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The only thing I know about this vaccine is that it starts with a monkey’s kidney and it
ends up going into a child’s arm. Could you explain a little to us the process in between?

—Edward R. Murrow, to Dr. Jonas Salk,
See It Now, CBS Television
February 22, 1955



Introduction

THE FIRST THING you see when you walk in the door of Raphaele and

Michael Horwin’s modest San Diego apartment are photos of their son
Alexander. Arranged neatly on bookcases or hung on beige walls, the
photos are everywhere, his image set into a gold frame, a pewter frame
with flowers, wooden frames, even plastic desk frames. Here is Alexander
as an infant, with huge, round brown eyes and dark curly hair, lips parted
in a wide, world-embracing smile with two teeth peeking out on the top
and two on the bottom. Here he is at age two, in a denim jacket
embroidered with colorful fish, holding a stuffed yellow duck. In photo
after photo he gazes happily, intelligently, handsomely into the camera.
But move to the rear bedroom of the apartment, and the mood changes;
a strange silence falls over the room. There are photos of young Alexander
on the wall, and there is a shelf with five stuffed bears sitting on it, but
otherwise this 1s not a child’s room. Rather, the room is filled with
computer equipment, whiteboards covered with lists, and scientific books
and journals. Instead of a child’s clothing, the closet is jammed with
plastic file folder boxes. In this bedroom-turned-office other photos are
kept, ones that are not on display. In these, Alexander is tranquil, but not
happy. In one, he is lying on a hospital bed in the University of California
at Los Angeles Medical Center pediatric intensive care unit. From the
center of his spine to his armpit, a blistering red wound spreads across the
upper part of his back—a second-degree burn from a chemical drip that
“accidentally spilled” onto his body during treatment at the hospital. In



another, he is bald, with sunken eyes staring quietly from a stroller.

Alexander had been “a strong, happy, intelligent little boy,” says his
father Michael. As a toddler, he loved visiting the ocean tidal pools near
the family’s Marina del Rey home and exploring the tiny, mysterious
marine creatures. He enjoyed being pushed by his mother on the
boardwalk while she roller-bladed behind him. By the time he was two, he
could already speak English and French.

Then something went very wrong.

On August 10, 1998, two months after his second birthday, Alexander
received a diagnosis of brain cancer. Called medulloblastoma, it was one
of the more common pediatric brain cancers, accounting for about one-
sixth of all childhood brain tumors diagnosed in the United States.

Alexander had two operations—sixteen hours of surgery in all—that
successfully removed the entire tumor. But his parents were told that the
tumor would return unless he had further treatment—with chemotherapy.
“Even after two brain operations, Alexander was still a vibrant, ruddy,
strong, energetic child,” Michael Horwin recalls. “That changed as the
chemotherapy repeatedly filled his body with toxic chemicals. Alexander
began to die inside.” First there were relentless stomach pains and
horrendous projectile vomiting. Then Alexander’s curly hair fell out. Next
his dark skin turned ghostly pale. “He got sick with fevers and spent weeks
in the hospital,” Horwin says. “We felt as if we were actively engaged in
the slow torture and destruction of our own child.”

On January 31, 1999, following three rounds of chemotherapy,
Alexander Horwin died. The fact that the chemotherapy appeared to have
harmed rather than helped him made his parents’ grief unbearable. They
felt compelled to find out what had gone wrong.



The Horwins decided to investigate why their otherwise healthy son
should have suddenly developed a brain tumor. They looked at
environmental exposures but came up empty-handed. They hadn’t been
exposed to high levels of pesticides; they didn’t live near a nuclear power
plant; they ate healthy foods. Alexander had been in the ninety-fifth
percentile for height and weight for his age group. There was no cancer
history on either side of their families. Both of their paternal grandmothers
had lived to almost ninety years of age.

Next, the Horwins reviewed Alexander’s medical file in the months
prior to his diagnosis. Like most children, he had received numerous
vaccinations in the first two years of his life. There was nothing unusual
about that. Vaccines are one of modern medicine’s most important
innovations. Not only do they prevent early childhood disease, they are a
critical public health tool, having rid the world of scourges like smallpox,
and having reduced the number of deaths from childhood illnesses like
measles dramatically. Still, could something about the many vaccines
Alexander had received have hurt him? The Horwins dug deeper and
began to uncover information about vaccines that their pediatrician had
never told them. Sometimes, they learned, vaccines contain trace amounts
of toxic chemicals: residue from the manufacturing process, or
preservatives designed to extend their shelf life. Sometimes they can be
contaminated with living organisms, bacteria and viruses that have escaped
from the animal tissues that are used during the manufacture of many
vaccines.

One of the vaccines Alexander had received was the polio vaccine—
mandatory in every state of the union and typically administered four
times during the first sixteen months of a baby’s life. When the Horwins



researched the polio vaccine, they found, to their amazement, that during
the 1950s and early 1960s, the vaccine had been widely contaminated with
a virus. Millions upon millions of doses administered in the United States
and other countries had been tainted—not just by any virus, but by a
monkey virus that had gotten into the vaccine during the manufacturing
process. Worse still, this strange virus appeared to cause several different
types of cancer, including brain cancer, when injected into laboratory
animals.

Supposedly, the polio vaccine had been rid of this virus long ago. But
what if it hadn’t been? Was it possible, the Horwins wondered, that this
same cancer-causing virus somehow had gotten into a dose of polio
vaccine that had been given to their son?

The Horwins’ quest took them to the research laboratories of Michele
Carbone, a molecular pathologist at Loyola University Medical School,
just outside Chicago. Carbone was a medical doctor with a Ph.D. in
anatomic pathology; he was also a leading expert in the simian virus that
had contaminated the polio vaccine. He had detected it in a type of human
lung tumor called malignant mesothelioma in 1994 while working at the
National Institutes of Health (NIH). He wasn’t the first investigator to link
the virus to cancers, but he was, without a doubt, the most tenacious. In the
years since his discovery, he had dedicated his entire laboratory to
investigating how it caused human cells to become cancerous.

When the Horwins contacted him in the fall of 1999, Carbone’s initial
inclination was to refuse them. Because the tests were expensive and time
consuming, normally, he tested only those tumor samples that were part of
a larger research effort or that had come to him through the Loyola health
system. But Carbone found himself moved by the grief of Alexander’s



mother, Raphacle. He decided, at his own expense, to run a series of
sophisticated molecular tests on Alexander’s tumor biopsy and the blood
from his umbilical cord at birth.

A few weeks later, he informed the Horwins of the results. Alexander’s
brain tumor contained the simian virus. His cord blood did not. Somehow,
their child had been exposed to the virus after birth. Michael and Raphaele
had themselves tested. Neither of them showed any signs of the virus. That
meant the virus in their son’s tumor hadn’t come from either one of them.
The evidence seemed unbelievable, but the results were conclusive. Taken
together, it seemed to the Horwins, the tests said one thing: a strange virus
from another species had caused the death of their otherwise healthy son,
and 1ts source was a medical intervention that was supposed to protect him
from harm—the polio vaccine.

How does a monkey virus get into the brain of a human being? At first
blush, the answer seems bizarre—straight out of the script of a 1950s sci-fi
thriller. But it 1s true. For nine years, from 1954 to 1963, almost every dose
of polio vaccine produced in the world was contaminated with a cancer-
causing simian virus. In one of the biggest blunders in medical history,
nearly half the American population—about one hundred million people—
and millions more in Canada and Europe, were administered this widely
contaminated vaccine. When scientists discovered the virus in 1960, they
named it SV40—an innocent-sounding, almost antiseptic appellation,
except that SV stands for simian virus, and 40 designates that it was the
fortieth such virus discovered. Like HIV, which causes AIDS, SV40
crossed into humans from monkeys and had its own dramatic
consequences. Exactly how HIV leapt from monkeys to human beings is
as yet unknown; there i1s no debate, however, about the primary source of



SV40: The virus came from the monkey kidneys on which the polio
vaccine was produced. At the time, scientists developing the polio vaccine
and other vaccines knew that the monkey kidneys they were using were
often contaminated with unwanted simian viruses, but it was assumed they
were inconsequential. SV40 proved them wrong.

After it was discovered in 1960, researchers inoculated laboratory
animals with the simian virus in experiments conducted during 1961 and
1962. They were astonished—and scared—when their experiments
showed that the polio vaccine contaminant readily caused an array of
cancers. For a while, there was panic within public health circles as
scientists debated what to do, but almost no one outside of a small coterie
of health officials and researchers knew what had happened. Determined
not to alarm the public, federal health officials kept the news about the
SV40 contamination of the polio vaccine under wraps. They refused to
recall millions of contaminated doses that had already been released for
use; and when one government researcher dared to speak out about the
contamination, they punished her. Then, in 1963, federal scientists
surveyed the American population and concluded that they could find no
evidence the virus was causing cancer in people who had received
contaminated vaccine. Based on this one epidemiological study, most of
the scientific world concluded the virus had little effect in humans.
Meanwhile, vaccine production methods had changed and procedures had
been instituted that supposedly made it impossible for SV40 to ever
contaminate the vaccine again. Between the one epidemiological study and
the switch to what was assumed to be a clean vaccine, SV40 was quickly
forgotten and a false sense of security replaced the previous panic. For the
next thirty years, almost everyone ignored SV40. The virus’s relationship



to human disease was almost totally unexplored.

Ignoring SV40 for so long was a mistake, according to Carbone and
other cancer experts. “There 1s no doubt that SV40 1s a human
carcinogen,” says Carbone, who has studied the virus closely for more
than ten years. “SV40 is definitely something you don’t want in your
body.” Yet that 1s exactly where the virus 1s showing up. Since the mid-
1990s, SV40 has been found not only in the type of brain cancer that
afflicted Alexander Horwin, and the mesotheliomas studied by Carbone
and other researchers, but also in a variety of other brain tumors and bone
cancers, as well as leukemias and lymphomas.

Many of these tumors have increased in incidence dramatically since
the 1950s and early 1960s—the period when the polio vaccine was
contaminated with SV40. Malignant mesothelioma, for instance, was
virtually unheard of prior to 1955; today it afflicts and kills about 2,500
Americans each year and many more people in Europe. Brain and central
nervous system tumors increased in incidence by more than 30 percent in
just one twenty-year period from the mid-1970s to the mid-1990s. Bone
tumors are also on the rise. Non-Hodgkin’s lymphoma, the disease that
killed Jacqueline Kennedy Onassis and Jordan’s King Hussein, has also
skyrocketed in incidence, increasing by 3 percent annually since the 1970s.
It now strikes 54,000 new victims each year. Another 30,000 Americans
are afflicted every year with acute or chronic leukemia.

More disturbing still, scientists are now finding SV40 not just in
tumors from adults but in the tumors of children like Alexander Horwin—
children too young to have been exposed to contaminated vaccine back in
the 1950s and 1960s. These findings raise some disturbing questions: Has
the simian virus established a permanent foothold in human beings and



begun to spread? Or is it possible, as Alexander’s parents assert, that polio
vaccine continued at times to be contaminated, even after 1963? One thing
is clear: The vast majority of baby boomers—almost all of whom received
polio vaccine in the late 1950s and early 1960s—have potentially been
exposed to the virus. And if what happened to Alexander Horwin is any
indication, some of their children have been exposed as well.

* ko Xk

This book tells the story of how SV40 came to contaminate millions upon
millions of doses of the polio vaccine forty years ago and cause disease
today. It follows a group of determined cancer researchers, who, led by
Carbone, have revived interest in the long forgotten virus. In the process,
they have made important new discoveries about how the virus works and
about how cancer is caused in general. But such groundbreaking research
has not been welcomed in all corners. Because SV40 was a contaminant in
a government-sponsored vaccine, within federal health circles there has
been strenuous opposition to the proposition that the virus is a human
carcinogen. At times, as this book recounts, that has included pressure on
independent scientists to conform to the government point of view and
even efforts to cut off their research funds. How—and why—scientific
research can be shaped by such external forces lies at the heart of this
story, and this book concerns itself as much with the people who practice
science as it does with the science itself. For, as the history of SV40
shows, science 1s not always the disinterested pursuit of pure knowledge
we may imagine it to be. It is a venture that, however noble, still can be
influenced by the prejudices and predilections of its practitioners—
sometimes for better, sometimes for worse.



Much of this account unfolds within the past ten years, the period
during which research by Carbone and others exploded the long-standing
assumption that the monkey virus was harmless to humans. But to really
understand the story of SV40, one must begin many decades ago during a
unique chapter in American history, a time when the entire nation was
fixated on polio. Today, it 1s difficult to imagine the anguish that
accompanied epidemics of poliomyelitis, a disease that ravaged the United
States and much of the Western world during the first half of the twentieth
century. For four decades, beginning with the epidemic of 1916, polio
swept through the country every summer, leaving thousands of dead and
maimed individuals in its wake, particularly children. Polio haunted
America, especially its parents, and defeating it became a national
obsession. It was against this backdrop that the story of SV40 begins.



The Paralyzed President

IT WAS ALREADY getting warm as dawn broke along the coast of Maine on

the morning of August 11, 1921. The sun rising over the great expanse of
North Atlantic Ocean promised another balmy day, much like the other
warmer-than-usual days that had marked the summer that year. Along the
coastline, local residents prepared to take up their posts at shops, farms,
and fishing vessels. It looked to be one more 1n a string of uneventful, lazy
summer days.

But a few miles out to sea, on a nearby Canadian island in the Bay of
Fundy, the morning was taking a sober turn. Here a middle-aged man
awoke to find that his life had changed, literally, overnight. An athletic
man who had thought nothing of taking a strenuous run and vigorous swim
just the day before, he found he could barely stand on his own two feet.
One leg was dragging, and the other was on the verge of giving way. A
proud man, accustomed to acting decisively on his own counsel, he was
suddenly weak and helpless—his hips and legs all but paralyzed. He
retreated to his bed, to no avail. The next day, and the one after, his illness
worsened, until he found himself in a feverish agony, burning up; even the
pressure of bedclothes against his legs was unbearable. He was paralyzed
from the waist down.

The upper part of his body was affected as well. His arms were weak.
He lost control of his thumbs. He could not sit without assistance, nor turn



from side to side. Though he would eventually make a partial recovery
from his 1illness, he would never regain the use of his legs. From this day
on, he would have to crawl, crablike, on his hands or employ a variety of
stratagems involving crutches, leg braces, wheelchairs, and the strong arms
of porters in order to move any distance, no matter how small. He would
require the assistance of his family and a small band of intimates to assist
him in almost every aspect of daily living.

The man so suddenly afflicted was Franklin Delano Roosevelt, and the
disease that laid him so low was polio. Over the next several decades,
polio became identified with Roosevelt. For the rest of his life and beyond,
whenever someone wanted to put a human face to the disease they
inevitably included a reference to FDR, America’s beloved president and
most famous polio victim. He, in turn, was transformed by polio. The
disease and his response to it defined and shaped him and his political
career.

In retrospect, the polio that felled FDR that hot summer day more than
eighty years ago was one of those chance events that alter history.
Whatever other forces helped Roosevelt secure election first as New
York’s governor for two terms and then as president in four successive
elections, there is little doubt among historians that Roosevelt’s status as a
polio victim—and the strength, resiliency, and grace he displayed in the
face of his affliction—helped him win the support of voters. Arguably, if
he had not contracted polio, Roosevelt might not have ascended to the
White House. How modern history would have changed without FDR at
the helm during the depths of the Great Depression and then during
democracy’s victory over the global forces of fascism 1s speculative, but
doubtless it would have been different, perhaps profoundly different.



While the effect of FDR’s polio on American history and politics is
impossible to gauge, there is one certain result of his illness. Because
Roosevelt caught polio, the course of fighting the disease was forever
changed.

Roosevelt was vacationing at the family’s fifteen-room summer home
on Campobello Island when he contracted polio. He had been coming to
Campobello since childhood and had established a strenuous routine of
sailing, hiking, fishing, and rock climbing during his sojourns. The 1921
summer vacation was the first extended vacation Roosevelt had taken in
five years. He hoped it would be a chance to relax and reconnect with his
family; he was looking forward to playing ringleader on jaunts through the
woods and taking his five children for refreshing dips in the Bay of
Fundy’s icy waters.

Roosevelt had arrived at Campobello from Washington, D.C., a few
days earlier, after pausing to march in a Boy Scouts parade in New York.
(He was president of the Boy Scout Foundation of Greater New York and
may have contracted the disease at the crowded children’s event.) He
quickly settled into his rigorous “vacation” routine. But there were
alarming signs that Roosevelt was not well. On August 9, while he was
sailing on his yacht, he lost his balance and fell briefly overboard. He
complained of the “icy shock™ in comparison to the heat of the August sun
and that the “water was so cold it seemed paralyzing.” He was noticeably
weary that evening. The next day’s schedule was typical of the activity-
filled days on which FDR seemed to thrive. A sail on the family’s twenty-
four-foot sloop, Vireo, with his three eldest children turned into an all-day,
harrowing adventure when the party stopped to put out a forest fire on a
nearby island as they were heading back to Campobello, smothering it by



beating it out with pine branches. After the fire had been extinguished,
Roosevelt led his children on a cross-island run of more than two miles,
followed by a swim 1n a freshwater lagoon and then a plunge into the bay.

