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To the people of Bukoba, Lasaka, Dar es
 Salaam, and dozens of other African locales
 who so generously over the years have
 shared their lives and wisdom with an
 inquiring white Western woman. Consider
 this a down payment on an enormous debt.

 


 


Africa: Asante sana, Mwalimu.
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Preface

We always want to believe that history happened only to “them,” “in the past,” and that somehow we are outside history, rather than enmeshed within it. Many aspects of history are unanticipated and unforeseen, predictable only in retrospect: the fall of the Berlin Wall is a single recent example. Yet in one vital area, the emergence and spread of new infectious diseases, we can already predict the future—and it is threatening and dangerous to us all.

The history of our time will be marked by recurrent eruptions of newly discovered diseases (most recently, hantavirus in the American West); epidemics of diseases migrating to new areas (for example, cholera in Latin America); diseases which become important through human technologies (as certain menstrual tampons favored toxic shock syndrome and water cooling towers provided an opportunity for Legionnaires’ Disease); and diseases which spring from insects and animals to humans, through manmade disruptions in local habitats.

To some extent, each of these processes has been occurring throughout history. What is new, however, is the increased potential that at least some of these diseases will generate large-scale, even worldwide epidemics. The global epidemic of human immunodeficiency virus is the most powerful and recent example. Yet AIDS does not stand alone; it may well be just the first of the modern, large-scale epidemics of infectious disease.

The world has rapidly become much more vulnerable to the eruption and, most critically, to the widespread and even global spread of both new and old infectious diseases. This new and heightened vulnerability is not mysterious. The dramatic increases in worldwide movement of people, goods, and ideas is the driving force behind the globalization of disease. For not only do people travel increasingly, but they travel much more rapidly, and go to many more places than ever before. A person harboring a life-threatening microbe can easily board a jet plane and be on another continent when the symptoms of illness strike. The jet plane itself, and its cargo, can carry insects bringing infectious agents into new ecologic settings. Few habitats on the globe remain truly isolated or untouched, as tourists and other travelers penetrate into the most remote and previously
inaccessible areas in their search for new vistas, business, or recreation.

This new global vulnerability is dramatically illustrated by the history of HIV/AIDS. While its geographical origins remain uncertain, it is clear that the global spread of HIV was underway by the mid-1970s. By 1980, about 100,000 people worldwide were infected with HIV. Yet the discovery of AIDS, in California in 1981, and the subsequent identification of the causative virus, HIV, in 1983, resulted from a series of very fortunate circumstances. Put another way, AIDS could have easily remained unrecognized for at least another five to ten years, with devastating global health consequences. Delay in discovering AIDS could have resulted from any or all of the following:


• if HIV took longer to cause detectable, clinical illness (AIDS);

• if the immunodeficiency of AIDS resulted in an increase of more typical infections rather than the easily recognized, unusual opportunistic infections (Pneumocystis carinii pneumonia) or cancers (Kaposi’s sarcoma);

• if AIDS had not clustered among active, self-identified gay men, but rather had been spread more broadly within society;

• if AIDS had not occurred in a country (U.S.A.) with a highly developed disease surveillance system, capable of linking reports of cases from many different geographical areas;

• and if the science of human retrovirology had not been recently developed, including techniques for detection.


With AIDS, a combination of chance and circumstance relatively quickly led scientists to consider that a new health threat had arisen.

AIDS is trying to teach us a lesson. The lesson is that a health problem in any part of the world can rapidly become a health threat to many or all. A worldwide “early-warning system” is needed to detect quickly the eruption of new diseases or the unusual spread of old diseases. Without such a system, operating at a truly global level, we are essentially defenseless, relying on good luck to protect us.

Laurie Garrett has written a pioneering book. She provides us with a history, full of real people, sweat and grit, of the discoveries which have led us to realize that infectious diseases have not been vanquished—quite the contrary. It was in these places, in Bolivia, Sudan, Sierra Leone, and Zaire, that a group of highly trained, dedicated, and courageous people met the enemy on its own ground. Facing the unknown, at the frontiers of science, they struggled and wrested from nature an insight which Laurie Garrett shares with us—that diseases will remain a threat, that disease and human activity are inextricable, and that nature has many hidden places and surprises still in store.

The voyage that Ms. Garrett proposes is full of heart. I have been privileged to know many of the people in this book. They are heroes of a special kind: bonding science, curiosity, and humanitarian concern, combined with a very practical, “let’s get it done” attitude. Not everyone could
go, as Joe McCormick has done, into the field armed only with his will, intelligence, and confidence that a way forward would be found.

They have pioneered on our behalf. We owe them our thanks. Laurie Garrett has done us the great service of introducing them and their work to a large audience. And to those who sleep peacefully, unaware of the emerging global threat of infectious disease, and to those who through this book will be introduced to the new global realities, it is important to meet these men and women who confront disease along its frontier with society.

This book sounds an alarm. The world needs—now—a global early-warning system capable of detecting and responding to new emerging infectious disease threats to health. There is no clearer warning than AIDS. Laurie Garrett has spelled it out clearly for us. Now we ignore it at our peril.


JONATHAN M. MANN, M.D., M.P.H.

François-Xavier Bagnoud Professor of Health and Human Rights Professor of Epidemiology and International Health

Harvard School of Public Health

Director, International AIDS Center

Harvard AIDS Institute

Cambridge, Massachusetts








Introduction

[image: e9781429953276_img_9632.gif] By the time my Uncle Bernard started his medical studies at the University of Chicago in 1932 he had already witnessed the great influenza pandemic of 1918–19. He was seven years old when he counted the funeral hearses that made their way down the streets of Baltimore. Three years earlier Bernard’s father had nearly died of typhoid fever, acquired in downtown Baltimore. And shortly after, his grandfather died of tuberculosis.

In his twelfth year Bernard got what was called “summer sickness,” spending the long, hot Maryland days lying about the house, “acting lazy,” as his mother put it. It wasn’t until 1938, when he volunteered as an X-ray guinea pig during his internship at the University of California’s medical school in San Francisco, that Uncle Bernard discovered that the “summer sickness” was actually tuberculosis. He had no doubt acquired consumption from his grandfather, survived the disease, but for the rest of his life had telltale scars in his lungs that were revealed by chest X rays.

It seemed that everybody had TB in those days. When young Bernard Silber was struggling his way through medical studies in Chicago, incoming nursing students were routinely tested for antibodies against TB. The women who came from rural areas always tested negative for TB when they started their studies. With equal certainty, they all tested TB-positive after a year on the urban hospital wards. Any ailment in those days could light up a latent TB infection, and tuberculosis sanitariums were overflowing. Treatment was pretty much limited to bed rest and a variety of hotly debated diets, exercise regimens, fresh air, and extraordinary pneumothorax surgical procedures.

In 1939 Uncle Bernard started a two-year residency in medicine at Los Angeles County Hospital, where he met my Aunt Bernice, a medical social worker. Bernice limped and was deaf in one ear, the results of a childhood bacterial infection. When she was nine, the bacteria grew in her ear, eventually infecting the mastoid bone. A complication of that was osteomyelitis, which left her right leg about an inch shorter than her left, forcing Bernice to walk knock-kneed to keep her balance. Shortly after they met, Bernard got a nasty pneumococcal infection and, because he was a physician, received state-of-the-art treatment: tender loving care and oxygen.
For a month he languished as a patient in Los Angeles County Hospital hoping he would be among the 60 percent of Americans who, in the days before antibiotics, survived bacterial pneumonia.

Bacterial infections were both common and very serious before 1944, when the first antibiotic drugs became available. My Uncle Bernard could diagnose scarlet fever, pneumococcal pneumonia, rheumatic fever, whooping cough, diphtheria, or tuberculosis in a matter of minutes with little or no laboratory support. Doctors had to know how to work quickly because these infections could escalate rapidly. Besides, there wasn’t much the lab could tell a physician in 1940 that a well-trained, observant doctor couldn’t determine independently.

Viruses were a huge black box in those days, and though Bernard had no trouble differentiating between German measles, influenza, St. Louis encephalitis, and other viral diseases, he had neither treatments nor much of an understanding of what these tiniest of microbes did to the human body.

Uncle Bernard was introduced to tropical medicine during World War II, when he served in the Army Medical Corps at Guadalcanal and other battlefields of the Pacific. That’s when he learned firsthand about diseases of which he’d heard very little in medical school: malaria, dengue (break-bone fever), and a variety of parasitic diseases. Quinine did a good job of curing malaria, but there was little he could do for GIs afflicted with the other tropical organisms that were rife in the Pacific theater.

Two years into the war the Army issued its first meager supplies of penicillin, instructing physicians to use the precious drug sparingly, in doses of about 5,000 units (less than a third of what would be considered a minimal penicillin dose for minor infections in 1993). In those early days before bacteria became resistant to antibiotics, such doses were capable of performing miracles, and the Army doctors were so impressed with the powers of penicillin that they collected the urine of patients who were on the drug and crystallized excreted penicillin for reuse on other GIs.

Years later, when I was studying immunology in graduate school at UC Berkeley, Uncle Bernard would regale me with tales of what sounded like medicine in the Dark Ages. I was preoccupied with such things as fluorescence-activated laser cell sorters that could separate different types of living cells of the immune system, the new technology of genetic engineering, monoclonal antibodies, and deciphering the human genetic code.

“I always liken the production of antibiotics to the Internal Revenue Service,” Uncle Bernard would say when I seemed less than interested in the pre-antibiotic plights of American physicians. “People are always looking for loopholes, but as soon as they find them, the IRS plugs them up. It’s the same way with antibiotics—no sooner have you got one than the bacteria have become resistant.”

During the summer of 1976 I had reason to reconsider much of my Uncle Bernard’s wisdom. As I tried to make sense of my graduate research project
at Stanford University Medical Center, the news seemed overfull of infectious disease stories. The U.S. government was predicting a massive influenza epidemic that some said would surpass that of 1918—a global horror that claimed over 20 million lives. An American Legion group met in a hotel in Philadelphia on the Fourth of July, and something made 182 of them very sick, killing 29. Something else especially strange was going on in Africa, where, according to garbled press accounts of the day, people were dying from a terrifying new virus: in Zaire and the Sudan, something called Green Monkey Virus, or Marburg, or Ebola, or a mix of all three monikers was occupying the urgent attention of disease experts from all over the world.

In 1981 Dr. Richard Krause of the U.S. National Institutes of Health published a provocative book entitled The Restless Tide: The Persistent Challenge of the Microbial World,1 which argued that diseases long thought to have been defeated could return to endanger the American people. In hearings a year later before the U.S. Congress, Krause was asked, “Why do we have so many new infectious diseases?”

