train for another twenty-five hundred
miles of steaming discomfort, jostling elbows, and inedible food. He
endured all this to attend a meeting of the American Public Health
Association. While Welch was bemoaning his lack of facilities in New
York, Sternberg was building a laboratory largely at his own expense at a
frontier army post. In 1881 he became the first to isolate the pneumococcus,



a few weeks before Pasteur and Koch. (None of the three recognized the
bacteria’s full importance.) Sternberg also first observed that white blood
cells engulfed bacteria, a key to understanding the immune system. He
failed to follow up on these observations, but many of his other
achievements were remarkable, especially his pioneering work taking
photographs through microscopes and his careful experiments that
determined both the temperature at which various kinds of bacteria died and
the power of different disinfectants to kill them. That information allowed
the creation of antiseptic conditions in both laboratory and public health
work. Sternberg began that work too in a frontier post.

Meanwhile, in New York City Welch was swearing that if only he were
free of economic worries his own research would flower.

In Baltimore his work did not flower. For there, even with talented
young investigators helping him, his failing began to demonstrate itself.

His failing was this: in science as in the rest of his life, he lived upon
the surface and did not root. His attention never settled upon one important
or profound question.

The research he did was first-rate. But it was only first-rate—thorough,
rounded, and even irrefutable, but not deep enough or provocative enough
or profound enough to set himself or others down new paths, to show the
world in a new way, to make sense out of great mysteries. His most
important discoveries would be the bacteria now called Bacillus welchii, the
cause of gas gangrene, and the finding that staphylococci live in layers of
the skin, which meant that a surgeon had to disinfect not only the skin
surface during an operation but layers beneath it. These were not
unimportant findings, and, even in the absence of any single more brilliant
success, if they had represented a tiny piece of a large body of comparable
work, they might have added up to enough to rank Welch as a giant.

Instead they would be the only truly significant results of his research.
In the context of an entire lifetime, especially at a time when an entire
universe lay naked to exploration, this work did not amount to much.

The greatest challenge of science, its art, lies in asking an important
question and framing it in a way that allows it to be broken into manageable
pieces, into experiments that can be conducted that ultimately lead to
answers. To do this requires a certain kind of genius, one that probes
vertically and sees horizontally.



Horizontal vision allows someone to assimilate and weave together
seemingly unconnected bits of information. It allows an investigator to see
what others do not see, and to make leaps of connectivity and creativity.
Probing vertically, going deeper and deeper into something, creates new
information. Sometimes what one finds will shine brilliantly enough to
illuminate the whole world.

At least one question connects the vertical and the horizontal. That
question is “So what?” Like a word on a Scrabble board, this question can
connect with and prompt movement in many directions. It can eliminate a
piece of information as unimportant or, at least to the investigator asking the
question, irrelevant. It can push an investigator to probe more deeply to
understand a piece of information. It can also force an investigator to step
back and see how to fit a finding into a broader context. To see questions in
these ways requires a wonder, a deep wonder focused by discipline, like a
lens focusing the sun’s rays on a spot of paper until it bursts into flame. It
requires a kind of conjury.

Einstein reportedly once said that his own major scientific talent was his
ability to look at an enormous number of experiments and journal articles,
select the very few that were both correct and important, ignore the rest, and
build a theory on the right ones. In that assessment of his own abilities,
Einstein was very likely overly modest. But part of his genius was an
instinct for what mattered and the ability to pursue it vertically and connect
it horizontally.

Welch had a vital and wide curiosity, but he did not have this deeper
wonder. The large aroused him. But he could not see the large in the small.
No question ever aroused a great passion in him, no question ever became a
compulsion, no question ever forced him to pursue it until it was either
exhausted or led him to new questions. Instead he examined a problem,
then moved on.

In his first years at the Hopkins he would constantly refer to his work,
refer to his need to return to the laboratory. Later he abandoned the pretense
and ceased even attempting to do research. Yet he never fully accepted his
choice; to the end of his life he would sometimes express the wish that he
had devoted himself to the laboratory.

Nonetheless, despite this lack of scientific achievement, Welch did not
live one of those lives that began with great promise and ended in bitterness
and disappointment. Despite his minimal production in the laboratory,



people like Mall were drawn to him. As a prominent scientist said,
“Everyone agrees that Welch himself was the great attraction at the
Pathological.... [H]is example, his intelligence, and his comprehensive
knowledge formed the keystone of the arch of scientific medicine in
America.”

For William Welch’s real genius lay in two areas.

First, he had not only knowledge but judgment. He had an extraordinary
ability to hear someone describe his or her experiments, or read a paper, and
immediately define the crucial points still obscure, the crucial series of
experiments needed to clarify them. It was as if, although he could not
himself conjure, he knew the techniques of conjuring and could teach others
conjury.

He had an equally extraordinary ability to judge people, to identify
those with the promise to do what he had not done. He largely chose the
medical school faculty, and he chose brilliantly. All were young when
appointed. Welch was thirty-four; William Osler, a Canadian and arguably
the most famous clinical physician of the modern era, forty; William
Halsted, a surgeon who changed the way surgeons thought, thirty-seven;
Howard Kelly, a gynecologist and pioneer in radiation therapy, thirty-one; J.
J. Abel, a chemist and pharmacologist who would discover adrenaline and
help revolutionize pharmacopoeia, thirty-six; W. H. Howell, a physiologist,
thirty-three; and Mall, thirty-one. (Howell, Abel, and Mall had been
graduate students at the Hopkins.)

Second, Welch inspired. He inspired unconsciously, simply by being
himself. In the early days of the school, Welch was heavy but not yet fat,
short, with bright blue eyes that flashed above a dark beard called an
“imperial”—a mustache and pointed goatee. He dressed conservatively but
well in dark clothes and often carried a derby hat in his hand. Despite his
bulk, his hands and feet were conspicuously small and made him appear
almost delicate. But his most singular quality was not physical. He seemed
so centered and comfortable with himself that he gave comfort to those
around him. He exuded confidence without arrogance, smugness, or
pomposity. In his disputes—and he had many with those outsiders who
resisted changes—he never raised his voice, never seemed to feel,



according to a man who watched him for decades, “the exuberant joy of
putting an opponent down.”

Everything about him was positive. His intelligence and the depth and
breadth of his knowledge stimulated his teaching as well. He walked into
the classroom without notes or preparation, often not knowing what subject
he was to lecture on, and in an instant began discoursing lucidly and
logically in ways that provoked thought and excitement. He was paternal
without being paternalistic. Physicians sent him pathology samples for
analysis and paid a hefty fee. His assistants did the work; he wrote up the
results and gave them the money. He loved to eat and hosted lavish dinners
at his club, the Maryland Club, often inviting junior colleagues or graduate
students; one of them called these dinners among his “rosiest memories”
because of Welch’s conversation, his ability to make students feel “the
richness of the world”—the world of art and literature as well as science.

The total effect, said Simon Flexner, “made for an atmosphere of
achievement...The desire to be like Welch, the desire to win his approval,
these were the principal incentives of the eager young men who crowded
his lab.”

Finally, a certain mystery clung to Welch. Although this was not part of
his genius it explained part of his impact. For all his cordiality he remained
distant. The cordiality itself was a barrier others could not penetrate. He
paid little, and decreasing, attention to students until they did something
significant enough to get his attention. He seemed casual, even sloppy. He
would get so animated in conversation that his cigar ash would routinely
drop onto his coat, where it would lie unnoticed. He was never on time. His
desk would be piled with months of unanswered correspondence. Younger
colleagues gave him a nickname, a nickname that spread from the Hopkins
to younger scientists everywhere. They called him, never to his face,
“Popsy.”

It was a comfortable, paternal, and warm nickname. But if he gave
comfort, he took comfort from no one. Although he helped all whom he
deemed worthy, although he surrounded himself with people, he neither
encouraged nor allowed anyone to confide personal troubles to him. And he
confided in no one. Mall once wrote his sister that he longed for a real
friendship with Welch, not just an acquaintanceship. Even Mall would not
get it. Welch took vacations alone in Atlantic City, where he enjoyed its
tackiness.



The students had a chant: “Nobody knows where Popsy eats / Nobody
knows where Popsy sleeps / Nobody knows whom Popsy keeps / But
Popsy.”

The Hopkins medical school sat on the city’s outskirts atop a hill, miles
from the main campus of the university and downtown. The main building,
the Pathological Laboratory, was ugly and squat, two stories of stone, with
six tall windows on each floor, and square chimneys towering above the
building itself. Inside, an amphitheater for autopsies hollowed out the
building, and students on the top floor could peer down over railings; a long
narrow room lined each floor, a pathology laboratory on the first floor, a
bacteriology laboratory on the second.

Even without the school, once the hospital opened in 1889, with sixteen
buildings on fourteen acres, a small community began to develop. People
breakfasted together and lunched together every day, and often met in the
evening. Every Monday night a slightly more formal group of thirty to forty
people gathered, including faculty, students who already had an M.D. or
Ph.D., and clinicians. They would discuss current research or cases, and
comments routinely generated new questions. Senior faculty sometimes
dined in evening clothes at the “high table” in a bay window overlooking
the grounds. The younger men played poker together, entertained each
other, and went to the “Church” together—Hanselmann’s restaurant and
bar, at Wolfe and Monument, where they drank beer. A Harvard professor
compared the Hopkins to a monastery. Harvey Cushing said, “In the history
of medicine there was never anything quite like it.” And they did have a
mission.

Elias Canetti, a Nobel laureate in literature, observed in his book
Crowds and Power that large movements were often generated by what he
called “crowd crystals,...the small, rigid groups of men, strictly delimited
and of great constancy, which serve to precipitate crowds. Their structure is
such that they can be comprehended and taken in at a glance. Their unity is
more important than their size. Their role must be familiar; people must
know what they are there for.... The crowd crystal is constant.... Its
members are trained in both action and faith.... The clarity, isolation, and
constancy of the crystal form an uncanny contrast with the excited flux of
the surrounding crowd.”



In the same way that precipitates fall out of solution and coalesce
around a crystal, individuals with extraordinary abilities and a shared vision
had now coalesced about Welch at the Hopkins. Together, with a handful of
others around the country, they intended to precipitate a revolution.



CHAPTER FOUR

A\MERICAN MEDICAL EDUCATION needed a revolution. When the Hopkins

medical school did at last open in 1893, most American medical schools
had still not established any affiliation with either a teaching hospital or a
university, most faculty salaries were still paid by student fees, and students
still often graduated without ever touching a patient. Nor did Welch
exaggerate when he said that, other than the Hopkins, no American
“medical school requires for admission knowledge approaching that
necessary for entrance into the freshman class of a respectable college....
[S]ome require no evidence of preliminary education whatever.”

By contrast, the Hopkins itself, not student fees, paid faculty salaries,
and it required medical students to have not only a college degree but
fluency in French and German and a background of science courses.
Indeed, these requirements were so rigorous that Welch and Osler worried
that the Hopkins would attract no students.

But students did come. They came flocking. Motivated and self-
selected, they flocked to a school where students did not simply listen to
lectures and take notes. They trooped through hospital rooms and examined
patients, made diagnoses, heard the crepitant rales of a diseased lung, felt
the alien and inhuman marble texture of a tumor. They performed autopsies,
conducted laboratory experiments, and they explored: they explored organs
with scalpels, nerves and muscles with electric currents, the invisible with
microscopes.

Those at the Hopkins were hardly alone in seeking reform. The need
had been recognized for decades. Leaders at a few other medical schools—
especially Vaughan at Michigan, William Pepper Jr. at the University of
Pennsylvania, William Councilman (Welch’s assistant until 1892) at
Harvard, others at Northwestern, at New York’s College of Physicians and
Surgeons, at Tulane—were advancing the same values that Welch and the
Hopkins were, and they were doing so with equal urgency. The American
Medical Association had pushed reform since its inception, and individual



physicians sought better training as well; the thousands who studied in
Europe proved that.

But relatively little change had occurred in the bulk of medical schools,
and even at Harvard, Penn, and elsewhere, change had often come only
after violent infighting, with continual rear-guard actions fought by
reluctant faculty. William Pepper had made Penn good enough that the
Hopkins raided its faculty, yet after sixteen years of fighting he spoke not of
achievement but of “long and painful controversy.”

Even where change had occurred, a gap between the Hopkins and
elsewhere still remained. Harvey Cushing trained at Harvard and came to
Baltimore as Halsted’s assistant. Nothing in Boston had prepared him for
the difference. He found the Hopkins “strange.... The talk was of pathology
and bacteriology of which I knew so little that much of my time the first
few months was passed alone at night in the room devoted to surgical
pathology looking at specimens with a German textbook at hand.”

The Hopkins did not limit its influence to medicine. Half a century after
it opened, of 1,000 men starred in the 1926 edition of American Men of
Science, 243 had Hopkins degrees; second was Harvard with 190. Even
Harvard’s Charles Eliot conceded that the Harvard Graduate School “started
feebly” and “did not thrive, until the example of Johns Hopkins.... And
what was true of Harvard was true of every other university in the land.”

But in medicine the Hopkins made its chief mark. As early as 19500
Welch noted that at the Harvard-run Boston City Hospital “they have only
Hopkins men there, and want no others.” By 1913 a European
acknowledged that research in the United States in his field rivaled that
done in any European country and gave credit “to one man—Franklin P.
Mall at the Johns Hopkins University.” Of the first four American Nobel
laureates in physiology or medicine, the Hopkins had trained three, while
the fourth had received his highest degree in Europe.

In patient care its impact was similar. As with all medical schools, most
of its graduates became practicing physicians. And within thirty-five years
after opening, more than 10 percent of all Hopkins graduates had become
full professors, with many younger graduates on track to do so. Many of
these men transformed entire medical schools at other universities—people
like Councilman and Cushing at Harvard, William MacCallum at
Columbia, Eugene Opie at Washington University, Milton Winternitz at
Yale, George Whipple (a Nobel laureate) at Rochester.



Howard Kelly, for all his strangeness—a fundamentalist who preached
to prostitutes on street corners of whom one student said, “The only interest
he manifested in my classmates was whether they were saved”—
revolutionized gynecology and pioneered radiation therapy. And no
individual had more impact on patient care than William Halsted, who
introduced rubber gloves into surgery, who insisted upon preparation and
thought prior to every step. He took such care that William Mayo once
joked that his patients were healed by the time he finished, but the Mayo
brothers also stated that they owed him a tremendous debt. So did all of
American surgery: of seventy-two surgeons who served as residents or
assistant residents under him, fifty-three became professors.

In the meantime, Henry James described the Hopkins as a place where,
despite “the immensities of pain” one thought of “fine poetry...and the high
beauty of applied science.... Grim human alignments became, in their cool
vistas, delicate symphonies in white.... Doctors ruled, for me, so gently, the
whole still concert.”

Behind this still concert lay Welch, the impresario. By the first decade of
the twentieth century, Welch had become the glue that cemented together
the entire American medical establishment. His own person became a
central clearinghouse of scientific medicine. Indeed, he became the central
clearinghouse. As founding editor of the Journal of Experimental Medicine,
the first and most important American research journal, he read submissions
that made him familiar with every promising new idea and young
investigator in the country.

He became a national figure, first within the profession, then within
science, then in the larger world, serving as president or chairman of
nineteen different major scientific organizations, including the American
Medical Association, the American Association for the Advancement of
Science, and the National Academy of Sciences. Stanford president Ray
Wilbur neither flattered nor overstated when in 1911 he wrote him, “INot to
turn to you for information in regard to the best men to fill vacancies in our
medical school would be to violate all the best precedents of American
medical education.” Welch had, said one colleague, “the power to transform
men’s lives almost by the flick of a wrist.”



But his use of power in placing people in positions—or for that matter
using it for such things as defeating antivivisection legislation, which would
have prevented using animals as experimental models and thus crippled
medical research—was trivial in its impact compared to his application of
power to two other areas.

One area involved completing the reform of all medical education. The
example of the Hopkins had forced more and faster reforms at the best
schools. But too many medical schools remained almost entirely unaffected
by the Hopkins example. Those schools would learn a harsh lesson, and
soon.

Welch’s second interest involved starting and directing the flow of tens
of millions of dollars into laboratory research.

In Europe governments, universities, and wealthy donors helped support
medical research. In the United States, no government, institution, or
philanthropist even began to approach a similar level of support. As the
Hopkins medical school was opening, American theological schools
enjoyed endowments of $18 million, while medical school endowments
totaled $500,000. The difference in financial support as well as educational
systems largely explained why Europeans had achieved the bulk of medical
advances.

Those advances had been extraordinary, for medicine in the late
nineteenth and early twentieth centuries was experiencing arguably its most
golden age—including anytime since. The germ theory had opened the door
to that progress. Finally investigators began using that door.