But Roosevelt didn’t get “the usual revitalization, the glow [he’d]
expected” from the swim and instead returned home exhausted, “too tired
to even dress” for dinner. After reading the mail and the day’s newspapers,
he climbed upstairs and went straight to bed, complaining that he felt
chilled. It was the last time he would ever walk unassisted in his life.
When he woke on the morning of August 11, something was clearly amiss.
He was unable to support his weight on one leg. By evening his other leg
had weakened, and by the following morning he could not stand up at all.
By the third day, all the muscles from his chest down were involved.
Roosevelt was experiencing full-blown paralytic polio.

Polio has afflicted mankind for millennia. An ancient Egyptian
funerary carving from the eighteenth dynasty (1580—-1350 B.C.E) portrays a

priest with a withered limb. Hippocrates referred to paralytic attacks that
occurred mainly in the summer and autumn. The Bible refers to
individuals with paralyzed and atrophied limbs. A Bruegel painting from
the sixteenth century includes a crippled beggar, and in 1921, an
archaeological dig in southern Greenland found twenty-five skeletons from
the fifteenth century with bone deformations characteristic of polio.
Despite the ancient record of the disease, epidemic polio was unheard of
until the industrial revolution. The vast majority of polio victims suffered
little permanent damage until the twentieth century.

Polio, or more properly “poliomyelitis,” 1s caused by a virus. The
formal name combines two Greek words with a Latin suffix to denote
polio’s characteristic inflammation (ifis) of the gray nerve tissue (polios) in



the spinal cord (myelos). It is this nerve damage that can lead to paralysis.
Humans contract polio by ingesting the virus through the mouth or
inhaling 1t through the nasal passages. The virus quickly moves down the
pharynx and lodges in the gut, where it begins to reproduce. Here it
attracts the attention of the body’s immune system, which usually defeats
the poliovirus and rids the body entirely of it by shedding it through the
individual’s feces. The shed poliovirus, though, remains alive and can now
infect any other individual who comes into contact with the excreta of the
first individual, say, through changing a baby’s diaper or poor hygiene.
This second individual now repeats the entire contagious cycle. In this
way, polio can quickly spread from person to person, especially those who
live in close proximity. Polio epidemics are notorious for striking multiple
members of the same household or same neighborhood.

Polio, however, is not just one discrete virus. It has a multitude of
variants, which are called “strains.” Most polio strains are relatively
harmless. If an individual contracts one of the less virulent strains of polio,
he or she suffers either no symptoms at all or only a mild, cold-like illness:
a headache, often a chill, perhaps a low-grade fever. When he has
recovered, the individual has been conferred lifelong immunity, not only
against the infecting strain, but also against all strains from the specific
genetic family—or “type,” of which there are three—to which the strain
belongs. All three poliovirus types contain many harmless strains, but all
three also contain some extremely dangerous strains. These virulent strains
can escape the gut, enter the blood stream, and travel to the central nervous
system. Here the poliovirus attacks the brain and the spinal cord,
destroying the ability of the nerve cells that control specific muscles to
send and receive messages. The affected muscles become paralyzed. Since



motor nerve cells, once destroyed, cannot regenerate themselves, the
paralysis is usually permanent. In extreme cases, called bulbar polio, the
nerve cells that control the involuntary muscles necessary for breathing are
incapacitated, and death can result.

[ronically, advances in public health and sanitation that occurred
during the industrial revolution created the perfect conditions for sudden
and terrifying outbreaks of paralytic polio. For thousands of years, man
and virus had achieved a symbiosis of sorts. In preindustrial societies,
personal hygiene was poor, even among the wealthy and educated; basic
public health measures we take for granted, such as sewers and indoor
plumbing, were largely nonexistent. Contact with relatively benign strains
of poliovirus (from fecal matter) was universal. Children were exposed
either during infancy, when maternal antibodies helped protect them, or as
toddlers, almost always contracting mild forms of the disease. Immunity
was therefore widespread. But that cycle was interrupted during the
nineteenth century. Cleaning up the cities of America and northern Europe
created perfect conditions for polio epidemics. With the introduction of
modern sewers and plumbing, entire generations grew up in sanitary
surroundings, rarely, if ever, exposed to poliovirus, even to milder strains,
and so had little or no natural polio immunity. Pernicious strains of polio
suddenly had millions of vulnerable hosts.

Outbreaks of paralytic polio were first described in detail in the
nineteenth century. A British physician named Michael Underwood
reported “four remarkable cases of suddenly induced paralysis, occurring
in children” in one village in 1835. A localized outbreak may have
occurred in Louisiana in 1841; another early epidemic swept through
young English children on the island of St. Helena around the same time.



By the middle of the nineteenth century, a German orthopedist, Jakob
Heine, had described polio in detail, distinguishing it as a separate disease
from other paralytic disorders. In the second half of the nineteenth century,
as physicians began to recognize this strange, new syndrome of massive,
sudden paralysis, sporadic outbreaks were reported in Oslo, Lyon,
Manchester, Stockholm, Boston, and rural Vermont, where 132 children
contracted polio in the Otter Creek Valley. Eighteen of them died.

Then in the summer of 1916, as if out of nowhere, came a polio
epidemic of such ferocity it seared itself into the American psyche for the
next generation. The first cases appeared in early summer in New York
City’s immigrant neighborhoods. Public health officials were baffled; no
one knew exactly how the disease was spread, but it was clear that the
contagion was virulent, spreading from borough to borough like wildfire.
The number of paralyzed victims—most of them children—grew from
dozens to hundreds and then to thousands. Panic ensued. Thousands of
families fled the sweltering disease-stricken city. As news of the
mysterious ailment filtered out, residents of outlying communities treated
New Yorkers as if they were lepers, turning them away and threatening
violence. Those who stayed in the city withdrew behind bolted doors,
drawing the blinds and shutting their windows, even as the city’s heat and
humidity reached its summer crescendo. Public health officials responded
as best they could. Sanitation workers washed the streets and sidewalks—
four million gallons of water a day were used—and seventy-two thousand
stray cats were killed in the mistaken belief that they might be carriers of
the disease. Quarantines aimed at specific neighborhoods or ethnic groups
were debated. But the well-intentioned efforts were futile. From its New
Y ork City epicenter, polio spread throughout the entire Northeast.



By the end of 1916, twenty of the forty-eight states were affected by
the outbreak; more than 27,000 confirmed cases of paralysis, including
7,000 fatalities, were reported. Tens of thousands of milder, nonparalytic
cases went undiagnosed because physicians were unfamiliar with the
disease. The toll was heaviest in New York City, with some 2,500 deaths
and nearly 9,000 confirmed cases. Most of the victims were young
children, their parents utterly helpless in the face of such enormous
suffering. In recognition of the disease’s propensity to strike so
disproportionately among this one age group, doctors began to call it
“infantile paralysis.” Polio had arrived in America.

For more than forty years after that terrible summer of 1916, there
were annual polio epidemics in America. With each summer, polio
resurfaced like clockwork. But other than its estival reappearance, precious
little was known about the disease. Where polio would occur was
unpredictable. Reading the tea leaves of past outbreaks to forecast the
locations of future ones proved beyond any scientist’s prognisticative
abilities. Polio simply struck wherever it pleased. Cities, villages, even
America’s remotest rural areas—no corner of the nation was spared. Polio
had no class consciousness; rich and poor alike were afflicted. It didn’t
play by the rules; healthy and robust children were no more immune from
its ravages than the sickly. Polio was maddeningly random. Like a tornado
that levels all the houses in a block, but leaves one miraculously
unscathed, polio could devastate one village but not its neighbor. Or
epidemics could pop up hundreds of miles apart. As a result, no
community felt safe.

One fact about polio soon became apparent: Almost all paralytic polio
cases seemed to occur between May and September. And so summer, and



the annual start of “polio season,” was transformed from a time of the year
to be relished and anticipated into a season that parents dreaded—
especially because no one knew how the disease was spread. The only
strategy that seemed effective was to try, somehow, to avoid epidemic
epicenters and minimize contact with others. The wealthy would take their
families and escape to the country during the hottest months of the year.
For everyone else, summertime became a series of restrictions on normal
childhood activities: no ball games, no movies, no camps, no trips to the
public pool or to the beach. If there were any reports of polio in the
vicinity, anxious parents would quarantine their children, shutting them
indoors and away from all possible human contact—anything to keep their
children safe from polio.

Polio, of course, was not just a disease of children; adults, like
Roosevelt, were also sometimes afflicted. And for many, particularly those
of lesser means, the economic impact could be devastating. There was no
“safety net” to provide for families whose wage ecarner became
incapacitated. How did one find a job when confined to a wheelchair? And
what about the stigma of being a “cripple”? Who would accept such a
person in a position of authority? Roosevelt came from one of the nation’s
most famous political families, had served with distinction in Woodrow
Wilson’s administration as assistant secretary of the navy, and had been
the Democratic Party’s vice presidential candidate in 1920, but in keeping
with the mores of the day, FDR’s mother believed polio had effectively
ended her son’s political career. Once it was clear he was paralyzed from
the waist down, she urged her lawyer son to return home to Hyde Park and
live out his life in a wheelchair as a gentleman farmer.

Roosevelt’s wife, Eleanor, and his closest political advisor, Louis



Howe, shared a different point of view, however. For the next several
years they kept FDR’s political career alive. While Roosevelt concentrated
on rebuilding his shattered body—until he had developed a physique that
rivaled a weight lifter’s, at least in his upper body—Howe kept in touch
with party leaders, and Eleanor made public appearances on her husband’s
behalf.

Their efforts paid off. In 1924, they persuaded New York’s popular
governor Al Smith to allow Roosevelt to nominate Smith for president at
the Democratic National Convention at Madison Square Garden. It was
Roosevelt’s first public appearance, and he was determined to get to the
podium on his own two feet. For weeks he practiced for the event. On the
hot July night he was to nominate Smith, Roosevelt locked his leg braces
so his knees would not buckle, and tightly gripping his crutches, made the
slow, painful walk to the stage. When he finally reached the podium and
was facing the crowd, he threw back his head, affected a jaunty air, and
flashed the audience a radiant grin. The audience went wild. Applause and
cheers filled the hall before he had even spoken a word. His nomination
speech produced an even greater effect. At its conclusion, when he placed
Smith’s name in nomination, there was a moment of silence. Then an
ovation erupted that lasted an hour and fifteen minutes.

The Democratic convention appearance secured Roosevelt’s stature as
a national leader—not only because of his stunning nomination speech, but
also because he made it to the podium on his own, refusing to use a
wheelchair. The feat earned him instant admiration, with one newspaper
describing him as “the real hero” of the convention. Roosevelt had not
been defeated by polio; he had risen above it. At the 1928 convention,
Roosevelt repeated the feat—this time abandoning crutches entirely in



favor of the support of a cane and the rigid arm of his son Elliot. In full
view of all the delegates, Roosevelt appeared to walk to the lectern, the
picture of a cured cripple who had staged a miraculous recovery. His
nominating speech, again for Smith, was as well received as the one four
years before.

After the 1928 convention, polio was no longer a hindrance to
Roosevelt’s political aspirations. That fall, in a year of Republican
landslides throughout the country, he won an upset victory in the New
York governor’s race. The race had started with an ugly rumor that
Roosevelt was too weak to hold office and would resign once elected.
Roosevelt responded with a barnstorming tour during which he visited
more localities and delivered more speeches than any candidate for
statewide office before him. His breakneck campaign pace exhausted his
staff and the press pool assigned to accompany him, but it energized the
electorate and laid to rest any notion that as a polio victim he lacked the
stamina needed to govern. If anything, he was more fit than most able-
bodied men.

In 1930, Roosevelt was reelected governor by a wide margin, but he
had already set his sights on higher office. Within a year, he was seeking
the presidency, and in the summer of 1932 he accepted the Democratic
Party’s nomination. Once again he defied conventional wisdom, which
suggested that he not exert himself and instead run a “front porch”
campaign as other successful presidential candidates, including Warren G.
Harding only a few years previously, had done. Ignoring party leaders’
fears that the rigors of a full campaign schedule would draw unfavorable
attention to his disability, Roosevelt campaigned whistle-stop style,
covering the entire country from coast to coast.



During the presidential campaign, Roosevelt was the picture of a
dynamic, active, and confident leader, defiant in the face of his physical
paralysis, just as he was urging the nation to be defiant in the face of
economic paralysis. Campaign biographies, far from downplaying his
polio, described in detail how Roosevelt contracted the disease and his
battle to overcome it. The implication was that any man who had suffered
but refused to bow under the weight of polio clearly had the character,
strength, and compassion to lead the nation out of the Great Depression.
Polio, the disease that had struck him down a decade before, now helped
carry Roosevelt to the White House.

One anecdote from his presidency exemplifies how polio became the
touchstone in defining Roosevelt as a sympathetic and heroic leader.
During his first term, First Lady Eleanor Roosevelt was addressing a
gathering in Akron, Ohio, when a question from the audience, meant to be
hostile, was handed to her. She carefully and unemotionally read the
question aloud and then turned the questioner’s intent on its head: “Do you
think your husband’s illness has affected your husband’s mentality?” she
read. “I am glad that question was asked. The answer is yes,” came her
careful reply. “Anyone who has gone through great suffering is bound to
have a greater sympathy and understanding of the problems of mankind.”
The audience responded with a standing ovation.



A Nation at War with Polio

ROOSEVELT’S ACCESSION TO the White House profoundly affected the way

Americans viewed polio. It raised the profile of the disease and evoked
greater sympathy among all Americans for polio victims and their
families. But beyond raising public awareness, Roosevelt’s stature, even as
the nation’s most powerful political figure, was by itself ineffective in
fighting polio. Defeating a disease requires research. And research costs
money. By and large, funding for medical research at the time did not
come from the federal government—as so much of it does now—but from
private sources, large philanthropic organizations, such as the world-
famous Rockefeller Institute. Scientists either sought grants from such
charities or, in the case of the Rockefeller Institute, went to work directly
for them. It was axiomatic: Promising advances in medical science
required powerful support. If polio was going to be beaten, some
organization would have to step forward and bankroll the fight. But even
after years of polio epidemics there was no concerted effort to fund
research for polio prevention or for a cure—that is, until a close friend of
FDR’s created a fund-raising and medical research machine that 1s still
unrivaled today. This friend, a scrappy Irishman named Basil O’Connor,
was one of the advisors Roosevelt brought with him to Washington in the
spring of 1933.

Born in Taunton, Massachusetts, Basil “Doc” O’Connor was the



second son of second-generation Irish immigrants. His father was a
tinsmith, and the family was poor—“one generation removed from
servitude” was how O’Connor liked to refer to his upbringing. But from an
early age, O’Connor displayed a knack for making money, starting to
deliver newspapers when he was ten and then establishing a monopoly on
all the city’s newspaper routes. Working his way through Dartmouth
College in just three-and-a-half years (where he paid his way by playing
fiddle in a dance orchestra and was voted “most likely to succeed”),
O’Connor headed to Harvard Law School. Married by 1919, he left the
Boston law firm of the man who had helped pay his way through Harvard
and set out to establish himself as a Wall Street lawyer. It was on Wall
Street that he met Roosevelt.

In the fall of 1924, three years after Roosevelt contracted polio,
O’Connor and Roosevelt became law partners, but from the beginning
Roosevelt was a rather absent partner. Almost all his time was spent
hundreds of miles from New York pursuing his polio rehabilitation efforts,
specifically a hydrotherapy regimen that he had begun at Warm Springs,
Georgia, a tiny farming community ten miles from the nearest paved road.

Warm Springs was named for the hot mineral springs that flow from
3,800 feet below the earth’s surface at a constant temperature of eighty-
eight degrees from nearby Pine Mountain. Wealthy society types from
Atlanta, eighty miles to the northeast, had been coming to the area for a
half century to vacation and restore themselves in the spring’s waters,
which were supposed to provide relief from a variety of ailments ranging
from diarrhea to diabetes. Told by a banker friend that a turn in the Warm
Springs waters had benefited another polio victim, Roosevelt decided on
an extended visit. He began his “swimming cure” at what had once been



one of Warm Springs’s leading resorts, a Victorian era white elephant
called the Meriwether Inn.

When Roosevelt arrived in 1924, the Meriwether was in such disrepair
that it was in danger of falling apart. The outbuildings lacked running
water and electricity. “Squirrels ran in and out of holes in the roof” was
how O’Connor would later describe the Meriwether’s appearance the first
time he saw it. “The place was a miserable mess.” No matter, FDR
somehow saw larger possibilities and announced that he wanted to buy the
place—something he did two years later. O’Connor remained opposed to
the idea until the very end. “Don’t do anything, am taking train,” he wired
when he heard that FDR was about to close on the property. Nevertheless,
Roosevelt bought the dilapidated hotel, spending two-thirds of his personal
fortune on it, and O’Connor was forced to settle the financial details of the
purchase.

Roosevelt’s dream was to turn the Meriwether into the world’s first
rehabilitation center exclusively devoted to polio victims. In short order he
evicted the last of the inn’s paying guests, embarked on major renovations
without any capital, and started accepting patients for little or no
remuneration for the elaborate hydrotherapy routine he had devised. (He
was known affectionately as “Dr. Roosevelt” by many of the young polio
victims who soon flocked to Warm Springs.) With almost no revenue,
Warm Springs began to flounder. In the spring of 1927, O’Connor took
control of the books, and on his advice, the Meriwether was transformed
into the nonprofit Georgia Warm Springs Foundation, with Roosevelt as
president, O’Connor as secretary-treasurer, and Louis Howe as trustee.
FDR immediately “sold” the hotel and its facilities for a dollar to the new
foundation.