“Nothing new has happened,” Krause replied. “Plagues are as certain as death and taxes.”2

But the shock of the AIDS epidemic prompted many more virus experts in the 1980s to ponder the possibility that something new was, indeed, happening. As the epidemic spread from one part of the world to another, scientists asked, “Where did this come from? Are there other agents out there? Will something worse emerge—something that can be spread from person to person in the air?”

The questioning grew louder as the 1980s dragged on. At a Rockefeller University cocktail party, a young virologist named Stephen Morse approached the institution’s famed president, Nobel laureate Joshua Lederberg, and asked him what he thought of the mounting concern about emerging microbes. Lederberg characteristically responded in absolute terms: “The problem is serious, and it’s getting worse.” With a sense of shared mission, Morse and Lederberg set out to poll their colleagues on the matter, gather evidence, and build a case.

By 1988 an impressive group of American scientists, primarily virologists and tropical medicine specialists, had reached the conclusion that it was time to sound an alarm. Led by Morse and Lederberg of Rockefeller University, Tom Monath of the U.S. Army’s Medical Research Institute of Infectious Diseases, and Robert Shope of the Yale University Arbovirus Research Unit, the scientists searched for a way to make tangible their shared concern. Their greatest worry was that they would be perceived as crybabies, merely out to protest shrinking research dollars. Or that they would be accused of crying wolf.

On May 1, 1989, the scientists gathered in the Hotel Washington, located across the street from the White House, and began three days of discussions aimed at providing evidence that the disease-causing microbes of the planet,
far from having been defeated, were posing ever-greater threats to humanity. Their gathering was co-sponsored by the National Institutes of Allergy and Infectious Diseases, the Fogarty International Center, and Rockefeller University.

“Nature isn’t benign,” Lederberg said at the meeting’s opening. “The bottom lines: the units of natural selection—DNA, sometimes RNA elements—are by no means neatly packaged in discrete organisms. They all share the entire biosphere. The survival of the human species is not a preordained evolutionary program. Abundant sources of genetic variation exist for viruses to learn new tricks, not necessarily confined to what happens routinely, or even frequently.”

University of Chicago historian William McNeill outlined the reasons Homo sapiens had been vulnerable to microbial assaults over the millennia. He saw each catastrophic epidemic event in human history as the ironic result of humanity’s steps forward. As humans improve their lots, McNeill warned, they actually increase their vulnerability to disease.

“It is, I think, worthwhile being conscious of the limits upon our powers,” McNeill said. “It is worth keeping in mind that the more we win, the more we drive infections to the margins of human experience, the more we clear a path for possible catastrophic infection. We’ll never escape the limits of the ecosystem. We are caught in the food chain, whether we like it or not, eating and being eaten.”

For three days scientists presented evidence that validated McNeill’s words of foreboding: viruses were mutating at rapid rates; seals were dying in great plagues as the researchers convened; more than 90 percent of the rabbits of Australia died in a single year following the introduction of a new virus to the land; great influenza pandemics were sweeping through the animal world; the Andromeda strain nearly surfaced in Africa in the form of Ebola virus; megacities were arising in the developing world, creating niches from which “virtually anything might arise”; rain forests were being destroyed, forcing disease-carrying animals and insects into areas of human habitation and raising the very real possibility that lethal, mysterious microbes would, for the first time, infect humanity on a large scale and imperil the survival of the human race.

As a member of a younger generation trained in an era of confident, curative medicine and minimal concern for infectious diseases, I experienced such discussion as the stuff of Michael Crichton novels rather than empiric scientific discourse. Yet I and thousands of young scientists also reared in the post-antibiotic, genetic engineering era had to concede that there was an impressive list of recently emergent viruses: the human immunodeficiency virus that caused AIDS, HTLV Types I and II which were linked to blood cancers, several types of recently discovered hepatitis-causing viruses, numerous hemorrhage-producing viruses discovered in Africa and Asia.


In February 1991 the Institute of Medicine (IOM), which is part of the U.S. National Academy of Sciences, convened a special panel with the task of exploring further the questions raised by the 1989 scientific gathering and advising the federal government on two points: the severity of the microbial threat to U.S. citizens and steps that could be taken to improve American disease surveillance and monitoring capabilities. In the fall of 1992 the IOM panel released its report, Emerging Infections: Microbial Threats to Health in the United States,3 which concluded that the danger of the emergence of infectious diseases in the United States was genuine, and authorities were ill equipped to anticipate or manage new epidemics.

“Our message is that the problem is serious, it’s getting worse, and we need to increase our efforts to overcome it,” Lederberg said on the day of the report’s release.

After the release of the report, the U.S. Centers for Disease Control and Prevention in Atlanta began a soul-searching process that would, by the spring of 1994, result in a plan for heightened vigilance and rapid response to disease outbreaks. The slow response to the emergence of HIV in 1981 had allowed the epidemic to expand by 1993 to embrace 1.5 million Americans and cost the federal government more than $12 billion annually in research, drug development, education, and treatment efforts.

The CDC was determined that such a mistake would not be repeated.

But there were dissident voices in 1993 who protested both the American scientific community’s often narrow emphasis on viruses and its focus on threats posed solely to U.S. citizens. Disease fighters like Joe McCormick, Peter Piot, David Heymann, Jonathan Mann, and Daniel Tarantola argued forcefully that microbes had no respect for humanity’s national borders. Furthermore, they said, in much of the world the most dangerous emerging diseases were not viral, but bacterial or parasitic. A far larger view was needed, they argued.

Other critics stressed that a historical perspective on mankind’s bumbling, misguided attempts to control the microbes would reveal that much of the fault lay with the very scientific community that was now calling for vigilance. What seemed to make sense as microbe control action, viewed from the academic and government offices of the world’s richest country, argued the likes of Uwe Brinkmann, Andrew Spielman, and Isao Arita, could prove disastrous when executed in the planet’s poorer nations.

The critics charged that Americans, by virtue of their narrow focus on the appearance of disease within the United States, were missing the real picture. It was a picture captured in the sight of a little Ndbele girl wrapped in a green kanga. She lay on the hardened clay floor of a health care clinic outside Bulawayo, Zimbabwe. Her mother sat beside her, casting beseeching looks at every stranger who entered the two-room clinic. The four-year-old girl cried weakly.

“That is measles,” said the clinic director, pointing a stern finger at the
child. The director led an observer outside to show the local innovations in toilet hygiene and efforts to increase the protein content of village children’s diets.

When he returned an hour later to the wattle-clay clinic, the mother was rocking back and forth on the balls of her feet, tears silently streaming down her face; the child’s soft crying had ceased. A few hours later the mother and her husband placed across bicycle handlebars a rolled straw mat containing their little girl’s body and, staring blankly at the horizon, forlornly walked the bike down the red clay road.

At a time when mothers of the world’s wealthiest nations arranged to have their children “immunized” by deliberately exposing the youngsters to measles, mumps, even chicken pox, these diseases were forcing parents in some of the world’s poorest nations to find ways to cope with the expected deaths of more than half their children before the age of ten.

The long list of vaccines and prescription drugs that American physicians urged their patients to take before traveling south of Tijuana was ample testimony to the health impact of the world’s wide gulf in wealth and development. In the 1970s Americans and Europeans who were distressed by the poverty of the Southern Hemisphere poured money into the poorest countries for projects intended to bring their populations into “the modern age.” The logic of the day was that the health status of a population would improve as the society’s overall structure and economy grew to more closely resemble those of the United States, Canada, and Western Europe.

But by 1990 the world’s major donor institutions would be forced to conclude that modernization efforts seemed only to have worsened the plight of the average individual in the Third World, while enhancing the power, wealth, and corruption of national elites and foreign-owned institutions. Bucolic agricultural societies were transformed in the space of a single generation into countries focused around one or more vast urban centers that grew like ghastly canker sores over the landscape, devouring the traditional lifestyles and environments of the people and thrusting young job seekers into sprawling semi-urban slums that lacked even a modicum of proper human waste disposal or public health intervention.

In the industrialized free market world of the 1970s, people at all societal strata became increasingly conscious of the link between environmental pollution and personal health. As the dangers of pesticide misuse, lead paint, asbestos fibers, air pollution, and adulterated foods became apparent, residents of the world’s wealthiest countries clamored for regulations to curb contamination of the environment and the food supply.

With the discovery of Earth’s ozone holes, the world’s scientists initiated a debate about global responsibility for preventing further pollution destruction of the planet’s protective gaseous layer. Similarly, marine biologists argued with increasing vehemence that all the nations of the world shared responsibility for the sorry state of Earth’s oceans and the near-extinction
or endangerment of its fish, coral, and mammal populations. Conservationists turned their attention to global wildlife protection. And biologists like Harvard’s E. O. Wilson and the Smithsonian’s Frank Lovejoy warned of a global mass flora and fauna extinction event that would rival that of the great Cretaceous period dinosaur die-off.

Citing the fossil evidence for five great extinction events in Earth’s ancient history, Wilson asked how much more environmental destruction at man’s hand the world could tolerate: “These figures should give pause to anyone who believes that what Homo sapiens destroys, Nature will redeem. Maybe so, but not within any length of time that has meaning for contemporary humanity.”4

As humanity approached the last decade of the twentieth century, the concept of a Global Village—first elucidated in the 1960s by Canadian philosopher Marshall McLuhan as a description of the sense of worldwide interconnectedness created by mass media technology—had clearly entered mass consciousness in the context of Earth’s ecology. Environmentalists were thinking on the macro level, plotting ways to change the whaling policies of places as disparate as Japan, Alaska, Russia, and Norway. The World Bank decided to include ecological concerns in its parameters for issuing loans to developing countries. The Chernobyl nuclear accident proved, in the eyes of many scientists, that it was folly to consider toxic risk control a problem whose solutions were always constrained by issues of national sovereignty.

And in 1992 the United States elected a Vice President who espoused an ambitious global Marshall Plan to protect the environment. Albert Gore warned that nothing short of a massive worldwide shift in human perspective, coupled with elaborate systems of international regulation and economic incentives, would be adequate to ensure the survival of the planet’s ecology. And he adopted the rhetoric of critical environmentalists, saying, “Those who have a vested interest in the status quo will probably continue to stifle any meaningful change until enough citizens who are concerned about the ecological system are willing to speak out and urge their leaders to bring the earth back into balance.”5

At the macro level, then, a sense of global interconnectedness was developing over such issues as economic justice and development, environmental preservation, and, in a few instances, regulation. Though there were differences in perspective and semantics, the globalization of views on some issues was already emerging across ideological lines well before the fall of the Berlin Wall. Since then it has sped up, although there is now considerable anxiety expressed outside the United States about American domination of the ideas, cultural views, technologies, and economics of globalization of such areas as environmentalism, communication, and development.