In 1880 Pasteur—who observed, “Chance favors the prepared mind”—
was trying to prove he had isolated the cause of chicken cholera. He
inoculated healthy chickens with the bacteria. They died. Then chance
intervened. He had put aside a virulent culture for several days, then used it
to inoculate more chickens. They lived. More significantly, those same
chickens survived when exposed to other virulent cultures. Crediting Jenner
for the idea, he tried to weaken, or “attenuate,” his word, cultures and use
them to immunize birds against lethal bacteria. He succeeded.

He began applying these techniques to other infections. With anthrax he
was not the first to experiment with weakened cultures, but his work was
both definitive and very public. While a gallery of newspapermen and



officials watched, he inoculated cattle, then exposed them to anthrax; the
inoculuated ones lived, while the controls died. Three years later 3.3 million
sheep and 438,000 cattle were vaccinated against anthrax in France. He also
saved the life of a boy bitten by a rabid dog by giving him gradually
stronger injections of fluid containing the pathogen. The next year, 1886, an
international fund-raising drive created the Pasteur Institute. Almost
immediately the German goverment funded research institutes for Koch and
a few other outstanding investigators, and research institutes were founded
in Russia, Japan, and Britain.

Meanwhile, public health measures were containing cholera and
typhoid, and in Germany, Richard Pfeiffer, Koch’s greatest disciple, and
Wilhelm Kolle immunized two human volunteers with heat-killed typhoid
bacilli. In Britain Sir Almroth Wright advanced upon this work and
developed a vaccine against typhoid.

All these advances prevented infectious disease. But no physician could
yet cure a patient who was dying of one. That was about to change.

One of the deadliest of childhood diseases was diphtheria. Usually it
killed by choking its victims to death—by generating a membrane that
closed the breathing passages. In Spain the disease was called el garrotillo,
“the strangler.”

In 1884, German scientist Friedrich Loeffler isolated the diphtheria
bacillus from throats of patients, grew it on a special medium (laboratories
today still use “Loeffler’s serum slope” to grow the bacteria from suspected
cases), and began careful experiments in animals that took several years.
His work suggested that the bacteria themselves did not kill; the danger
came from a toxin, a poison, that the bacteria excreted.

In 1889 Pasteur’s protégés Emile Roux and Alexandre Yersin grew
broth thick with diphtheria bacteria and used compressed air to force the
broth through a filter of unglazed porcelain. (The filter was designed by
Charles Chamberland, a physicist working with Pasteur; though only a tool,
the filter itself would prove to be immensely important.) No bacteria or
solids could pass through the porcelain. Only liquid could. They then
sterilized this liquid. It still killed. That proved that a soluble toxin did the
killing.

Meanwhile, an American physiologist named Henry Sewall at the
University of Michigan was studying snake venom, which chemically



resembles many bacterial toxins. In 1887 he immunized pigeons against
rattlesnake poison.

If pigeons could be immunized, humans likely could be too. As they
had with cholera, French and German scientists raced each other, building
upon Sewall’s and each other’s advances, studying both diphtheria and
tetanus. In December 1890, Koch protégés Emil Behring, who would later
win the Nobel Prize, and Shibasaburo Kitasato showed that serum—the
fluid left after all solids are removed from blood—drawn from one animal
made immune to tetanus could be injected into a different animal and
protect it from disease.

The paper shook the scientific world. Work on diphtheria at a level of
intensity heretofore unknown proceeded in laboratories. Over the Christmas
holiday in 1891 in Berlin, the first attempt to cure a person of diphtheria
was made. It succeeded.

Scientists had discovered a way not simply to prevent a disease. They
had found a way to cure disease. It was the first cure.

Over the next few years work continued. In 1894, Emile Roux of the
Pasteur Institute read his paper summarizing experiments with diphtheria
antitoxin before the International Congress on Hygiene in Budapest.

Many of the greatest scientists in the world sat in the audience. As Roux
finished, these men, each renowned in his own right, began to clap, then
stood on their seats, their hands making thunderous sounds, their voices
shouting applause in half a dozen languages, their hats thrown to the
ceiling. Welch then reported American experiences confirming the work of
both the French and Germans. And each delegate returned to his home with
a bottle of this marvelous curative agent in his possession.

In the keynote speech at the next meeting of the Association of American
Physicians, an association created to foster scientific medicine, Welch said,
“The discovery of the healing serum is entirely the result of laboratory
work. In no sense was the discovery an accidental one. Every step leading
to it can be traced, and every step was taken with a definite purpose and to
solve a definite problem. These studies and resulting discoveries mark an
epoch in the history of medicine.”

His comment was a declaration not of war but of victory. Scientific
medicine had developed technologies that could both prevent and cure



diseases that had previously killed in huge numbers, and killed gruesomely.

And if French and German scientists had found the antitoxin,
Americans William Park, chief of the laboratory division of the New York
City Health Department, and Anna Williams, his deputy and perhaps the
leading female bacteriologist in this country—possibly anywhere—
transformed it into something that every doctor in the developed world had
easy access to. They were an odd couple: he with an original and creative
mind but staid, even stolid, extremely precise and well organized; she, wild,
risk taking, intensely curious, a woman who took new inventions apart to
see how they worked. They complemented each other perfectly.

In 1894 they discovered a way to make a toxin five hundred times as
potent as that used by Europeans. This lethality made a far more efficient
stimulator of antitoxin and slashed the cost to one-tenth what it had been.
Park then broke the production process into tasks that ordinary workers, not
scientists, could perform and turned part of the laboratory into a virtual
factory. It soon became by far the cheapest, most efficient, and reliable
producer of the antitoxin in the world. Diphtheria-antitoxin production
today is still based on their methods.

The lab distributed it free in New York and sold it elsewhere. Park used
the money to subsidize basic research and make the city laboratories into
arguably the best medical research institution in the country at the time. Its
annual reports soon contained, according to one historian of medicine, “a
body of research of which any Institute in the world would be proud.”

And the antitoxin suddenly became available around the world.
Diphtheria fatality rates quickly fell by almost two-thirds, and country
doctors began to perform miracles. It was only the first miracle of what
promised to be many.

As the use of this antitoxin was becoming widespread, Frederick Gates, an
intellectually curious Baptist minister who had a gift for seeing
opportunities to exploit and was an assistant to John D. Rockefeller, picked
up a medical textbook written by William Osler called The Principles and
Practice of Medicine, a textbook that would go through many editions and
find a readership among both physicians and informed laymen. In it Osler
traced the evolution of medical ideas, explored controversies, and, most
significantly, admitted uncertainty and ignorance.



Gates had started working for Rockefeller as a philanthropic adviser,
but nothing limited him to eleemosynary concerns. He organized several
Rockefeller business ventures, pulling, for example, a $50 million profit out
of the Mesabi iron range in Minnesota. Rockefeller himself used a
homeopathic physician, and Gates had also read The New Testament of
Homeopathic Medicine, written by Samuel Hahnemann, founder of the
movement. Gates decided that Hahnemann “must have been, to speak
charitably, little less than lunatic.”

Osler’s book impressed Gates in very different ways for it presented a
paradox. First, it showed that medical science had immense promise. But it
also showed that that promise was far from being realized. “It became clear
to me that medicine could hardly hope to become a science,” Gates
explained, “until...qualified men could give themselves to uninterrupted
study and investigation, on ample salary, entirely independent of practice....
Here was an opportunity, to me the greatest, which the world could afford,
for Mr. Rockefeller to become a pioneer.”

Meanwhile, John D. Rockefeller Jr. talked about the idea of funding
medical research with two prominent physicians, .. Emmett Holt and
Christian Herter, both former students of Welch. Both eagerly endorsed the
idea.

On January 2, 1901, Rockefeller Sr.’s grandchild John Rockefeller
McCormick, also the grandchild of Cyrus McCormick, died of scarlet fever
in Chicago.

Later that year the Rockefeller Institute for Medical Research was
incorporated. It would change everything.

Welch declined the offer to head the new institute but he assumed all the
duties of launching it, chairing both the institute board itself and its board of
scientific directors. That scientific board included Welch’s old friend T.
Mitchell Prudden, Holt, Herter, two other prominent scientists who had
been students of Welch, and Harvard’s Theobald Smith. Smith, one of the
leading bacteriologists in the world, had been Welch’s first choice for
director but had declined because he had done most of his research on
animal diseases—for example, developing a vaccine to prevent hog cholera
—and thought it would be more politic to have a director who had
investigated human disease.



So Welch offered the position to Simon Flexner, who had left the
Hopkins to take a highly prestigious professorship at the University of
Pennsylvania’s medical school. (Flexner had rejected an offer of an $8,000
salary from Cornell to take the position at Penn at $5,000.) But his
appointment had been contentious, and at the meeting where he was chosen
one faculty member said that accepting the Jew as a professor did not
involve accepting him as a man. Daily he fought with other faculty over
both personal and substantive issues.

Flexner accepted Welch’s offer, and a raise. But the launching of the
institute remained firmly under Welch’s control. In this, Flexner said, Welch
“accepted no assistance, not even clerical. Every detail was attended to with
his own hand, every letter handwritten.”

The European research institutes were either dedicated to infectious
disease or designed to allow freedom to individuals such as Pasteur, Koch,
and Ehrlich. The Rockefeller Institute saw medicine itself as its field; from
its earliest existence, scientists there studied infectious disease, but they
also laid the groundwork in surgery for organ transplants, established links
between viruses and cancer, and developed a method to store blood.

At first the institute gave modest grants to scientists elsewhere, but in
1903 it opened its own laboratory, in 1910 its own hospital. And Flexner
began to come into his own.

There was a roughness about Simon Flexner, something left over from the
streets, from his growing up the black sheep in an immigrant Jewish family
in Louisville, Kentucky. Older and younger brothers were brilliant students,
but he quit school in the sixth grade. Sullen and flirting with delinquency,
he was fired even by an uncle from a menial job in a photography studio.
Next he worked for a dry-goods dealer who defrauded people and fled the
city. A druggist fired him. His father gave him a tour of the city jail to try to
frighten him into obedience, then arranged a plumbing apprenticeship, but
the plumber balked when Simon’s old principal warned him “not to have
anything to do with Simon Flexner.”

At the age of nineteen Flexner got another job with a druggist, washing
bottles. The shop had a microscope and the druggist forbade him to touch it.
He ignored the order. Flexner hated any kind of tedium, and taking orders.
What the microscope showed him was not at all tedious.



Abruptly his mind engaged. He was fascinated. He began making
sudden impossible leaps. In a single year he finished a two-year program at
the Louisville College of Pharmacy and won the gold medal for best
student. He began working for his older brother Jacob, another druggist
who also had a microscope; now Simon did not have sneak to use it.
Simultaneously he went to a medical school—at night. Flexner later
recalled, “I never made a physical examination. I never heard a heart or
lung sound.”

But he did get an M.D. His younger brother Abraham had graduated
from the Hopkins, and Simon sent some of his microscopic observations to
Welch. Soon Simon was studying at the Hopkins himself.

Welch took to him though they were opposites. Flexner was small and
wiry, almost wizened, and no one ever called him charming. He had an
edgy insecurity and said, “I have never been educated in any branch of
learning. There are great gaps in my knowledge.” To fill the gaps, he read.
“He read,” his brother Abraham said, “as he ate.” He devoured books, read
everything, read omnivorously, from English literature to Huxley and
Darwin. He felt he had to learn. His insecurities never fully left him. He
talked of “sleepless nights and days of acute fear...a maddening
nervousness which prevented me from having a quiet moment.”

Yet others recognized in him extraordinary possibilities. Welch arranged
a fellowship for him in Germany, and four years later he became professor
of pathology at the Hopkins. Often he went into the field: to a mining town
to study meningitis, to the Philippines to study dysentery, to Hong Kong to
study plague. Nobel laureate Peyton Rous later called Flexner’s scientific
papers “a museum in print, only they stir with life; for he experimented as
well as described.”

He never lost his street toughness but his sharp hard edges did become
rounded. He married a woman who was herself extraordinary enough to
captivate Bertrand Russell (sixty letters from him were in her papers) and
whose sister was a founder of Bryn Mawr. The famed jurist L.earned Hand
became a close friend. And he left his mark on the Rockefeller Institute.

Emerson said that an institution is the lengthened shadow of one man,
and the institute did reflect Simon Flexner. Raymond Fosdick, later
president of the Rockefeller Foundation, talked of the “steely precision of
his reason. His mind was like a searchlight that could be turned at will on



any question that came before him.” A Rockefeller researcher said he had
“a logic far beyond that of most men, final as a knife.”

But in place of the comfort and monastic purpose and intimacy that
Welch gave the Hopkins, Flexner made Rockefeller sharp, edgy, cold.
Once, when the usefulness ended of horses that had been immunized
against a disease, then bled over and over to produce antiserum, he never
considered turning them out to pasture; he considered only either selling
them for slaughter “to manufacturers or they can be bled further, with the
idea of sacrificing them”—bleeding them to death for a final harvest of
serum. He could dismiss a person as easily, ridding the institute of what he
termed “unoriginal” men as soon as he made that determination. The room
most feared in the institute was Flexner’s office. He could be brutal there,
and several prominent scientists were afraid of him. Even at Flexner’s
memorial service, a Nobel laureate said, “Individuals were as nothing to Dr.
Flexner compared with the welfare of the institute.”

He sought attention for the institute from the press and credit from the
scientific community. His own work created controversy. Shortly after the
Rockefeller Institute was established, a meningitis epidemic struck the
eastern United States. Desperate measures were used to fight the infection.
Diphtheria antitoxin was tried, and some physicians even tried the ancient
practice of bleeding patients. At the Hopkins, Cushing tried draining pus-
filled fluid from the spinal canal.

At the Rockefeller Institute, the meningitis epidemic seemed a
particular challenge. Rockefeller and Gates wanted results. Flexner wanted
to produce them.

Ten years earlier William Park, who had perfected diphtheria antitoxin,
had developed a serum against meningococci. In every laboratory test his
serum had worked. But it had had no effect on people. Now two Germans
developed a similar serum, but they injected it directly into the spinal
column instead of into veins or muscle. Normally the mortality rate from
the disease was 80 percent. In 102 patients they cut the mortality to 67
percent, suggestive but not a statistically significant improvement.

Still, Flexner’s instincts told him it meant something. He repeated the
German experiments. His patients died at a 75 percent rate. Instead of
discarding the approach, however, he persisted; he began a long series of
experiments, both in the laboratory, to improve the serum’s potency, and
physiologically, searching for the best way to administer it to monkeys.



After three years of work, he settled upon the method: first, to insert a
needle intrathecally—under a thin membrane lining the spinal cord—and
withdraw 50 ccs of spinal fluid, and then to inject 30 ccs of serum. (Unless
fluid was withdrawn first, the injection could increase pressure and cause
paralysis.) It worked. In 712 people the mortality rate fell to 31.4 percent.

Physicians from Boston, San Francisco, Nashville—all confirmed the
work, with one noting, “Remarkable results were obtained in the use of this
serum by the country practitioners.”

Not all accepted Flexner’s role. Later, in a bacteriology textbook, Park
implied that Flexner had contributed little to the development of the serum.
Flexner responded with an angry visit to Park’s lab; a shouting matching
ensued. There would be further disputes between the two, public enough
that newspapers reported on one.

Ultimately Flexner cut the death rate for patients infected by the
meningococcus, the most common cause of bacterial meningitis, to 18
percent. According to a recent New England Journal of Medicine study,
today with antibiotics patients at Massachusetts General Hospital, one of
the best hospitals in the world, suffering from bacterial meningitis have a
mortality rate of 25 percent.

He and the institute received massive amounts of publicity. He liked it
and wanted more. So did Gates and Rockefeller. In the first decade of the
institute especially, whenever someone there seemed on the edge of
something exciting, Flexner hovered about. His constant attention seemed
to demand results, and he routinely urged investigators to publish, writing,
for example, “In view of the rapidity with which publications are appearing
from Belgium and France, I advise the publication of your present results.
Please see me about this promptly.”

The pressure did not all come from Flexner. It simply flowed down
through him. At a 1914 dinner Gates declared, “Who has not felt the
throbbing desire to be useful to the whole wide world? The discoveries of
this institute have already reached the depths of Africa with their healing
ministrations.... You announce a discovery here. Before night your
discovery will be flashed around the world. In 30 days it will be in every
medical college on earth.”

The result was a publicity machine. Highly respected investigators
mocked the institute for, said one who himself spent time there, “frequent
ballyhoo of unimportant stuff as the work of genius” because of



“administrators and directors impelled by the desire for institutional
advertising.”