The following year, Roosevelt’s election to the New York
governorship forced him to give up his day-to-day involvement in Warm
Springs. He asked O’Connor to take his place. At first O’Connor resisted.
“I thought he was crazy to want that big goddam four-story firetrap,”
O’Connor later said. “I couldn’t have been less interested in the project.
But in 1926 he bought it and made a nonprofit foundation of it and in 1928
he ups and becomes Governor of New York and nonchalantly says to me,
‘Take over Warm Springs, old fella: you’re in.” I tell you, I had no desire
to be ‘in.” I was never a public do-gooder and had no aspirations of that
kind. But I started enjoying it. Like Andrew Jackson at the battle of New
Orleans, I found myself up to my rump in blood and liked it.”

O’Connor remained in the thick of the battle against polio for the rest
of his life, eventually becoming its undisputed general. One of his first acts
as Warm Springs’s new director was to try and shore up its precarious
financial footing. Every war machine, O’Connor realized, needs cold, hard
cash, and lots of it. In 1929, he hired professional fund-raisers with a
charge to raise $1.25 million to support Warm Springs Foundation’s
operations. The fund-raising effort included pamphlets and press releases
extolling the promise of the Warm Springs hydrotherapy cure. Response to
the appeal was disappointing. The nation was slipping into the Great
Depression, and competition for scarce charitable dollars was fierce.

Roosevelt’s elevation to the White House suddenly changed the
equation. In 1933, the professional fund-raisers suggested that the
Foundation sponsor a series of balls across the nation to coincide with the
new president’s birthday. Roosevelt was at the height of his popularity,
and linking a festive night out with helping the charity dearest to the
president’s heart proved to be a stroke of genius. With a slogan of “to



dance so that others may walk,” a national effort was undertaken to tout
the balls. On January 30, 1934, in 4,376 communities across the nation,
hundreds of thousands of revelers attended almost 6,000 fund-raising balls,
from locales as diverse as the gala event at the Waldorf-Astoria in New
York to the party for wheelchair dancers at Warm Springs. After the
expenses were deducted, the one-night national party had raised more than
$1 million, ten times more than O’Connor had predicted.

Between 1934 and 1937, the annual Birthday Balls successfully moved
polio to the forefront of American consciousness, so much so that the
events became the subject of political attack by Roosevelt’s enemies.
There were grumblings that the Roosevelt family was personally
benefiting from the balls. Opponents to Roosevelt’s economic programs
resented any charitable activity directly connected to “that man in the
White House.” When O’Connor urged the President to separate himself
and Warm Springs from the polio movement, he heeded the advice. In
September 1937, Roosevelt announced the creation of a new nonpartisan
polio organization: the National Foundation for Infantile Paralysis. The
new charity officially opened for business 1n January 1938. Its
headquarters were at 120 Broadway in downtown Manhattan, in the law
offices of its unpaid president, Basil O’Connor. With his new position,
O’Connor had become one of the country’s leaders in philanthropy,
charged by Roosevelt with coordinating a sustained national campaign
against polio.

One of O’Connor’s first decisions was to expand the mission of the
fledgling charity far beyond FDR’s initial mandate to advance polio
research and education. The new National Foundation, he decided, would
pay for the cost for treatment for any and all polio victims who sought its



aid, no matter what the expense: iron lungs, crutches, braces, wheelchairs,
round-the-clock nursing care. Whatever was needed for recovery and
rehabilitation, the National Foundation would cover in full for as long as a
polio victim was alive. And it would do so without means testing. Families
would not have to prove that they had exhausted their own resources
before the National Foundation would step in. Over the next several
decades the National Foundation saved countless polio victims and their
families from impoverishment by offering free, comprehensive health care
to an entire segment of society. The implications were not lost on
O’Connor’s enemies: more than one detractor of the National Foundation
accused 1t of foisting “socialized medicine” upon an unsuspecting public.

Fulfilling O’Connor’s 1dealistic plans proved to cost unprecedented
amounts of money, much more than the Birthday Balls had ever raised.
“This 1s going to have to be more now than a one-day party,” O’Connor
said 1in 1937. “I don’t know how much it 1s going to take, but it’s going to
take millions.” The successor fund-raising campaign to the Birthday Balls
was born at a strategy meeting at the Metro-Goldwyn-Mayer movie studio
lot. Radio personalities and movie stars were deeply involved in antipolio
publicity efforts by this time, and Eddie Cantor, a popular radio and
vaudeville entertainer, suggested the idea of soliciting small donations in a
pitch delivered by celebrities over the radio. “We could ask people to send
their dimes directly to the President at the White House,” Cantor
suggested. “Think what a thrill people would get.” Then, in a play on the
words of the title of a popular newsreel—“The March of Time”—he
coined a phrase still well known today: “And we would call it ‘The March
of Dimes!’”

The new effort was timed, once again, to coincide with Roosevelt’s



birthday at the end of January 1938. There was an intensive publicity blitz
about polio. Doctors appeared on the radio to speak about the disease, and
newspapers donated advertising and editorial space. During the last week
of the month, the Lone Ranger urged boys and girls to send dimes to the
White House to fight polio. Cantor made an appeal on newsreel and radio,
as did many other Hollywood stars. Still, the initial response was
disappointing. “You fellows have ruined the president,” complained
Roosevelt’s press secretary to a National Foundation official two days
after the broadcasts. “All we’ve got 1s seventeen and a half dollars.” It
wasn’t until the next day that the campaign’s success became apparent.
The White House was deluged with mail. Thirty thousand pieces, six times
the normal volume, arrived. The next day it was 50,000, then 150,000.
“The government of the United States darned near stopped functioning
because we couldn’t clear away enough dimes to find the official White
House mail,” the White House mail chief later said. Fifty extra postal
clerks and a small army of volunteers, including the president’s children
and WPA artists and writers, were pressed into service to deal with the
cascade of mail that filled the White House basement. It took five months
to clean up the backlog of unopened letters. In the end, 2,680,000 dimes
had been sent directly to the White House. Combined with other
donations, the National Foundation had raised $1,823,045 from its first
March of Dimes campaign. According to the National Foundation’s public
relations director, Roosevelt was “just tickled pink” by the results.

The success of the first March of Dimes campaign would be dwarfed
by those that followed. In 1941, the appeal raised three million dollars. In
1942, with the nation at war, personal sacrifice on the home front was the
order of the day, yet contributions to the March of Dimes went up. The



take that year was $5 million; “Give ’Til It Hurts” was the new slogan.
Some $6.5 million was raised in 1943; more than $12 million in 1944; and
in 1945, almost $19 million was contributed. By the early 1950s, the
National Foundation was raising more than $50 million annually, and its
battalions of armband-clad volunteers, who fanned out in their hometowns
every January toting March of Dimes coin canisters, had become a fixture
of the American winter landscape. To support his volunteers, O’Connor
used a full-time public relations operation, which every year cranked out
an intensive campaign of films, posters, ads, and appearances by
celebrities—all urging Americans to join in the crusade against polio.

Between his volunteer army and his PR machine, O’Connor built a
fund-raising machine of unprecedented proportions. By one estimate, the
National Foundation collected more than $630 million in the twenty-five
years between 1938 and 1962, a staggering amount by any reckoning—
especially since it was received mostly in the form of small donations
collected by volunteers. And it was all devoted to fighting one disease.

By the end of World War II, O’Connor commanded one of the world’s
largest charities and had transformed the way the nation responded to
polio. Under his direction, the National Foundation became the equivalent
of an independent national public health agency, giving direct aid to
hospitals and establishing equipment “depots” where iron lungs, rocking
beds, and other lifesaving equipment were stockpiled and then transported
to polio outbreak hot zones. Mobile teams of National Foundation—trained
doctors and nurses were dispatched directly to epidemic sites. And, as
promised at the National Foundation’s inception, O’Connor paid the full
cost for the treatment and rehabilitation of the nation’s growing population
of polio victims. Even as late as 1972, almost two decades after the last of



the nation’s polio epidemics, the National Foundation was still paying
rehabilitation expenses for two hundred thousand polio victims.

Early on, however, O’Connor decided that a successful war against
polio could not be waged simply by tending to the sick and the wounded.
What was needed was a cure, and the National Foundation was prepared to
generously underwrite researchers who promised one. Initially, O’Connor
was frustrated. There simply wasn’t much research to fund, and there
seemed to be precious few researchers to back. At the time, the accepted
scientific wisdom held that polio was caused by only one type of virus;
that it only grew in nerve cells; that it always entered the body through the
nose, traveled to the olfactory bulb, and thence made its way to the brain
and spinal cord; and that the virus never entered the bloodstream. Every
single one of these scientific “facts” would prove to be wrong.

Not surprisingly, with scientists knowing so little of the basic facts
about polio, early efforts to prevent the disease were equally misinformed.
In 1935, Maurice Brodie, a young research assistant at New York
University, claimed that he had successfully developed a vaccine by
grinding up the spinal cords of polio-infected monkeys and treating the
amalgam with formaldehyde. He injected several dozen monkeys, himself,
and a few volunteers with his new vaccine. He announced that he was
ready to give the vaccine to three thousand children. Scientists at the
Rockefeller Institute grew suspicious of Brodie when they couldn’t
replicate his experiments. Monkeys injected with the Brodie solution
promptly died when exposed to polio; no immunity had been conferred.
Fortunately, no one died from the Brodie fraud, although there were
allergic reactions among the hundreds of children who were injected
before he was stopped. At almost the same time, a far more serious



vaccine mistake was perpetrated by John Kolmer of Temple University in
Philadelphia. Kolmer was convinced that he, too, had successfully
developed a polio vaccine. But the Kolmer vaccine was lethal, killing six
children and paralyzing many more. The episode of the two failed vaccines
came to be known as the Kolmer-Brodie fiasco, and the fallout it created
soured O’Connor and the National Foundation on funding crash programs
in vaccine creation. When the National Foundation began operations,
O’Connor formed a scientific Advisory Committee, which included the
heads of some of the top research facilities in the nation, and asked it to
draw up a list of research priorities. Basic inquiries into the nature of polio
—what caused it, how was it spread, what it did once it entered the body—
topped the list. Next were improved treatment and therapy regimens for
victims. At the bottom of the list of eleven research priorities was
“production of a good vaccine.” Given the state of the science, research
into polio prevention had to take a backseat. Tending to victims came first.

Then, in the early 1940s, came a decision with far-reaching
implications. The National Institutes of Health first considered, then
abandoned, the i1dea of establishing a separate division to focus on polio
research. The lead the National Foundation had in funding and the
excellence of its scientific advisory group seemed to make any federal
efforts redundant. The war against polio was ceded to O’Connor and his
army of volunteers. Soon, National Foundation efforts in the field far
outstripped those of the federal government. In 1953, for example,
National Foundation research grants for polio totaled $2 million; in the
same year the National Institutes of Health spent just $72,000 studying the
disease. The prolonged effect of the National Foundation’s largesse
extended beyond polio. “O’Connor practically invented virology,” said a



researcher at Rockefeller University years later. “He did it by not
concentrating research grants narrowly on polio, but by encouraging the
most basic studies of all viruses.”

But all the money and all the research it supported didn’t seem to
produce much tangible progress early on. Aside from improving care for
victims, the nation seemed to be losing ground in the fight against polio.
Even as the number of research dollars the National Foundation distributed
was increasing, polio cases—which had held steady in the 1930s—began
to spike. In 1940, there were ten thousand cases. By 1945, the number had
doubled to more than twenty thousand, where it remained for the next
several years. Every summer there was an epidemic worse than the terrible
epidemic of 1916.

In 1952, fifty-eight thousand new cases of polio were diagnosed, one
for every three thousand people in the United States. It was the worst polio
epidemic on record; the “blackest [summer] in ... polio history” was how
Newsweek described it. During that one terrible year, paralytic polio killed
more children than any other communicable disease in the United States.
Polio was becoming America’s béte noire, as dangerous as the Red
Menace, and just as insidious—an unseen enemy within, a crippler and
killer that seemed unstoppable, viciously cruel, with a penchant for young
victims. For the new generation of parents who were busily launching the
baby boom, polio was practically an obsession. It was their children who
were dying, and their clamor for progress against polio grew louder and
louder with each passing summer. In one telling incident, in 1953, Queens,
New York, parents invaded and occupied the local public health office,
demanding release of supplies of gamma globulin, an antibody fraction,
which 1n a series of small trials had shown a very slight potential as a polio



preventative. For desperate parents, a highly experimental treatment that
worked only once in a while was better than nothing at all.

As the number of polio cases climbed, O’Connor became increasingly
impatient. He wanted to fight polio—create a vaccine to stop it dead 1n its
tracks—mnot just study it. But the scientists he was supporting were
spending too much time and effort debating arcane issues and the niceties
of lab technique and making far too little headway on vaccine research.
Many of them weren’t even sure that a vaccine was feasible. Albert Sabin,
for example, was regarded as one of the leaders in polio vaccine research.
By the early 1950s, he had already received National Foundation grants
that totaled hundreds of thousands of dollars. But, he told O’Connor, it
might be decades before there would even be a vaccine to test. It takes
time, Sabin and other senior polio researchers would tell O’Connor. You
can’t rush careful science.

But time was something O’Connor did not have. It was becoming
obvious that palliative measures were no longer a sufficient response to
polio. With each passing year, there were more polio victims. The cost of
caring for them was rising, absorbing more and more of the money the
March of Dimes efforts raised. The 1952 epidemic alone had added forty
thousand new polio victims to the rolls of the hundreds of thousands the
National Foundation was already assisting. Caring for each would cost an
estimated $40,000 dollars over the course of his or her life. If victims
continued to pour in every year, the National Foundation would simply go
broke. To O’Connor, it began to feel like the fight against polio was
simply an exercise in watching the losses pile up.

Some of those losses were personal. In 1950, one of O’Connor’s two
daughters became paralyzed. She was thirty years old, a young mother of



five children. “Daddy,” she said on the phone when she broke the news,
“I’'ve got some of your polio.” Then, in 1952, a heart attack forced
O’Connor out of the office for three months while he recuperated. It was
well known that O’Connor had vowed to beat polio in his lifetime. Perhaps
he was simply running out of time. The only way to defeat polio was with
an effective vaccine. But at the rate Sabin and the others were proceeding,
there could be a million or more new victims before there was even an
experimental vaccine. Somehow, somewhere, O’Connor had to find a new
scientist to back, one who was less concerned with scientific rigidity and
protocols and more concerned with results. Someone who was eager to
make a name for himself and ready to take a gamble. Someone who
wanted to defeat polio as badly as he did—now.



A Young Man from Pittsburgh

AT THE MIDPOINT of the twentieth century, the quest to develop a polio

vaccine was stalled at a paradoxical roadblock: In the midst of ever
expanding epidemics, researchers couldn’t get their hands on enough of
the virus they were trying to fight. The cruel irony was that even as
poliovirus was running amok in its natural setting, in a laboratory the virus
was painfully difficult to grow. Researchers simply did not know how to
produce quantities of poliovirus sufficient to support an effective vaccine
research program, especially on a timetable that could meet the demands
of the increasingly impatient Basil O’Connor.

Even today, the first step for any scientist wishing to launch a vaccine
development program is to collect samples of the target virus, take it back
to the laboratory, and grow billions of copies of it under controlled
conditions. Prior to the 1950s, there was certainly no shortage of
opportunities to collect “wild” poliovirus. Any researcher who wanted to
get into the vaccine development business could get all the virus-laden
baby diapers and stool samples from epidemic hot sites that he or she
could ever want. Research labs amassed impressive arrays of different
disease-causing strains that they had dubbed with names like Mahoney, for
the Ohio family from which it had been i1solated, or MEF, standing for the
“Middle East Forces,” in honor of the unfortunate young soldier who had
contracted polio while stationed in North Africa during the Allied



campaign against Rommel. But collecting virus samples was easy
compared to the next step: growing the strains in a laboratory. Viruses,
unlike bacteria, need living cells to reproduce themselves. At the time,
most virologists used live laboratory animals, usually hamsters, or small
rodents, for their virus work. Hen’s eggs were also used. But in the wild,
polio 1s a disease that only afflicts humans; rodents do not contract the
disease. Scientists had induced polio in monkeys, but after decades of
trying; they had achieved only spotty success in infecting any common
laboratory animals. That left monkeys as the only reliable “vector” for
growing mass quantities of polio vaccine for research.

Monkeys were a nightmare to work with. They were expensive, hard to
procure, filthy—they really do like to throw their fecal matter at their
captors—and would bite each other and their keepers. They often would
arrive sick and be useless for laboratory research. But monkeys were the
only animals available for vaccine work, and every researcher devoted
countless days and weeks to the tedious, dirty, and sometimes dangerous
task of using live monkeys to grow poliovirus. First they injected the
monkey with poliovirus and waited until it showed signs of illness. Then
the monkey would be “sacrificed” (killed) and a small amount of virus-
containing fluid extracted from its ground-up spinal cord. After repeating
this work dozens of times, researchers hoped enough virus had been
harvested that serious vaccine work could finally begin. But vaccine
testing in the laboratory was just as laborious as the virus growth process.
Another series of monkeys was injected (this time with the experimental
vaccine), followed by another round of waiting to see what happened. If
the monkeys got sick from the experimental vaccine, the vaccine was
dangerous, and the previous months of work were wasted. If the monkeys



did not get ill, the researcher faced another round of experiments in which
the vaccinated monkeys next were “challenged” with some of the viral
strains that caused disease. Only now—if a potential vaccine prevented
paralysis in the monkeys—was there a first sign that it might be effective.