It wasn’t until the emergence of the human immunodeficiency virus,
however, that the limits of, and imperatives for, globalization of health became obvious in a context larger than mass vaccination and diarrhea control programs. From the moment it was discovered in 1981 among gay men in New York and California, AIDS became a prism through which the positive lights by which societies hoped to be viewed were fractured into thousands of disparate and glaring pieces. Through the AIDS prism it was possible for the world’s public health experts to witness what they considered to be the hypocrisies, cruelties, failings, and inadequacies of humanity’s sacred institutions, including its medical establishment, science, organized religion, systems of justice, the United Nations, and individual government systems of all political stripes.

If HIV was our model, leading scientists concluded, humanity was in very big trouble. Homo sapiens greeted the emergence of the new disease first with utter nonchalance, then with disdain for those infected by the virus, followed by an almost pathologic sense of mass denial that drew upon mechanisms for rationalizing the epidemic that ranged from claiming that the virus was completely harmless to insisting that certain individuals or races of people were uniquely blessed with the ability to survive HIV infection. History, they claimed, would judge the 1980s performance of the world’s political and religious leaders: would they be seen as equivalent to the seventeenth-century clerics and aristocracy of London who fled the city, leaving the poor to suffer the bubonic plague; or would history be more compassionate, merely finding them incapable of seeing the storm until it leveled their homes?

Over the last five years, scientists—particularly in the United States and France—have voiced concern that HIV, far from representing a public health aberration, may be a sign of things to come. They warn that humanity has learned little about preparedness and response to new microbes, despite the blatant tragedy of AIDS. And they call for recognition of the ways in which changes at the micro level of the environment of any nation can affect life at the global, macro level.6

Humanity’s ancient enemies are, after all, microbes. They didn’t go away just because science invented drugs, antibiotics, and vaccines (with the notable exception of smallpox). They didn’t disappear from the planet when Americans and Europeans cleaned up their towns and cities in the postindustrial era. And they certainly won’t become extinct simply because human beings choose to ignore their existence.

In this book I explore the recent history of disease emergence, examining in roughly chronological order examples that highlight reasons for microbial epidemics and the ways humans respond, as cultures, scientists, physicians, bureaucrats, politicians, and religious leaders.

The book also examines the biology of evolution at the microbial level, looking closely at ways in which disease agents and their vectors are adapting to counter the defensive weapons used to protect human beings.
In addition, The Coming Plague looks at means by which humans are actually aiding and abetting the microbes through ill-planned development schemes, misguided medicine, errant public health, and shortsighted political action/inaction.

Finally, some solutions are offered. Fear, without potential mitigating solutions, can be very volatile. It has, throughout history, prompted the lifelong imprisonment of the victims of a disease. Perhaps less onerously, it can lead to inappropriate expenditures of money and human resources aimed at staving off a real or imagined enemy.

What is required, overall, is a new paradigm in the way people think about disease. Rather than a view that sees humanity’s relationship to the microbes as a historically linear one, tending over the centuries toward ever-decreasing risk to humans, a far more challenging perspective must be sought, allowing for a dynamic, nonlinear state of affairs between Homo sapiens and the microbial world, both inside and outside their bodies. As Harvard University’s Dick Levins puts it, “we must embrace complexity, seek ways to describe and comprehend an ever-changing ecology we cannot see, but, nonetheless, by which we are constantly affected.”

Now in his eighties and retired from the daily practice of medicine, my Uncle Bernard wonders how many American physicians today would recognize a case of malaria, diphtheria, rheumatic fever, tuberculosis, or typhus without needing the guiding advice provided by time-consuming laboratory diagnostic analysis. He doubts whether most physicians in the industrialized world could diagnose an old scourge, like yellow fever or dengue fever, much less spot an entirely new microbe. As he and the rest of the pre-antibiotic era physicians of the developed world retire and age, Bernard asks if doctors of the year 2000 will be better or worse equipped to treat bacterial pneumonia than were physicians in his pre-antibiotic days.

Preparedness demands understanding. To comprehend the interactions between Homo sapiens and the vast and diverse microbial world, perspectives must be forged that meld such disparate fields as medicine, environmentalism, public health, basic ecology, primate biology, human behavior, economic development, cultural anthropology, human rights law, entomology, parasitology, virology, bacteriology, evolutionary biology, and epidemiology.

The Coming Plague tells the stories of men and women who struggled to understand and control the microbial threats of the post-World War II era. As these disease vanquishers retire, the college laboratories and medical schools grow full of youthful scientific energy, but it is not focused on the seemingly old-fashioned, passé tasks that were invaluable in humanity’s historic ecological struggles with the microbes. As we approach the millennium, few young scientists or doctors anywhere in the world can quickly
recognize a tiger mosquito, Peromyscus maniculatus mouse, pertussis cough, or diphtherial throat infection.

The skills needed to describe and recognize perturbations in the Homo sapiens microecology are disappearing with the passing of the generations, leaving humanity, lulled into a complacency born of proud discoveries and medical triumphs, unprepared for the coming plague.




1

Machupo

BOLIVIAN HEMORRHAGIC FEVER

Any attempt to shape the world and modify human personality in order to create a self-chosen pattern of life involves many unknown consequences. Human destiny is bound to remain a gamble, because at some unpredictable time and in some unforeseeable manner nature will strike back.

—Mirage of Health, René Dubos, 1959

 


 


[image: e9781429953276_img_9632.gif] Karl Johnson fervently hoped that if this disease didn’t kill him soon somebody would shoot him and put him out of his misery. The word “agony” wasn’t strong enough. He was in hell.

Every nerve ending of his skin was on full alert. He couldn’t bear even the pressure of a sheet. When the nurses and doctors at Panama’s Gorgas Hospital touched him or tried to draw blood samples, Johnson inwardly screamed or cried out.

He was sweating with fever, and he felt the near-paralytic exhaustion and severe pain he imagined afflicted athletes who pushed their training much too far.

When nurses on the Q ward first looked at Johnson lying beside his two colleagues they recoiled from the sight of his crimson blood-filled eyes. All over Johnson’s body the tiny capillaries that acted as tributaries flowing to and from the veins’ rivers of blood were leaking. Microscopic holes had appeared, out of which flowed water and blood proteins. His throat hurt so much he could barely speak or drink water, thanks to a raw and bleeding esophageal lining. Word around the hospital was that the three were victims of a strange and contagious new plague that felled them in Bolivia.

In brief moments of lucidity Johnson would ask how many days had passed. When a nurse told him it was Day Five, he groaned.

“If my immune system doesn’t kick in fast, I’m a dead man,” he thought.

He’d seen it happen plenty of times in San Joaquin. Some of the people died in just four days, but most suffered over a week of this torture.

Over and over he reviewed what he had seen in that isolated village on Bolivia’s eastern frontier. He hoped to think of something that could help him recover and solve the San Joaquin mystery.

It had all started exactly a year before—in July 1962. Johnson had just
arrived at the Middle America Research Unit (MARU) in the Panama Canal Zone, having had his fill of cataloguing respiratory viruses at the U.S. government’s National Institutes of Health in Bethesda, Maryland.

Since 1956, then a young physician fresh from his medical training, Johnson had tediously studied viruses that caused common colds, bronchitis, and pneumonia. The work was getting plenty of praise, but Johnson, who was always impatient, was bored. When word got out that the National Institutes of Health was looking for a virologist to staff its MARU laboratory, he jumped at the chance.

Shortly after Johnson arrived in Panama, his newfound MARU colleague, Ron MacKenzie, volunteered to assist a U.S. Department of Defense (DOD) team that was heading into Bolivia to conduct nutritional surveys.

“A nutrition survey?” Johnson asked snidely.

“Well, I could use the experience, and I’ve never been to Bolivia. So why not?” MacKenzie said.

When MacKenzie and the DOD team met with Bolivia’s Minister of Health in La Paz, the official said he had no problem authorizing their research plans, provided they first take care of a more pressing problem hundreds of miles away.

“I need an expert in mysterious diseases to investigate an epidemic in the eastern part of the country.”

All eyes turned to MacKenzie, who, as a pediatrician and trained epidemiologist, came closest to fitting the bill. He shifted uncomfortably in his chair, mumbled something about not being able to speak Spanish, and tried to imagine what eastern Bolivia might look like.

The minister went on to explain that the mysterious epidemic was fairly sizable, and two La Paz physicians had tentatively labeled it El Typho Negro—the Black Typhus.

The following morning found the tall, somewhat gawky MacKenzie—dressed in a black suit, starched white shirt, and wing tips—standing on the La Paz tarmac, a briefcase at his feet. He greeted Bolivian physician Hugo Garrón, microbiologist Luis Valverde Chinel, and a local politician, and the quartet boarded an old B-24 bomber bound for the town of Magdalena, in the country’s eastern frontier region. MacKenzie looked around for a seat: there were none. The plane had been stripped down for hauling meat, and the only passengers usually on board were sides of beef.

So MacKenzie stood behind the pilot, holding on to the hull for dear life during the long acceleration down the gravel runway. Because La Paz was at an elevation of 13,000 feet, planes had to reach great speeds to gain enough lift for takeoff. After what seemed an extraordinary amount of time, the Bolivian Indian mechanic who was squatting between the pilot and the copilot pulled a lever in the cockpit floor, withdrawing the landing gear, and they took off.

Like a tired old condor, the bomber circled La Paz slowly several times, spiraling upward to 16,000 feet, high enough to fly into a narrow pass
between the Andean peaks that towered around La Paz. MacKenzie found himself staring aghast at avalanches of ice cascading off dangerously close cliffs.
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When the plane escaped the claustrophobic mountain pass, it was enveloped in a dense fog which forced the pilots to fly by instruments alone: a magnetic compass, stopwatch, map, and notepad.

MacKenzie figured this was already enough adventure. Just three years ago he had been patching broken bones and vaccinating kids in a bucolic town north of San Francisco. This new exploit was a bit more perilous than anything he had gambled on when he left private practice to go into public health.

As the plane descended into the fog, MacKenzie began to feel the heat and humidity increase, sweat built under his stiffly starched shirt, and when the fog cover broke, he watched seemingly endless grassy savannas pass beneath them. These were broken up by outcroppings of low, tree-covered alturas hills, and by long winding rivers lined with thin bandas strips of rain forest.

“It looks just like Florida,” MacKenzie thought. “Kind of like the Everglades.”

After two more long hours the plane landed in the little town of Magdalena, and MacKenzie couldn’t believe his eyes.

“My gosh,” he exclaimed, “there must be two hundred people out there, standing around the plane.” The women in the throng were dressed entirely in mourning; the men wore black armbands. The bereaved people of Magdalena had gathered to greet “the experts” who had come to end their epidemic.

“Experts?” MacKenzie muttered, casting an uncomfortable glance at Valverde and Garrón. “Well, I’m it.”