Yet Flexner also had a large vision. In his own work, he had what Welch
lacked: the ability to ask a large question and frame it in ways that made
answering it achievable. And when he judged an investigator original, an
asset to the institute, he gave his full support. He did so with Nobel
laureates Alexis Carrel and Karl Landsteiner, both of whose work was
recognized early, but he also gave freedom and support to young
investigators who had not yet made their mark. Peyton Rous, whose
undergraduate and medical degrees both came from the Hopkins, would
win the Nobel Prize for his discovery that a virus could cause cancer. He
made that finding in 1911. The prize did not come until 1966. Initially the
scientific community mocked him; it took that long for his work first to be
confirmed, then appreciated. Yet Flexner always stood by him. Thomas
Rivers, a Hopkins-trained scientist at Rockefeller who defined the
difference between viruses and bacteria, recalled, “I am not saying Flexner
wasn’t tough or couldn’t be mean—he could, believe me—but he also was
tender with people.”

Even in a formal report to the board of scientific directors, thinking of
Rous perhaps, or perhaps Paul Lewis, an extraordinarily promising young
scientist working directly with Flexner, Flexner said, “The ablest men are
often the most diffident and self-deprecatory. They require in many cases to
be reassured and made to believe in themselves.” When another scientist
Flexner had faith in wanted to switch fields, Flexner told him, “It will take
two years for you to find your way. I won’t expect anything from you until
after that.”

And finally Flexner believed in openness. He welcomed disagreement,
expected friction and interaction, wanted the institute to become a living
thing. The lunchroom was as important to Flexner as the laboratory. There
colleagues working in different areas exchanged ideas. “Rous was a
brilliant conversationalist, Jacques Loeb, Carrel,” recalled Michael
Heidelberger, then a junior investigator. Although Rous and Carrel won the
Nobel Prize, Loeb may have been the most provocative. “These were really
remarkable sessions sometimes. They were a great inspiration.”

Each Friday especially mattered; investigators routinely presented their
most recent work in a casual setting, and colleagues made comments,
suggested experiments, added different contexts. It was a place of



excitement, of near holiness, even though some men—XKarl Landsteiner, for
instance, another Nobel laureate—almost never made presentations. Flexner
actively sought out individualists who did not fit in elsewhere, whether they
be loners or prima donnas. The mix was what mattered. Flexner, Rous said,
made the institute “an organism, not an establishment.”

And Flexner’s impact, like Welch’s, was extending far beyond anything
he did personally in the laboratory, or for that matter, in the Rockefeller
Institute itself.

Even before the institute had exerted wide influence, American medical
science was attaining world class. In 1908 the International Congress on
Tuberculosis was held in Washington. Robert Koch came from Germany,
great and imperious, prepared to pass judgment and issue decrees.

At a meeting of the section on pathology and bacteriology, which Welch
headed, Park read a paper stating that “it is now absolutely established that
quite a number of children have contracted fatal generalized tuberculosis
from bacilli” in cow’s milk. Koch insisted Park was wrong, that no
evidence supported the idea that cattle gave tuberculosis to man. Theobald
Smith then rose and supported Park. Arguments broke out all over the
room. But the congress as a whole was convinced; a few days later, it
passed a resolution calling for preventive measures against the spread of
tuberculosis from cattle to man. Koch snapped, “Gentlemen, you may pass
your resolutions, but posterity will decide!”

One delegate noted, “Dr. Koch isolated the tubercle bacillus; today,
science isolated Dr. Koch.”

Science is not democratic. Votes do not matter. Yet this vote marked the
coming of age of American medicine. It was by no means due solely to the
Hopkins. Neither Park nor Smith had trained or taught there. But the
Hopkins and the Rockefeller Institute were about to fit two more pieces into
place that would give American medicine a true claim to scientific
leadership.



CHAPTER FIVE

"T'1ie MEN wHO CREATED the Rockefeller Institute always intended to have a

small affiliated hospital built to investigate disease. No patient would pay
for treatment and only those suffering from diseases being studied would be
admitted. No other research institute in the world had such a facility. That
much William Welch, Simon Flexner, Frederick Gates, and John D.
Rockefeller Jr. did intend. But they did not plan to have what Rufus Cole,
the hospital’s first director, all but forced upon them.

Tall, mustached, and elegant, with an ancestor who arrived at Plymouth,
Massachusetts, in 1633, Cole did not appear to be a forceful man, did not
seem someone capable of confronting Flexner. But he always remained true
to those things that he had thought out, and his thinking was powerful. Then
he yielded only to evidence, not to personality, and advanced his own ideas
calmly and with tenacity. His longtime colleague Thomas Rivers called him
“a modest man, a rather timid man,” who “would go out of his way to
dodge” a confrontation. But, Rivers added, “He was considered the
brightest man that ever graduated from Hopkins at the time he graduated....
If you get him mad, get him in a corner and kind of back him up,...[y]ou
would find, generally to your sorrow, that the old boy wasn’t afraid to
fight.”

Cole had wide interests and late in life wrote a two-volume, 1,294-page
study of Oliver Cromwell, the Stuarts, and the English Civil War. But at the
institute lunch table he focused. Heidelberger recalled, “He would sit there
and listen to whatever was going on, and then he’d ask a question.
Sometimes the question seemed almost naive for a person who was
supposed to know as much as he did, but the result always was to bring out
things that hadn’t been brought out before and to get much deeper down
into the problem than one had before. Dr. Cole was really quite remarkable
in that way.”

His father and two uncles were doctors, and at the Hopkins his
professor Lewellys Barker had established laboratories next to patient
wards to study disease, not just conduct diagnostic tests. There Cole had



done pioneering research. He came away from that experience with ideas
that would influence the conduct of “clinical” research—research using
patients instead of test tubes or animals—to this day.

Flexner saw the hospital as a testing ground for ideas generated by
laboratory scientists. The scientists would control experimental therapies.
The doctors treating the patients would do little more than play the role of a
technician caring for a lab animal.

Cole had other ideas. He would not allow the hospital and its doctors to
serve, said Rivers, as a “handmaiden. He and his boys were not going to test
Noguchi’s ideas, Meltzer’s ideas, or Levens’s ideas. Cole was adamant that
people caring for patients do the research on them.”

In a letter to the directors Cole explained that the clinicians should be
full-fledged scientists conducting serious research: “One thing that has most
seriously delayed the advancement of medicine has been the physical and
intellectual barrier between the laboratory and the wards of many of our
hospitals. Clinical laboratories most often exist merely to aid diagnosis. I
would therefore urge that the hospital laboratory be developed as a true
research laboratory, and that moreover [the doctors] of the hospital be
permitted and urged to undertake experimental work.”

This was no simple question of turf or bureaucratic power. Cole was
setting an enormously important precedent. He was calling for—demanding
—that physicians treating patients undertake rigorous research involving
patients with disease. Precedents for this kind of work had been seen
elsewhere, but not in the systematic way Cole envisioned.

Such studies not only threatened the power of the scientists doing
purely laboratory research at the institute but, by implication, also changed
the doctor-patient relationship. They were an admission that doctors did not
know the answers and could not learn them without the patients’ help. Since
any rigorous study required a “control,” this also meant that random chance,
as opposed to the best judgment of the physician, might dictate what
treatment a patient got.

Timid of nature or not, Cole would not yield. Flexner did. As a result,
the Rockefeller Institute Hospital applied science directly to patient care,
creating the model of clinical research—a model followed today by the
greatest medical research facility in the world, the Clinical Center at the
National Institutes of Health in Bethesda, Maryland. That model allowed
investigators to learn. It also prepared them to act.



The Rockefeller Institute Hospital opened in 1910. By then the best of
American medical science and education could compete with the best in the
world. But an enormous gap existed in the United States between the best
medical practice and the average, and an unbridgeable chasm separated the
best from the worst.

In effect, there were outstanding generals, colonels, and majors, but
they had no sergeants, corporals, or privates; they had no army to lead, at
least not a reliable one. The gap between the best and the average had to be
closed, and the worst had to be eliminated.

Physicians already practicing were unreachable. They had on their own
either chosen to adopt scientific methods or not. Thousands had. Simon
Flexner himself received his M.D. from a terrible medical school but had
more than compensated, confirming Welch’s observation: “The results were
better than the system.”

But the system of medical education still needed massive reform. Calls
for reform had begun in the 1820s. Little had been accomplished outside a
handful of elite schools.

Even among elite schools change came slowly. Not until 1901 did
Harvard, followed soon by Penn and Columbia, join the Hopkins in
requiring medical students to have a college degree. But even the best
schools failed to follow the Hopkins’s lead in recruiting quality faculty,
instead choosing professors in clinical medicine from among local
physicians. The official history of Penn’s medical school conceded,
“Inbreeding of a faculty could hardly go farther.” Harvard’s clinical
professors were actually selected by a group of doctors who had no status at
Harvard and met at the Tavern Club to make their decisions, which were
usually based on seniority. Not until 1912 would Harvard select a clinical
professor from outside this group.

Pressure did come from within the profession to improve. Not only
those at the Hopkins, Michigan, Pennsylvania, Harvard, and other leading
medical schools devoted themselves to reform. So did a large number of
individual physicians and surgeons. In 1904 the American Medical
Association finally formed a Council on Medical Education to organize the
reform movement. The council began inspecting all 162 medical schools—
more than half of all the medical schools in the world—in the United States
and Canada.



Three years later the AMA council issued a blistering—but confidential
—report. It concluded that at the better schools improvement was
occurring, although, despite enormous effort by many reformers, not at a
rapid enough pace. But the worst schools had barely changed at all. Faculty
still owned most of them, most still had no connection to a university or
hospital and no standards for admission, and tuition still funded faculty
salaries. One school had graduated 105 “doctors” in 1905, none of whom
had completed any laboratory work whatsoever; they had not dissected a
single cadaver, nor had they seen a single patient. They would wait for a
patient to enter their office for that experience.

The report had some effect. Within a year, fifty-seven medical schools
were requiring at least one year of college of their applicants. But that still
left two-thirds of the schools with lower or no requirements, and it did not
address the content of the education itself.

Unable to confront its own membership again—in 1900 the AMA had
only eight thousand members out of one hundred ten thousand doctors and
feared antagonizing the profession—the AMA gave its report to the
Carnegie Foundation, insisted that it remain confidential, and asked for
help. In turn, the Carnegie Foundation commissioned Simon Flexner’s
brother Abraham to survey medical education. Although not a doctor,
Flexner had been an undergraduate at the Hopkins—he said that even
among undergraduates “research was the air we breathed”—and had
already demonstrated both a ruthless, unforgiving judgment and a
commitment to advancing model educational institutions. In his first job
after college, he had taught in a Louisville high school—where he failed his
entire class of fifteen students—and had experimented with new ways of
teaching. Later he would create the Institute for Advanced Study at
Princeton, and personally recruit Albert Einstein to it.

Abraham Flexner began his study by talking at length to Welch and
Franklin Mall. Their views influenced him, to say the least. He stated, “The
rest of my study of medical education was little more than an amplification
of what I had learned during my initial visit to Baltimore.”

In 1910, the same year the Rockefeller Institute Hospital opened, his
report Medical Education in the United States and Canada appeared. It
soon came to be known simply as “The Flexner Report.”

According to it, few—very, very few—schools met his standards, or
any reasonable standard. He dismissed many schools as “without redeeming



features of any kind...general squalor...clinical poverty.... [O]ne
encounters surgery taught without patient, instrument, model, or drawing;
recitations in obstetrics without a manikin in sight—often without one in
the building.” At Temple, at Halifax University, at the Philadelphia College
of Osteopathy, the dissecting rooms “defy description. The smell is
intolerable, the cadavers now putrid.” At North Carolina Medical College
Flexner quoted a faculty member saying, “‘It is idle to talk of real
laboratory work for students so ignorant and clumsy. Many of them, gotten
through advertising, would make better farmers.’”

Flexner concluded that more than 120 of the 150-plus medical schools
in operation should be closed.

It was the Progressive Era. Life was becoming organized, rationalized,
specialized. In every field “professionals” were emerging, routing the ideas
of the Jacksonian period, when state legislatures deemed that licensing even
physicians was antidemocratic. Frederick Taylor was creating the field of
“scientific management” to increase efficiencies in factories, and Harvard
Business School opened in 1908 to teach it. This rationalization of life
included national advertising, which was now appearing, and retail chains,
which were stretching across the continent; United Drug Stores the largest,
had 6,843 locations.

But the Flexner report did not merely reflect the Progressive Era. Nor
did it reflect the context in which one Marxist historian tried to place
scientific medicine, calling it “a tool developed by members of the medical
profession and the corporate class to...legitimize” capitalism and shift
attention from social causes of disease. Noncapitalist societies, including
Japan, Russia, and China, were adopting scientific medicine as well. The
report reflected less the Progressive Era than science. Not surprisingly,
progressives failed in a similar effort to standardize training of lawyers.
Anyone could read a statute; only a trained specialist could isolate a
pathogen from someone sick.

The Progressive Era was, however, also the muckraking era. Flexner’s
report raked muck and created a sensation. Fifteen thousand copies were
printed. Newspapers headlined it and investigated local medical schools.
Flexner received at least one death threat.



The impact was immediate. Armed now with the outcry Flexner had
generated, the AMA’s Council on Medical Education began rating schools
as “Class A” and fully satisfactory; “Class B,” which were “redeemable” or
“Class C,” which were “needing complete reorganization.” Schools owned
and operated by faculty were automatically rated C.

Less than four years after Flexner’s report was issued, thirty-one states
denied licensing recognition to new graduates of Class C institutions,
effectively killing the schools outright. Class B schools had to improve or
merge. Medical schools at such universities as Nebraska, Colorado, Tufts,
George Washington, and Georgetown kept a tenuous hold on AMA
approval but survived. In Baltimore three Class B schools consolidated into
the present University of Maryland medical school. In Atlanta, Emory
absorbed two other schools. Medical schools at such institutions as
Southern Methodist, Drake, Bowdoin, and Fordham simply collapsed.

By the late 1920s, before the economic pressure of the Depression,
nearly one hundred medical schools had closed or merged. The number of
medical students, despite a dramatic increase in the country’s population,
declined from twenty-eight thousand in 1904 to fewer than fourteen
thousand in 1920; in 1930, despite a further increase in the country’s
population, the number of medical students was still 25 percent less than in
1904.

Later, Arthur Dean Bevan, leader of the AMA reform effort, insisted,
“The AMA deserved practically all the credit for the reorganization of
medical education in this country.... 80% of the Flexner report was taken
from the work of the Council on Medical Education.” Bevan was wrong.
The AMA wanted to avoid publicity, but only the leverage of the publicity
—indeed, the scandal—Flexner generated could force change. Without the
report, reform would have taken years, perhaps decades. And Flexner
influenced the direction of change as well. He defined a model.

The model for the schools that survived was, of course, the Johns
Hopkins.

Flexner’s report had indirect impact as well. It greatly accelerated the
flow, already begun, of philanthropic funds into medical schools. Between
1902 and 1934, nine major foundations poured $154 million into medicine,
nearly half the total funds given away to all causes. And this understates the
money generated, because the gifts often required the school to raise
matching funds. This money saved some schools. Yale, for example, was



rated a weak Class B school but it launched a fund-raising drive and
increased its endowment from $300,000 to almost $3 million; its operating
budget leaped from $43,000 to $225,000. The states also began pouring
money into schools of state universities.

The largest single donor remained the Rockefeller Foundation. John D.
Rockefeller himself continued to see a homeopathic physician.

Welch had turned the Hopkins model into a force. He and colleagues at
Michigan, at Penn, at Harvard, and at a handful of other schools had in
effect first formed an elite group of senior officers of an army; then, in an
amazingly brief time, they had revolutionized American medicine, created
and expanded the officer corps, and begun training their army, an army of
scientists and scientifically grounded physicians.

On the eve of America’s entry into World War I, Welch had one more
goal. In 1884, when the Hopkins first offered Welch his position, he had
urged the establishment of a separate school to study public health in a
scientific manner. Public health was and is where the largest numbers of
lives are saved, usually by understanding the epidemiology of a disease—its
patterns, where and how it emerges and spreads—and attacking it at its
weak points. This usually means prevention. Science had first contained
smallpox, then cholera, then typhoid, then plague, then yellow fever, all
through large-scale public health measures, everything from filtering water
to testing and killing rats to vaccination. Public health measures lack the
drama of pulling someone back from the edge of death, but they save lives
by the millions.

Welch had put that goal aside while he focused on transforming
American medicine, on making it science-based. Now he began to pursue
that goal again, suggesting to the Rockefeller Foundation that it fund a
school of public health.

There was competition to get this institution, and others tried to
convince the foundation that though creating a school of public health made
good sense, putting it in Baltimore did not. In 1916, Harvard president
Charles Eliot wrote bluntly to the foundation—and simultaneously paid
Welch a supreme compliment—when he dismissed the entire Hopkins
medical school as “one man’s work in a new and small university.... The
more I consider the project of placing the Institute of Hygiene at Baltimore,



the less suitable expedient I find it.... In comparison with either Boston or
New York, it conspicuously lacks public spirit and beneficent community
action. The personality and career of Dr. Welch are the sole argument for
putting it in Baltimore—and he is almost 66 years old and will have no
similar successor.”