Assuming a polio researcher was lucky enough to reach the stage of a
workable vaccine formulation, there still lay ahead months of verifying
that the success was not a fluke by repeating the whole procedure in new
batches of monkeys. Now the researcher was finally ready to test the
putative vaccine in humans, with an initial trial involving no more than a
few hundred people, perhaps only a few dozen. But even a small-scale trial
would require hundreds of monkeys to produce enough poliovirus for the
experimental vaccine. If the initial field tests were successful, then would
come larger tests—again necessitating the use of more hundreds of
monkeys to produce vaccine. Finally, if the researcher was lucky, years
into the process, he or she might be ready for field trials on the scale
needed to prove that the vaccine was not only safe in humans, but actually
prevented polio. Mass field trials would involve a daunting number of
monkeys—hundreds of thousands. And if the vaccine should be approved
for commercial production, the numbers of monkeys became staggering.
Tens of millions of monkeys might be needed. There would never be
enough monkeys to meet the demand. As long as the only way to produce
a potential polio vaccine relied primarily on injecting and killing monkeys,
the process would remain maddeningly slow.

At the end of January 1949, there came a largely unnoticed
announcement that changed this calculus entirely. John Enders, director of
Harvard Medical School’s new infectious disease laboratory at Children’s
Hospital in Boston, reported that it was possible to easily grow poliovirus



in a variety of tissue cultures.

Tissue cultures were petri dishes or flasks containing cells from only
one kind of animal or human tissue. They offered the promise of
eliminating the need for whole animals for virus cultivation; instead, the
viruses could be grown in cell cultures of the tissue type(s) they preferred
in the wild. There had been some earlier attempts to use tissue culture for
polio vaccine research, but these had been abandoned because it was
assumed that the only tissue type that would support poliovirus growth
was nerve tissue. But vaccine preparations that contained even a few nerve
cells could provoke an allergic brain reaction, or even death, in a recipient.
The conclusion had been, therefore, that nerve cell tissue cultures were
simply too dangerous for polio vaccine work.

Enders and his team were trying to identify what tissue types best
supported the growth of various disease-causing viruses. His lab had been
growing mumps and chicken pox viruses, first in chick amniotic
membranes and then in various human tissue cultures. Although Enders’s
group was not specifically interested in polio, its work was supported by
the National Foundation, which by this time was involved in funding viral
research of all kinds. The National Foundation support meant Enders’s
team had received some samples of poliovirus. On a whim, one day, at the
end of March 1948, one of Enders’s postdoctoral fellows decided to see
what would happen if he infected a human tissue culture with the
neglected poliovirus samples. That spring, he and another postdoc in the
lab cultivated one of the more virulent strains of poliovirus on human
embryonic tissue cultures composed of skin, muscle, intestinal, and
connective tissue, all derived from miscarried fetuses. The poliovirus
thrived, reversing the decades-old misconception that poliovirus would



grow only on nerve cell cultures.

Enders and his group published their results in a brief, understated,
two-page report in the January 28, 1949, issue of Science. Their paper,
“Cultivation of the Lansing Strain of Poliomyelitis Virus in Cultures of
Various Human Embryonic Tissues,” was buried in the back pages of the
magazine. But the paper’s low-key tone belied its importance. It was a true
breakthrough: Here at last was a method for poliovirus cultivation that
eliminated the need to infect live monkeys and avoided the use of
dangerous nervous system tissue.

Enders and the two younger scientists who were part of his team would
receive the Nobel Prize in medicine for their revelation in 1954, but when
it first appeared in 1949, their Science paper was ignored by almost every
established polio investigator. There was, however, one researcher who
seemed to fully appreciate the importance of the new finding. Within a few
months of reading Enders’s paper, this earnest, young doctor—Jonas Salk
—was already planning to retrofit his laboratory at the University of
Pittsburgh to take advantage of the Boston scientists’ discovery. By the
beginning of the following year, Salk’s lab had perfected and improved on
Enders’s technique and started tissue culturing on a mass scale, using
ground-up monkey kidneys suspended in a special nutrient broth. The
efficiency of the new technique was almost beyond belief. The viral yield
from one animal’s kidneys was better than what could have been produced
from dozens or even a hundred live monkeys—and the process took a
fraction of the time. By the time anyone noticed, the obscure University of
Pittsburgh scientist was beginning small field trials of his own brand of
polio vaccine. He had lapped the competition before his more esteemed
peers even knew he had entered the race. The name Jonas Salk would soon



become synonymous with the long-sought, miraculous cure for polio.

Salk was born in New York City in 1914, the eldest son of Russian
Jewish immigrants. He grew up in a predominantly Jewish neighborhood
in the Crotona section of the Bronx. Jonas’s family expected him to
achieve, and he did not disappoint them. When he was twelve, he gained
admission to Townsend Harris High School, an elite competitive public
high school, where he was “a perfectionist” who “read everything he could
lay his hands on,” according to one of his fellow students. At fifteen, he
entered City College of New York and fell in love with science. Putting
aside aspirations to become a lawyer, he concentrated on the course work
necessary for admission to medical school, graduating near the top of his
class. He was rewarded with a scholarship to the Medical School of New
York University, where he stood out from his peers, not just because of his
continued academic prowess—he was Alpha Omega Alpha, the Phi Beta
Kappa of medical education—but because he had decided he did not want
to practice medicine. During his first-year studies, Salk became absorbed
with research, so much so that at the urging of a professor he took a year
off from medical school to study biochemistry. When he returned to
classes full-time, he juggled his course load to include a heavy
concentration in bacteriology, which had now replaced medicine as his
primary interest.

In the senior year, NYU medical students were allowed a two-month
elective. Salk chose to work in the laboratory of Dr. Thomas Francis.
Francis had recently joined the faculty of the medical school after working
for the prestigious Rockefeller Foundation, where he had discovered the
Type B influenza virus. The two-month stint in Francis’s lab was Salk’s
first introduction to the world of virology—and he was hooked. When he



graduated from medical school in June 1939, he immediately returned to
Francis’s lab. For the nine months between medical school graduation and
the start of his residency at New York’s Mount Sinai Hospital, Salk
worked in Francis’s laboratory learning how to kill influenza viruses with
ultraviolet radiation. Salk and Francis stayed in touch during Salk’s stay at
Mount Sinai even though Francis had left NYU to direct the University of
Michigan’s new School of Public Health. Francis even arranged for Salk to
report at a research symposium on a minor innovation he had made in a
laboratory technique that improved the recovery of influenza from
cultures.

As the end of his residency was drawing near, Salk began applying for
research appointments. But the jobs he coveted in New York were closed
to him because of the anti-Semitism that prevailed in so much of the
medical research establishment. And Mount Sinai was notorious for never
hiring its own interns. Disheartened and disappointed, Salk turned to his
mentor for help. Francis did not let him down. He secured extra grant
money and offered Salk a job. On April 12, 1942, thirteen years to the day
before his polio vaccine would catapult him to international celebrity, Salk
began work in Francis’s laboratory, assisting him on an army-
commissioned project to develop an influenza vaccine.

Virology was still a young science in 1942, not even a half century old.
In 1895, two researchers working independently of each other—one in
Holland, the other in Russia—were the first to conclude that there existed
a class of mysterious disease-causing agents that were smaller than
bacteria. The new class of noxious substance was dubbed a “virus,” a Latin
word that means “venom” or “poison.” Forty years later, in 1935, Wendell
Stanley (another eventual Nobel Prize winner) definitively demonstrated



that the unseeable stuff was actually a living thing, a new category of
organisms that dwelled in the shadow and between life and inert matter—
seemingly dead until they invaded living tissues and then somehow
revived to inflict disease. Even with a burgeoning interest in the field that
the work of Stanley and others effected, the new enemy was still largely
unknown at the time of Salk’s arrival in Ann Arbor. Nobody could even
see one of the microscopic “beasties.” The electron microscope had just
been invented, and 1t would be many years before it would make it into
even the best-funded virology labs. DNA and RNA had not yet been
discovered, and how viruses came alive and replicated inside living cells
was a mystery. What was known was that, like the tobacco mosaic disease
that Dutch and Russian scientists had studied, there was a series of human
diseases that were apparently viral, not bacterial, in origin—smallpox,
rabies, measles, influenza, and polio, among others—and that drugs that
worked against bacterial diseases were ineffective against them. If drugs
were useless against viruses, that left only prevention, specifically,
vaccines.

All vaccines rely on tricking the immune system. The vaccinologist
manipulates a disease-causing virus so that it 1s no longer toxic, yet still
provocative to the immune system. Millions of copies of the manipulated
virus are placed in a solution and then injected into an individual. An
individual’s immune system reacts to the vaccine injection as if the
imposter virus in the vaccine were the real thing, gearing up for a full-scale
attack on the invader by manufacturing antibodies. If the vaccine works,
an individual who encounters the deadly form of the virus is already
prepared to fight back, and the individual is considered “immune.”

Louis Pasteur was the founder of modern immunology and the first to



perfect the art of making vaccines. Pasteur took rabies virus directly from
the spinal cord of a rabid dog and injected it into the brain of a rabbit;
when the rabbit became sick, Pasteur took the viral fluid from it and
injected it into yet another rabbit. He “passaged” the virus this way
twenty-five times through a series of rabbits, weakening the virus until the
rabies virus no longer could cause disease, but would, when 1injected into
dogs, render them immune to wild rabies. One fateful July night in 1885,
Pasteur was visited by a frantic Alsatian couple whose nine-year-old son
had been bitten by a rabid dog. The couple begged Pasteur to inoculate the
boy with his experimental vaccine even though Pasteur feared it would not
work. After a ten-day course of painful injections directly into the
abdomen, the young boy, whose death had seemed inevitable, had
miraculously survived. With Pasteur’s success, modern vaccinology had
begun.

Pasteur’s vaccine was an “attenuated” or “live” vaccine. The virus in
the vaccine was alive, strong enough to multiply and provoke the
necessary response in the immune system, but too weak to cause full-
blown illness. Most viral vaccine researchers in the 1940s believed that
Pasteur’s original approach was the best way to make vaccines. A smaller
group, which included Thomas Francis, believed in the superiority of
“inactivated” or “dead” wvaccines. Instead of engaging in the time-
consuming hunt to create less virulent viral strains, these scientists would
deliberately isolate dangerous viral strains from sick individuals, destroy
the viruses’ “infectivity” (the ability to cause disease), with chemicals or
ultraviolet radiation, and use the resulting “inactivated” viruses as the basis
for a vaccine. As long as the killed viruses had not lost their “antigenicity”
(ability to invoke an antibody response from the immune system), Francis



and other inactivated vaccine proponents believed that a “killed” vaccine
was every bit as good as a live, attenuated one, perhaps even better.

An advantage to a killed vaccine i1s that the vaccine can be easily
loaded with more than one strain of virus. Influenza, the virus that was the
focus of Francis’s research, was a perfect candidate for a killed virus
vaccine. Influenza is usually not particularly lethal, but the virus 1s highly
mutable. Every year, new strains circulate the globe, and every now and
then a particularly deadly variety surfaces. During the winter of 1918—
1919, one particularly virulent strain of influenza wreaked havoc
worldwide. At the height of the Spanish flu pandemic, people who had
seemed healthy hours before literally dropped dead in the streets. More
American Gls were killed by the Spanish flu than died in the trenches and
the battlefields of France. As America entered World War II, it was a top
military medical priority to develop an effective vaccine against a broad
spectrum of influenza viruses. Francis’s ability to devise vaccines that
could protect against more than one flu strain gave him a decided
advantage.

Under Francis’s tutelage, Salk became an expert in killed vaccine
development. Within a few months he was Francis’s chief collaborator,
often running day-to-day lab operations. He and Francis soon perfected an
influenza vaccine that was widely used at army bases. Salk had been
responsible for discovering and isolating one of the flu strains that was
included 1n the final vaccine. But Salk chafed at his role as the junior
scientist of the pair. When he and Francis published papers together, Salk
would sometimes squabble about whose name was featured. (“Everyone
knows who you are,” Francis would later recall him saying. “It doesn’t
matter whether your name 1s first or last.”) By 1947, an impatient Salk had



decided he wanted to strike out on his own. After three institutions turned
him down, an offer came from William McEllroy, the dean of the
University of Pittsburgh Medical School, which included a promise that he
would run his own lab. In the fall of that year, Salk left Ann Arbor and
headed for Pennsylvania.

After Salk arrived at Pittsburgh, he found that there wasn’t nearly as
much substance to McEllroy’s optimistic promises as he had naively
believed. He had been relegated to cramped, unequipped quarters in the
basement of the old Municipal Hospital, and his longed-for independence
had evaporated. Salk’s appointment placed him administratively under a
researcher who specialized in plant viruses and was uninterested in Salk’s
flu work. When Salk’s requests for equipment and furnishings went
unnoticed, Salk took matters into his own hands and went back to
McEllroy, who secured an independent appointment for Salk to the
medical school faculty. With McEllroy’s backing, Salk gradually annexed
more of the unused Municipal Hospital for lab spice and secured a $12,500
grant to begin building a working virology laboratory from one of the
numerous foundations supported by Pittsburgh’s famous Mellon family.
With a virology lab finally starting to take shape, Salk resumed the work
on influenza he had interrupted at Michigan.

Then came the break that would put Pittsburgh and Salk at the
forefront of the fight against polio. A few months after Salk arrived at
Pittsburgh, Harry Weaver, the new director of research at the National
Foundation, came to visit Salk and asked if he would like to participate in
the National Foundation’s poliovirus typing project.

Harry Weaver had been an assistant professor of anatomy at Detroit’s
Wayne State University and had received grant money from the National



Foundation when he was still a practicing researcher. In 1946, Basil
O’Connor, impatient with the slow pace of vaccine progress, decided he
needed a full-time director of research. Weaver had been recommended to
O’Connor as having the self-assurance and take-charge attitude necessary
to herd the competing and quarreling group of scientists that the National
Foundation was funding toward O’Connor’s goal of developing a polio
vaccine as quickly as possible.

Weaver convened a series of roundtable meetings with the leading
polio experts to acquaint himself with the state of polio knowledge and
begin plotting a course toward a vaccine. He quickly realized that one of
the fundamental challenges to a successful vaccine was that 1t would need
to cover the full range of disease-causing poliovirus variants. By 1948, it
had been proven that contrary to what had been supposed for decades,
polio was not one, but three, distinct families of viruses (now known
prosaically as Types I, II, and III). This meant that any successful vaccine
would have to immunize against all three virus types. There also needed to
be an assurance that there were no additional types of polio. Someone
needed to go through each of the hundreds of known strains of polio and
methodically classify each strain into one of the three known poliovirus
types (or others, should they be discovered) before vaccine research could
advance much further.

Weaver conceived of a massive virus-typing project involving four
laboratories working collaboratively under the direction of the National
Foundation. The problem was in recruiting the labs. Established polio
researchers were uninterested. Virus typing was scut work, the scientific
equivalent of bean counting—dull, boring, and repetitive—a laboratory
assignment usually foisted on subordinate researchers. There would be



little reward even for a job well done. No great discoveries were going to
come from Weaver’s project. And because Enders’s tissue culture
discovery was still to come, typing poliovirus strains required growing the
viruses that were to be classified in monkeys, with all their attendant
problems. (Weaver estimated fifty thousand would be used during the
three years the project was scheduled to run.) Participating laboratories
needed to be capable of administering the equivalent of a small zoo.

Weaver’s recruitment drive led him to Salk and Pittsburgh. Salk
appeared to be an ideal candidate. His lab space was suitable. The many
empty wings at the Municipal Hospital meant he had sufficient space for
the large numbers of monkeys that needed to be housed on-site. He was a
talented, though still relatively unknown, virologist, so he had the requisite
skills. The only trick would be persuading him that engaging in the
drudgery of virus typing was worth his while. Weaver hinted to Salk that
the virus-typing project had the potential to lead to “something very much
larger.” The hint of greater things to come, along with the $200,000 annual
National Foundation grant that came with the project, sealed the deal for
Salk. He had come to Pittsburgh hoping to establish himself and move up
in the scientific world—of course, he would be happy to work for the
National Foundation on Dr. Weaver’s important project.

Salk 1immediately set out planning a future beyond virus typing. In
August 1948, four months before the project was scheduled to begin, he
wrote to Weaver to suggest that the next logical step after poliovirus
typing would be polio vaccine development—and 1n this next endeavor the
National Foundation should favor laboratories, like his, that were already
participating in the typing project. He closed by suggesting that Weaver
agree to support him for the next five years. He was anticipating a long-



term relationship with the National Foundation.