With the grim entourage around them, the group dodged lumbering oxcarts as it made its way past a scattering of thatch-roofed adobe houses to the town plaza, a large courtyard surrounded by a circular arcade and the homes and stores of Magdalena. A sad, lethargic feeling pervaded everything.

At Magdalena’s tiny clinic MacKenzie found a dozen patients writhing in pain.

“My God!” he exclaimed as he watched one after another vomit blood. MacKenzie shuddered, feeling the tremendous onus of his position and cursing the naivete with which he had walked into the situation. It seemed that only yesterday he was doling out antibiotics in a clinic in Sausalito to kids whose frolicking was briefly interrupted by sore throats. What MacKenzie saw on the ward forced him to push aside his pediatrics training and, for the moment, draw upon the lessons in courage and horror he had learned during World War II combat.

He was told that most of the sick were outsiders from Orobayaya. The
mere name of that distant village sent shivers through the Magdalenistas, who spoke of it with unconcealed fear.

Soon the lanky MacKenzie, who towered over the Bolivians, was crouched in a dugout canoe making its way by moonlight upriver toward the plagued village. As they glided along MacKenzie kept spotting enormous “logs”—far larger than their canoe—sliding down the riverbanks toward them. The hair on the back of his neck stood up when he realized the “logs” were alligators.

The next day the group rode forty kilometers on horseback to Orobayaya.

It was deserted. The six hundred residents had fled days earlier in panic, leaving the village to pigs and chickens that scampered madly about in search of food.

MacKenzie returned to Magdalena, collected some blood samples from local patients, and headed back to Panama, where he tried to convince MARU director Henry Beye and the NIH bosses in Bethesda that the Bolivian situation warranted further investigation.

“It’s probably just the flu,” was the consensus from NIH officials.

“It’s something strange and dangerous,” MacKenzie insisted.

Both MacKenzie and Johnson thought the Bolivian villagers’ symptoms resembled those brought on by a recently discovered Latin American virus, found near the Junin River in 1953 in Argentina. The Argentine virus was a close cousin of Tacaribe, which caused a disease of bats and rodents in Trinidad, also only recently discovered. While there was no evidence that Tacaribe could infect human beings, Junin was clearly lethal in many cases. In sparsely populated agricultural areas of Argentina’s vast pampas, Junin appeared as if out of nowhere among men working the corn harvests. It too was a human killer that disrupted capillaries, causing people to bleed to death. Nobody was sure how the Argentines got Junin; there was speculation the virus might be airborne.

No point in taking stupid chances, Johnson thought. Though the NIH had not approved a MARU investigation of the epidemic, he flew to the U.S. Army’s Fort Detrick, in Maryland, to see Al Wieden. A pioneer in laboratory safety, Wieden had turned Fort Detrick into the world’s premier center of research on deadly microbes. Johnson wanted something unheard of: a portable box of some sort so he could safely study Junin in the field—or whatever was wiping out the people of San Joaquin.

At Fort Detrick there was a lot of research underway on “germ-free mice”—animals that had such weak immune systems that virtually any microbe could prove lethal to the mutant rodents. To keep the mice alive, scientists housed them inside airtight boxes that were constantly under positive pressure, pushing air past special filters to the mice, and then out again, toward the scientists. In this way, the mice breathed only sterile air. Scientists worked with the mice by inserting their hands into airtight rubber gloves that were built into the sides of the pressure box. The “glove
boxes,” as the steel contraptions were called, were about the size of large coffins and weighed hundreds of pounds.

Johnson’s idea was to convert one of these contraptions from positive to negative pressure so that all air would go inward, toward samples of possibly dangerous animals or microbes. That way, he could work relatively safely in a portable laboratory.

Such a portable laboratory had never before been used, and Wieden wasn’t sure how to jury-rig the positive-pressure boxes. But, racing against time, Johnson and Wieden found a new, lighter-weight plastic glove box and surrounded it with a vast rib cage of aluminum poles to prevent the container from imploding when the pressure reversed from inside-out to outside-in. To their mutual delight, it worked.

Meanwhile, MacKenzie still faced tough opposition in Bethesda, as well as at the Centers for Disease Control in Atlanta. Though he was a physician and had public health training, some higher-ups frankly doubted whether the thirty-seven-year-old MacKenzie had enough tropical experience to be able to recognize a new epidemic. They insisted it would be a waste of time and resources to deploy a team to investigate what would probably turn out to be some garden-variety bug such as influenza.

In the fall of 1962 MacKenzie appealed to Bill Reeves, his old mentor from public health graduate studies at the University of California in Berkeley. He described Magdalena to Reeves, who insisted that MacKenzie “stand up to the Bethesda bureaucrats.”

“Go for it. You got something there. Don’t let ’em discourage you,” Reeves urged.

On January 9, 1963, a meeting of the top brass in the NIH’s infectious diseases division was held in Bethesda, and MacKenzie persuasively pleaded his case. It was decided that he and a MARU ecologist named Merl Kuns should first undertake a scouting mission to assess the extent of the epidemic, collect blood samples, and define the nature of the local ecology.

The pair made their journey in March, and returned a week later even more firmly convinced that a serious epidemic was underway. Kuns, a University of Wisconsin-trained ecologist, was stunned by the thousands of bats that lived in the thatched roofs of towns like Magdalena, swooping out at night to forage for food. They were small bats, about the size of monarch butterflies, but they clustered in huge flocks that could suddenly fill the village sky. For his part, epidemiologist MacKenzie was convinced that nobody was actually getting infected in Magdalena, and the real epidemic was some fifty miles away in a town called San Joaquin. The pair returned to Panama with more than adequate evidence to gain approval for further investigation.

With his new laboratory contraption in crates, Johnson headed to Bolivia in May 1963, along with MacKenzie and Kuns. After arriving in the capital, the team chartered an old USAF B-17 bomber and flew to the eastern edge
of the Andes, then down the eastern Andean foothills to the Itenez River, and from there to the river’s Machupo tributary, eventually landing on a field outside San Joaquin. They then hauled their 10,000 pounds of equipment into the tiny town on mules.

Nestled atop a sloping hill just above the Machupo’s flood line, San Joaquin was, the flabbergasted Johnson thought, “the last frontier of the New World.” Nothing in his scientific career had prepared him for conditions so primitive: no roads, no real health facilities, no fences, no electricity, no telephones, no running water. Cows outnumbered humans roughly two to one and roamed freely about the town. The people of San Joaquin were an evenly divided mix of pure Spanish, pure Indians, and mestizos whose ancestors had built the town in the seventeenth century. The wealthier citizens resided in tile-roofed, whitewashed adobe homes; the rest of the population lived in mud-stick houses with thatch roofs. Six thin strips of marsh formed the “roads” of San Joaquin, which converged in a modest central plaza.

The Spanish people of San Joaquin were descended from cowboys who for a few generations had tended the large herds of a wealthy Brazilian family in control of an Amazon River fleet of refrigerated steamships. The ships took the beef out of San Joaquin, up the river system some 1,400 miles to the northwest, where the Amazon met the sea. From there the beef was shipped to Europe or North America, reaping excellent profits for the Brazilians.

In tiny San Joaquin, however, the cowboys, their families, and the local Indians were entirely dependent on the “benevolence” of the Brazilian ranch owners and on the food and supplies that returning steamships brought to their remote town.

In 1952 a revolution had brought the Movimiento Nacionalista Revolucionario to power. The land reform party stripped old Bolivian and Brazilian oligarchies of vast tracts of land, and the people of San Joaquin suddenly found themselves property owners. Unwilling to buy back from the local people the cattle they once owned, the Brazilians and their steamships left, never to return; and the villagers found themselves isolated, impoverished, and facing severe malnutrition unless they could grow crops to supplement the all too abundant supply of beef.

When Johnson, MacKenzie, and Kuns arrived in San Joaquin they found a modest town of some 2,000 people managing to survive on beef, the yields of home vegetable gardens, and small rice and corn fields scattered throughout the savannas.

A steady stream of travelers passed through the town on their way from even more remote areas in the savannas to larger Bolivian towns via the steamships that moored occasionally at the San Joaquin dock.

Upon arrival, Johnson immediately set up his portable laboratory contraption, and the team set out to assess the extent of the mysterious outbreak. By then the epidemic had already been underway for some fourteen months,
the people mourned every day when the church bell tolled another death, and fresh graves filled the cemetery.

With the townspeople’s eager help, the team mapped the area and painted numbers on all the adobe houses. Every family was interviewed extensively, and asked the questions most essential to the team: How many people in this house have had the disease? How many have died and how many have recovered? What were they doing in the days before they got sick? Is there any chance one family member gave the disease to another? Have any animals been sick?

It became obvious immediately that nearly half the people had been infected, and, of those, nearly half had died of the disease. That was a terrifying finding because few microbes kill nearly 50 percent of those they infect. One family lost nine of eleven members in 1963.

“That’s almost a Roman decimation,” Johnson told his colleagues, referring to the great epidemics of ancient Rome’s republican era when at least a quarter of the population was felled by a disease now thought to have been smallpox.

The first order of business was to figure out what type of microbe was killing the people of San Joaquin: bacterium, virus, or parasite. Circumstances pointed to a virus, possibly spread by insects, so the team set up two small laboratories located seventy-five yards apart. The first, an existing tile-roofed adobe building, housed Johnson’s glove-box contraption and a variety of other equipment and research animals used to isolate microscopic organisms from blood and tissue samples. The second laboratory was built to order by the local people out of lashed poles and thatching. It housed wild insects and animals Kuns and his assistants caught in the San Joaquin area. The team planned to study those animals to determine what species might be carrying the deadly microbes.

The facilities were kept separate to avoid cross-contamination, and the buildings were fitted with window screens and tight doors. Finally, the laboratories were heavily doused with DDT and ringed with rodent traps to protect the scientists from whatever creatures might be carrying the disease.

In June, after days of haggling with the San Joaquin community over the propriety of such things, Valverde convinced the local priest to allow MacKenzie to perform an autopsy on one of the recent victims of the epidemic. A few days later, a two-year-old boy died and from his spleen and brain the team was able to isolate a substance that, when injected into hamsters, produced the disease. Days after the boy died the team completed several more tests that proved the mysterious disease was caused by a virus: they ruled out a parasite or bacteria on the basis of both the minuscule size of filters through which the microbe readily passed and its ability to withstand antibiotics. They also showed the microbe could destroy human cells and cause disease in wild mice.1

Midway through the autopsy on the child, Hugo Garrón’s scalpel slipped,
flew across the autopsy table, and hit MacKenzie’s hand. Looking at the blood that instantly filled his punctured glove, MacKenzie looked up at Garrón and predicted the worst.

An anxious week passed without symptoms, and MacKenzie decided he was, indeed, a very lucky person. With greater care, he and Garrón performed several more autopsies and were struck by the level of devastation the mysterious microbe produced. Most alarming were the disease victims’ brains: where clear cerebrospinal fluid should have been there was, instead, crimson blood; all of the meningeal protective layers around the brain were blood-soaked. Eerily, most of the hair fell off victims’ heads before they died.