Nonetheless, that “sole argument” sufficed. The Johns Hopkins School
of Hygiene and Public Health was scheduled to open October 1, 1918.
Welch had resigned as a professor at the medical school to be its first dean.

The study of epidemic disease is, of course, a prime focus of public
health.

Welch was sick the day of the scheduled opening, and getting sicker. He
had recently returned from a trip to investigate a strange and deadly
epidemic. His symptoms were identical to those of the victims of that
epidemic, and he believed he too had the disease.

The army Welch had created was designed to attack, to seek out
particular targets, if only targets of opportunity, and kill them. On October
1, 1918, the abilities of that army were about to be tested by the deadliest
epidemic in human history.



Part 11
THE SWARM



CHAPTER SIX

H askeir CouNTY, KANsas, lies west of Dodge City, where cattle drives up

from Texas reached a railhead, and belongs geographically to and, in 1918,
not far in time from, the truly Wild West. The landscape was and is flat and
treeless, and the county was, literally, of the earth. Sod houses built of earth
were still common then, and even one of the county’s few post offices was
located in the dug-out sod home of the postmaster, who once a week
collected the mail by riding his horse forty miles round-trip to the county
seat in Santa Fe, a smattering of a few wooden buildings that was already
well on its way to becoming the ghost town it would be in another ten years
—today only its cemetery remains as a sign of its existence. But other
towns nearby did have life. In Copeland, Stebbins Cash Store sold
groceries, shoes, dry goods, dishes, hardware, implements, paints, and oils,
while in Sublette, in the absence of a bank, S. E. Cave loaned money on real
estate for 7.5 percent.

Here land, crops, and livestock were everything, and the smell of
manure meant civilization. Farmers lived in close proximity to hogs and
fowl, with cattle, pigs, and poultry everywhere. There were plenty of dogs
too, and owners made sure to teach their dogs not to chase someone else’s
cattle; that could get them shot.

It was a land of extremes. It was dry enough that the bed of the
Cimarron River often lay cracked and barren of water, dry enough that the
front page of the local newspaper proclaimed in February 1918, “A slow
rain fell all day, measuring 27 one hundredths. It was well appreciated.” Yet
torrential rains sometimes brought floods, such as the one in 1914 that
drowned ranchers and wiped out the first and largest permanent business in
the area, a ranch that ran thirty thousand head of cattle. In summer the sun
bleached the prairie, parching it under a heat that made light itself quiver. In
winter unearthly gales swept unopposed across the plains for hundreds of
miles, driving the windchill past fifty degrees below zero; then the country
seemed as frozen and empty as the Russian steppes. And storms, violent
storms, from tornadoes to literally blinding blizzards, plagued the region.



But all these extremes of nature came every season. Another extreme of
nature came only once.

Epidemiological evidence suggests that a new influenza virus originated
in Haskell County, Kansas, early in 1918. Evidence further suggests that
this virus traveled east across the state to a huge army base, and from there
to Europe. Later it began its sweep through North America, through
Europe, through South America, through Asia and Africa, through isolated
islands in the Pacific, through all the wide world. In its wake followed a
keening sound that rose from the throats of mourners like the wind. The
evidence comes from Dr. Loring Miner.

Loring Miner was an unusual man. A graduate of the oldest university in

the West, Ohio University in Athens, Ohio, a classicist enamored of ancient
Greece, he had come in 1885 to this region. Despite a background so unlike
those of his fellow frontiersmen, he had taken to the country and done well.

Miner was a big man in many ways: physically large, with angular
features and a handlebar mustache, gruff, someone who didn’t suffer fools
—especially when he drank, which was often. A certain rebelliousness was
part of his bigness as well. He hadn’t seen the inside of a church in years.
Periodically he reread the classics in Greek but he ate peas with his knife.
And in thirty years on that prairie he had built a small empire apart from
medicine. In the Odd Fellows he was a past noble grand, he had chaired the
county Democratic Party, had been county coroner, was county health
officer. He owned a drugstore and grocery and expected his patients to buy
from him, and he married into the family of the largest landowners in
western Kansas. Even in Haskell there was a social order, and now, during
the war, his wife used her social standing as head of the county Red Cross
Woman’s Work Committee. When she asked for something few said no to
her, and most women in the county did Red Cross work—real work, hard
work, almost as hard as farmwork.

But Miner also personified Welch’s comment that the results of medical
education were better than the system. Although an isolated country doctor
who began practicing before the establishment of the germ theory of
disease, he had quickly accepted it, kept up with the astounding advances in
his profession, built a laboratory in his office, learned how to use the new
antitoxins for diphtheria and tetanus. By 1918 one of his sons had also



become a doctor with a fully scientific education, and was already in the
navy. He prided himself on his own scientific knowledge and puzzled over
problems. His patients said they’d rather have him drunk than someone else
sober.

His practice ranged over hundreds of square miles. Perhaps that was
what Miner liked about it, the great expanse, the extremes, the lonely wind
that could turn as violent as a gunshot, the hours spent making his way to a
patient, sometimes in a horse and buggy, sometimes by car, sometimes by
train—conductors would hold the train for him, and in winter stationmasters
would violate the rules and let him wait inside the office by the stove.

But in late January and early February 1918, Miner had other concerns.
One patient presented with what seemed common symptoms, although with
unusual intensity—yviolent headache and body aches, high fever,
nonproductive cough. Then another. And another. In Satanta, in Sublette, in
Santa Fe, in Jean, in Copeland, on isolated farms.

Miner had seen influenza often. He diagnosed the disease as influenza.
But he had never seen influenza like this. This was violent, rapid in its
progress through the body, and sometimes lethal. This influenza killed.
Soon dozens of his patients—the strongest, the healthiest, the most robust
people in the county—were being struck down as suddenly as if they had
been shot.

Miner turned all his energies to this disease. He drew blood, urine, and
sputum samples, and used the laboratory skills his son had helped him
improve. He searched all his medical texts and journals. He called his few
colleagues in that part of the state. He contacted the U.S. Public Health
Service, which offered him neither assistance nor advice. Meanwhile he
likely did what little he could, trying diphtheria antitoxin with no effect,
perhaps even trying tetanus antitoxin—anything that might stimulate the
body’s immune system against disease.

The local paper, the Santa Fe Monitor, apparently worried about hurting
morale in wartime, said little about deaths but on inside pages reported,
“Mrs. Eva Van Alstine is sick with pneumonia. Her little son Roy is now
able to get up.... Ralph Lindeman is still quite sick.... Goldie Wolgehagen
is working at the Beeman store during her sister Eva’s sickness.... Homer
Moody has been reported quite sick.... Mertin, the young son of Ernest
Elliot, is sick with pneumonia.... We are pleased to report that Pete



Hesser’s children are recovering nicely.... Mrs J. S. Cox is some better but
is very weak yet.... Ralph McConnell has been quite sick this week.”

By now the disease overwhelmed Miner with patients. He pushed
everything else aside, slept sometimes in his buggy while the horse made its
own way home—one advantage over the automobile—through frozen
nights. Perhaps he wondered if he was being confronted with the Plague of
Athens, a mysterious disease that devastated the city during the
Peloponnesian Wars, killing possibly one-third the population.

Then the disease disappeared. By mid-March the schools reopened with
healthy children. Men and women returned to work. And the war regained
its hold on people’s thoughts.

The disease still, however, troubled Miner deeply. It also frightened
him, not only for his own people but for the people beyond. Influenza was
neither a “reportable” disease—not a disease that the law required
physicians to report—nor a disease that any state or federal public health
agency tracked.

Yet Miner considered his experience so unusual, and this eruption of the
disease so dangerous, that he formally warned national public health
officials about it.

Public Health Reports was a weekly journal published by the U.S.
Public Health Service to alert health officials to outbreaks of all
communicable diseases, not only in North America and Europe but
anywhere in the world—in Saigon, Bombay, Madagascar, Quito. It tracked
not just deadly diseases such as yellow fever and plague but far lesser
threats; especially in the United States, it tracked mumps, chickenpox, and
measles.

In the first six months of 1918, Miner’s warning of “influenza of severe
type” was the only reference in that journal to influenza anywhere in the
world. Other medical journals that spring carried articles on influenza
outbreaks, but they all occurred after Haskell’s, and they were not issued as
public health warnings. Haskell County remains the first outbreak in 1918
suggesting that a new influenza virus was adapting, violently, to man.

As it turned out, the death rate in Haskell as a percentage of the entire
county’s population was only a fraction of what the death rate for the
United States would be later that year, when influenza struck in full force.

People suffering from influenza shed virus—expel viruses that can
infect others—for usually no more than seven days after infection and often



even less. After that, although they may continue to cough and sneeze, they
will not spread the disease. As sparsely populated and isolated as Haskell
was, the virus infecting the county might well have died there, might well
have failed to spread to the outside world. That would be so except for one
thing: this was wartime.

The same week that Homer Moody and a dozen others in Jean, Kansas,
fell ill, a young soldier named Dean Nilson came home to Jean on leave
from Camp Funston, located three hundred miles away within the vast Fort
Riley military reservation. The Santa Fe Monitor noted, “Dean looks like
soldier life agrees with him.” After his leave, of course, he returned to the
camp. Ernest Elliot left Sublette, in Haskell County, to visit his brother at
Funston just as his child fell ill; by the time Elliot returned home, the child
had pneumonia. Of nearby Copeland on February 21, the paper said, “Most
everybody over the country is having lagrippe or pneumonia.” On February
28 it reported that John Bottom just left Copeland for Funston: “We predict
John will make an ideal soldier.”

Camp Funston, the second-largest cantonment in the country, held on
average fifty-six thousand green young troops. The camp was built at the
confluence of the Smoky Hill and Republican Rivers, where they form the
Kansas River. Like all the other training camps in the country, Funston had
been thrown together in literally a few weeks in 1917. There the army
prepared young men for war.

It was a typical camp, with typical tensions between army regulars and
men who had until recently been civilians. When Major John Donnelly was
stopped by military police for speeding, for example, he defended himself
to the commanding general: “I have, on a few occasions, corrected
(enlisted) personnel along the road parallel to that camp for failure to salute;
cases that I could not conscientiously overlook, there being no excuse
whatever for their failure to do so. This, like my attempted correction of this
guard, may not have been taken in the proper spirit, resulting in a feeling of
insubordinate revenge and animosity towards me by members of this
organization.”

There were also the usual clashes of egos, especially since Camp
Funston and Fort Riley had different commanding officers. These clashes
ended when Major General C. G. Ballou, who commanded the cantonment,



sent a missive to Washington. He had developed what he described as a
“training ground for specialists” at Smoky Hill Flat. In fact, Smoky Hill
Flat was the best of three polo fields on the base. The commanding officer
of Fort Riley, only a colonel, established the post dump beside it. The
general requested and received authority “to exercise command over the
entire reservation of Fort Riley,” and the colonel was relieved of his
command.

Funston was typical in another way. The winter of 1917-18 was one of
record cold, and, as the army itself conceded, at Funston as elsewhere
“barracks and tents were overcrowded and inadequately heated, and it was
impossible to supply the men with sufficient warm clothing.”

So army regulations—written for health reasons—detailing how much
space each man should have were violated, and men were stacked in bunks
with insufficient clothing and bedding and inadequate heating. That forced
them to huddle ever more closely together around stoves.

Men inducted into the army from Haskell County trained at Funston.
There was a small but constant flow of traffic between the two places.

On March 4 a private at Funston, a cook, reported ill with influenza at
sick call. Within three weeks more than eleven hundred soldiers were sick
enough to be admitted to the hospital, and thousands more—the precise
number was not recorded—needed treatment at infirmaries scattered around
the base. Pneumonia developed in 237 men, roughly 20 percent of those
hospitalized, but only thirty-eight men died. While that was a higher death
toll than one would normally expect from influenza, it was not so high as to
draw attention, much less than the death rate in Haskell, and only a tiny
fraction of the death rate to come.

All influenza viruses mutate constantly. The timing of the Funston
explosion strongly suggests that the influenza outbreak there came from
Haskell; if Haskell was the source, whoever carried it to Funston brought a
mild version of the virus, but it was a version capable of mutating back to
lethality.

Meanwhile Funston fed a constant stream of men to other American
bases and to Europe, men whose business was killing. They would be more
proficient at it than they could imagine.



CHAPTER SEVEN

No onE wiLL EVER KNOw with absolute certainty whether the 1918-19

influenza pandemic actually did originate in Haskell County, Kansas. There
are other theories of origin. (For a fuller discussion of them see Afterword.)
But Frank Macfarlane Burnet, a Nobel laureate who lived through the
pandemic and spent most of his scientific career studying influenza, later
concluded that the evidence was “strongly suggestive” that the 1918
influenza pandemic began in the United States, and that its spread was
“intimately related to war conditions and especially the arrival of American
troops in France.” Numerous other scientists agree with him. And the
evidence does strongly suggest that Camp Funston experienced the first
major outbreak of influenza in America; if so, the movement of men from
an influenza-infested Haskell to Funston also strongly suggests Haskell as
the site of origin.

Regardless of where it began, to understand what happened next one
must first understand viruses and the concept of the mutant swarm.

Viruses are themselves an enigma that exist on the edges of life. They
are not simply small bacteria. Bacteria consist of only one cell, but they are
fully alive. Each has a metabolism, requires food, produces waste, and
reproduces by division.

Viruses do not eat or burn oxygen for energy. They do not engage in any
process that could be considered metabolic. They do not produce waste.
They do not have sex. They make no side products, by accident or design.
They do not even reproduce independently. They are less than a fully living
organism but more than an inert collection of chemicals.

Several theories of their origin exist, and these theories are not mutually
exclusive. Evidence exists to support all of them, and different viruses may
have developed in different ways.

A minority view suggests that viruses originated independently as the
most primitive molecules capable of replicating themselves. If this is so,
more advanced life forms could have evolved from them.



More virologists think the opposite: that viruses began as more complex
living cells and evolved—or, more accurately, devolved—into simpler
organisms. This theory does seem to fit some organisms, such as the
“rickettsia” family of pathogens. Rickettsia used to be considered viruses
but are now thought of as halfway between bacteria and viruses; researchers
believe they once possessed but lost activities necessary for independent
life. The leprosy bacillus also seems to have moved from complexity—
doing many things—toward simplicity—doing fewer. A third theory argues
that viruses were once part of a cell, an organelle, but broke away and
began to evolve independently.

Whatever the origin, a virus has only one function: to replicate itself.
But unlike other life forms (if a virus is considered a life form), a virus does
not even do that itself. It invades cells that have energy and then, like some
alien puppet master, it subverts them, takes them over, forces them to make
thousands, and in some cases hundreds of thousands, of new viruses. The
power to do this lies in their genes.

In most life forms, genes are stretched out along the length of a filament-
like molecule of DNA, deoxyribonucleic acid. But many viruses—
including influenza, HIV, and the coronavirus that causes SARS (Severe
Acute Respiratory Syndrome)—encode their genes in RNA, ribonucleic
acid, an even simpler but less stable molecule.

Genes resemble software; just as a sequence of bits in a computer code
tells the computer what to do—whether to run a word processing program,
a computer game, or an Internet search, genes tell the cell what to do.

Computer code is a binary language: it has only two letters. The genetic
code uses a language of four letters, each representing the chemicals
adenine, guanine, cytosine, and thymine (in some cases uracil substitutes
for thymine).

DNA and RNA are strings of these chemicals. In effect they are very
long sequences of letters. Sometimes these letters do not form words or
sentences that make any known sense: in fact, 97 percent of human DNA
does not contain genes and is referred to as “nonsense” or “junk” DNA.

But when the letters spell out words and sentences that do make sense,
then that sequence is by definition a gene.



When a gene in a cell is activated, it orders the cell to make particular
proteins. Proteins can be used like bricks as building blocks of tissue. (The
proteins that one eats generally do end up building tissue.) But proteins also
play crucial roles in most chemical reactions within the body, as well as in
carrying messages to start and stop different processes. Adrenaline, for
example, is a hormone but also a protein; it accelerates the heart to create
the fight-or-flight response.

When a virus successfully invades a cell, it inserts its own genes into
the cell’s genome, and the viral genes seize control from the cell’s own
genes. The cell’s internal machinery then begins producing what the viral
genes demand instead of what the cell needs for itself.

So the cell turns out hundreds of thousands of viral proteins, which bind
together with copies of the viral genome to form new viruses. Then the new
viruses escape. In this process the host cell almost always dies, usually
when the new viral particles burst through the cell surface to invade other
cells.