If Salk was audacious, he was also astute. In January 1949, Enders’s
article about tissue culturing of poliovirus ran in Science. Salk was
immediately intrigued and asked Weaver to help him secure some tissue
cultures from Enders. Weaver rebuffed him: Salk’s job was to pursue virus
typing, not to use a National Foundation grant to satisfy his own curiosity
about an unproven technique. Weaver suggested that if Salk were so
interested in Enders’s work, he should correspond with the Boston
scientist directly—a suggestion Salk took to heart. After Salk contacted
Enders, the Harvard scientist agreed to demonstrate the efficacy of his new
technique. Salk sent fourteen strains of poliovirus to Enders that he had
already classified by virus type. It had taken Salk weeks to classify the
strains using monkeys. But it was only days later that Enders got back to
Salk with his own results. Using tissue cultures, Enders had accurately
typed each strain in a fraction of the time i1t was taking Salk and the other
virus-typing laboratories.

To Salk, Enders’s tissue-culturing technique was virtually magic, and
its practical applications enormous. If the virus-typing work could be
carried out 1n tissue cultures instead of live animals, the National
Foundation obligation could be fulfilled at a relatively minimal expense in
terms of time and resources. Salk and his staff would be free to start
working on other, more interesting projects, such as development of a
vaccine. With or without Harry Weaver, he was going ahead.

In December 1949, Dean McEllroy helped Salk secure a small grant
from a Pittsburgh-based philanthropic foundation. Salk used the funds to
purchase some basic equipment. He hired a technician and went into the
tissue culture business. When Weaver came by a few months later to check



on the progress of the virus typing, he toured Salk’s lab and noticed the
new equipment and staff. What was going on? When Salk explained that
he was switching over to tissue culturing, Weaver arranged for the
National Foundation to start funding the tissue culture operation. The truth
was that Weaver, in the intervening year, had come to see the benefits of
the new technique. He had been trying to get other more senior National
Foundation—supported researchers to switch to tissue culturing, but none
were willing. When it became obvious that Salk was already far ahead, it
simply made sense to back him.

Weaver had also taken a shine to Salk. He began to quietly encourage
him to pursue his ideas on immunity and start working on a vaccine if that
was what he really wanted to do. Salk needed to finish the virus-typing
project, but Weaver would make sure he got the money he needed to
pursue a vaccine. Salk now had a powerful mentor at the National
Foundation and a secure funding source. With his new-found support,
Salk’s laboratory at Pittsburgh’s Municipal Hospital began to expand
rapidly. Over the next three years the staff grew from a core of six people
to fifty. The laboratory outgrew its original quarters in the former morgue
and expanded to fill the entire basement and then the entire first and
second floors. (The fourth and fifth floors of the hospital were the polio
wards. Salk and his staff spent enough time there that these floors, too,
were practically part of his lab.) A full-scale renovation project was
underway. A conference room was converted to a den of laboratories.
Salk’s office materialized from the former staff lounge. Special separate
temperature-controlled rooms were created in the basement for growing
and storing poliovirus. New, stainless steel equipment was installed.
Centrifuges, benches, microscopes, and test tubes soon filled the



remodeled rooms.

And there were monkeys. Scores of primates filled the animal quarters
that had been set up on the second floor of the hospital, with a staff of
expert animal handlers employed to take care of them. Even with the
switch to tissue cultures, monkeys remained at the center of Salk’s polio
research. Once Salk’s team had perfected Enders’s tissue-culturing
technique, it abandoned the human embryonic tissue the Harvard
researchers had favored—it was difficult to procure—and began
harvesting organs from the monkeys that were originally intended to have
been infected live during the virus typing. At first Salk’s laboratory used
monkey testes to prepare tissue cultures; but in early 1952, it switched to
monkey kidneys exclusively. The monkey organs were used as the raw
material of what became a tissue-culturing operation of factory-like scale
and precision. Soon Salk’s lab was reporting viral yields from monkey
tissue that were two hundred times greater than what could have been
garnered from live animals.

By 1953, Salk’s lab was using fifty monkeys a week for polio research.
Shipments of monkeys arrived regularly from the special National
Foundation monkey center in Hardeeville, South Carolina. (The demand
for monkeys in polio research around the nation was so great that in order
to guarantee a steady supply, the National Foundation had begun to import
the primates itself directly from India and the Philippines, hiring experts in
trapping, handling, and transport.) Inside Salk’s lab, the monkeys would be
removed from their cages and anesthetized. Their kidneys were quickly
removed and then the animals were killed by an overdose of ether. In the
basement, technicians would take the fresh kidneys and mince them into
tiny pieces with scissors. The mash was then placed in large stoppered



flasks in a suspension of carefully formulated nutrient broth. After four to
six days, fresh nutrient was added and the kidney tissue was “seeded” with
one of the three types of poliovirus. In the warm incubator room—Lkept at
near human-body temperature—the seeded flasks were placed on specially
designed stainless steel shelves that resembled a minature ferris wheel. As
the shelves revolved, the seeded flasks rotated slowly so that the poliovirus
would have maximum contact with the monkey kidney cells. Several days
later, the flasks would be removed from the incubators, and enormous
quantities of virus would be “harvested” from each flask by a gigantic
vacuum pump. Then the virus would be inactivated by soaking it for
thirteen days in a vat of warm formaldehyde solution, known as Formalin
(“cooking the virus” was how Salk liked to describe the inactivation
process to laypersons), before being combined with similar amounts of
inactivated virus of the other two types of polio to make the final vaccine.

By this time, all serious polio researchers, not just Salk, had switched
to monkey kidney tissue cultures. Even Albert Sabin, who had initially
been uninterested in tissue culture, decided—after some National
Foundation prodding—to convert his own polio research lab to monkey
kidneys. In January 1953, he toured Salk’s lab so he could pick up some
pointers on the new technique.

Monkey kidneys and polio vaccine. The two were now inseparable.
For better or worse, whatever was in the kidneys would almost certainly be
in the vaccine.



The Vaccine that Opened Pandora’s Box

THE KIDNEYS ARE two bean-shaped organs located in the back of the

abdomen, nestled between the twelfth rib and the spine, about one-third of
the way up from its base. They have important hormonal roles—helping to
metabolize vitamin D and manufacturing erythropoietin, the chemical
substance that world-class athletes have occasionally been accused of
abusing because of its ability to stimulate red blood cell production. But
their main function is to extract waste. The two organs act as the primary
sewage treatment plants for the body’s circulating blood. Millions of
nephrons, the kidney’s basic functioning unit, comprise an intricate
filtration and absorption system that takes in a river of polluted blood,
passes it through a series of cellular sieves, removes the waste and poisons,
and returns the blood—now cleansed—to the body’s circulatory system.
The toxins are sent downstream to the bladder to be excreted in urine.

An association between the kidneys and urine may seem to be obvious,
but the bodily fluid that defines the kidney is blood. The organ’s reddish-
brown hue comes from its high degree of vascularity. It is crammed full of
blood vessels, a twisting mass of veins, arteries, and capillaries. The
kidney 1s awash in blood, bathed in a constant inundation. Every time the
heart beats, 20 percent of the output is sent directly to the kidney through
the renal artery. In an adult human, the two kidneys process 425 gallons of
blood daily. Cut open a kidney, and whatever 1s circulating in the blood



will be found there: normal metabolites as well as chemical byproducts
from drug and alcohol abuse, infectious agents of various kinds, and
potentially toxic metabolites. Monkey kidneys, no less than their human
counterparts, contain the same admixture of undesirable refuse. They are
notorious reservoirs of pathogens. Remove a kidney from a monkey and
you reap with it all of the offal circulating through the monkey’s blood—
parasites, bacteria, unknown viruses—plus whatever microorganisms are
actually living in the kidney itself. Monkey kidneys, as one prominent
polio vaccinologist, Hilary Koprowski, put it in 1961, are loaded with
“dormant” viruses waiting to “go on a rampage” as soon as they are
harvested and used for tissue culture. Said another researcher, Leonard
Hayflick, testifying before Congress in 1972: A monkey kidney is “a
veritable storehouse for the most dangerous kinds of contaminating
viruses.... the ‘dirtiest’ organ known.”

Despite their unsavory reputation, monkey kidneys were the organs of
choice for Salk and almost all others interested in the production of polio
vaccine. Hayflick, formerly a senior researcher at the Wistar Institute in
Philadelphia and Stanford University, recalls that he once spoke to Salk
about why he and other polio vaccine researchers chose to use monkey
kidneys for vaccine research and production. Although Salk testified
before Congress in 1955 that the choice of monkey kidneys had been the
result of a deliberate search to find the tissue that supported viral growth,
Hayflick believes the choice of both animal and organ was made much
more by default. “No one sat around the blackboard and listed the options.
It was simply common sense,” he says. Human tissues such as Enders had
used 1n his 1948 experiments were difficult to procure on a large scale, but
every lab working on polio had a large supply of monkeys. In labs like



Salk’s and others, there were “tons of monkey kidneys downstairs,”
Hayflick says. Of all the organs one could use for tissue culturing, the
kidneys were also the easiest to obtain. Kidneys, as opposed to other large
organs (the heart and lungs, for example), were both discrete and readily
accessible. According to Hayflick, “a seventh-grader could see 1t.”” All one
had to do was to anesthetize the monkey, lay it face down and make a deep
longitudinal cut up the monkey’s spine. After peeling back the monkey’s
flesh and muscles, the kidneys were easily visible. A few quick snips and
the organs were removed.

Because it was easy and because they were already using the animals,
Salk and other researchers turned to fresh monkey kidneys for their
vaccine work: virus production, antibody measurements, potency testing—
almost all aspects of the research were switched to monkey kidney tissue
cultures. Demand soared, and thousands upon thousands, almost all of
them rhesus monkeys from India, were imported annually into the United
States for polio research. Two hundred thousand rhesuses alone were
required in 1955, the first year of full-scale commercial polio vaccine
production.

Despite its diminutive stature and appealing face, the rhesus monkey is
known for its nasty temperament. The animals scratch and bite, behavior
that i1s all the more dangerous because they carry viruses that are
dangerous to humans. In 1932, William Brebner, a promising
bacteriologist, was bitten by a rhesus monkey at the Rockefeller Institute
laboratories in New York City and died seventeen days later from a
paralytic disease that immobilized his legs, then the rest of his body until
he was finally no longer able to breathe. He choked to death. Albert Sabin,
then a young researcher who had just started work at the institute,



determined that Brebner’s death was caused by an unknown, new virus
that had stripped the protective myelin sheathing off his nerve cells. The
new virus was dubbed Monkey B, in homage to its first victim, and has
remained a threat to laboratory workers ever since. A researcher at the
Yerkes Primate Center in Atlanta died of the disease as recently as 1997.
She had inadvertently been splashed in the eye with urine from an infected
monkey.

In the 1950s, as far as anyone knew, B virus was the only dangerous
virus monkeys carried. But as Salk and other polio researchers began
monkey kidney tissue culturing in earnest, it soon became apparent that
rhesus monkeys harbored many other exotic viruses. Seemingly healthy
monkeys were killed, their kidneys removed and minced, and the chopped-
up tissue placed into nutrient-filled bottles to initiate tissue cultures. Then
the cultures began to visibly degenerate. Whereas healthy tissue cultures
could be expected to grow smoothly along the walls of the glass
containers, these monkey kidney cultures would often clump together and
form irregular clusters. Other times they would form spindly appendages
that would waver like feathers if the tissue culture bottle were shaken.
Sometimes whole clumps of dead tissue would simply slough off the side
of the bottle and float lifelessly in the nutrient medium. Under an ordinary
light microscope—the only kind available at the time in their laboratories
—researchers could not see the viruses responsible for the bizarre growth
and tissue death. But they could see the devastation (called the cytopathic
effect, or CPE) that the viruses caused within individual cells: some caused
gaping holes, called vacuoles, in the cellular cytoplasm; others caused
abnormally enlarged “giant” cells. Infection by others caused the cells to
bunch up in grapelike masses of tiny, queerly shaped cells, or cells with



obliterated nuclei. There was only one possible source for the viruses—the
monkey kidneys used to make the tissue cultures.

Most efforts to screen kidneys for unwanted viruses proved ineffective,
and the continuing viral infection of kidney cell cultures became a constant
source of frustration for all polio researchers. Infected cultures couldn’t be
used to support poliovirus growth. Researchers would have to scrap them
and begin anew. One researcher estimated that, depending upon the
manufacturer, from the late 1950s to the 1970s, at least 25 percent and
perhaps as much as 80 percent of the monkey kidneys processed for
vaccine manufacturing was tossed out because of viral contamination.

Even with all their problems, monkey kidney tissue cultures were
perceived as a boon, not a potential biohazard. By being the first to exploit
the Enders tissue culture discovery, Salk leapfrogged all other polio
researchers. Enders, who would have had several years’ head start on
every other polio researcher if he had chosen to put his discovery to work,
wanted no part in vaccine development and the entanglements with the
National Foundation it entailed. Albert Sabin would not fully utilize the
new tissue culture technique for his own vaccine research before the mid-
1950s. Another potential rival was a Lederle Laboratories group working
full-time on a vaccine, but the team would spin its wheels for several years
in an unsuccessful attempt to get chick embryos to support poliovirus
growth. Thanks to his monkey kidneys, Salk finished his virus typing
responsibilities in mid-1951, several months ahead of schedule. He
immediately turned his laboratory to research on a vaccine.

During the winter of 1951-1952, Salk perfected his technique for
poliovirus 1inactivation after studying hundreds of variations. By
springtime, he had prepared enough vaccine to begin small-scale field



trials. During the summer of 1952, more than 150 children were inoculated
with Salk’s first experimental polio vaccine. That fall, Salk analyzed the
results. The vaccinations were an unqualified success, as far as he could
determine. Meanwhile, only Harry Weaver and a few other top National
Foundation officials knew what Salk was up to.

In January 1953, Weaver asked Salk to come to an invitation-only
meeting of the National Foundation’s Immunization Committee in
Hershey, Pennsylvania, and report on his vaccine tests. The Immunization
Committee consisted of twelve of the country’s leading polio virologists
and four National Foundation representatives. The committee had been
meeting since the spring of 1951 and was charged with steering the
National Foundation’s course toward a vaccine. Salk would be the “new
boy” at the two-day conclave, and the report of his field trials was
guaranteed to be a surprise. Weaver, Basil O’Connor, and Tom Rivers, the
rather crusty chairman of the National Foundation’s Committee on
Research, were the only attendees who had any knowledge of how far Salk
had progressed since he had finished his virus-typing work a year and a
half before. It was after lunch on the first day that Salk announced his field
trial results: 161 people had been injected with a Formalin-inactivated
poliovirus vaccine. No one had been injured, no one had contracted polio,
and antibodies 1n all subjects had been demonstrably increased. It looked
as though the young Pittsburgh doctor had a potentially workable polio
vaccine.

When Salk completed his presentation, the room divided into opposing
camps. National Foundation administrators and officials from the public
health establishment wanted to push ahead and start a much larger series of
experimental inoculations. “Why don’t you get busy and put on a proper



field trial?” demanded Joseph Smadel, the head of the Communicable
Disease Division at the U.S. Army’s Walter Reed Hospital. On the other
side were most of the virologists in attendance, several of whom came to
the unpleasant realization that the quiet Dr. Salk, whom they had largely
ignored at previous gatherings of polio researchers, had suddenly
surpassed them with an alacrity that was as unwelcome as it was
unexpected. This group found Albert Sabin—who was just beginning his
own work on a live virus vaccine—as its chief spokesperson.

Sabin had been studying polio for almost twenty years. He was
regarded as one of the country’s senior experts on the disease and was
outspoken 1in his belief that a killed vaccine was unworkable. Sabin had a
fearsome reputation; he was a ferocious debater and could take apart the
research of others, poking holes in almost every aspect of their theories.
(One researcher, Stanley Plotkin, would later say that “debating with Dr.
Sabin 1s very much like getting into a bear pit. One does not come out in
exactly the same shape as one went in.”) Sabin was also openly hostile to
Salk, perhaps accurately guessing that Salk was about to challenge him for
ascendancy in the polio world. After Salk had concluded his presentation,
Sabin mounted a full-scale offensive, engaging in a piecemeal demolition
of his presentation. Salk’s studies were inconclusive—the boosts 1in
immunity he had demonstrated among his volunteer children proved
nothing, since the children had all been previously exposed to polio. To
have validity, tests would have to be performed on subjects with no history
of exposure. Salk’s antibody data, derived from monkeys, were equally
confusing; figuring appropriate levels of vaccine dosages for humans
would therefore be a vexing problem. Surveys of representative
populations would need to be undertaken, a lengthy process by Sabin’s



estimation. Then human antibody levels would need to be correlated back
to antibody levels in the laboratory. It would take ten or fifteen years’
work before a killed-virus vaccine of safe and effective dosage levels
could conceivably be ready.

Basil O’Connor sat through the Hershey meeting without saying much
while the scientists in the room debated Salk’s results. Despite the
objections of Sabin and some of the other virologists, O’Connor must have
liked what he heard. The National Foundation swiftly put its full weight
behind Salk. Here, finally, was a polio researcher who had accomplished
something.