Toward the end of June the town had a party, which the scientists used as an opportunity to celebrate their rapid discoveries. The next logical steps in their research would involve characterizing the virus and figuring out exactly how people got infected. Johnson, Kuns, and MacKenzie felt confident all the answers would soon reveal themselves, and enthusiastically joined the celebration, eating and drinking the local specialties. While all three men were in the mood for a fiesta, it was Johnson who, with characteristic gusto, threw himself into the spirit of the event, drinking, dancing, and joining in the local macho sport of telling tall tales. Though not a classically handsome man, Johnson carried himself with a mix of cowboy swagger and charisma that inspired other men and attracted women. MacKenzie too threw himself into the gaiety of the evening, while the shyer, more serious Kuns quietly observed the goings-on.

On July 3 Johnson and MacKenzie were some twenty miles outside of San Joaquin gathering ticks from the bushes around a chaco, or small cattle ranch. They suspected the virus might be carried by insects and were collecting samples to take back to their field lab for analysis.

When they began the long trek back to San Joaquin, the shorter Johnson kept having to slow down to avoid outpacing his usually athletic, longlegged colleague.

By the time they reached the river and started to canoe downstream to San Joaquin, Johnson noticed he was pulling most of the weight.

“I feel lousy. Really lousy,” MacKenzie said as he staggered off to bed.

The next morning Peace Corps nurse Rose Navarro, who had been sent in to help with translating, took one look at MacKenzie and pronounced his condition serious. She also noticed that Angel Muñoz, a Panamanian lab technician who had recently arrived from MARU to assist Kuns, had similar symptoms.

Johnson and Kuns contacted Panama through a cumbersome radio relay system, and a USAF C-130 flew in that day—the Fourth of July—to evacuate the two ailing researchers.

As he waved goodbye to MacKenzie, Johnson felt a feverish chill come over his body and thought, “Damn! I should have been on that plane too!”

Over the next four days Johnson slowly hitchhiked his way, plane to
plane, across Bolivia, Peru, and Colombia, finally reaching the Gorgas Hospital in Panama.

And now here he was, bleeding to death. To his left lay MacKenzie, on the right Muñoz. Johnson could imagine his brief obituary: “promising young research physician, born in Terre Haute, Indiana, 1929. Dead, age 34. Unmarried.”

He knew there were two ways the virus could kill him. He’d seen it in San Joaquin. He might soon develop neurological symptoms, getting tremors and losing control of his muscles; eventually, he would have a grand mal seizure and die. Or the sheer volume of blood hemorrhaging from his capillaries would become so devastating that his body would go into shock and he’d die of cardiac arrest. Either death could strike in a matter of hours, or days.

In any event, there was no cure, no antitoxin. There was just lying and waiting.

After several more days of agony all three men showed signs of improvement, thanks largely to the efforts of an Army doctor flown in especially for them from Washington, D.C. Though he had never treated this particular ailment, the doctor had handled dozens of cases of another viral hemorrhagic disease called Seoul Hantaan, which first came to the attention of Westerners when 121 trench-bound American soldiers fighting in the Korean War died bleeding deaths that were not unlike the one threatening Johnson. (Nearly 2,500 U.S. soldiers suffered the Hantaan disease from 1951 to 1955.)2 Nobody had yet identified the Hantaan virus and it wasn’t clear how the disease was transmitted, but U.S. Army doctors had discovered that patients’ chances of recovery were greatly enhanced by careful supervision of their electrolytes and fluids. In all hemorrhaging diseases, as the capillaries leaked out precious fluids and proteins, the delicate chemical balances of vital organs such as kidneys, hearts, livers, and spleens were severely disrupted. Long before the immune system had a chance to mount a counterattack against the Hantaan virus, the organs would cease functioning and the patient would either convulse or go into shock.

Also in from Bethesda was Pat Webb, Johnson’s petite fiancée. Born in England and trained in both medicine and virology, Webb was doing research at NIH and had planned to move to Panama soon to join Johnson. Short, thin, and prematurely graying, Webb had an often caustic, opinionated style of speech. But for those who persevered, knowing Webb meant experiencing a woman possessed of a profound sense of humanity that infused her medical and research work.

Now she sat beside her future husband and caressed, kissed, or embraced him whenever he could tolerate the pain of being touched. By deliberately touching Johnson to illustrate there was no danger, she hoped to allay the fears of the frightened hospital staff.3 Webb’s fear was not the virus, but that Johnson would die, and a couple of times his condition seemed so grave she was convinced he wasn’t going to make it.


The Army physician’s efforts, however, paid off. Johnson survived.

As soon as he was up and about, Johnson started studying samples of the San Joaquin virus brought back to Panama with MacKenzie and Muñoz. He was able to confirm in the sophisticated MARU facilities what had tentatively been discovered in his glove-box contraption on the Bolivian frontier: the disease was caused by a virus that was similar to, but not the same as, Junin and Tacaribe.

With Johnson safely recuperating, Webb headed back to Washington in late August. It had been two weeks, the worst was over, and it was time she got back to work. On board the plane she was suddenly seized by a pounding headache, muscle pains, and waves of shaking chills. The symptoms escalated until Webb knew that, despite all her protestations to the Gorgas nursing staff, she had gotten the virus from kissing and embracing her fiancé. She was treated at the NIH hospital and, after ten distressing days, had recovered enough to go home. A few weeks later, Webb moved to Panama and eagerly joined in the detective work.

Though they had no way of knowing whether their painful illnesses had actually made them immune to the virus, Muñoz, MacKenzie, and Johnson made the journey back to San Joaquín in September, traveling now aboard USAF planes. They were quite naturally nervous, even fearful, but they felt compelled to return to the danger zone. The men shared a powerful scientific curiosity that pushed both doubt and fear aside, replacing them with a sleuthing urge every bit as powerful as that of a detective hunting down a serial killer. They needed to find out how the virus was transmitted in order to stop its spread.

On the way, Johnson and MacKenzie reviewed all the possible ways the three of them could have become infected. Since the infections seemed to have been simultaneous, it was unlikely they were due to accidents or carelessness in their primitive field laboratories. The window screens and DDT had probably protected them from any virus-carrying insects that might lurk in San Joaquín. And the fact that many family members who tended to dying relatives were not ill seemed to rule out person-to-person transmission of the virus. Of course, Webb’s illness forced an opposite conclusion.

The only experience the three had shared shortly before becoming ill was the town party. But what possible association could there have been between the party and their near-deaths?

In their absence Kuns had remained in San Joaquín, painstakingly capturing samples of every species of insect and mammal—from bedbugs to teeth-baring bats and slithering anacondas—he could get his hands on, all the while aware of the need to handle the animals with extreme care. As the wild rats tried to claw at him, or mosquitoes dove for his vulnerable flesh, Kuns deftly manipulated the creatures.

“I understand the ways of animals,” Kuns told his Bolivian assistants. He had a Ph. D. in veterinary sciences, specializing in the study of diseases
that affected both humans and animals, and he had minored in wildlife ecology studies. Kuns was a details man; his training reinforced a natural tendency toward searching for answers by tediously sifting through mountains of minutiae. He and Johnson—the impatient man of action—were a study in contrasts. While the rest of the MARU team recuperated in Panama, Kuns organized forty San Joaquin men to assist in the capture of local creatures. All the men were volunteers who believed they had already had the strange disease and their survival presumably rendered them immune. Over a year’s time Kuns and his volunteers would collect some 10,000 mammals of dozens of species, all of which had to be identified and studied for viral contamination. Even more insects were amassed, and Kuns pored over microscopes, used field texts to figure out just what species each and every creature represented, and trained his assistants to do the same. When identity was impossible to ascertain, Kuns shipped samples to the Smithsonian in Washington, D.C., or the Field Museum of Natural History in Chicago, where experts made the final judgment calls.

In coming months Kuns would complete one of the most exhaustive ecology surveys ever conducted in South America, all done in the pressure-cooker atmosphere of an epidemic. Having flown bombing missions over Germany in World War II, Kuns had no trouble staying cool, though he never forgot that any insect or animal he held in his hands might carry the deadly virus.

The team went to enormous lengths to find the culprit. A typical rectangular thatched/wattle house was purchased and meticulously deconstructed pole by pole, every insect and animal scraped off and analyzed. By night Kuns and MacKenzie, wearing miner’s headlamps, waded into knee-deep water to collect nocturnal animals such as vampire bats and night mosquitoes. Even though they tried to maintain a modicum of nonchalance on such occasions, MacKenzie couldn’t help but feel chills when he would turn suddenly and spot beady red eyes staring at him. After a few nights on such forays, Kuns and MacKenzie figured out that the eyes belonged to giant constrictor snakes, anacondas, one of which they measured at over eighteen feet in length.

The townspeople were anxious to help, and Kuns had to warn people not to handle the animals unless they had already survived the disease. One afternoon the leader of Kuns’s volunteer ecology army, Einar Dorado, held a big gray mouse in his hands while Merl tried to jab the beast with a needle in order to withdraw a blood sample. The angry animal squirmed, bit Dorado, and urinated over his hands.

Two weeks later Dorado was dead. His prior ailment had probably been the flu and he was not immune to the mysterious virus.

Kuns thought about that large gray mouse—a type of rodent that was pervasive throughout San Joaquin. He remembered visiting a small home in the middle of town and spotting a six-year-old girl asleep atop a cowhide
laid across the dirt floor. When the girl awoke, Kuns lifted the hide and dozens of those same big gray mice raced out of a nest in the floor.

As soon as Johnson and MacKenzie arrived in San Joaquin, the team spread word that they would give money to anybody who captured sick wild animals. Despite the strong monetary incentive, villagers were able to bring in only five sick animals over the next ten months, all large gray mice. The rodents were of a wild Calomys species normally found in the bush. Three of the animals died, suffering symptoms similar to those seen among the people of San Joaquin. The other two recovered and became virus carriers. The mysterious virus, which the team had dubbed Machupo after the local river, was found in the blood, spleens, or brains of the five animals.

The team hypothesized that the disease was carried the same way as the plague: by insects that inhabited the fur of the rodents. An alternative idea held that mosquitoes or ticks that fed on the mice might, in turn, feed on human blood and thereby spread the virus. In either case, an insect carrier had to be found.

From September 1963 to November 1964, the team, now including Webb, made numerous frustrating trips back and forth between San Joaquin and their Panama laboratories. They captured thousands of insects, ranging from tiny fleas and mites to larger ticks and mosquitoes. The insects were mashed up and their extracts scoured for Machupo virus.

None was found.

Night after late night in the Panama laboratory Johnson complained to Webb, “I can’t tell what the hell is going on. I’m running out of ideas here.”