But if viruses perform only one task, they are not simple. Nor are they
primitive. Highly evolved, elegant in their focus, more efficient at what they
do than any fully living being, they have become nearly perfect infectious
organisms. And the influenza virus is among the most perfect of these
perfect organisms.

Louis Sullivan, the first great modern architect, declared that form follows
function.

To understand viruses, or for that matter to understand biology, one
must think as Sullivan did, in a language not of words, which simply name
things, but in a language of three dimensions, a language of shape and form.

For in biology, especially at the cellular and molecular levels, nearly all
activity depends ultimately upon form, upon physical structure—upon what
is called “stereochemistry.”

The language is written in an alphabet of pyramids, cones, spikes,
mushrooms, blocks, hydras, umbrellas, spheres, ribbons twisted into every
imaginable Escher-like fold, and in fact every shape imaginable. Each form
is defined in exquisite and absolutely precise detail, and each carries a
message.



Basically everything in the body—whether it belongs there or not—
either carries a form on its surface, a marking, a piece that identifies it as a
unique entity, or its entire form and being comprises that message. (In this
last case, it is pure information, pure message, and it embodies perfectly
Marshall McLuhan’s observation that “the medium is the message.”)

Reading the message, like reading braille, is an intimate act, an act of
contact and sensitivity. Everything in the body communicates in this way,
sending and receiving messages by contact.

This communication occurs in much the same way that a round peg fits
into a round hole. When they fit together, when they match each other in
size, the peg “binds” to the hole. Although the various shapes in the body
are usually more complex than a round peg, the concept is the same.

Within the body, cells, proteins, viruses, and everything else constantly
bump against one another and make physical contact. When one
protuberance fits the other not at all, each moves on. Nothing happens.

But when one complements the other, the act becomes increasingly
intimate; if they fit together well enough, they “bind.” Sometimes they fit as
loosely as the round peg in the round hole, in which case they may separate;
sometimes they fit more snugly, like a skeleton key in a simple lock on a
closet door; sometimes they fit with exquisite precision, like a variegated
key in a far more secure lock.

Then events unfold. Things change. The body reacts. The results of this
binding can be as dramatic, or destructive, as any act of sex or love or hate
or violence.

There are three different types of influenza viruses: A, B, and C. Type C
rarely causes disease in humans. Type B does cause disease, but not
epidemics. Only influenza A viruses cause epidemics or pandemics, an
epidemic being a local or national outbreak, a pandemic a worldwide one.

Influenza viruses did not originate in humans. Their natural home is in
birds, and many more variants of influenza viruses exist in birds than in
humans. But the disease is considerably different in birds and humans.

In birds, the virus infects the gastrointestinal tract. Bird droppings
contain large amounts of virus, and infectious virus can contaminate cold
lakes and other water supplies.



Massive exposure to an avian virus can infect man directly, but an avian
virus cannot go from person to person. It cannot, that is, unless it first
changes, unless it first adapts to humans.

This happens rarely, but it does happen. The virus may also go through
an intermediary mammal, especially swine, and jump from swine to man.
Whenever a new variant of the influenza virus does adapt to humans, it will
threaten to spread rapidly across the world. It will threaten a pandemic.

Pandemics often come in waves, and the cumulative “morbidity” rate—
the number of people who get sick in all the waves combined—often
exceeds 50 percent. One virologist considers influenza so infectious that he
calls it “a special instance” among infectious diseases, “transmitted so
effectively that it exhausts the supply of susceptible hosts.”

Influenza and other viruses—not bacteria—combine to cause
approximately 90 percent of all respiratory infections, including sore

throats.”

Coronaviruses (the cause of the common cold as well as SARS),
parainfluenza viruses, and many other viruses all cause symptoms akin to
influenza, and all are often confused with it. As a result, sometimes people
designate mild respiratory infections as “flu” and dismiss them.

But influenza is not simply a bad cold. It is a quite specific disease, with
a distinct set of symptoms and epidemiological behavior. In humans the
virus directly attacks only the respiratory system, and it becomes
increasingly dangerous as it penetrates deeper into the lungs. Indirectly it
affects many parts of the body, and even a mild infection can cause pain in
muscles and joints, intense headache, and prostration. It may also lead to far
more grave complications.

The overwhelming majority of influenza victims usually recover fully
within ten days. Partly because of this, and partly because the disease is
confused with the common cold, influenza is rarely viewed with concern.

Yet even when outbreaks are not deadly as a whole, influenza strikes so
many people that even the mildest viruses almost always kill. Currently in
the United States, even without an epidemic or pandemic, the Centers for
Disease Control estimates that influenza kills on average 36,000 people a
year.

It is, however, not only an endemic disease, a disease that is always
around. It also arrives in epidemic and pandemic form. And pandemics can



be more lethal-—sometimes much, much more lethal—than endemic
disease.

Throughout known history there have been periodic pandemics of
influenza, usually several a century. They erupt when a new influenza virus
emerges. And the nature of the influenza virus makes it inevitable that new
viruses emerge.

The virus itself is nothing more than a membrane—a sort of envelope—that
contains the genome, the eight genes that define what the virus is. It is
usually spherical (it can take other shapes), about 1/10,000 of a millimeter
in diameter, and it looks something like a dandelion with a forest of two
differently shaped protuberances—one roughly like a spike, the other
roughly like a tree—jutting out from its surface.

These protuberances provide the virus with its actual mechanism of
attack. That attack, and the defensive war the body wages, is typical of how
shape and form determine outcomes.

The protuberances akin to spikes are hemagglutinin. When the virus
collides with the cell, the hemagglutinin brushes against molecules of sialic
acid that jut out from the surface of cells in the respiratory tract.

Hemagglutinin and sialic acid have shapes that fit snugly together, and
the hemagglutinin binds to the sialic acid “receptor” like a hand going into a
glove. As the virus sits against the cell membrane, more spikes of
hemagglutinin bind to more sialic acid receptors; they work like grappling
hooks thrown by pirates onto a vessel, lashing it fast. Once this binding
holds the virus and cell fast, the virus has achieved its first task:
“adsorption,” adherence to the body of the target cell.

This step marks the beginning of the end for the cell, and the beginning
of a successful invasion by the virus.

Soon a pit forms in the cell membrane beneath the virus, and the virus
slips through the pit to enter entirely within the cell in a kind of bubble
called a “vesicle.” (If for some reason the influenza virus cannot penetrate
the cell membrane, it can detach itself and then bind to another cell that it
can penetrate. Few other viruses can do this.)

By entering the cell, as opposed to fusing with the cell on the cell
membrane—which many other viruses do—the influenza virus hides from
the immune system. The body’s defenses cannot find it and kill it.



Inside this vesicle, this bubble, shape and form shift and create new
possibilities as the hemagglutinin faces a more acidic environment. This
acidity makes it cleave in two and refold itself into an entirely different
shape. The refolding process somewhat resembles taking a sock off a foot,
turning it inside out, and sticking a fist in it. The cell is now doomed.

The newly exposed part of the hemagglutinin interacts with the vesicle,
and the membrane of the virus begins to dissolve. Virologists call this the
“uncoating” of the virus and “fusion” with the cell. Soon the genes of the
virus spill into the cell, then penetrate to the cell nucleus, insert themselves
into the cell’s genome, displace some of the cell’s own genes, and begin
issuing orders. The cell begins to produce viral proteins instead of its own.
Within a few hours these proteins are packaged with new copies of the viral
genes.

Meanwhile, the spikes of neuraminidase, the other protuberance that
jutted out from the surface of the virus, are performing another function.
Electron micrographs show neuraminidase to have a boxlike head extending
from a thin stalk, and attached to the head are what look like four identical
six-bladed propellers. The neuraminidase breaks up the sialic acid
remaining on the cell surface. This destroys the acid’s ability to bind to
influenza viruses.

This is crucial. Otherwise, when new viruses burst from the cell they
could be caught as if on fly paper; they might bind to and be trapped by
sialic acid receptors on the dead cell’s disintegrating membrane. The
neuraminidase guarantees that new viruses can escape to invade other cells.
Again, few other viruses do anything similar.

From the time an influenza virus first attaches to a cell to the time the
cell bursts generally takes about ten hours, although it can take less time or,
more rarely, longer. Then a swarm of between 100,000 and 1 million new
influenza viruses escapes the exploded cell.

The word “swarm” fits in more ways than one.

Whenever an organism reproduces, its genes try to make exact copies of
themselves. But sometimes mistakes—mutations—occur in this process.
This is true whether the genes belong to people, plants, or viruses. The
more advanced the organism, however, the more mechanisms exist to
prevent mutations. A person mutates at a much slower rate than bacteria,



bacteria mutates at a much slower rate than a virus—and a DNA virus
mutates at a much slower rate than an RNA virus.

DNA has a kind of built-in proofreading mechanism to cut down on
copying mistakes. RNA has no proofreading mechanism whatsoever, no
way to protect against mutation. So viruses that use RNA to carry their
genetic information mutate much faster—from 10,000 to 1 million times
faster—than any DNA virus.

Different RNA viruses mutate at different rates as well. A few mutate so
rapidly that virologists consider them not so much a population of copies of
the same virus as what they call a “quasi species” or a “mutant swarm.”

These mutant swarms contain trillions and trillions of closely related but
different viruses. Even the viruses produced from a single cell will include
many different versions of themselves, and the swarm as a whole will
routinely contain almost every possible permutation of its genetic code.

Most of these mutations interfere with the functioning of the virus and
will either destroy the virus outright or destroy its ability to infect. But other
mutations, sometimes in a single base, a single letter, in its genetic code will
allow the virus to adapt rapidly to a new situation. It is this adaptability that
explains why these quasi species, these mutant swarms, can move rapidly
back and forth between different environments and also develop
extraordinarily rapid drug resistance. As one investigator has observed, the
rapid mutation “confers a certain randomness to the disease processes that
accompany RNA [viral] infections.”

Influenza is an RNA virus. So is HIV and the coronavirus. And of all
RNA viruses, influenza and HIV are among those that mutate the fastest.
The influenza virus mutates so fast that 99 percent of the 100,000 to 1
million new viruses that burst out of a cell in the reproduction process are
too defective to infect another cell and reproduce again. But that still leaves
between 1,000 and 10,000 viruses that can infect another cell.

Both influenza and HIV fit the concept of a quasi species, of a mutant
swarm. In both, a drug-resistant mutation can emerge within days. And the
influenza virus reproduces rapidly—far faster than HIV. Therefore it adapts
rapidly as well, often too rapidly for the immune system to respond.



CHAPTER EIGHT

AN INFECTION is an act of violence; it is an invasion, a rape, and the body

reacts violently. John Hunter, the great physiologist of the eighteenth
century, defined life as the ability to resist putrefaction, resist infection.
Even if one disagrees with that definition, resisting putrefaction certainly
does define the ability to live.

The body’s defender is its immune system, an extraordinarily complex,
intricate, and interwoven combination of various kinds of white blood cells,
antibodies, enzymes, toxins, and other proteins. The key to the immune
system is its ability to distinguish what belongs in the body, “self,” from
what does not belong, “nonself.” This ability depends, again, upon reading
the language of shape and form.

The components of the immune system—white blood cells, enzymes,
antibodies, and other elements—circulate throughout the body, penetrating
everywhere. When they collide with other cells or proteins or organisms,
they interact with and read physical markings and structures just as the
influenza virus does when it searches for, finds, and latches on to a cell.

Anything carrying a “self” marking, the immune system leaves alone.
(It does, that is, when the system works properly. “Autoimmune diseases”
such as lupus or multiple sclerosis develop when the immune system
attacks its own body.) But if the immune system feels a “nonself” marking
—either foreign invaders or the body’s own cells that have become diseased
—it responds. In fact, it attacks.

The physical markings that the immune system feels and reads and then
binds to are called “antigens.” The word refers to, very simply, anything
that stimulates the immune system to respond.

Some elements of the immune system, such as so-called natural killer
cells, will attack anything that bears any nonself-marking, any foreign
antigen. This is referred to as “innate” or “nonspecific” immunity, and it
serves as a first line of defense that counterattacks within hours of infection.

But the bulk of the immune system is far more targeted, far more
focused, far more specific. Antibodies, for example, carry thousands of



receptors on their surface to recognize and bind to a target antigen. Each
one of those thousands of receptors is identical. So antibodies bearing these
receptors will recognize and bind only to, for example, a virus bearing that
antigen. They will not bind to any other invading organism.

One link between the nonspecific and specific immune response is a
particular and rare kind of white blood cell called a dendritic cell. Dendritic
cells attack bacteria and viruses indiscriminately, engulf them, then
“process” their antigens and “present” those antigens—in effect they chop
up an invading microorganism into pieces and display the antigens like a
trophy flag.

The dendritic cells then travel to the spleen or the lymph nodes, where
large numbers of other white blood cells concentrate. There these other
white blood cells learn to recognize the antigen as a foreign invader and
begin the process of producing huge numbers of antibodies and killer white
cells that will attack the target antigen and anything attached to the antigen.

The recognition of a foreign antigen also sets off a parallel chain of
events as the body releases enzymes. Some of these affect the entire body,
for example, raising its temperature and causing fever. Others directly
attack and kill the target. Still others serve as chemical messengers,
summoning white blood cells to areas of invasion or dilating capillaries so
killer cells can exit the bloodstream at the point of attack. Swelling, redness,
and fever are all side effects of the release of these chemicals.

All this together is called the “immune response,” and once the immune
system is mobilized it is formidable indeed. But all this takes time. The
delay can allow infections to gain a foothold in the body, even to advance in
raging cadres that can kill.

In the days before antibiotics, an infection launched a race to the death
between the pathogen and the immune system. Sometimes a victim would
become desperately ill; then, suddenly and almost miraculously, the fever
would break and the victim would recover. This “resolution by crisis”
occurred when the immune system barely won the race, when it
counterattacked massively and successfully.

But once the body survives an infection, it gains an advantage. For the
immune system epitomizes the saying that that which does not kill you
makes you stronger.

After it defeats an infection, specialized white cells (called “memory T
cells”) and antibodies that bind to the antigen remain in the body. If any



invader carrying the same antigen attacks again, the immune system
responds far more quickly than the first time. When the immune system can
respond so quickly that a new infection will not even cause symptoms,
people become immune to the disease.

Vaccinations expose people to an antigen and mobilize the immune
system to respond to that disease. In modern medicine some vaccines
contain only the antigen, some contain whole killed pathogens, and some
contain living but weakened ones. They all alert the immune system and
allow the body to mount an immediate response if anything bearing that
antigen invades the body.

The same process occurs in the body naturally with the influenza virus.
After people recover from the disease, their immune systems will very
quickly target the antigens on the virus that infected them.

But influenza has a way to evade the immune system.

The chief antigens of the influenza virus are the hemagglutinin and
neuraminidase protruding from its surface. But of all the parts of the
influenza virus that mutate, the hemagglutinin and neuraminidase mutate
the fastest. This makes it impossible for the immune system to keep pace.

By no means do the antigens of all viruses, even all RNA viruses,
mutate rapidly. Measles is an RNA virus and mutates at roughly the same
rate as influenza. Yet measles antigens do not change. Other parts of the
virus do, but the antigens remain constant. (The most likely reason is that
the part of the measles virus that the immune system recognizes as an
antigen plays an integral role in the function of the virus itself. If it changes
shape, the virus cannot survive.) So a single exposure to measles usually
gives lifetime immunity.

Hemagglutinin and neuraminidase, however, can shift into different
forms and still function. The result: their mutations allow them to evade the
immune system but do not destroy the virus. In fact, they mutate so rapidly
that even during a single epidemic both the hemagglutinin and
neuraminidase often change.

Sometimes the mutations cause changes so minor that the immune
system can still recognize them, bind to them, and easily overcome a
second infection from the same virus.



But sometimes mutations change the shape of the hemagglutinin or
neuraminidase enough that the immune system can’t read them. The
antibodies that bound perfectly to the old shapes do not fit well to the new
one.

This phenomenon happens so often it has a name: “antigen drift.”

When antigen drift occurs, the virus can gain a foothold even in people
whose immune system has loaded itself with antibodies that bind to the
older shapes. Obviously, the greater the change, the less efficiently the
immune system can respond.

One way to conceptualize antigen drift is to think of a football player
wearing a uniform with white pants, a green shirt, and a white helmet with a
green V emblazoned on it. The immune system can recognize this uniform
instantly and attack it. If the uniform changes slightly—if, for example, a
green stripe is added to the white pants while everything else remains the
same—the immune system will continue to recognize the virus with little
difficulty. But if the uniform goes from green shirt and white pants to white
shirt with green pants, the immune system may not recognize the virus so
easily.

Antigen drift can create epidemics. One study found nineteen discrete,
identifiable epidemics in the United States in a thirty-three-year period—
more than one every other year. Each one caused between ten thousand and
forty thousand “excess deaths” in the United States alone—an excess over
and above the death toll usually caused by the disease. As a result influenza
kills more people in the United States than any other infectious disease,
including AIDS.