But O’Connor still had the virologists on the National Foundation’s
Immunization Committee to contend with. In theory, the National
Foundation wasn’t supposed to back any vaccine without the committee’s
blessing. And most of the virologists on the committee were not
predisposed toward Salk. When news about his putative vaccine leaked out
in early 1953, Salk became the subject of intense media interest. Articles
about the “Salk vaccine” and its discoverer soon were featured regularly in
the nation’s newspapers. Most of the articles seemed to suggest that, at
long last, thanks to the industrious doctor from Pittsburgh, a vaccine was at
hand. To some on the Immunization Committee, this kind of news media
attention was unseemly; Salk appeared to be a publicity hound, not a
serious researcher. It didn’t help matters much that Salk sometimes
sounded flippant. (Why had Salk decided to devote his life to research?
Time asked him. “Why did Mozart compose music?” was Salk’s reply.)
Moreover, most of the virologists on the committee shared Sabin’s
preference for a live-virus vaccine; they doubted that a killed vaccine was
safe or effective. (“Kitchen science” was the derisive term that Sabin, a



member of the committee, used to describe Salk’s inactivation procedure.)
Salk’s public reassurances that he would assume “personal responsibility”
for its safety were no substitute for hard scientific evidence, especially
since Salk had deliberately chosen the most virulent polio strains he could
find to put into his vaccine. (In one famous quote Salk, with more than a
touch of hubris, said to Life that his vaccine “is safe, and it can’t be safer
than safe.”) And even assuming that the vaccine was safe, there was no
reason to believe that it conferred anything beyond transient immunity.

Rather than attempting to mollify skeptical members of the
Immunization Committee like Enders and Sabin, O’Connor decided to
sidestep them. In May of 1953, the National Foundation’s Research
Committee chair, Tom Rivers, convened the first meeting of a decidedly
different panel of experts who had been invited to form the National
Foundation’s new Vaccine Advisory Committee. This group purposely
excluded polio experts. Rivers and Joe Smadel, who had both decided
several months earlier that Salk’s vaccine was the quickest way to beat the
nation’s annual polio epidemics, were the only virologists on the
committee. The rest of the new committee’s members had expertise only
in public health. The primary interest of these new members was polio
prevention. Unlike the Immunization Committee, they had no interest in
debating fine points of virus theory. What they wanted was a vaccine. Not
surprisingly, under the forceful leadership of Rivers and Smadel, the new
Vaccine Advisory Committee quickly decided that a nationwide test of
Salk’s vaccine should be undertaken during the next polio season—the
spring and summer of 1954,

With the go-ahead from O’Connor and the National Foundation for
mass tests, the next task was to find a manufacturer capable of producing



sufficient quantities of vaccine. Hundreds of thousands of doses would be
required—many times more than Salk could produce himself in Pittsburgh.
The National Foundation had an exclusive deal with Parke, Davis and
Company in Detroit to produce all of the vaccine needed. But once it
started production, the company encountered difficulty following Salk’s
inactivation formula. That led O’Connor to recruit more manufacturers.
Five pharmaceutical companies, representing some of the leading drug
manufacturers in America at the time, responded to O’Connor’s call: Eli
Lilly, Sharpe and Dohme, Cutter Laboratories, Wyeth Laboratories, and
Pittman-Moore.

At a meeting in November 1953, O’Connor informed the
manufacturers that anyone who agreed to produce vaccine for the field
trials had to supply it to the National Foundation at cost. But once the
vaccine was licensed, companies would be free to charge their standard
markup of 300 percent. How much would it cost the companies in
royalties and patent fees, someone wanted to know? Nothing, O’Connor
explained. As a nonprofit, philanthropic organization, the National
Foundation forbade researchers from patenting or receiving royalties from
discoveries made as a result of its research grants. There would be no up-
front fees. Now everyone was interested in producing Salk’s vaccine.
“That was some meeting,” O’Connor later said. “I asked one of the
company presidents, just for fun, how effective the stuff [Salk’s vaccine]
would have to be for him to want to sell it to the public. He said, ‘Oh,
maybe 25 percent.” And someone else said, ‘Perhaps 15 percent.””
O’Connor was in his own words “stupefied” by the response to his offhand
inquiry. The manufacturers were willing to sell to a desperate public—for
a hefty profit—a vaccine that they believed might fail 75 or 85 times out of



a hundred. The meeting ended with an agreement that all manufacturers
would try their hand at producing Salk’s vaccine, some no doubt eagerly
anticipating future windfalls should the field trials be successful.

At the same time the National Foundation was recruiting additional
manufacturers, it also decided to reach out to the federal government. The
Eisenhower administration, which had displayed a laissez-faire attitude
toward health care in general, had shown little interest in the battle against
polio, hoping instead that the National Foundation would solve the
problem. There was some justification for this hands-off attitude. Strictly
speaking, the National Foundation’s planned field trials were a private
affair. Since the vaccine being tested was still an experimental product and
was not being offered for sale, there were no federal licensing
requirements attached to it. But O’Connor, Rivers, and a few other
forward-thinking National Foundation officials realized that there was one
obligation related to polio vaccine from which the federal government
could not escape. Sooner or later, a vaccine would prove to be effective,
and the pharmaceutical houses would want to sell it. But only the National
Institutes of Health—mnot the National Foundation—could license a
commercially distributed drug or vaccine.

Responsibility for the regulation of biologic products, including
vaccines, had been given to the federal government in 1902 after a
contaminated antidiphtheria preparation had left several St. Louis children
dead from tetanus. Under the law, which was essentially unchanged five
decades later, the Public Health Service was responsible for licensing and
prescribing regulations for any biologic product that was bought or sold
within the United States. In 1937, responsibility for administering the law
had been assigned to the brand-new Laboratory of Biologics Control



(LBC), which had been established as a division of the National
Microbiological Institute, one of the seven scientific “institutes” that, at the
time, made up the National Institutes of Health. In practical terms, the
LBC held the power to recommend that the Health, Education, and
Welfare secretary approve or reject any new biologic, including Salk’s
vaccine. And once a new product was approved for the market, the LBC
was responsible for safety testing and any other evaluations mandated
before individual lots of the product could be released to the public. In
effect, the LBC was the only federal watchdog to ensure that the drugs and
medicines consumed by the American people met the law’s triple
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imperative of “safety, purity, and potency.” Despite this enormous
responsibility, the LBC was still a small laboratory in 1954. It had only
forty-five employees and an annual budget of roughly $300,000. There
were few professional scientists at the LBC; only ten staff members had
medical or advanced scientific degrees. Most were lab technicians and
clerical employees.

The National Foundation hoped that if the LBC became involved
during the field trial stage, licensing the vaccine would proceed more
smoothly. Federal scientists and bureaucrats would become familiar with
the new vaccine, would have seen it work, and hopefully would be more
inclined to approve it swiftly. With that in mind, the field trial design
assigned the LBC the lead safety role: Every batch of commercially
produced vaccine used during the field trials was to undergo independent
safety testing at the LBC labs in Bethesda, Maryland. Salk would also test
each batch in his laboratory in Pittsburgh, as would the manufacturers
themselves. The problem with this arrangement was that there were few in

the LBC with experience or expertise in polio. The NIH decision in the



1940s to cede polio research to the National Foundation had left the Public
Health Service unfamiliar with vaccine science and unprepared to
independently evaluate the new product. “Nobody in the Public Health
Service knew anything about polio,” the National Foundation’s Rivers
would later complain. “We had an awful time teaching them about polio.”

The new partnership between the Laboratory of Biologics Control,
Salk, and the National Foundation was strained from the start. LBC
scientists were leery of Salk’s claims that his prescribed inactivation
procedure, if followed correctly, would result in neutralization of every
single one of the countless millions of viral particles contained in a batch
of vaccine. On the National Foundation side, there was a feeling that the
federal scientists were nitpickers bent on causing unnecessary delays. Four
of the five new vaccine manufacturers who had expressed interest to
O’Connor the previous November had come on board by the winter of
1953—-1954 and started to produce vaccine along with Parke, Davis.
(Sharpe and Dohme had eclected not to participate.) But the new
manufacturers were suffering from the same production difficulties that
Parke, Davis had encountered the previous year. Rivers and Salk would
review the affected manufacturer’s production records (called “protocols™)
and sound reassuring. Nothing was wrong with the technique; it was the
execution that was flawed, a missed step here or there that could be
corrected. The federal scientists were not so sure. They continually pushed
for more testing, especially since some laboratories could not seem to
inactivate polio with any consistency. Batches of supposedly dead
poliovirus were frequently turning out to still be virulent, an alarming sign
that at some of the manufacturers all was not well.

In March 1954, the vaccine manufacturing pool was winnowed from



five to two. Wyeth, Pittman-Moore, and Cutter Laboratories had
completed only a few preliminary batches of vaccine and were judged to
have not yet accumulated enough experience to be reliable producers. That
left Parke, Davis and Eli Lilly, based in Indianapolis. On Sunday, March
21, 1954, the LBC cleared for release the first-ever commercially produced
batch of polio vaccine. Two cartons of vaccine were flown from Pittsburgh
and delivered to Salk. Some of the vials were flown to Washington. Basil
O’Connor himself received one of the first injections.

Then came near disaster.

Monkeys at the NIH, which had been injected with just completed
vaccine from both Lilly and Parke, Davis, had contracted polio. According
to the NIH, the vaccines contained live, not dead poliovirus. William
Workman, director of the LBC, was outraged and threatened to postpone
the field trials indefinitely until Salk’s entire inactivation process could be
rechecked. Even 1if the tests did go forward, he insisted on a dramatic
increase in safety testing: 350 monkeys—a sevenfold increase—would
have to be injected and sacrificed and their tissues microscopically
examined before any vaccine lot would be cleared by the LBC.

Now it was National Foundation officials’ turn to be angry. Meeting
Workman’s demands would be onerous and expensive (monkeys cost fifty
dollars each) and unnecessarily time-consuming; they would end any
prospect of national field trials beginning in 1954. There followed some
tense and heated meetings in which the National Foundation officials and
the NIH scientists jawed at each other. (At one point, Rivers grew fed up
with the NIH’s assistant director, James Shannon, lecturing him about
statistics on safety testing and yelled at Shannon: “I’ve been making
vaccines all my life. As far as I’'m concerned, you can take your pencil and



paper and shove them up your ass.”)

Then a compromise was reached. Rather than increase the number of
monkeys tested, 1t was decided it was more important for manufacturers to
demonstrate consistent reliability. Eleven consecutive batches of
demonstrably safe vaccine would have to be produced in order for any one
batch within that series to pass. The new rule was “one strike and you’re
out.” The other safety change was that the LBC would subject all
production to much greater oversight. Parke, Davis and Eli Lilly would
have to report on every single vaccine lot they produced—including the
ones they had to discard—mnot just the ones they believed were successful.
Unfortunately, after the field trials were over, the LBC’s stringent
oversight of polio vaccine manufacturers was abruptly discontinued.

With this last hurdle overcome, Salk’s vaccine was finally cleared for
national testing. At nine o’clock on Monday morning, April 26, 1954, six-
year-old Randy Kerr, from Falls Church in Fairfax County, Virginia,
received a shot and became America’s first “polio pioneer’—one of
almost 2 million grade-schoolers in forty-four states inoculated either with
Salk’s vaccine or with identically tinted cherry-soda-red placebo during
the next three months. The field trials were the biggest medical experiment
the nation had ever seen—and in keeping with so many of the National
Foundation’s endeavors, they were staffed almost entirely by volunteers,
proof of the national commitment to the defeat of polio. An entire army
went into battle that spring and summer: two hundred thousand lay
volunteers were dispatched into 14,000 schools with 50,000 teachers
enlisted to assist in the trials. Two hundred and seventeen local public
health departments helped collect data. Twenty thousand doctors,
supported by 40,000 nurses, administered inoculations. Blood samples



were drawn from 40,000 of the participating children so that changes in
antibody levels could be measured. Two million test tubes of blood were
eventually screened at twenty-seven laboratories.

Thomas Francis, Salk’s old mentor, lent his considerable scientific
expertise and reputation to the National Foundation and agreed to act as
the impartial scientific arbiter of Salk’s vaccine. Detailed reports on every
participating child were sent to Francis and a troop of evaluators at the
special Poliomyelitis Vaccine Evaluation Center in Ann Arbor, which had
been established with an $850,000 National Foundation grant. Working
out of the former University of Michigan maternity hospital, where two of
Salk’s sons had been born, Francis and his 120-person staff spent eight
months analyzing a mountain of results. Some 140 million separate items
of raw data were tabulated on 15 million IBM punch cards so that Francis
could render final judgment on the vaccine trials.

Meanwhile, hostilities between Salk and most of the other live vaccine
adherents continued unabated. Sabin, in particular, had become Salk’s
nemesis, a role he would play for the rest of his life. At every opportunity
—before the press, at scientific conferences, even in appearances before
Congress—Sabin would suggest that Salk’s vaccine was not safe and not
effective, and that the nation was foolhardy to rush to embrace it. The
disagreement between the two simmered openly at an international polio
conference held in Rome in September 1954. Sabin was already planning
to produce his own experimental vaccine; only his would use live
polioviruses, not killed ones. At the conference, his recurring criticisms of
Salk were bolstered when a vaccinologist from Sweden, Dr. Sven Gard,
announced that he believed that Salk’s inactivation theory was
“fundamentally wrong” and reported that he had found that if poliovirus



were totally inactivated by Formalin, it was no longer antigenic—meaning
that 1f Salk’s inactivated vaccine were inducing antibodies, it actually must
still contain residual amounts of live poliovirus. Later, at the same
conference, Sabin and Salk were asked by Tom Francis if they had
concerns about possible allergic reactions to the monkey kidney tissue that
might be in each of their vaccines. Salk dismissed the problem outright,
while Sabin attacked his rival’s vaccine, saying that since Salk’s vaccine,
unlike his, would require a number of booster shots, it increased the
potential exposure to monkey kidney tissue and therefore posed greater
risk of allergic reactions.

Allergies aside, there was another potentially significant and almost
totally overlooked problem with Salk’s vaccine—the very real possibility
that viruses other than polio could, at times, contaminate it. Full-scale
vaccine production for the field trials had started the previous winter and
spring, and right away unwanted simian viruses began cropping up in the
monkey kidney tissue cultures used for the production and safety testing of
the vaccine. At Eli Lilly, a researcher named Robert Hull begun
cataloguing the new monkey viruses that were confounding vaccine
manufacturers and private researchers alike. Hull devised a systematic
classification system for the new viruses based on the characteristic
damage they did to cells. The first one, dubbed SV1 (for its status as the
first simian virus characterized) was isolated in early February 1954, after
it had destroyed 17 percent of the safety-test tissue cultures that had been
set up at Eli Lilly. SV2 was 1solated at the end of August, just prior to the
start of the 1954 Rome conference. By the spring of 1955, Hull had
identified eight new simian viruses from monkey kidney tissue cultures.
(Eventually, by 1958, the number would increase to twenty-eight. All of



them, Hull reported, had come from monkey kidney tissue cultures used
for polio vaccine production.) The problem was not confined to Eli Lilly.
Parke, Davis was reporting contamination problems, as were some of the
manufacturers whose vaccine would end up not being used during the field
trials, including Cutter and Pittman-Moore. The NIH’s testing laboratory
in the LBC was finding them; so was the lab at Walter Reed Hospital.

It 1s doubtful that Hull’s work was a secret to the Rome conferees. The
world of polio virology was intimate. It lacked rigid barriers separating
scientists who worked in the private and public sectors. Virologists, even
when they were rivals, would freely share notes with one another. Hull’s
viruses certainly were no secret to Sabin. Sabin had provided Hull with
antiserum—blood from animals that contained antibodies specific to the
simian viruses Hull was researching—so that Hull could perform various
tests on the viruses. If Sabin was worried about monkey viruses in Salk’s
vaccine, he didn’t say so in Rome, even though Francis’s question about
the possibility of monkey kidney tissue residues in the final vaccine
certainly provided him with an opening to impugn the safety of Salk’s
vaccine in this regard. Perhaps he felt that attacking his rival’s vaccine in
public as possibly being contaminated with simian viruses made little
sense. After all, in Salk’s inactivated vaccine any unwanted viruses were
presumably dead, destroyed in the same formaldehyde bath that
inactivated the poliovirus. Presumably in his own live, attenuated vaccine,
they would still be alive.