After having solved the first parts of the mystery with awesome speed, the team was now mired in confusion. Kuns was convinced that better insect traps and more extensive forays in the foothills around San Joaquin would eventually smoke out the culprit, but Johnson was dubious.4 Some villagers in San Joaquin were downright fed up with the investigation, and the Americans became targets of wholesale theft of critical supplies, such as the diesel fuel for their generator. Things became so unstable that the Bolivian government declared martial law in the area, flying in fifty-five soldiers to maintain order. Thirty-seven of those soldiers eventually got the disease.

The team’s work was further delayed by angry anti-American uprisings in Panama that erupted into full-scale riots, forcing closure of the Canal Zone airport and delaying return trips by Johnson, Webb, MacKenzie, and Kuns.

One hot June day in 1964 Johnson and Webb were going over their laboratory records in Panama and noticed an odd disease pattern among the hamsters they had infected experimentally. If they injected the virus into baby hamsters, the animals almost always died and the adult hamsters would eat the bodies. The adults would then become infected at a low
level, but would survive. The adults, however, would pass on lethal infections to previously disease-free baby hamsters. How had these babies become infected?

Johnson and Webb, now married, happily spent long hours together in the laboratory, isolating viral samples from hamster blood. There were no shortcuts, no ways to get around the long tedious hours and days of work required to get a tiny pellet of viruses from thousands of hamster cells. Once the infected animal red blood cells were grown in petri dishes, the virus had to be purified out by a series of fractionization techniques. First, they mixed the hamster cells and blood with ammonium sulfate, which created a salted-out layer of gunk that sat at the bottom of a test tube. The fluid was poured off, and the virus-contaminated mass at the bottom was mixed with an alcohol, creating another layering. The virally infected layer, now smaller and purer, was spun about at low speed in a centrifuge; objects in the test tube migrated under spin to various positions according to their weights. The garbage—extraneous bits of hamster cells—formed a visible band in the tube, which was removed. Then the tube was spun again, this time at a very high speed, adequate to separate objects that differed only slightly in weight.

A pellet would be left, at long last, at the tube’s bottom—a nearly pure sample of concentrated, deadly Machupo viruses.

Johnson and Webb discovered that the adult hamsters were shedding virus in their urine. They then bred wild mice from San Joaquin and found the same thing—the animals actively urinated Machupo virus. The baby rodents had become infected because they were caged in an atmosphere of wood chips and sawdust drenched in Machupo virus.

Johnson felt the archetypical cartoon lightbulb flash above his head and heard himself shout, “Aha!”

He returned to San Joaquin and did a very simple experiment: He divided the town in half. On one side he set five-cent mousetraps throughout houses and corn storage areas. The other half of San Joaquin was left alone. One woman living in the trap side of town begged Kuns to give her as many traps as possible; he could only spare three. In a single night she caught twenty-two mice in her home, proudly presenting them all to an astonished Kuns the following morning.

Within two weeks the difference was obvious. While the epidemic continued at the same pace on one side of town, no new Machupo virus cases occurred where mousetraps had been set. Two weeks later, having set traps throughout San Joaquin, Johnson’s team stopped the Machupo epidemic.

“This is unbelievable,” Johnson proudly said to himself. “Within just eighteen months we isolated the virus, discovered its mechanism of transmission, and stopped it cold.”

Between 1962 and 1964 over 40 percent of the residents of the San Joaquin region were sick with Machupo virus; some 10 to 20 percent of the villagers died of the disease. If the region hadn’t been so sparsely
populated, the impact could have been devastating. As it was, for the people of San Joaquin, Magdalena, and the surrounding area, Machupo virus was a scourge that claimed at least one member of every family and was carried aboard mouse-infested supply carts to remote parts of the eastern frontier. Its impact on people’s lives would not soon be forgotten.

Over the next three years the Panama-based researchers would fill in some of the remaining pieces of the Machupo puzzle, and successfully stop a second outbreak of the disease deeper in the Bolivian savannas.5

Johnson put together a best-guess history of Machupo virus, and together with MacKenzie, Kuns, and Webb published several scientific papers between 1964 and 1966 describing most aspects of the virus. He decided the epidemic’s roots lay in Bolivia’s social revolution of 1952, when the people of the San Joaquin area suddenly found themselves without an employer or steady source of food supplies. In their haste to grow corn and other vegetables, they chopped down dense jungle areas of the alturas and bandas wherever the land naturally formed a relatively flat mesa above the Machupo River flood line. In so doing, they unwittingly disrupted the natural habitat of the Calomys field mouse and provided the rodent with a superior new food source: corn.

The mouse population swelled during the 1950s and the rodents literally invaded the town of San Joaquin in the early 1960s.

By the time the first cases of Bolivian hemorrhagic fever (as the disease was now dubbed) surfaced, the mice could be found anyplace the townspeople stored food and grain.

And each night while the mice nibbled away at the humans’ food supplies, they urinated.

The virus could be eaten or inhaled or could gain entry through cuts in the skin; in any event, Machupo could be lethal.

Johnson noticed that there was a ritual common to every household in San Joaquin. Before dawn the mothers and grandmothers would awaken and quietly prepare breakfast for the men and children. While pots boiled, the women would sweep their dirt and clay floors.

“And each time they sweep that broom,” Johnson realized, “they’re sending mouse urine-infected dust and crumbs drifting all about in the air.” Every time the families of San Joaquin assembled for breakfast, they shared virus-contaminated air. Johnson also decided that he, Ron, and Angel got sick as a result of eating contaminated food at the San Joaquin party.

Researchers from the Rockefeller Foundation Laboratories in New York City and the University of Buenos Aires eventually reached a similar set of conclusions about the Argentine Junin virus. An Argentine team led by Dr. A. S. Parodi concluded that another species of wild Calomys mouse had been flushed out of its pampas habitat by post-World War II changes in local agricultural practices. Farmers had long had difficulty growing profitable crops of corn because short broad-leafed weeds had invaded the
fields. After World War II, herbicides effectively eliminated the short grasses and dramatically increased crop yields.6

As harvest time approached, however, taller grasses that were not affected by herbicides would grow in the corn fields, thriving just when humans entered the fields to reap the corn. As it turned out, a fairly rare species of field mouse naturally subsisted on the seeds of these tall grasses. As the grasses proliferated, so did the mice, until the once-rare species became the dominant rodent of the region.

The mouse, of course, carried Junin virus, the cause of Argentine hemorrhagic fever.7

MacKenzie thought another Bolivian factor also played a role in the San Joaquin epidemic. On all his trips to Magdalena, Orobayaya, and San Joaquin, he was struck by the remarkable absence of cats in the villages. When he asked the people what had happened to the cats, he was told they all died.

The feline die-off coincided with the rise in the mouse population, allowing the Calomys to take over the town without battling predatory cats. There were two theories about why the cats died: they were also killed by the virus, or the felines were DDT victims. Bolivia was in the midst of a massive DDT-spraying campaign to eliminate malaria, and the quantities used in the homes of these remote areas were often so great that all furniture and walls were coated with a thin white film of insecticide powder.

MacKenzie did a simple experiment. He injected six cats with the virus and force-fed DDT to six others. The virus-treated cats were completely unaffected by the experiment, but the DDT-poisoned animals all died of symptoms identical to those seen among the domestic pets of San Joaquin.

Valverde was so impressed with MacKenzie’s hypothesis that he went on national radio to issue a call for donated cats. In June 1964 hundreds of cats were airlifted into San Joaquin, and the epidemic’s halt soon followed.

Kuns, the ecologist of the group, wasn’t ready to buy either the cat die-off idea or Johnson’s notion of a mouse invasion.

“It’s stupid! Absolutely stupid,” Kuns said of the cat/DDT link, noting that felines killed only the weak and sick members of mouse colonies and rarely had an enormous impact on the overall size of a rodent population. He wasn’t at all convinced people could get infected as a result of eating food contaminated with mouse urine either. To Johnson’s theory that three of the scientists got the disease as a result of feasting at the fiesta he said, with a wink, “You ought to think about what you did after the fiesta, boys, not what you ate.”8

Kuns believed the epidemic began when the virus itself changed and became more virulent. And he felt the exact mode of transmission of the disease from mouse to human was still unresolved.

Kuns told the NIH that he wanted to put fluorescent chemicals in mouse
food and then use ultraviolet lights to follow the animals’ urine trails in San Joaquin. That, he hoped, would answer the question by showing where the animals’ urine came in intimate contact with human noses, mouths, and inhalations. His hunch was that the rodents scampered around the villages while people slept, directly infecting the slumbering men, women, and children.

But once the epidemic was abated the NIH withdrew all research funds and Kuns’s efforts came to a full stop.

“Hardly anything has ever disappointed me more in all my thirty-nine years than having to pull out of here without finishing the job,” Kuns mumbled to himself as he packed up his microscope and thousands of animal samples. When a few cases of the disease appeared in San Joaquin a year later, Kuns told The Saturday Evening Post: “You might compare us to firemen. We’ve discovered the location of the blaze and we’ve put it out. But we still don’t know where or when it could start again.”9

For his part, however, Johnson was quite pleased.

By the end of 1964 Johnson was able to look over his recent accomplishments with great pride. Together with MacKenzie, Kuns, and Webb, he had solved an intriguing mystery, stopped an epidemic, published in prominent scientific journals, and organized a crackerjack virology laboratory in Panama that was prepared to tackle anything that might surface in the Americas. Furthermore, the NIH promoted him to director of the whole MARU facility.

He had also found love, honor, and a mission in life.

He married Patricia Ann Webb, received the Decorated Order of the Condor from the Bolivian government, and discovered his personal call of the wild. He had survived a near-death experience and then gone on to defeat the enemy on its own turf.

“That’s enough for some people for a lifetime,” thought the thirty-five-year-old. “But that’s just the start for me.”

His life dreams now changed forever, Johnson sought ways to combine science, clinical medicine, and good old-fashioned detective work. Wherever he went, whatever epidemics might come his way, he knew these were the skills he would use, and the challenges he would relish.

From then on, Johnson stressed the need for calm in the face of epidemics, for reason, science, sound clinical training, and the ability to work with a team of diverse expertise. These were lessons passed on first to those who worked with Johnson in Panama and later to a whole generation of infectious disease “cowboys.” Over the next two decades Johnson and his “cowboys” would fight dozens of skirmishes and a few pitched battles with the microbes, always maintaining a healthy respect for both their microscopic enemies and the human bureaucracies, governments, and institutions whose rules Johnson would regularly defy.

The war was on, and the battlefield was the entire planet.
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Health Transition

THE AGE OF OPTIMISM-SETTING OUT TO ERADICATE DISEASE

Germs come by stealth 
And ruin health, 
So listen, pard, 
Just drop a card 
To a man who’ll clean up your yard 
And that will hit the old germs hard.