Public health experts monitor this drift and each year adjust the flu
vaccine to try to keep pace. But they will never be able to match up
perfectly, because even if they predict the direction of mutation, the fact that
influenza viruses exist as mutating swarms means some will always be
different enough to evade both the vaccine and the immune system.

But as serious as antigen drift can be, as lethal an influenza as that
phenomenon can create, it does not cause great pandemics. It does not
create firestorms of influenza that spread worldwide such as those in 1889—
90, in 1918-19, in 1957, and in 1968.



Pandemics generally develop only when a radical change in the
hemagglutinin, or the neuraminidase, or both, occurs. When an entirely new
gene coding for one or both replaces the old one, the shape of the new
antigen bears little resemblance to the old one.

This is called “antigen shift.”

To use the football-uniform analogy again, antigen shift is the
equivalent of the virus changing from a green shirt and white pants to an
orange shirt and black pants.

When antigen shift occurs, the immune system cannot recognize the
antigen at all. Few people in the world will have antibodies that can protect
them against this new virus, so the virus can spread through a population at
an explosive rate.

Hemagglutinin occurs in fifteen known basic shapes, neuraminidase in
nine, and they occur in different combinations with subtypes. Virologists
use these antigens to identify what particular virus they are discussing or
investigating. “H1N1,” for example, is the name given the 1918 virus,
currently found in swine. An “H3N2” virus is circulating among people
today.

Antigen shift occurs when a virus that normally infects birds attacks
humans directly or indirectly. In Hong Kong in 1997 an influenza virus
identified as “H5N1” spread directly from chickens to people, infecting
eighteen and killing six.

Birds and humans have different sialic-acid receptors, so a virus that
binds to a bird’s sialic-acid receptor will not normally bind to—and thus
infect—a human cell. In Hong Kong what most likely happened was that
the eighteen people who got sick were subjected to massive exposure to the
virus. The swarm of these viruses, the quasi species, likely contained a
mutation that could bind to human receptors, and the massive exposure
allowed that mutation to gain a foothold in the victims. Yet the virus did not
adapt itself to humans; all those who got sick were infected directly from
chickens.

But the virus can adapt to man. It can do so directly, with an entire
animal virus jumping to humans and adapting with a simple mutation. It can
also happen indirectly. For one final and unusual attribute of the influenza
virus makes it particularly adept at moving from species to species.

The influenza virus not only mutates rapidly, but it also has a
“segmented” genome. This means that its genes do not lie along a



continuous strand of its nucleic acid, as do genes in most organisms,
including most other viruses. Instead, influenza genes are carried in
unconnected strands of RNA. Therefore, if two different influenza viruses
infect the same cell, “reassortment” of their genes becomes very possible.

Reassortment mixes some of the segments of the genes of one virus
with some from the other. It is like shuffling two different decks of cards
together, then making up a new deck with cards from each one. This creates
an entirely new hybrid virus, which increases the chances of a virus
jumping from one species to another.

If the Hong Kong chicken influenza had infected someone who was
simultaneously infected with a human influenza virus, the two viruses
might easily have reassorted their genes. They might have formed a new
virus that could pass easily from person to person. And the lethal virus
might have adapted to humans.

The virus may also adapt indirectly, through an intermediary. Some
virologists theorize that pigs provide a perfect “mixing bowl,” because the
sialic-acid receptors on their cells can bind to both bird and human viruses.
Whenever an avian virus infects swine at the same time that a human virus
does, reassortment of the two viruses can occur. And an entirely new virus
can emerge that can infect man. In 1918 veterinarians noted outbreaks of
influenza in pigs and other mammals, and pigs today still get influenza from
a direct descendant of the 1918 virus. But it is not clear whether pigs caught
the disease from man or man caught it from pigs.

And Dr. Peter Palese at Mount Sinai Medical Center in New York, one
of the world’s leading experts on influenza viruses, considers the mixing-
bowl theory unnecessary to explain antigen shift: “It’s equally likely that
co-infection of avian and human virus in a human in one cell in the lung
[gives] rise to the virus.... There’s no reason why mixing couldn’t occur in
the lung, whether in pig or man. It’s not absolute that there are no sialic acid
receptors of those types in other species. It’s not absolute that the avian
receptor is really that different from the human, and, with one single amino

acid change, the virus can go much better in another host.”

Antigen shift, this radical departure from existing antigens, led to major
pandemics long before modern transportation allowed rapid movement of
people. There is mixed opinion as to whether several pandemics in the
fifteenth and sixteenth centuries were influenza although most medical
historians believe that they were, largely because of the speed of their



movement and the number of people who fell ill. In 1510 a pandemic of
pulmonary disease came from Africa and “attacked at once and raged all
over Europe not missing a family and scarce a person.” In 1580 another
pandemic started in Asia, then spread to Africa, Europe, and America. It
was so fierce “that in the space of six weeks it afflicted almost all the
nations of Europe, of whom hardly the twentieth person was free of the
disease,” and some Spanish cities were “nearly entirely depopulated by the
disease.”

There is no dispute, though, that other pandemics in the past were
influenza. In 1688, the year of the Glorious Revolution, influenza struck
England, Ireland, and Virginia. In these places “the people dyed...as in a
plague.” Five years later, influenza spread again across Europe: “all
conditions of persons were attacked.... [T]hose who were very strong and
hardy were taken in the same manner as the weak and spoiled,...the
youngest as well as the oldest.” In January 1699 in Massachusetts, Cotton
Mather wrote, “The sickness extended to allmost all families. Few or none
escaped, and many dyed especially in Boston, and some dyed in a strange
or unusual manner, in some families all weer sick together, in some towns
allmost all weer sick so that it was a time of disease.”

At least three and possibly six pandemics struck Europe in the
eighteenth century, and at least four struck in the nineteenth century. In
1847 and 1848 in London, more people died from influenza than died of
cholera during the great cholera epidemic of 1832. And in 1889 and 1890, a
great and violent worldwide pandemic—although nothing that even
approached 1918 in violence—struck again. In the twentieth century, three
pandemics struck. Each was caused by an antigen shift, by radical changes
in either the hemagglutinin or the neuraminidase antigens, or both, or by
changes in some other gene or genes.

Influenza pandemics generally infect from 15 to 40 percent of a
population; any influenza virus infecting that many people and killing a
significant percentage would be beyond a nightmare. In recent years public
health authorities have at least twice identified a new virus infecting
humans but successfully prevented it from adapting to man. To prevent the
1997 Hong Kong virus, which killed six of eighteen people infected, from
adapting to people, public health authorities had every single chicken then
in Hong Kong, 1.2 million of them, slaughtered. (The action did not wipe
out this HSN1 virus. It survives in chickens and in 2003 it infected two



more people, killing one. A vaccine for this particular virus has been
developed, although it has not been stockpiled.)

An even greater slaughter of animals occurred in the spring of 2003
when a new H7N7 virus appeared in poultry farms in the Netherlands,
Belgium, and Germany. This virus infected eighty-three people and killed
one, and it also infected pigs. So public health authorities killed nearly
thirty million poultry and some swine.

This costly and dreadful slaughter was done to prevent what happened
in 1918. It was done to stop either of these influenza viruses from adapting
to, and killing, man.

One more thing makes influenza unusual. When a new influenza virus
emerges, it is highly competitive, even cannibalistic. It usually drives older
types into extinction. This happens because infection stimulates the body’s
immune system to generate all its defenses against all influenza viruses to
which the body has ever been exposed. When older viruses attempt to infect
someone, they cannot gain a foothold. They cease replicating. They die out.
So, unlike practically every other known virus, only one type—one swarm
or quasi species—of influenza virus dominates at any given time. This itself
helps prepare the way for a new pandemic, since the more time passes the
fewer people’s immune systems will recognize other antigens.

Not all pandemics are lethal. Antigen shift guarantees that the new virus
will infect huge numbers of people, but it does not guarantee that it will kill
large numbers. The twentieth century saw three pandemics.

The most recent new virus attacked in 1968, when the H3N2 “Hong
Kong flu” spread worldwide with high morbidity but very low mortality—
that is, it made many sick, but killed few. The “Asian flu,” an H2N2 virus,
came in 1957; while nothing like 1918, this was still a violent pandemic.
Then of course there was the HIN1 virus of 1918, the virus that created its
own killing fields.
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CHAPTER NINE

IN tHE spriNG OF 1918 death was no stranger to the world. Indeed, by then

the bodies of more than five million soldiers had already been fed into what
was called “the sausage factory” by generals whose stupidity was matched
only by their brutality.

German generals, for example, had decided to bleed France into
submission by matching it death for death at Verdun, believing that
Germany’s greater population would leave it victorious. The French later
replied with their own massive offensive, believing that their élan vital
would triumph.

Only slaughter triumphed. Finally one French regiment refused orders
to make a suicidal charge. The mutiny spread to fifty-four divisions,
stopped only by mass arrests, the conviction of twenty-three thousand men
for mutiny, with four hundred sentenced to death and fifty-five actually
executed.

Yet nothing expressed the brutality of this war as did a sanitation report
on the planned eradication of rats in the trenches to prevent the spread of
disease. A major noted, “Certain unexpected problems are involved in the
rat problem.... The rat serves one useful function—he consumes the
corpses on No Man’s Land, a job which the rat alone is willing to
undertake. For this reason it has been found desirable to control rather than
eliminate the rat population.”

All of Europe was weary of the war. Only in the United States
Anglophiles and Francophiles, most of them concentrated on the East Coast
and many of them holding positions of power or influence, were not weary.
Only in the United States Anglophiles and Francophiles still regarded war
as glorious. And they put intense pressure on President Woodrow Wilson to
enter the war.

The war had begun in 1914. Wilson had withstood this pressure. A
German submarine had sunk the Lusitania in 1915 and he had not gone to
war despite outrage in the press, instead winning a German commitment to
limit submarine warfare. He had resisted other justifications for war. He



could fairly campaign for reelection in 1916 on the slogan “He Kept Us Out
of War.” And he warned, “If you elect my opponent, you elect a war.”

On election night he went to bed believing he had lost, but woke up
reelected by one of the narrowest margins in history.

Then Germany took a great gamble. On January 31, 1917, giving only
twenty-four hours’ notice, it announced unrestricted submarine warfare
against neutral and merchant vessels. It believed that it could starve Britain
and France into submission before the United States—if the United States
did at last declare war—could help. The action utterly outraged the nation.

Still Wilson did not go to war.

Then came the Zimmermann note: captured documents revealed that the
German foreign minister had proposed to Mexico that it join Germany in
war against the United States and reconquer parts of New Mexico, Texas,
and Arizona.

Wilson’s critics sputtered in fury at his pusillanimity. In a famous essay,
pacifist and socialist Randolph Bourne, who later died in the influenza
epidemic, lamented, “The war sentiment, begun so gradually but so
perseveringly by the preparedness advocates who come from the ranks of
big business, caught hold of one after another of the intellectual groups.
With the aid of [Theodore]| Roosevelt, the murmurs became a monotonous
chant, and finally a chorus so mighty that to be out of it was at first to be
disreputable and finally almost obscene. And slowly a strident rant was
worked up against Germany.”

On April 2, three weeks after the disclosure of the note, after his cabinet
unanimously called for war, Wilson finally delivered his war message to
Congress. Two days later he explained to a friend, “It was necessary for me
by very slow stages and with the most genuine purpose to avoid war to lead
the country on to a single way of thinking.”

And so the United States entered the war filled with a sense of selfless
mission, believing glory still possible, and still keeping itself separate from
what it regarded as the corrupt Old World. It fought alongside Britain,
France, Italy, and Russia not as an “ally” but as an “Associated Power.”

Anyone who believed that Wilson’s reluctant embrace of war meant that
he would not prosecute it aggressively knew nothing of him. He was one of
those rare men who believed almost to the point of mental illness in his own
righteousness.



Wilson believed in fact that his will and spirit were informed by the
spirit and hope of a people and even of God. He talked of his “sympathetic
connection which I am sure that I have with” all American citizens and
said, “I am sure that my heart speaks the same thing that they wish their
hearts to speak.” “I will not cry ‘peace’ so long as there is sin and wrong in
the world,” he went on. “America was born to exemplify that devotion to
the elements of righteousness which are derived from the revelations of
Holy Scripture.”

He is probably the only American president to have held to this belief
with quite such conviction, with no sign of self-doubt. It is a trait more
associated with crusaders than politicians.

To Wilson this war was a crusade, and he intended to wage total war.
Perhaps knowing himself even more than the country, he predicted, “Once
lead this people into war, and they’ll forget there ever was such a thing as
tolerance. To fight you must be brutal and ruthless, and the spirit of ruthless
brutality will enter into the very fibre of our national life, infecting
Congress, the courts, the policeman on the beat, the man in the street.”

America had never been and would never be so informed by the will of
its chief executive, not during the Civil War with the suspension of habeas
corpus, not during Korea and the McCarthy period, not even during World
War II. He would turn the nation into a weapon, an explosive device.

As an unintended consequence, the nation became a tinderbox for
epidemic disease as well.

Wilson declared, “It isn’t an army we must shape and train for war, it is a
nation.”

To train the nation, Wilson used an iron fist minus any velvet glove. He
did have some legitimate reasons for concern, reasons to justify a hard line.

For reasons entirely unrelated to the war, America was a rumbling chaos
of change and movement, its very nature and identity shifting. In 1870 the
United States numbered only forty million souls, 72 percent of whom lived
in small towns or on farms. By the time America entered the war, the
population had increased to roughly 105 million. Between 1900 and 1915
alone, fifteen million immigrants flooded the United States; most came
from Eastern and Southern Europe, with new languages and religions, along



with darker complexions. And the first census after the war would also be
the first one to find more people living in urban areas than rural.

The single largest ethnic group in the United States was German-
American and a large German-language press had been sympathetic to
Germany. Would German-Americans fight against Germany? The Irish
Republican Army had launched an uprising against British rule on Easter,
1916. Would Irish-Americans fight to help Britain? The Midwest was
isolationist. Would it send soldiers across an ocean when the United States
had not been attacked? Populists opposed war, and Wilson’s own secretary
of state, William Jennings Bryan, three times the Democratic nominee for
president, had resigned from the cabinet in 1915 after Wilson responded too
aggressively for him to Germany’s torpedoing the Lusitania. Socialists and
radical unionists were strong in factories, in mining communities in the
Rockies, in the Northwest. Would they, drafted or not, defend capitalism?

The hard line was designed to intimidate those reluctant to support the
war into doing so, and to crush or eliminate those who would not. Even
before entering the war, Wilson had warned Congress, “There are citizens
of the United States, I blush to admit,...who have poured the poison of
disloyalty into the very arteries of our national life.... Such creatures of
passion, disloyalty, and anarchy must be crushed out.”

He intended to do so.

His fire informed virtually everything that happened in the country,
including fashion: to save cloth, a war material—everything was a war
material—designers narrowed lapels and eliminated or shrank pockets. And
his fury particularly informed every act of the United States government.
During the Civil War Lincoln had suspended the writ of habeas corpus,
imprisoning hundreds of people. But those imprisoned presented a real
threat of armed rebellion. He left unchecked extraordinarily harsh criticism.
Wilson believed he had not gone far enough and told his cousin, “Thank
God for Abraham Lincoln. I won’t make the mistakes that he made.”

The government compelled conformity, controlled speech in ways,
frightening ways, not known in America before or since. Soon after the
declaration of war, Wilson pushed the Espionage Act through a cooperative
Congress, which balked only at legalizing outright press censorship—
despite Wilson’s calling it “an imperative necessity.”

The bill gave Postmaster General Albert Sidney Burleson the right to
refuse to deliver any periodical he deemed unpatriotic or critical of the



administration. And, before television and radio, most of the political
discourse in the country went through the mails. A southerner, a narrow
man and a hater, nominally a populist but closer to the Pitchfork Ben
Tillman wing of the party than to that of William Jennings Bryan, Burleson
soon had the post office stop delivery of virtually all publications and any
foreign-language publication that hinted at less-than-enthusiastic support of
the war.

Attorney General Thomas Gregory called for still more power. Gregory
was a progressive largely responsible for Wilson’s nominating Louis
Brandeis to the Supreme Court, a liberal and the court’s first Jew. Now,
observing that America was “a country governed by public opinion,”
Gregory intended to help Wilson rule opinion and, through opinion, the
country. He demanded that the Librarian of Congress report the names of
those who had asked for certain books and also explained that the
government needed to monitor “the individual casual or impulsive disloyal
utterances.” To do the latter, Gregory pushed for a law broad enough to
punish statements made “from good motives or...[if] traitorous motives
weren’t provable.”