On February 22, 1955, five months after the Rome conference and a
few weeks before Francis was to announce the results of his evaluation of
the field trials, Jonas Salk was the subject of a special edition of Edward R.
Murrow’s famous CBS television news broadcast, See It Now. Murrow



traveled to Salk’s office in Pittsburgh for the half-hour show, which was
billed as an interim report on the polio vaccine. Salk sat behind his desk,
which held a huge circular rack of test tubes and a microscope. Behind him
was a bookcase full of thick volumes. With his white lab coat and his
thick-rimmed black glasses, Salk seemed to embody the 1950s image of
the doctor. He spoke 1n a calm, reassuring, yet authoritative voice, as if he
were lecturing to the local PTA. His responses to Murrow’s questions—
which were all friendly—were carefully formulated, deliberate and
lengthy, punctuated by pauses that suggested careful reflection. Many of
his answers were almost soliloquies and had a somewhat rehearsed (or at
least oft repeated) quality about them. Throughout the program, Salk
seemed to take pains to be modest and self-effacing. He denied feeling any
particular exultation or pride at the prospect that his vaccine would work.
It had been, he said, two and a half years of drudgery and hard work. At
the end of the program, he made a lengthy recitation of thanks to almost
everyone, it seemed, who could be linked even tangentially to the vaccine,
including John Enders, Louis Pasteur, and the inventor of the hypodermic
needle. He finished the interview by insisting his vaccine had been merely
“an historical accident, just an occurrence, just in the course of a day’s
work, so to speak.” As was his habit, Murrow listened attentively with his
chin propped atop his right hand, from which a cigarette dangled.
Two-thirds of the way through the program Murrow looked up from
his cigarette and said: “The only thing I know about this vaccine is that it
starts with a monkey’s kidney and it ends up going into a child’s arm.
Could you explain a little to us the process in between?” The question was
an occasion for a lengthy explication by Salk of the entire vaccine
manufacturing process, beginning with one of several strained metaphors



that Salk employed throughout the half-hour. “Just as you know,” he told
Murrow, “that corn grows best in Iowa, and cotton grows best in the South
and rice grows best in the fields of China, so it was found that the
poliomyelitis virus grows best in monkey kidney.” Without missing a beat,
Salk produced a petri dish containing a rhesus monkey kidney, which he
said had just been removed from a monkey. Salk spent the next several
minutes demonstrating the tissue culture and virus growth processes—
complete with a Waring blender, which he used to mince up the kidney on
camera.

Then came a surprising assurance from Salk: The monkey kidneys
used to produce polio vaccine were free of contamination. “One of the
reasons this particular method of growing virus for vaccine i1s most
satisfactory is because it is possible with a microscope—through the glass
—to examine the cells to be sure that there are no other agents, either
viruses or other harmful influences, present. So that these cells are in a
good state of health at the time we shoot the [polio] virus in.” Picking up
on Salk’s earlier farming metaphor, Murrow quipped in response: “That’s
to be sure there are no cornstalks in the cotton field, 1s that right?” Not to
be outdone Salk replied, “That’s right. No boll weevil or anything else like
that.”

The reality, however, was far different than Salk’s reassurances
suggested. His monkey kidneys—and everyone else’s—were crawling
with “boll weevils,” monkey viruses that were not visible under the
ordinary light microscopes used by Salk and the vaccine manufacturers
and whose CPE might not become apparent for weeks. Like every other
vaccine researcher at the time, Salk was forced to throw out hundreds of
kidney tissue cultures that had spontaneously degenerated because of



simian virus contamination. Salk may have believed that all the affected
kidneys were discovered this way and that they were discarded rather than
used to produce vaccine, but this was not true. As Robert Hull later
discovered, the screening techniques and observation periods that Salk and
the vaccine manufacturers employed were not capable of always catching
the contaminants. It was inevitable, Hull concluded, that wvirally
contaminated monkey kidneys at times were used to grow vaccine and that
monkey viruses sometimes were slipping through undetected into the final
vaccine.

The truth is that Salk and most other researchers regarded the monkey
viruses more as a nuisance than anything else. In their minds, either the
monkey kidneys were so grossly infected that they couldn’t support polio-
virus growth, or they were not, and were therefore perfectly acceptable for
vaccine production. If someone proved, after the fact, that some kidneys
had been contaminated and that meant a few simian viruses had snuck
through into the final vaccine, what of 1t? Maurice Hilleman, who directed
Merck’s vaccine research for three decades and was awarded a National
Medal of Science in 1988 for developing a wvariety of wvaccines,
summarized the prevailing attitude: “You didn’t worry about these wild
viruses,” said Hilleman. “It was good science at the time.” According to
Julius Youngner, Salk’s longtime assistant at Pittsburgh, Salk shared that
view. Viral contamination of the kidneys simply wasn’t an issue to him,
Youngner says. Perhaps Salk assumed the self-evident: If formaldehyde
could kill a virus as potent as polio, surely it would wipe out any
“passenger” microorganisms that might sneak into the vaccine, whether
they were bacterial or viral.

But formaldehyde, as it turned out, was not nearly as effective as Salk



and everyone else thought. Several companies had already begun full-scale
production of Salk’s vaccine. Despite Salk’s reassurances to Murrow, none
of them had effective procedures to ensure there were no unwanted
monkey viruses in the final doses. Tens of millions of those doses would

prove to be contaminated.



Triumph and Disaster

ON THE MORNING of April 12, 1955, on the tenth anniversary of the death of

Franklin Delano Roosevelt, Thomas Francis stood before a packed
auditorium of scientists, public health officials, and medical dignitaries in
the University of Michigan’s Rackham Hall and began reading from the
lengthy analysis he had conducted of the previous summer’s field trials.
Salk’s vaccine, he had concluded, was an unqualified success. As the
official press release that accompanied Francis’s report succinctly put it:
“The vaccine works. It is safe, effective, and potent.” Within minutes of
Francis’s pronouncement, the news about the field trial results was being
carried coast to coast by wire services and radio and television newscasts.
Across the nation, there were spontaneous celebrations. Church bells rang,
fire whistles whined, and business came to a halt as the news spread. The
mayor of New York City interrupted a city council meeting to announce
the news, adding, “I think we are all quite proud that Dr. Salk is a graduate
of City College.” By the next morning, politicians around the country were
falling over themselves trying to figure out ways they could congratulate
Salk, with several suggesting special medals and honors be awarded to the
Pittsburgh researcher. In the Eisenhower White House, plans were already
afoot to present Salk a special presidential medal designating him “a
benefactor of mankind” in a Rose Garden ceremony.

Around the world, the news prompted an immediate international rush



to vaccinate. Israel had committed to the Salk vaccine just days before the
Francis report was released, and now Canada, Sweden, Denmark, Norway,
West Germany, the Netherlands, Switzerland, and Belgium all announced
plans to either immediately begin polio immunization campaigns using
Salk’s vaccine or to gear up to quickly do so. Overnight, Salk had become
an international hero and a household name. His vaccine was a modern
medical miracle.

There remained only the question of a government license for the
vaccine. A few days prior to the April 12, 1955, announcement, the
National Institutes of Health had asked a distinguished group of
physicians, public health officials, and virologists to sit as an ad hoc
“Licensing Committee.” Despite the intense pressure to immediately
license the vaccine, the NIH had to engage in (or at least appear to engage
in) its own independent consideration before it told manufacturers they
could begin commercial production. The Licensing Committee’s unbiased
evaluation and imprimatur would ensure that Salk’s vaccine had received
the scrutiny that any other federally regulated medical product was
expected to endure. The fifteen-member committee included Albert Sabin,
Salk’s chief detractor, along with other notable disparagers of Salk’s
vaccine. Supporters of Salk, such as Walter Reed’s Joseph Smadel, were
included as well. Other members predisposed to the new vaccine included
a representative from the National Foundation, as well as Francis and his
deputy at the Vaccine Evaluation Center. William Workman, chief of the
Laboratory of Biologics Control, who had been dubious all along of some
of Salk’s claims, chaired the committee but did not vote.

As Francis’s announcement in the crowded hall concluded, Workman
and the committee convened in a nearby hotel room. The conclusion of the



Licensing Committee was expected to be swift, and it was expected to be
favorable. Standing by in Washington, D.C., on an open phone line was
Oveta Culp Hobby, the secretary of Health, Education, and Welfare. The
plan was for the Licensing Committee’s approval to be relayed from
Workman in Ann Arbor to Surgeon General Leonard Scheele in
Washington, who, by law, had authority over standards for biologic
products. He, in turn, would immediately deliver a recommendation to
Hobby to license the vaccine, since only the secretary held the authority to
actually license a product. All of this was to be accomplished by 4:00 p.m.

so that Mrs. Hobby could sign the manufacturing licenses in front of a
cadre of assembled press and photographers who had been alerted to be on
standby for the event.

Back in Ann Arbor, however, the committee proved to be less
complaisant than originally contemplated. It took the committee more than
two hours to grant approval. Sabin, as had been the case for the previous
two years, was once again the lead proponent of postponing use of Salk’s
vaccine until further study. In the end, however, the committee voted
unanimously to recommend licensing the Salk vaccine. But the delay
meant that Secretary Hobby’s press event was canceled. When she finally
received the official recommendation from the Licensing Committee, it
was 5:15. The press and photographers were gone; only Scheele and a few
other staff members of the Public Health Service were present.

The two-hour debate may have ruined the show in Washington, but
given the Licensing Committee’s mandate to review Francis’s entire fifty-
page report and the thirty-page production records (manufacturing
“protocols”) for each of the forty lots of vaccine the manufacturers had
presented as ready for release, the committee’s consent was astonishingly



expeditious. Salk’s vaccine probably received the swiftest government
endorsement ever granted, before or since, for any medical product.

During 1its meeting, the Licensing Committee also heard from
Workman that there had been a change in LBC regulatory philosophy.
Given the expected demand for vaccine, speedy government approval, not
rigid government oversight, was now the order of the day. Gone was the
procedure used during the field trials—a stringent triple check (tests at the
manufacturer, the NIH, and Salk’s lab) of every lot. Instead, LBC
clearance of lots would be based primarily upon review by two LBC
scientists of the written protocols submitted by the manufacturers;
occasionally, the agency would conduct some spot tests on its own. Gone
also was the requirement that manufacturers prove they had produced
eleven consecutive passing batches before any one of those batches could
be cleared. Failing batches were no longer reported—if there were
problems at vaccine plants, no one outside of those plants was going to
know. The effect of these procedural changes was dramatic. During the
1954 field trials, the NIH’s deliberately redundant testing had meant that it
had taken up to a month for a given lot of vaccine to be cleared; now
vaccine was approved in as little as twenty-four hours. Viewed against the
backdrop of the live virus problems that had beset almost every
manufacturer the previous year, the decision to subject the vaccine to less
government oversight now that it was about to be commercially distributed
to tens of millions of Americans was both perplexing and shortsighted. It
quickly proved to be disastrous.

The first group of Americans scheduled to receive the newly licensed
Salk vaccine were schoolchildren. In the fall of 1954, shortly after the field
trials were finished, but many months before Francis finished analyzing



the results, the National Foundation had announced that it would
immunize for free nine million first-, second- and third-graders the
following spring and summer. O’Connor had simply assumed (accurately,
as 1t turned out) that Salk’s vaccine would work. In November 1954, he
contracted with all six vaccine manufacturers to begin work immediately
to produce the 27 million vaccine doses that would be required for the next
year’s free vaccine campaign. One of the companies that was awarded a
National Foundation contract was Cutter Laboratories, based in Berkeley,
California.

Cutter was a trusted name in biologics. (The company’s insect
repellent 1s still a favorite among outdoors enthusiasts.) But producing
polio vaccine reliably seemed to present a challenge that the company
could not surmount. “The name Salk is a dirty word out here,” wrote one
of its scientists to a friend. “Every batch of vaccine is a damned research
project,” said another. For whatever reason, Cutter scientists and
technicians were having dreadful difficulties in following Salk’s
nactivation recipes. It would later be discovered that of the twenty-seven
lots of vaccine that Cutter initiated between the summer of 1954 and the
spring of 1955, one-third, according to the company’s own records,
contained live poliovirus. But under the new federal guidelines adopted
after April 12, 1955, since the failing lots were not submitted for
commercial release, the LBC was unaware that the plant was having such
problems.

Cutter had been assigned responsibility for providing vaccine for the
National Foundation’s free immunization program in the Mountain States
and the Far West. The day after Francis’s announcement and Hobby’s
signatures on the licensing applications, Cutter vaccine was being



administered in elementary schools throughout California. By the next
week, mass immunizations with the company’s vaccine were underway in
Arizona, Idaho, Nevada, New Mexico, and the territory of Hawaii. By the
last week of April 1955, almost 310,000 school children had been
immunized with the company’s vaccine. Meanwhile, the company had
sent some free vaccine to its sales force, including a division based in
Chicago. And it had shipped an additional 160,000 cc’s of vaccine around
the country for distribution through commercial channels.

“On April 24, 1955, an infant with paralytic poliomyelitis was admitted
to Michael Reese Hospital in Chicago, Illinois. The patient had been
inoculated in the buttock with Cutter vaccine in April 16, and developed
flaccid paralysis of both legs on April 24.” So ran the opening lines of
what would become a seminal report by the still fledgling Center for
Disease Control. The case of the Chicago infant, which was reported to the
Chicago Board of Health the same day as the hospital admission and
thence relayed to Washington by April 25, at first attracted little attention
at the LBC. Francis’s report on the field trials had stated that there had
been thirty-four cases of paralytic polio observed among vaccinees, but all
of them were attributable to the fact that the victims had already contracted
polio prior to inoculation. There was no reason to suspect that the news of
this one case of paralysis from Chicago differed in any way. On April 26,
an official from the California Health Department called Washington with
decidedly more alarming news: six vaccinated children in California had
contracted polio within ten days of the first of their scheduled three polio
shots. Paralysis was in the arms where they had received the Salk
injection. Since classic paralytic polio almost always began in the legs, the
site of paralysis seemed to strongly suggest an association with



vaccination. All the children had received Cutter vaccine, as had the
Chicago infant.

The assistant director of the NIH, Dr. James Shannon, hastily convened
a 7:30 p.M. meeting of seven other NIH officials and scientists to discuss

what to do, including halting all immunizations with Salk wvaccine,
regardless of manufacturer. Unable to reach agreement among themselves,
at 3:00 AM. on April 27, the group telephoned Surgeon General Scheele

and asked for a decision on what to do about the polio vaccine. Scheele,
awakened in the middle of the night, had no immediate answer. Later in
the morning, he telegrammed Cutter Laboratories and asked the company
to stop distributing vaccine. The company complied with the request
immediately; within thirty minutes it had contacted all its distributors. The
massive vaccination programs in schools throughout the Far West were
abruptly halted. On the morning of April 28, the press reported the news of
the withdrawal of Cutter’s vaccine.

With the announcement that Cutter was withdrawing its vaccine, there
ensued a nationwide panic. The AMA put out a warning to all its members
to stop using Cutter vaccine, although regrettably some doctors never
received the word. Many states and cities announced immediate cessation
of National Foundation mass immunizations, even though their vaccine
had come from manufacturers other than Cutter. Local health departments
began to track down every single dose of Cutter vaccine, which, it was
soon discovered, had traversed the entire country. Throughout May and
June, cases of polio caused by Cutter’s vaccine spread beyond the Far
West and began to appear in every region of the country. The epicenter of
the devastation was in California and the rural state of Idaho. Ninety-nine
cases of polio would eventually be attributed to Cutter vaccine in



California, with the incidence of polio among Cutter vaccinees exceeding
the textbook definition of a wild polio epidemic by nearly threefold. In
Idaho, with eighty-eight polio cases attributed to Cutter vaccine, the rate
was fifteen times greater. Before it was over, the “Cutter incident,” as it
was euphemistically called in scientific circles, resulted in 260 people
contracting polio and almost 200 cases of paralysis. Eleven people died. A
devastating epidemic had been caused by two particularly bad batches of
vaccine.

After Scheele pressured Cutter into withdrawing its vaccine on April
27, there seemed to be no other official response from Washington to the
crisis for some time. Behind the scenes, however, there was a flurry of
activity. On Friday, April 29, most of the members of the Licensing
Committee, along with several other prominent virologists and medical
men, were summoned to Washington. Many of these fifteen scientists had
pronounced Salk’s vaccine safe seventeen days earlier—now they were
expected to decide why it suddenly was not. The “new” committee—now
dubbed the “Special Committee to Consider Problems Related to
Poliomyelitis Vaccine”™—spent two days reviewing data from all six
manufacturers. Salk was included on the committee and was thus in the
unusual position of being asked to pass judgment on his own vaccine when
it was under fire. During the first day of meetings, little happened other
than a conclusion by the assembled scientists that the NIH should resume
some sort of more regular and stringent safety testing on every batch of
vaccine. The Laboratory of Biologics Control’s chief, Workman,
responded to this suggestion perhaps a little too defensively, emphatically
declaring to the committee that the decision to reduce NIH vaccine testing
from the field trial levels had been forced upon the LBC because the



agency “simply has not had the facilities and personnel and space and
equipment or money”’ to independently test each batch of vaccine. Who
was to blame, rather than what should be done, was already becoming a
primary concern. It was also during this first day of meetings that both
Sabin and Harvard’s John Enders suggested suspending all Salk
immunizations. No one else was prepared to adopt that position, in part
because most of the committee members were unwilling to believe that a
link between Cutter vaccine and the reported paralysis cases had been
established.

The second day of meetings was attended by representatives from all
the vaccine producers. For the first time the manufacturers began to reveal
that there were failing lots about which the LBC had no knowledge. The
other startling development was a presentation from Eli Lilly’s Robert
Hull concerning the viral contamination of the monkey kidney tissues that
he had begun documenting the previous year. According to Hull, the new
viruses were at times compromising the safety tests to detect live polio in
the vaccine because they were interfering with interpretation of the tests.
“We have almost missed [live] polio [in a final vaccine] because it was
tied to one of these wild viruses. It was just caught on the tail end going
through,” he said. Another Eli Lilly scientist noted that the company had
attempted to devise a method to screen out the new viruses but had been
unsuccessful. An official from Cutter then speculated that perhaps the
phenomenon of poliovirus being “masked” by these new simian agents
was the reason his company had failed to detect the live virus in its final
vaccine preparations. Two of the remaining vaccine manufacturers stated
that they, too, were having trouble with wild viruses during vaccine
production. Hull was asked if he thought any simian viruses had made it to



the final vaccine. His reply was that he simply did not know—an answer
that he acknowledged was far from satisfactory. Every dose of Salk
vaccine, 1t appeared, had become an unregulated and unplanned
experiment—perhaps the final vaccine contained simian viral
contaminants, perhaps it did not—and no one really knew what would
happen 1f 1t did.