—Dr. Almus Pickerbaugh, 
in Arrowsmith, Sinclair Lewis

I

For Western physicians, the 1950s and 1960s were a time of tremendous optimism. Nearly every week the medical establishment declared another “miracle breakthrough” in humanity’s war with infectious disease. Antibiotics, first discovered in the early 1940s, were now growing in number and potency. So much so that clinicians and scientists shrugged off bacterial diseases, and in the industrialized world former scourges such as Staphylococcus and tuberculosis had been deftly moved from the “extremely dangerous” column to that of “easily managed minor infections.” Medicine was viewed as a huge chart depicting disease incidences over time: by the twenty-first century every infectious disease on the chart would have hit zero. Few scientists or physicians of the day doubted that humanity would continue on its linear course of triumphs over the microbes.

Dr. Jonas Salk’s 1955 mass experimental polio vaccination campaign was so successful that cases of the disease in Western Europe and North America plummeted from 76,000 in 1955 to less than 1,000 in 1967.1 The excitement engendered by that drama prompted optimistic declarations that the disease would soon be eradicated from the planet.

Similar optimism enveloped discussion of nearly every infectious disease affecting human beings. In 1948, U. S. Secretary of State George C. Marshall declared at the Washington, D.C., gathering of the Fourth International Congress on Tropical Medicine and Malaria that the conquest of all infectious diseases was imminent.2 Through a combination of enhanced
crop yields to provide adequate food for humanity and scientific breakthroughs in microbe control, Marshall predicted, all the earth’s microscopic scourges would be eliminated.

By 1951 the World Health Organization was so optimistic that it declared that Asian malaria could soon reach a stage through careful local management wherein “malaria is no longer of major importance.”3 A key reason for the excitement was the discovery of DDT and the class of chemicals known as organochlorines, all of which possessed the remarkable capacity to kill mosquitoes and other insect pests on contact and to go on killing for months, perhaps years, all insects that might alight on pesticide-treated surfaces.

In 1954 the Fourteenth Pan American Sanitary Conference resolved in its Santiago, Chile, meeting to eliminate malaria completely from the Western Hemisphere, and PAHO (Pan American Health Organization) was instructed to draw up an ambitious eradication plan. The following year the World Health Organization decided to eliminate all malaria on the planet. Few doubted that such a lofty goal was possible: nobody at the time could imagine a trend of worsening disease conditions; the arrow of history always pointed toward progress.

Every problem seemed conquerable in the decade following World War II: humanity could reach the moon, bombs too terrifying to ever be used could create a balance of terror that would prevent all further worldwide wars, American and European agriculturalists could “green” the poor nations of the world and eliminate starvation, civil rights legislation could erase the scars of slavery and bring racial justice, democracy could shine in startling contrast to communism and provide a beacon to which the nations of the world would quickly flock, huge, gasoline-hungry cars cruised freshly paved highways, and their passengers dreamed of a New Tomorrow.

From the capitalist world came thousands of zealous public health activists who rolled up their sleeves and dived like budding Dr. Pickerbaughs into amazingly complex health crises. Sinclair Lewis lambasted such zealous health optimism in Arrowsmith, creating the character of Almus Pickerbaugh, physician-congressman-poet, whose gems included:



You can’t get health 
By a pussyfoot stealth, 
So let’s every health-booster 
Crow just like a rooster.



Never mind the seemingly daunting obstacles presented by, for example, cholera control in India; all was possible in the Age of Boosterism.

The notion developed of a Health Transition, as it was called. The concept was simple: as nations moved out of poverty and the basic food and housing needs of the populations were met, scientists could use the pharmaceutical and chemical tools at hand to wipe out parasites, bacteria, and viruses.
What would remain were the slower chronic diseases that primarily struck in old age, particularly cancer and heart disease. Everybody would live longer, disease-free lives.

Such glowing forecasts were not limited to the capitalist world. Soviet and Eastern bloc health officials presented ever-rosier medical statistics each year, suggesting that their societies were also well on their way to conquering infectious diseases. And Mao Zedong, leader of the nearly one-billion-strong Chinese nation, declared in 1963:



The Four Seas are rising, clouds and waters raging, 
The Five Continents are rocking, wind and thunder roaring. 
Away with all pests! 
Our force is irresistible.4



Throughout the 1950s and 1960s, the Chinese Communist Party waged a peasant-based war on infectious diseases, mobilizing millions of peasants to walk through irrigation ditches and pluck schistosome-carrying snails from the banks.5 According to British physician Joshua Horn, who fully embraced the campaign and Maoism, in 1965–66 virtually no new cases of schistosomiasis, a serious liver parasitic disease, occurred in China—a result, he claimed, of the Communist Party campaign.6

Though the ideological frameworks differed markedly, both the capitalist and communist worlds were forecasting brighter futures in which there would be a chicken in every pot, a car in every garage, and a long, infectious-disease-free life ahead for every child. Both sides of the Iron Curtain agreed that mass mobilization of the global populace to fight disease would inevitably result in victory. Never mind in what rhetoric public health campaigns might be wrapped, humanity would triumph over the microbes.

In September 1966 the U.S. Centers for Disease Control assessed the status of American health:

 


The status of diseases may be classified as follows:


1. Diseases eradicated within the United States (bubonic plague, malaria, smallpox, etc.)

2. Diseases almost eradicated (typhoid, infantile paralysis, diphtheria, etc.)

3. Diseases that still are health problems, although technology exists for effective control (syphilis, tuberculosis, uterine cervix cancer, injury, arthritis, breast cancer, gonorrhea, etc.)

4. Diseases where technology is in early developmental stages or nonexistent—and where little capability exists for alleviating or preventing health impairment (leukemia and some other neoplasms, some respiratory diseases and strokes)7


As the 1960s opened, the U.S. Department of Health, Education, and Welfare convened a team of medical experts to decide the future mission of the entire government public health effort. Praising the accomplishments
of the 1950s, the advisory team declared that “science and technology have completely transformed man’s concepts of the universe, of his place in it, and of his own physiological and psychological systems. Man’s mastery over nature has been vastly extended, including his capacity to cope with diseases and other threats to human life and health.”8

By 1967 U.S. Surgeon General William H. Stewart would be so utterly convinced of imminent success that he would tell a White House gathering of state and territorial health officers that it was time to close the book on infectious diseases and shift all national attention (and dollars) to what he termed “the New Dimensions” of health: chronic diseases.9

“In the words of the song, ‘The fundamental things go by,’ polio and measles can be eradicated and should be eradicated,” Stewart would tell his exuberant audience. “Venereal disease and tuberculosis can be sharply reduced and should be sharply reduced. These are tasks that no one will perform for us. So long as a preventable disease remains, it must be prevented, and public health must be the primary force for prevention.”

Not content to stop with the predicted eradication of all known infectious diseases, the optimists set out in search of rare and remote disease agents. Biology research stations were established throughout the Southern Hemisphere, staffed largely by scientists from the Northern Hemisphere. All sorts of agencies funded and administered these outposts, including the Rockefeller Foundation, agencies of the governments of France, the United States, Germany, and the United Kingdom, as well as a variety of small private interests.

Johnson’s Panama Canal Zone laboratory was just such an outpost. The U.S. government alone operated twenty-eight overseas laboratories, and the Rockefeller Foundation’s Virus Program operated facilities in eight countries through which over sixty viruses would be discovered between 1951 and 1971.10

But much of what these searching scientists were to find proved terrifying. As officials prepared to uncork celebratory champagne, Johnson and his colleagues were unlocking some of nature’s nastiest secrets.

Boosters of the 1950s and early 1960s had some basis, born of ignorance, for their optimism: they knew comparatively little about genetics, microbial evolution, the human immune system, or disease ecology. Given the state of knowledge in the public health world of that day, it may have seemed appropriate to view infectious diseases in simple cause-and-effect terms. Seen in such a reductionist manner, problems and solutions appeared obvious and readily conquerable, bravado warranted.

As early as the 1930s scientists guessed that the genetic traits of large creatures, such as plants, animals, and humans, were carried in packages called chromosomes. These structures, which, when examined through a microscope, resembled dark, squiggly worms, were inside the central core, or nucleus, of every cell in a plant or animal. By manipulating chromosomes in test tubes, scientists could change the ways cells looked or grew; exposing
chromosomes to radiation, for example, could transform healthy tissue into cancer colonies.

True, Gregor Mendel showed in 1865 that some characteristics were passed on as dominant traits from one generation to another, while other genetic characteristics were recessive. But nobody knew exactly how all this worked, why blue-eyed parents had blue-eyed children, or a bacterium could seem to suddenly develop the ability to withstand higher temperatures than normally tolerated by its species.

Until 1944 nobody knew what was responsible for this neat passage of genetic information, from the tiniest virus to the largest elephant. That year, Oswald Avery and his colleagues at the Rockefeller Institute in New York showed that if they destroyed a specific molecule found inside all living cells, the organisms could no longer pass on their genes.

The molecule was called deoxyribonucleic acid, or DNA.

In 1953 researcher Rosalind Franklin, working at King’s College in London, made the first X-ray photographs of DNA, showing that the molecules had a unique helical structure composed of various combinations of the same five key chemicals.

Later that year, America’s James Watson and Britain’s Francis Crick, working at Cambridge University, figured it all out. One of the chemicals—a sort of carbon chain linked by powerful phosphate chemical bonds—created parallel curved structures similar to the poles of a long, winding ladder. Forming the rungs of the ladder were four other chemicals, called nucleotides. The order of those nucleotide rungs along the carbon/phosphate poles represented a code which, when deciphered properly, revealed the genetic secrets of life.

DNA, then, was the universal code used by one meningococcal bacterium as the basis for making another meningococcal bacterium. It was the material wrapped up inside the chromosomes of higher organisms. Sections of DNA equaled genes; genes created traits. When the chromosomes of one parent combined with those of another parent, the DNA was the key, and which traits appeared in the children (blue versus brown eyes) was a function of the dominant or recessive genes encoded in the parents’ DNA.11

While government officials were bragging that everything from malaria to influenza would soon disappear from the planet, scientists were just beginning to use their newfound knowledge to study disease-causing viruses, bacteria, and parasites. Scientists like Johnson were of the first generation of public health researchers to know the significance of DNA. Understanding how DNA played a direct role in the emergence of disease would take still another generation.

Starting at nature’s most basic level, scientists at Cold Spring Harbor Laboratory on Long Island, New York showed in 1952 that viruses were essentially capsules jam-packed with DNA. Much later, researchers discovered that some other viruses, such as polio, were filled not with DNA
but with its sister compound, RNA (ribonucleic acid), which also carries the genetic code hidden in sequences of nucleotides.