The administration got such a law. In 1798, Federalist President John
Adams and his party, under pressure of undeclared war with France, passed
the Sedition Act, which made it unlawful to “print, utter, or publish...any
false, scandalous, or malicious writing” against the government. But that
law inflamed controversy, contributed to Adams’s reelection defeat, and led
to the only impeachment of a Supreme Court justice in history, when
Samuel Chase both helped get grand jury indictments of critics and then
sentenced these same critics to maximum terms.

Wilson’s administration went further, yet engendered little opposition.
The new Sedition Act made it punishable by twenty years in jail to “utter,
print, write or publish any disloyal, profane, scurrilous, or abusive language
about the government of the United States.” One could go to jail for cursing
the government, or criticizing it, even if what one said was true. Oliver
Wendell Holmes wrote the Supreme Court opinion that found the act
constitutional—after the war ended, upholding lengthy prison terms for the
defendants—arguing that the First Amendment did not protect speech if
“the words used...create a clear and present danger.”

To enforce that law, the head of what became the Federal Bureau of
Investigation agreed to make a volunteer group called the American



Protective League an adjunct to the Justice Department, and authorized
them to carry badges identifying them as “Secret Service.” Within a few
months the APL would have ninety thousand members. Within a year, two
hundred thousand APL. members were operating in a thousand
communities.

In Chicago a “flying squad” of league members and police trailed,
harassed, and beat members of the International Workers of the World. In
Arizona, league members and vigilantes locked twelve hundred IWW
members and their “collaborators” into boxcars and left them on a siding in
the desert across the state line in New Mexico. In Rockford, Illinois, the
army asked the league for help in gaining confessions from twenty-one
black soldiers accused of assaulting white women. Throughout the country,
the league’s American Vigilance Patrol targeted “seditious street oratory,”
sometimes calling upon the police to arrest speakers for disorderly conduct,
sometimes acting more...directly. And everywhere the league spied on
neighbors, investigated “slackers” and “food hoarders,” demanded to know
why people didn’t buy—or didn’t buy more—Liberty Bonds.

States outlawed the teaching of German, while an Iowa politician
warned that “ninety percent of all the men and women who teach the
German language are traitors.” Conversations in German on the street or
over the telephone became suspicious. Sauerkraut was renamed “Liberty
cabbage.” The Cleveland Plain Dealer stated, “What the nation demands is
that treason, whether thinly veiled or quite unmasked, be stamped out.”
Every day the Providence Journal carried a banner warning, “Every
German or Austrian in the United States unless known by years of
association should be treated as a spy.” The Illinois Bar Association
declared that lawyers who defended draft resisters were “unpatriotic” and
“unprofessional.” Columbia University president Nicholas Murray Butler, a
national leader of the Republican Party, fired faculty critical of the
government and observed, “What had been tolerable became intolerable
now. What had been wrongheadedness was now sedition. What had been
folly was now treason.”

Thousands of government posters and advertisements urged people to
report to the Justice Department anyone “who spreads pessimistic stories,
divulges—or seeks—confidential military information, cries for peace, or
belittles our effort to win the war.” Wilson himself began speaking of the



“sinister intrigue” in America carried on “high and low” by “agents and
dupes.”

Even Wilson’s enemies, even the supposedly internationalist
Communists, distrusted foreigners. Two Communist parties initially
emerged in the United States, one with a membership of native-born
Americans, one 90 percent immigrants.

Judge Learned Hand, one of Simon Flexner’s closest friends, later
observed, “That community is already in the process of dissolution where
each man begins to eye his neighbor as a possible enemy, where non-
conformity with the accepted creed, political as well as religious, becomes a
mark of disaffection; where denunciation, without specification or backing,
takes the place of evidence; where orthodoxy chokes freedom of dissent.”

But American society hardly seemed to be dissolving. In fact it was
crystallizing around a single focal point; it was more intent upon a goal than
it had ever been, or might possibly ever be again.

Wilson’s hard line threatened dissenters with imprisonment. The federal
government also took control over much of national life. The War Industries
Board allocated raw materials to factories, guaranteed profits, and
controlled production and prices of war materials, and, with the National
War Labor Board, it set wages as well. The Railroad Administration
virtually nationalized the American railroad industry. The Fuel
Administration controlled fuel distribution (and to save fuel it also
instituted daylight savings time). The Food Admininstration—under
Herbert Hoover—oversaw agricultural production, pricing, and distribution.
And the government inserted itself in the psyche of America by allowing
only its own voice to be heard, by both threatening dissenters with prison
and shouting down everyone else.

Prior to the war Major Douglas MacArthur had written a long proposal
advocating outright censorship if the nation did fight. Journalist Arthur
Bullard, who was close to Wilson confidant Colonel Edward House, argued
for another approach. Congress’s rejection of censorship settled the
argument in Bullard’s favor.

Bullard had written from Europe about the war for Outlook, Century,
and Harper’s Weekly. He pointed out that Britain was censoring the press
and had misled the British people, undermining trust in the government and



support for the war. He urged using facts only. But he had no particular
affection for truth per se, only for effectiveness: “Truth and falsehood are
arbitrary terms.... There is nothing in experience to tell us that one is
always preferable to the other.... There are lifeless truths and vital lies....
The force of an idea lies in its inspirational value. It matters very little if it
is true or false.”

Then, probably at the request of House, Walter Lippmann wrote Wilson
a memo on creating a publicity bureau on April 12, 1917, a week after
America declared war. One outgrowth of the Progressive Era, of the
emergence of experts in many fields, was the conviction that an elite knew
best. Typically, Lippmann later called society “too big, too complex™ for the
average person to comprehend, since most citizens were “mentally children
or barbarians.... Self-determination [is] only one of the many interests of a
human personality.” Lippmann urged that self-rule be subordinated to
“order,” “rights,” and “prosperity.”

The day after receiving the memo, Wilson issued Executive Order 2594,
creating the Committee on Public Information—the CPI—and named
George Creel its head.

Creel was passionate, intense, handsome, and wild. (Once, years after
the war and well into middle age, he literally climbed onto a chandelier in a
ballroom and swung from it.) He intended to create “one white-hot mass...
with fraternity, devotion, courage, and deathless determination.”

To do so, Creel used tens of thousands of press releases and feature
stories that were routinely run unedited by newspapers. And those same
publications instituted a self-censorship. Editors would print nothing that
they thought might hurt morale. Creel also created a force of “Four Minute
Men”—their number ultimately exceeded one hundred thousand—who
gave brief speeches before the start of meetings, movies, vaudeville shows,
and entertainment of all kinds. Bourne sadly observed, “[A]ll this
intellectual cohesion—herd-instinct—which seemed abroad so hysterical
and so servile comes to us here in highly rational terms.”

Creel began intending to report only facts, if carefully selected ones,
and conducting only a positive campaign, avoiding the use of fear as a tool.
But this soon changed. The new attitude was embodied in a declaration by
one of Creel’s writers that, “Inscribed in our banner even above the legend
Truth is the noblest of all mottoes—‘We Serve.’” They served a cause. One
poster designed to sell Liberty Bonds warned, “I am Public Opinion. All



men fear me!...[I]f you have the money to buy and do not buy, I will make
this No Man’s Land for you!” Another CPI poster asked, “Have you met
this Kaiserite?...You find him in hotel lobbies, smoking compartments,
clubs, offices, even homes.... He is a scandal-monger of the most
dangerous type. He repeats all the rumors, criticism, and lies he hears about
our country’s part in the war. He’s very plausible.... People like that...
through their vanity or curiosity or treason they are helping German
propagandists sow the seeds of discontent....”

Creel demanded “100% Americanism” and planned for “every printed
bullet [to] reach its mark.” Simultaneously, he told the Four Minute Men
that fear was “an important element to be bred in the civilian population. It
is difficult to unite a people by talking only on the highest ethical plane. To
fight for an ideal, perhaps, must be coupled with thoughts of self-
preservation.”

“Liberty Sings”—weekly community events—spread from Philadelphia
across the country. Children’s choruses, barbershop quartets, church choirs
—all performed patriotic songs while the audiences sang along. At each
gathering a Four Minute Man began the ceremonies with a speech.

Songs that might hurt morale were prohibited. Raymond Fosdick, a
student of Wilson’s at Princeton and board member (and later president) of
the Rockefeller Foundation, headed the Commission on Training Camp
Activities. This commission banned such songs as “I Wonder Who’s
Kissing Her Now” and “venomous parodies” such as “Who Paid the Rent
for Mrs. Rip Van Winkle While Mr. Rip Van Winkle Was Away?” along
with “questionable jokes and other jokes, which while apparently harmless,
have a hidden sting—which leave the poison of discontent and worry and
anxiety in the minds of the soldiers and cause them to fret about home....
[T]he songs and jokes were the culmination of letter writing propaganda
instigated by the Huns in which they told lying tales to the men of alleged
conditions of suffering at home.”

And Wilson gave no quarter. To open a Liberty Loan drive, Wilson
demanded, “Force! Force to the utmost! Force without stint or limit! the
righteous and triumphant Force which shall make Right the law of the
world, and cast every selfish dominion down in the dust.”



That force would ultimately, if indirectly, intensify the attack of influenza
and undermine the social fabric. A softer path that Wilson also tried to lead
the nation down would mitigate—but only somewhat—the damage.

The softer path meant the American Red Cross.

If the American Protective League mobilized citizens, nearly all of them
men, to spy upon and attack anyone who criticized the war, the American
Red Cross mobilized citizens, nearly all of them women, in more
productive ways. The International Red Cross had been founded in 1863
with its focus on war, on the decent treatment of prisoners as set forth in the
first Geneva Convention. In 1881 Clara Barton founded the American Red
Cross, and the next year the United States accepted the guidelines of the
convention. By World War 1, all the combatants were members of the
International Red Cross. But each national unit was fully independent.

The American Red Cross was a quasi-public institution whose titular
president was (and is) the president of the United States. Officially
chartered by Congress to serve the nation in times of emergency, the
American Red Cross grew even closer to the government during the war.
The chairman of its Central Committee was Wilson’s presidential
predecessor William Howard Taft, and Wilson had appointed its entire “War
Council,” the real ruling body of the organization.

As soon as the United States entered World War I, the American Red
Cross declared that it would “exert itself in any way which...might aid our
allies.... The organization seeks in this great world emergency to do
nothing more and nothing less than to coordinate the generosity and the
effort of our people toward achieving a supreme aim.”

There was no more patriotic organization. It had full responsibility for
supplying nurses, tens of thousands of them, to the military. It organized
fifty base hospitals in France. It equipped several railroad cars as
specialized laboratories in case of disease outbreaks—but reserving them
for use only by the military, not by civilians—and stationed them “so that
one may be delivered at any point [in the country] within 24 hours.” (The
Rockefeller Institute also outfitted railroad cars as state-of-the-art
laboratories and placed them around the country.) It cared for civilians
injured or made homeless after several explosions in munitions factories.

But its most important role had nothing to do with medicine or
disasters. Its most important function was to bind the nation together, for



Wilson used it to reach into every community in the country. Nor did the
Red Cross waste the opportunity to increase its presence in American life.

It had already made a reputation in several disasters: the Johnstown
flood in 1889, when a dam broke and water smashed down upon the
Pennsylvania city like a hammer, killing twenty-five hundred people; the
San Francisco earthquake in 1906; major floods on the Ohio and
Mississippi Rivers in 1912. It had also served American troops in the
Spanish-American War and during the insurrection in the Philippines that
followed.

Still, the American Red Cross began the Great War with only 107 local
chapters. It finished with 3,864 chapters.

It reached into the largest cities and into the smallest villages. It made
clear that to participate in Red Cross activities was to join the great crusade
for civilization, and especially for American civilization. And it used
subtlety and social pressure to all but compel participation. It identified the
most prominent and influential man in a city, a person whom others could
refuse only with difficulty, and asked him to chair the local Red Cross
chapter; it appealed to him, told him how important he was to the war
effort, how needed he was. Almost invariably he agreed. And it asked the
leading hostess, the leader of “society” in cities—in Philadelphia, Mrs. J.
Willis Martin, who started the nation’s first garden club and whose family
and husband’s family were as established as any on the Main Line—or
whatever passed for “society” in small towns—in Haskell County, Mrs.
Loring Miner, whose father was the largest landowner in southwest Kansas
—to chair a woman’s auxiliary.

In 1918 the Red Cross counted thirty million Americans—out of a total
population of 105 million—as active supporters. Eight million Americans,
nearly 8 percent of the entire population, served as production workers in
local chapters. (The Red Cross had more volunteers in World War I than in
World War II despite a 30 percent increase in the nation’s population.)
Women made up nearly all this enormous volunteer workforce, and they
might as well have worked in factories. Each chapter received a production
quota, and each chapter produced that quota. They produced millions of
sweaters, millions of blankets, millions of socks. They made furniture. They
did everything requested of them, and they did it well. When the Federal
Food Administration said that pits from peaches, prunes, dates, plums,
apricots, olives, and cherries were needed to make carbon for gas masks,



newspapers reported, “Confectioners and restaurants in various cities have
begun to serve nuts and fruit at cost in order to turn in the pits and shells, a
patriotic service.... Every American man, woman or child who has a
relative or friend in the army should consider it a matter of personal
obligation to provide enough carbon making material for his gas mask.”
And so Red Cross chapters throughout the country collected thousands of
tons of fruit pits—so many they were told, finally, to stop.

As William Maxwell, a novelist and New Yorker editor who grew up in
Lincoln, Illinois, recalled, “[M]other would go down to roll bandages for
the soldiers. She put something like a dish towel on her head with a red
cross on the front and wore white, and in school we saved prune pits which
were supposed to be turned into gas masks so that the town was aware of
the war effort.... At all events there was an active sense of taking part in the
war.”

The war was absorbing all of the nation. The draft, originally limited to men
aged twenty-one to thirty, was soon extended to men aged eighteen to forty-
five. Even with the expanded base, the government declared that all men in
that age group would be called within a year. All men, the government said.

The army would require as well at least one hundred thousand officers.
The Student Army Training Corps was to provide many of that number: it
would admit “men by voluntary induction,...placing them on active duty
immediately.”

In May 1918 Secretary of War Newton Baker wrote the presidents of all
institutions “of Collegiate Grade,” from Harvard in Cambridge,
Massachusetts, to the North Pacific College of Dentistry in Portland,
Oregon. He did not ask for cooperation, much less permission. He simply
stated, “Military instruction under officers and non-commissioned officers
of the Army will be provided in every institution of college grade which
enroll 100 or more male students.... All students over the age of 18 will be
encouraged to enlist.... The commanding officer...[will] enforce military
discipline.”

In August 1918 an underling followed Baker’s letter with a memo to
college administrators, stating that the war would likely necessitate “the
mobilization of all physically-fit registrants under 21, within 10 months
from this date.... The student, by voluntary induction, becomes a soldier in



the United States Army, uniformed, subject to military discipline and with
the pay of a private...on full active duty.” Upon being activated, nearly all
would be sent to the front. Twenty-year-olds would get only three months’
training before activation, with younger men getting only a few months
more. “In view of the comparatively short time during which most of the
student-soldiers will remain in college and the exacting military duties
awaiting them, academic instruction must necessarily be modified along the
lines of direct military value.”

Therefore the teaching of academic courses was to end, to be replaced
by military training. Military officers were to take virtual command of each
college in the country. High schools were “urged to intensify their
instruction so that young men 17 and 18 years old may be qualified to enter
college as quickly as possible.”

The full engagement of the nation had begun the instant Wilson had chosen
war. Initially the American Expeditionary Force in Europe was just that, a
small force numbering little more than a skirmish line. But the American
army was massing. And the forging of all the nation into a weapon was
approaching completion.

That process would jam millions of young men into extraordinarily tight
quarters in barracks built for far fewer. It would bring millions of workers
into factories and cities where there was no housing, where men and women
not only shared rooms but beds, where they not only shared beds but shared
beds in shifts, where one shift of workers came home—if their room could
be called a home—and climbed into a bed just vacated by others leaving to
go to work, where they breathed the same air, drank from the same cups,
used the same knives and forks.

That process also meant that through both intimidation and voluntary
cooperation, despite a stated disregard for truth, the government controlled
the flow of information.

The full engagement of the nation would thus provide the great sausage
machine with more than one way to grind a body up. It would grind away
with the icy neutrality that technology and nature share, and it would not
limit itself to the usual cannon fodder.



CHAPTER TEN

W hiLe America still remained neutral William Welch, then president of

the National Academy of Sciences, and his colleagues watched as their
European counterparts tried to perfect killing devices.

Technology has always mattered in war, but this was the first truly
scientific war, the first war that matched engineers and their abilities to
build not just artillery but submarines and airplanes and tanks, the first war
that matched laboratories of chemists and physiologists devising or trying
to counteract the most lethal poison gas. Technology, like nature, always
exhibits the ice of neutrality however heated its effect. Some even saw the
war itself as a magnificent laboratory in which to test and improve not just
the hard sciences but theories of crowd behavior, of scientific management
of the means of production, of what was thought of as the new science of
public relations.