While the virologists and the NIH officials debated among themselves
whether Salk vaccinations should continue at all, there was a concerted
effort to persuade the public that there was no reason for concern. On April
28, Scheele was reported as voicing “complete faith” in the Salk vaccine.
There was no reason, he said, to believe that the Cutter vaccine or Salk’s
formulation was “in any way faulty. These children may have already been
on the way to having polio.” That would be the official line for several
weeks, echoed by others within the Eisenhower administration, including
Hobby. The president himself weighed in, declaring that he “couldn’t be
happier” about the fact that his seven-year-old grandson had been
inoculated. If Salk’s vaccine was safe enough for Ike’s grandson, then
surely it was safe.

Independent of Washington, similar pronunciations were emanating
from the National Foundation. On the day after the Cutter story broke, the
National Foundation’s medical director, Hart Van Riper, appeared on CBS
television and maintained that there was no proof that anything was amiss
with Cutter vaccine. “How do we know that these children who have
developed paralytic poliomyelitis might not have been incubating the
disease before they were vaccinated,” he said. “Certainly the vaccine was
not in them long enough to protect them.” If vaccinated children were
contracting polio, it was not the fault of the vaccine; the children were at



fault for contracting polio before being vaccinated.

Eventually, the discord between the increasing number of Cutter cases
and the bland official reassurances could no longer be harmonized. On
May 4, a Public Health Service scientist reported that his own
investigations of the Idaho Cutter cases had convinced him the vaccine
was responsible. California, by this point, had canceled all vaccinations
regardless of manufacturer. Several other states were considering doing
likewise. In Sweden, news of the Cutter cases had caused the government
to cease 1ts Salk vaccine program. Several West German regions
announced they were discontinuing Salk vaccinations; Great Britain
responded by waiting an additional year before it began any polio
immunizations. Then, at 4:00 AM. on Saturday, May 7, only hours after

stating that “we have to have a lot more evidence before [the federal
government] could decide” whether the Cutter vaccine was actually
responsible for any paralysis, Scheele abruptly reversed course, issuing the
surprising pronouncement that as of May 8, he was ordering a shutdown of
the nation’s entire polio program until LBC scientists could complete a
plant-by-plant inspection of all five manufacturers and ensure that each
had adequate safety precautions in place. “The nationwide program of
vaccination against polio, so eagerly awaited for so many years, so
recently greeted with clarion calls of hope,” had, in the words of Time,
“ground to ... a sickening halt.”

During the next three weeks, amid great publicity, each manufacturing
plant was inspected and found to achieve passing marks. Vaccine that had
been already manufactured and approved by the LBC was officially
rereleased for mass use. In Washington, Scheele and Shannon publicly
outlined a proposed new set of safety tests, which, by and large, only



involved increasing the amount of vaccine tested at any given stage, along
with the addition of more intermediate tests during the inactivation process
to ensure that the formaldehyde was actually decreasing the virulence of
the polioviruses in the vaccine. The new standards did not include
reinstating the procedures of the 1954 field trials, such as the rigorous
check by three independent labs of each batch of vaccine and the
requirement that there be eleven straight passing batches. Nor did they
include any plans by the LBC to repeat lot-by-lot safety tests, and
manufacturers would still not be required to disclose when lots had to be
discarded because they contained live poliovirus. Despite the Cutter
deaths, the lesson—as far as the federal government was concerned—was
that there was no need for increased surveillance of the manufacturers.
There followed a lengthy NIH investigation and an official white paper
from Surgeon General Scheele to President Eisenhower, but what caused
the Cutter deaths was never fully explained. The only clue seemed to be
the discovery that some of the manufacturers had neglected to adequately
filter the vaccine pools of each type of virus before mixing all three in the
final vaccine. The result was that clumps of live poliovirus had been able
to escape the supposedly lethal effects of the formaldehyde. While Cutter
apparently was the worst offender, several other manufacturers were guilty
as well—it had been mostly a matter of luck that they, too, had not
released virulent lots of vaccine. Viral “particulates” was as close to an
official explanation for the Cutter disaster as any government official,
manufacturer, or vaccinologist would ever offer; if there was another, no
one seemed particularly eager to find it. Hull’s suspicion that the real
culprits might have been the unwanted viruses harbored by the monkey
kidneys used to make the vaccines was never investigated. (The one



outcome of Hull’s appearance before the special committee was that
whenever manufacturers found new viral contaminants in their tissue
cultures, they sent them to him to identify. After April 1955, Hull became
the de facto cataloguer of the new simian viruses.)

By June, the NIH had pronounced that all manufacturers (save Cutter,
which never produced another vial of polio vaccine) were now turning out
safe vaccine. But the nation’s polio program was mired in a funk. The
Cutter scandal had dragged on for the better part of two months, and
during that time Salk and his vaccine were the subject of almost daily
page-one newspaper stories, which were no longer laudatory, but alarming.
Parents, who had prayed for the day a vaccine would be available, were
now anguished. Was the risk of polio greater from the vaccine or from an
epidemic? Physicians grumbled that they had been railroaded by
O’Connor and the National Foundation into accepting a vaccine about
which they knew little. Some of them suggested that parents forgo
exposing their children to a medical product that they felt had been
incompletely tested. One such doctor was Herbert Ratner, the public health
director for Oak Park, Illinois. Ratner decided to impound several of the
cases that had been sent to Oak Park for the National Foundation’s free
immunization program, rather than use it on local children. The vials
would remain 1n his refrigerator for forty years, unused.

Not surprisingly, participation in the National Foundation’s
immunization campaigns began to fall off. Only 70 percent of eligible
schoolchildren in New York City showed up for vaccinations in late May
—a sizable drop from the almost 100 percent participation rate in the field
trials the year before. According to Newsweek, in August—the height of
polio season—only one percent of eligible children in New York came for



their second polio shot. Around the country the effect was similar. On
August 1, Newsweek reported that Idaho, Illinois, Maryland, Nevada,
Utah, Kansas, Arkansas, and Washington, D.C., had all canceled their free
National Foundation immunization programs. Because of the Cutter
incident scare, it would take two full years and millions of dollars of
National Foundation publicity before parents agreed to vaccinate their
children in numbers sufficient to bring epidemic polio under control.
Fallout from the Cutter incident was not limited to a drop-off in
vaccinations. Over the next several years, Cutter was sued by dozens of its
victims. By 1961 it had paid out $3 million in damages to vaccinees and
their families—$1 million more than its insurance coverage. And in
Washington, the incident resulted in a wholesale shake-up of the federal
health establishment. Oveta Culp Hobby, the HEW secretary, resigned on
August 1, 1955. Ostensibly, she left government to return to Houston to
spend more time with her ailing husband. But her departure was widely
attributed to her agency’s poor showing during the fiasco as well as her
ineptitude. Surgeon General Scheele was gone by 1956, taking a position
as a pharmaceutical company executive. In early July 1955, NIH director
William Sebrell resigned, and was replaced by his deputy, William
Shannon. Throughout the entire crisis, Shannon had been critical of Salk’s
vaccine behind the scenes, while at the same time offering public
reassurances that NIH testing and procedures ensured that the vaccine was
safe. During his tenure as NIH director, Shannon would transform the NIH
from a relative scientific backwater to the world’s most powerful scientific
organization, largely by successfully lobbying Capitol Hill to dramatically
increase the NIH budget. Big science and big government would become
increasingly synonymous, with the federal government supplanting the



leading role that private nonprofit scientific organizations like the National
Foundation and the Rockefeller Institute had played in funding innovative
medical research in the first half of the twentieth century.

The bureaucratic makeover occasioned by the Cutter incident extended
deep into the NIH. In midsummer, the Laboratory of Biologics Control
was dismantled and revamped as the Division of Biologic Standards (or
“DBS”); the new agency had nearly triple the number of staff members as
the old LBC. To advise the new agency on polio vaccine, the NIH created
a permanent, standing “Technical Committee on Poliomyelitis Vaccine.”
Once again, the six-member panel of scientists included Salk and notably
excluded any of the scientists who had doubted the safety and efficacy of
his vaccine. Workman, even though he had been persistently skeptical of
Salk’s vaccine, was not named as head of the DBS. He was, instead,
ousted in favor of his former assistant, Roderick Murray.

Murray, a native of South Africa, was a taciturn, inscrutable, and
exceedingly cautious leader; under his direction the DBS continued to live
under the cloud of Cutter and proved unwilling—some critics would say
afraid—to make almost any changes in government policies regarding
polio vaccine regulation for his entire decade-and-a-half tenure. As a
result, the United States would lag far behind Western Europe in adopting
advances 1n vaccine safety. For day-to-day supervision of the operations of
the division’s vaccine testing laboratories, Joseph Smadel, the
distinguished virologist and Salk booster, was brought in from Walter
Reed. One of the scientists he inherited from the old LBC was a veteran
government researcher named Bernice Eddy. It wasn’t long before the two
found themselves on a collision course over the safety and purity of the
polio vaccine.



Does Anyone Know What’s in This Vaccine?

BERNICE EDDY WAS born in 1903 and grew up in rural West Virginia in a

town so small it didn’t have a high school. Eddy had originally aspired to
be a physician like her father and three of his four brothers (the fourth was
a veterinarian). But when her father died while she was still in high school,
she abandoned dreams of medical school because she believed it was
beyond the family’s means, deciding instead to pursue a professional
research career. In 1927, a few months shy of twenty-four, she received
her Ph.D. in bacteriology from nearby University of Cincinnati, which she
had attended on a scholarship. Ten years later, after a series of one-year
teaching and research fellowships at Cincinnati and three years of work at
the world’s only research leprosarium, in Carville, Louisiana, Eddy moved
to Washington to take a job as a medical bacteriologist for the National
Institute of Health in the division that would later become known as the
Laboratory of Biologics Control.

Eddy’s initial work at the NIH was on pneumonia, which had been the
subject of her doctoral thesis ten years earlier, but when influenza vaccines
began to be produced in the mid-1940s, she was assigned the task of
standardizing tests to measure the potency and antigenicity of the new
vaccines, as well as typing flu viruses recovered from various epidemics.
By 1944, she was in charge of the LBC’s influenza virus vaccine control
unit, a position she held for a decade.



In the summer of 1952, Eddy asked LBC chief William Workman if
she could expand her duties and work on poliovirus. She believed that it
would be only a matter of time before there was a vaccine and that her
experience with flu vaccine testing would serve the LBC well. Almost as
soon as she began, the National Foundation announced that research it had
conducted the previous summer demonstrated that gamma globulin, a
naturally occurring antibody in human blood, was effective in providing
transient immunity—just long enough for a recipient to be safe during a
localized polio epidemic. Since there was still no vaccine, demand for the
new treatment was anticipated to be tremendous. Eddy spent four straight
months during the winter and spring of 1952—-1953, working seven days a
week, ten to fourteen hours daily, devising successful potency and safety
tests for gamma globulin, in order to ensure that there was a supply
available for the polio outbreak expected the next summer. In recognition
of her extraordinary efforts she received a Superior Accomplishment
Award from NIH Director Sebrell in October 1953.

By the time Eddy was finished with gamma globulin, planning for the
Salk vaccine field trials was under way. The LBC and the National
Foundation had already agreed on the safety test design, and Eddy was
instructed to follow it—a fact that miffed her since she had seventeen
years of experience with vaccine safety tests and was accustomed to
devising her own procedures. Nevertheless, during the 1954 field trials,
she was in charge of all LBC polio vaccine tests. Safety testing every batch
of Salk vaccine using the new protocol, she soon became an expert in the
procedure. Eddy, however, like so many other LBC employees, was
caught up in the aftermath of the Cutter scandal. After 1955, she was no
longer in charge of polio vaccine safety and was instead reassigned



exclusively to influenza vaccines. Her polio vaccine control position went
to a scientist almost thirty years her junior, a young pathologist named
Ruth Kirschstein. But the reduction in her responsibilities actually suited
Eddy. It allowed her freedom to work with a colleague conducting
research on a subject in which she was increasingly interested: the
possibility that viruses could cause cancer.

There had been interest in linking viruses to cancer from the infancy of
virology. In 1911, a Rockefeller Institute researcher named Peyton Rous
had transplanted tumors from one chicken to another by grinding the
tumors up and forcing them through a filter so fine that not even bacteria
could pass through. Rous injected the resulting extract into healthy birds
and watched as they all contracted identical tumors. Rous said the tumors
were caused by a virus (which became known as Rous sarcoma virus), but
his fellow virologists were slow to embrace his theory. In the 1950s, it still
remained well-established scientific dogma that since viruses were
cytopathic—that is, they destroyed cells—no virally infected cell could
ever be “transformed” from a normal cell into a hyperproliferative cancer
cell. In theory, once a cell was invaded by a virus, the cell would be
swiftly killed; it could never live long enough to become a tumor cell. No
less an authority than Sir McFarlane Burnett, regarded as one of the
world’s leading microbiologists throughout the 1940s and 1950s, had
dismissed the notion that viruses could cause cancer as “nonsense.”

One scientist who was not held captive by the accepted dogma was a
middle-aged government cancer researcher named Sarah Stewart. Stewart
began her career at the NIH in 1936, at a time when the NIH had few
female scientists. When Eddy arrived the following year, Stewart sought
her out, and the two women became friends.



Stewart’s subspecialty was anaerobic bacteria, such as those that cause
botulism and tetanus, but she was also interested in viruses. In 1944,
Stewart asked for NIH support for research on the possible link between
animal tumors and viruses but was told that since she was not a
pathologist, she was not qualified. Rather than take no for an answer,
Stewart enrolled in Georgetown University Medical School. She graduated
in 1949, and, after completing her internship, was appointed to the
National Cancer Institute in 1951 as a commissioned officer of the United
States Public Health Service.

Now that she had the credentials, Stewart began to pursue viral cancer
research in earnest. A Rockefeller Institute scientist, Ludwik Gross, had
published experimental results suggesting that some mouse leukemias and
parotid (salivary) gland tumors were caused by viruses. Stewart repeated
the Gross experiments and by 1953 confirmed that a virus of some sort
was responsible for the tumors—a result that her NCI seniors and peers
scoffed at. Undaunted, Stewart decided to try injecting tumor extracts from
the mice into other laboratory animals, but her own NCI laboratory in
Baltimore lacked any efficient way to 1solate and grow more of the tumor-
inducing virus. Eddy’s laboratory in Bethesda, however, was in the
business of producing tissue cultures for polio and influenza vaccine safety
testing and thus had a ready way to grow all the viruses Stewart could ever
want. Stewart turned to her friend for help, and the two women began to
collaborate on a series of experiments beginning in 1956.

Stewart brought samples of the mouse tumor fluids to Eddy; Eddy
injected them into the rhesus monkey kidney cultures used for vaccine
testing, and after a few weeks’ time, Eddy would remove the mouse virus
fluids from the tissue cultures. At first the pair injected the harvested fluids



only into newborn mice and mouse embryos. The results were
unprecedented: The mouse virus fluids caused not just the two types of
tumors that Gross had described, but twenty distinctly different types of
tumors. Then Eddy and Stewart started injecting the mouse tumor fluids
into other species of laboratory animals. This time the results were even
more spectacular. The mouse virus could cause tumors in many different
mammals—hamsters, rabbits, guinea pigs, rats, and several other types of
rodents. At Eddy’s suggestion, the virus was dubbed polyoma, meaning
“many tumors.” When the discovery of the mouse SE polyoma virus (SE
for Stewart and Eddy) was announced, the pair achieved international
recognition. A July 1959 Time cover story on the National Cancer Institute
played up the newly discovered role of viruses in cancer. “Right now,” the
NCI’s head, Dr. John Heller, was quoted as saying, “the hottest thing in
cancer i1s research on viruses as possible causes.” A picture of the two
women along with several paragraphs on their research, including an
extensive quote from Eddy, followed the Heller quote. The SE polyoma
virus was studied by virologists throughout the world, and a whole new
field of science—viral oncology—was born.

Stewart’s work on the mouse polyoma virus led the NCI to put her in
charge of her own oncology laboratory. During the 1960s, she and her
team began work on identifying possible viral agents for human tumors,
describing some of the first viruses ever linked to human cancers,
including Epstein-Barr virus, which 1s a herpes virus that causes Burkitt’s
lymphoma, a cancer found mainly in individuals living in sub-Saharan
Africa.

For her part, once her collaboration with Stewart ended in 1959, Eddy
returned to her lab at the Division of Biologic Standards with nagging



doubts. She and Stewart had just proved that a mouse virus could cause
cancer in other small mammals. Could a monkey virus do the same thing
—cause cancer in other primates, including in humans? Like everyone else
who was working with monkey kidney tissue cultures, during her years of
vaccine safety testing Eddy had been forced to scrap hundreds of cultures
because of viral contamination. Now she began to wonder about the
implications of all those viruses. What if there was an undiscovered
cancer-causing virus in the monkey kidneys used to produce polio
vaccine?

Eddy began to think of a way to t