The National Academy had itself been created during the Civil War to
advise the government on science, but it did not direct or coordinate
scientific research on war technologies. No American institution did. In
1915 astronomer George Hale began urging Welch and others in the NAS to
take the lead in creating such an institution. He convinced them, and in
April 1916 Welch wrote Wilson, “The Academy now considers it to be its
plain duty, in case of war or preparation for war, to volunteer its assistance
and secure the enlistment of its members for any services we can offer.”

Wilson had been a graduate student at the Hopkins when Welch had
first arrived there and immediately invited him, Hale, and a few others to
the White House. There they proposed to establish a National Research
Council to direct all war-related scientific work. But they needed the
president to formally request its creation. Wilson immediately agreed
although he insisted the move remain confidential.

He wanted confidentiality because any preparation for war set off
debate, and Wilson was about to use all the political capital he cared to in
order to create the Council of National Defense, which was to lay plans for
what would become, after the country entered the war, the virtual



government takeover of the production and distribution of economic
resources. The council’s membership was comprised of six cabinet
secretaries, including the secretaries of war and the navy, and seven men
outside the government. (Ironically, considering Wilson’s intense
Christianity, three of the seven were Jews: Samuel Gompers, head of the
American Federation of Labor; Bernard Baruch, the financier; and Julius
Rosenwald, head of Sears. Almost simultaneously, Wilson appointed
Brandeis to the Supreme Court. All this marked the first significant
representation of Jews in government.)

But Wilson’s silent approval was enough. Welch, Hale, and the others
formed their new organization, bringing in respected scientists in several
fields, scientists who asked other colleagues to conduct specific pieces of
research, research that fitted in with other pieces, research that together had
potential applications. And medicine, too, had become a weapon of war.

By then a kind of organizational chart had developed in American scientific
medicine. This chart of course did not exist in any formal sense, but it was
real.

At the top sat Welch, fully the impresario, capable of changing the lives
of those upon whom his glance lingered, capable as well of directing great
sums of money to an institution with a nod. Only he held such power in
American science, and no one else has held such power since.

On the rung below him were a handful of contemporaries, men who had
fought beside him to change medicine in the United States and who had
well-deserved reputations. Perhaps Victor Vaughan ranked second to him as
a builder of institutions; he had created a solid one at Michigan and been
the single most important voice outside the Hopkins demanding reform of
medical education. In surgery the brothers Charles and William Mayo were
giants and immensely important allies in forcing change. In the laboratory
Theobald Smith inspired. In public health Hermann Biggs had made the
New York City Department of Health probably the best municipal health
department in the world, and he had just taken over the state health
department, while in Providence, Rhode Island, Charles Chapin had applied
the most rigorous science to public health questions and reached
conclusions that were revolutionizing public health practices. And in the
U.S. Army, Surgeon General William Gorgas also had developed an



international reputation, continuing and expanding upon George Sternberg’s
tradition.

Both the National Research Council and the Council of National
Defense had medical committees that were controlled by Welch himself,
Gorgas, Vaughan, and the Mayo brothers, all five of whom had already
served as president of the American Medical Association. But conspicuous
by his absence was Rupert Blue, then the civilian surgeon general and head
of the U.S. Public Health Service (USPHS). Welch and his colleagues so
doubted his abilities and judgment that they not only blocked him from
serving on the committees but would not allow him even to name his own
representative to them. Instead they picked a USPHS scientist they trusted.
It was not a good sign that the head of the public health service was so little
regarded.

From the beginning of their planning, these men focused on the biggest
killer in war—not combat, but epidemic disease. Throughout the wars in
history more soldiers had often died of disease than in battle or of their
wounds. And epidemic disease had routinely spread from armies to civilian
populations.

This was true not just in ancient times or in the American Civil War, in
which two men died from disease for every battle-related death (counting
both sides, one hundred eighty-five thousand troops died in combat or of
their wounds, while three hundred seventy-three thousand died of disease).
More soldiers had died of disease than combat even in the wars fought since
scientists had adopted the germ theory and modern public health measures.
In the Boer War that raged from 1899 to 1902 between Britain and the
white settlers of South Africa, ten British troops died of disease for each
combat-related death. (The British also put nearly a quarter of the Boer
population in concentration camps, where 26,370 women and children
died.) In the Spanish-American War in 1898, six American soldiers died of
disease—nearly all of them from typhoid—for every one killed in battle or
who died of his wounds.

The Spanish-American War deaths especially were entirely unnecessary.
The army had expanded in a matter of months from twenty-eight thousand
to two hundred seventy-five thousand, and Congress had appropriated $50
million for the military, but not a penny went to the army medical
department; as a result, a camp of sixty thousand soldiers at Chickamauga
had not a single microscope. Nor was army surgeon general Sternberg given



any authority. Military engineers and line officers directly rejected his angry
protests about a dangerously unsanitary camp design and water supply.
Their stubbornness killed roughly five thousand American young men.

Other diseases could be equally dangerous. When even normally mild
diseases such as whooping cough, chickenpox, and mumps invade a
“virgin” human population, a population not previously exposed to them,
they often kill in large numbers—and young adults are especially
vulnerable. In the Franco-Prussian War in 1871, for example, measles killed
40 percent of those who fell ill during the siege of Paris, and a measles
epidemic erupted in the U.S. Army in 1911, killing 5 percent of all the men
who caught the disease.

Those facts were of deep concern to Welch, Vaughan, Gorgas, and the
others. They committed themselves to ensuring that the best medical
science be available to the military. Welch, sixty-seven years old, short,
obese, and out of breath, put a uniform on, devoted much time to army
business, and took a desk in Gorgas’s personal office that he used whenever
in Washington. Vaughan, sixty-five years old and equally obese at 275
pounds, put a uniform on and became head of the army’s Division of
Communicable Disease. Flexner at age fifty-four put a uniform on. Gorgas
had them all commissioned majors, the highest rank then allowed
(regulations were changed and they all later became colonels).

They thought not only about caring for soldiers wounded in combat.
They thought not only about finding a source for digitalis, which was
imported from Germany (Boy Scouts gathered foxglove in Oregon and tests
found it produced a suitable drug), or surgical needles (these too were all
imported, so they set up a U.S. factory to produce them), or discovering the
most efficient way to disinfect huge amounts of laundry (they asked Chapin
to look into this).

They thought about epidemic disease.

The single man who had the chief responsibility for the performance of
military medicine was Surgeon General of the Army William Crawford
Gorgas. The army gave him little authority with which to work—not much
more than Sternberg had had. But he was a man able to accomplish much in
the face of not only benign neglect but outright opposition from those above
him.



Naturally optimistic and cheerful, devout, son of a Confederate officer
who became president of the University of Alabama, Gorgas took up
medicine ironically in pursuit of another aim: a military career. After he
failed to get an appointment to West Point, it seemed his only way into the
army, and he took it despite his father’s bitter opposition. He soon became
entirely comfortable in medicine and preferred to be addressed as “Doctor”
rather than by rank, even as he rose to “General.” He loved learning and set
aside a fixed amount of minutes each day for reading, rotating his attention
among fiction, science, and classical literature.

Gorgas had a distinct softness around his eyes that made him appear
gentle, and he treated virtually everyone with whom he came into contact
with dignity. His appearance and manner belied, however, his intensity,
determination, focus, and occasional ferocity. In the midst of crisis or
obstacles his public equanimity made him a center of calm, the kind that
calmed and gave confidence to others. But in private, after encountering
obtuseness if not outright stupidity in his superiors, he slammed drawers,
hurled inkwells, and stormed out of his office muttering threats to quit.

Like Sternberg, he spent much of his early career at frontier posts in the
West, although he also took Welch’s course at Bellevue. Unlike Sternberg,
he did not personally do any significant laboratory research. But he was
every bit as tenacious, every bit as disciplined.

Two experiences epitomized both his abilities and his determination to
do his job. The first came in Havana after the Spanish-American War. He
did not belong to Walter Reed’s team investigating yellow fever. Their work
in fact did not convince him that the mosquito carried the disease.
Nonetheless he was given the task of killing mosquitoes in Havana. He
succeeded in this task—despite doubting its usefulness—so well that in
1902 yellow fever deaths there fell to zero. Zero. And malaria deaths fell by
75 percent. (The results convinced him that the mosquito hypothesis was
correct.) An even more significant triumph came when he later took charge
of clearing yellow fever from the construction sites along the Panama
Canal. In this case his superiors rejected the mosquito hypothesis, gave him
the barest minimum of resources, and tried to undermine his authority, his
effort, and him personally, at one point demanding that he be replaced. He
persisted—and succeeded—partly through his intelligence and insight into
the problems disease presented, partly through his ability to maneuver



bureaucratically. In the process he also earned a reputation as an
international expert on public health and sanitation.

He became surgeon general of the army in 1914 and immediately began
massaging congressmen and senators for money and authority to prepare in
case the country went to war. He wanted no repeat of Sternberg’s Spanish-
American experience. Believing his work done, in 1917 he submitted his
resignation to join a Rockefeller-sponsored international health project.
When the United States entered the war, he withdrew his resignation.

Then sixty-three years old, white-haired, with a handlebar mustache,
and thin—as a boy he had been almost fragile, and he remained thin despite
an appetite for food that rivaled Welch’s—he took as his first task
surrounding himself with the best possible people, while simultaenously
trying to inject his and their influence into army planning. His War
Department seniors did not consult his department on the sites for its
several dozen new cantonments, but army engineers did pay close attention
to the medical department in the actual design of the training camps. They
too wanted no repeat of the mistakes that had killed thousands of soldiers in
1898.

But only in one other area did the army medical department receive
even a hearing from War Department leadership. That was its massive
campaign against venereal disease, a campaign supported strongly by a
political union of progressives, many of whom believed in perfecting
secular society, and from Christian moralists. (The same political odd
couple would soon unite to enact Prohibition.) Gorgas’s office recognized
“to what extremes the sexual moralist can go. How unpractical, how
intolerant, how extravagant, even how unreasoning, if not scientifically
dishonest, he can be.” But it also knew that one-third of all workdays lost to
illness in the army were caused by venereal disease. That loss the military
would not tolerate.

The medical corps told enlisted men to masturbate instead of using
prostitutes. It produced posters with such slogans as, “A Soldier who gets a
dose is a traitor.” It examined enlisted men twice a month for venereal
disease, required any men infected to identify the person with whom or the
building in which they had had sex, docked the pay of soldiers or sailors
sick with venereal disease, and also made them subject to court-martial.
With support from the most senior political leadership, the military by law
prohibited prostitution and the sale of alcohol within five miles of any base



—and the military had seventy bases with ten thousand or more soldiers or
sailors scattered around the country. The health boards of twenty-seven
states passed regulations allowing detention of people suffering venereal
infection “until they are no longer a danger to the community.” Eighty red-
light districts were shut down. Even New Orleans had to close down its
legendary Storyville, where prostitution was legal, where Buddy Bolden,
Jelly Roll Morton, Louis Armstrong, and others had invented jazz in the
whore-houses. And New Orleans mayor Martin Behrman was no reformer;
he headed a political machine so tight it was called simply “the Ring.”

But if Gorgas had the power to act decisively on venereal disease, if
engineers listened to his sanitary experts in designing water supplies, the
army paid him little heed on anything else. On no subject where he had only
science behind him, science without political weight, could he get even a
hearing from army superiors. Even when an American researcher developed
an antitoxin for gangrene, Gorgas could not convince them to fund testing
at the front. So Welch arranged for the Rockefeller Institute to pay the
expenses of a team of investigators to go to Europe, and for the British
army to test the antitoxin in British hospitals. (It worked, although not
perfectly.)

In many ways, then, Gorgas, Welch, Vaughan, and their colleagues
operated as a team independent of the army. But they could not operate
independently in regard to epidemic disease, and they could not operate
either independently or alone as camps filled with hundreds of thousands—
in fact, millions—of young men.

When the war began there were one hundred forty thousand physicians in
the United States. Only 776 of them were serving in the army or navy. The
military needed tens of thousands of physicians, and it needed them
immediately. It would make no exceptions for scientists. Most would
volunteer anyway. Most wanted to participate in this great crusade.

Welch and Vaughan joined the military, despite their being one hundred
pounds overweight and past the regular army’s mandatory retirement age,
and they were not alone. Flexner joined at age fifty-four. Flexner’s protégé
Paul Lewis at Penn, Milton Rosenau at Harvard, and Eugene Opie at
Washington University joined. All around the country laboratory scientists
were joining.



And to avoid losing scientists piecemeal either as volunteers or to the
draft, Flexner suggested to Welch that the entire Rockefeller Institute be
incorporated into the army. Welch carried the idea to Gorgas, and Gorgas’s
deputy wired Flexner, “[U]nit will be arranged as you desire.” And so the
Rockefeller Institute became Army Auxiliary Laboratory Number One.
There would be no auxiliary laboratory number two. Men in uniforms
marched down laboratory and hospital corridors. An army adjutant
commanded the technicians and janitors, maintained army discipline among
them, and drilled them on parade on York Avenue. Lunch became “mess.”
A mobile hospital unit on wheels with buildings, wards, labs, laundry, and
kitchen was rolled into the front yard of the institute from Sixty-fourth to
Sixty-sixth Streets to treat soldiers with intractable wounds. Sergeants
saluted scientists who—except for two Canadians who became privates—
received officer rank.

This was no mere cosmetic change to allow life to go on as usual.” At
Rockefeller the fiber of the work was rewoven. Nearly all research shifted
to something war-related, or to instruction. Alexis Carrel, a Nobel laureate
in 1912 who pioneered the surgical reattachment of limbs and organ
transplantation as well as tissue culture—he kept part of a chicken heart
alive for thirty-two years—taught surgical techniques to hundreds of newly
militarized physicians. Others taught bacteriology. A biochemist studied
poison gas. Another chemist explored ways to get more acetone from
starch, which could be used both in making explosives and to stiffen the
fabric that covered airplane wings. Peyton Rous, who had already done the
work that would later—decades later—win him a Nobel Prize, redirected
his work to preserving blood; he developed a method still in use that led to
the first blood banks being established at the front in 1917.

The war also consumed the supply of practicing physicians. Gorgas,
Welch, and Vaughan had already laid plans for this. In December 1916 they
had, through the Council of National Defense, asked state medical
associations to secretly grade physicians. Roughly half of all practicing
physicians were judged incompetent to serve. So when America did enter
the war, the military first examined every male graduate of medical school
in 1914, 1915, and 1916, seeking, as Vaughan said, the “best from these
classes.” This would supply approximately ten thousand doctors. Many of
the best medical schools also sent much of their faculty to France, where



the schools functioned as intact units, staffing and unofficially lending their
names to entire military hospitals.

Yet these moves could not begin to satisfy the need. By the time the
Armistice was signed thirty-eight thousand physicians would be serving in
the military, at least half of all those under age forty-five considered fit for
service.

The military, and especially the army, did not stop there. In April 1917
the army had fifty-eight dentists; in November 1918 it had 5,654. And the
military needed nurses.

There were too few nurses. Nursing had, like medicine, changed radically
in the late nineteenth century. It too had become scientific. But changes in
nursing involved factors that went beyond the purely scientific; they
involved status, power, and the role of women.

Nursing was one of the few fields that gave women opportunity and
status, and that they controlled. While Welch and his colleagues were
revolutionizing American medicine, Jane Delano, Lavinia Dock—both of
whom were students in Bellevue’s nursing program while Welch was
exposing medical students there to new realities—and others were doing the
same to nursing. But they fought not with an entrenched Old Guard in their
own profession so much as with physicians. (Sometimes physicians,
threatened by intelligent and educated nurses, waged a virtual guerrilla war;
in some hospitals physicians replaced labels on drug bottles with numbers
so nurses could not question a prescription.)

In 1912, before becoming surgeon general, Gorgas had anticipated that
if war ever came, the army would need vast numbers of nurses, many more
than would likely be available. He believed, however, that not all of them
would have to be fully trained. He wanted to create a corps of “practical
nurses,” who lacked the education and training of “graduate nurses.”

Others were also advancing this idea, but they were all men. The
women who ran nursing would have none of it. Jane Delano had taught
nursing and had headed the Army Nurse Corps. Proud and intelligent as
well as tough, driven, and authoritarian, she had then just left the army to
establish the Red Cross nursing program, and the Red Cross had all
responsibility for supplying nurses to the army, evaluating, recruiting, and
often assigning them.



She rejected Gorgas’s plan, telling her colleagues it “seriously
threatened” the status of professional nursing and warning, “Our Nursing
Service would be of no avail with these groups of women unrelated to us,
organized by physicians, taught by physician