When Karl Johnson was virus hunting in Bolivia, scientists had a limited understanding of the vast variety of viruses in the world, the ways these tiniest of organisms mutate and evolve, or how the microbes interact with the human immune system. The state of the art in 1963 was best summarized in Frank Fenner’s animal virus textbook, the bible for budding microbiologists of the day:

 


Suppose that we have isolated a new virus and have managed to produce a suspension of purified particles. How can we classify the virus, and how do we find out about its chemical composition? A lead may be provided by its past history —the species of animal from which it was isolated and whether or not it was related to a disease. This information, in conjunction with that obtained by electron microscope examination of … particles, might be enough for us to make a preliminary identification.12

 


Scientists could “see” viruses with the aid of microscopes powerful enough to magnify up to visual level objects that were nearly a million times smaller than a dime. With that power of magnification they could detect clear differences in the appearance of various species of viruses, from the chaotic-looking mumps virus that visually resembles a bowl full of spaghetti to the absolutely symmetrical polio virus that looked as if it were a Buckminster Fuller-designed sphere composed of alternating triangles.

Researchers also understood that viruses had a variety of different types of proteins protruding from their capsules, most of which were used by the tiny microbes to lock on to cells and gain entry for invasion. Some of the most sophisticated viruses, such as influenza, sugarcoated those proteins so that the human immune system might fail to notice the disguised invaders.

In 1963 laboratory scientists knew they could also distinguish one virus species from another by testing immune responses to those proteins protruding from the viral capsules. Humans and higher animals made antibodies against most such viral proteins, and the antibodies—which were themselves large proteins—were very specific. Usually an antibody against parts of the polio virus, for example, would not react against the smallpox virus. Indeed, some antibodies were so picky that they might react against a 1958 Chicago strain of the flu, but not the strain that hit the Windy City the following winter.

Jonas Salk used this response against outer capsule proteins of the polio virus as the basis of his revolutionary vaccine, and by 1963 medical and veterinary pioneers all over the world were finding the pieces of various viruses that could be used most effectively to raise human and animal antibody responses.


Back in the lab, they could also use antibody responses to find out what might be ailing a mysteriously ill person. Blood samples containing the victim’s attacking microbe would be dotted across a petri dish full of human or animal cells. Antibodies would also be dotted across the dish, and scientists would wait to see which antibody samples successfully prevented viral kill of the cells in the petri dish.

Of course, if the virus was something never before studied, all the scientists would be able to get was a negative answer: “It’s not anything that we know about, none of our antibodies work.” So in the face of something new, like Machupo, scientists could only say after a tedious process of antibody elimination, “We don’t know what it is.”

With bacteria the process of identification was far easier because the organisms were orders of magnitude larger than viruses: whereas a virus might be about one ten-millionth of an inch in size, a bacterium would be a thousandth of an inch long. To see a virus, scientists needed powerful, expensive electron microscopes, but since the days of Dutch lens hobbyist Anton van Leeuwenhoek, who in 1674 invented a microscope, it has been possible for people to see what he called “wee animalcules” with little more than a well-crafted glass lens and candlelight.

The relationship between those “animalcules” and disease was first figured out by France’s Louis Pasteur in 1864, and during the following hundred years bacteriologists learned so much about the organisms that young scientists in 1964 considered classic bacteriology a dead field.

In 1928 British scientist Alexander Fleming had discovered that Penicillium mold could kill Staphylococcus bacteria in petri dishes, and dubbed the lethal antibacterial chemical secreted by the mold “penicillin.”13 In 1944 penicillin was introduced to general clinical practice, causing a worldwide sensation that would be impossible to overstate. The term “miracle drug” entered the common vernacular as parents all over the industrialized world watched their children bounce back immediately from ailments that just months before had been considered serious, even deadly. Strep throat, once a dreaded childhood disease, instantly became trivial, as did skin boils, infected wounds, and tuberculosis with the quick discovery of streptomycin and other classes of antibiotics. By 1965 more than 25,000 different antibiotic products had been developed; physicians and scientists felt that bacterial diseases, and the microbes responsible, were no longer of great concern or of research interest.

Amid the near-fanatic enthusiasm for antibiotics there were reports, from the first days of their clinical use, of the existence of bacteria that were resistant to the chemicals. Doctors soon saw patients who couldn’t be healed, and laboratory scientists were able to fill petri dishes to the brim with vast colonies of Staphylococcus or Streptococcus that thrived in solutions rich in penicillin, tetracycline, or any other antibiotic they chose to study.

In 1952 a young University of Wisconsin microbiologist named Joshua Lederberg and his wife, Esther, proved that these bacteria’s ability to outwit
antibiotics was due to special characteristics found in their DNA. Some bacteria, they concluded, were genetically resistant to penicillin or other drugs, and had possessed that trait for aeons; certainly well before Homo sapiens discovered antibiotics.14 In years to come, the Lederbergs’ hypothesis that resistance to antibiotics was inherent in some bacterial species would prove to be true.

The Lederbergs had stumbled into the world of bacterial evolution. If millions of bacteria must compete among one another in endless turf battles, jockeying for position inside the human gut or on the warm, moist skin of an armpit, it made sense that they would have evolved chemical weapons with which to wipe out competitors. Furthermore, yeast—the molds and soil organisms that were the natural sources of the world’s then burgeoning antibiotic pharmaceutics—had evolved the ability to manufacture the same chemicals for similar ecological reasons.

It stood to reason that populations of organisms could survive only if some individual members of the colony possessed genetically coded R (resistance) Factors, conferring the ability to withstand such chemical assaults.

The Lederbergs discovered tests that could identify streptomycin-resistant Escherichia coli intestinal bacteria before the organisms were exposed to antibiotics. They also showed that the use of antibiotics in colonies of bacteria in which even less than 1 percent of the organisms were genetically resistant could have tragic results. The antibiotics would kill off the 99 percent of the bacteria that were susceptible, leaving a vast nutrient-filled petri dish free of competitors for the surviving resistant bacteria. Like weeds that suddenly invaded an untended open field, the resistant bacteria rapidly multiplied and spread out, filling the petri dish within a matter of days with a uniformly antibiotic-resistant population of bacteria.

Clinically this meant that the wise physician should hit an infected patient hard, with very high doses of antibiotics that would almost immediately kill off the entire susceptible population, leaving the immune system with the relatively minor task of wiping out the remaining resistant bacteria. For particularly dangerous infections, it seemed advisable to initially use two or three different types of antibiotics, on the theory that even if some bacteria had R Factors for one type of antibiotic, it was unlikely a bacterium would have R Factors for several widely divergent antibiotics.

If many young scientists of the mid-1960s considered bacteriology passe—a field commonly referred to as “a science in which all the big questions have been answered”—the study of parasitology was thought to be positively prehistoric.

A parasite, properly defined, is “one who eats beside or at the table of another, a toady; in biology, a plant or animal that lives on or within another organism, from which it derives sustenance or protection without making compensation.”15 Strictly speaking, then, all infectious microbes could be labeled parasites, from viruses to large ringworms.


But historically, the sciences of virology, bacteriology, and parasitology have evolved quite separately, with few scientists—other than “disease cowboys” like Johnson and MacKenzie—trained or even interested in bridging the disciplines. By the time hemorrhagic fever broke out in Bolivia, a very artificial set of distinctions had developed between the fields. Plainly put, larger microbes were considered parasites: protozoa, amoebae, worms. These were the domain of parasitologists.

Their scientific realm had been absorbed by another, equally artificially designated field dubbed tropical medicine, which often had nothing to do with either geographically tropical areas or medicine.

Both distinctions—parasitology and tropical medicine—set off the study of diseases that largely plagued the poorer, less developed countries of the world from those that continued to trouble the industrialized world. The field of tropical medicine did so most blatantly, encompassing not only classically defined parasitic diseases but also viruses (e.g., yellow fever and the various hemorrhagic fever viruses) and bacteria (e.g., plague, yaws, and typhus) that were by the mid-twentieth century extremely rare in developed countries.

In the eighteenth century the only organisms big enough to be studied easily without the aid of powerful microscopes were larger parasites that infected human beings in some stage of the overall life cycle of the creature. Doctors could, without magnification, see ringworms or the eggs of some parasites in patients’ stools. Without much magnification (on the order of hundreds-fold versus the thousands-fold necessary to study bacteria) scientists could see the dangerous fungal colonies of Candida albicans growing in a woman’s vagina, scabies acariasis roundworms in an unfortunate victim’s skin, or cysticercosis tapeworms in the stools of individuals fed undercooked pork.

As British and French imperial designs increasingly in the late eighteenth century turned to colonization of areas such as the Indian subcontinent, Africa, and Southeast Asia, tropical medicine became a distinct and powerful science that separated itself from what was then considered a more primitive field, bacteriology. Science historian John Farley concluded that what began as a separation designed to lend parasitology greater resources and esteem—and did so in the early nineteenth century—ended up leaving it science’s stepchild.16

Ironically, parasites, classically defined, were far more complex than bacteria and their study required a broader range of expertise than was exacted by typical E. coli biology. Top parasitologists—or tropical medicine specialists, if you will—were expected in the mid-1960s to have vast knowledge of tropical insects, disease-carrying animals, the complicated life cycles of over a hundred different recognized parasites, human clinical responses to the diseases, and the ways in which all these factors interacted in particular settings to produce epidemics or long periods of endemic, or permanent, disease.


Consider the example of one of the world’s most ubiquitous and complicated diseases: malaria. To truly understand and control the disease, scientists in the mid-twentieth century were supposed to have detailed knowledge of the complex life cycle of the malarial parasite, the insect that carried it, the ecology of that insect’s highly diverse environment, other animals that could be infected with the parasite, and how all these factors were affected by such things as heavy rainfall, human migrations, changes in monkey populations, and the like.

It was known that several different strains of Anopheles mosquitoes could carry the tiny parasites. The female Anopheles would suck parasites out of the blood of infected humans or animals when she injected her syringe-like proboscis into a surface capillary to feed. The microscopic male and female sexual stages of the parasites, called gametocytes, would make their way up the proboscis and into the female mosquito’s gut, where they would unite sexually and make a tiny sac in the lining of the insect’s stomach.

Over a period of one to three weeks the sac would grow, as inside thousands of sporozoite-stage parasites were manufactured. Eventually, the sac would explode, flooding the insect’s gut with microscopic one-celled parasites that caused no harm to the cold-blooded insect; their target was a warm-blooded creature, one full of red blood cells.

Some of the sporozoites would make their way into the insect’s salivary glands, from which they would be drawn up into the “syringe” when the mosquito went on her nightly sundown feeding frenzy, and be injected into the bloodstream of an unfortunate human host.

At that point the speed and severity of events (from the human host’s perspective) would depend on which of four key malarial parasite species had been injected by the mosquito. A good parasitologist in the 1950s knew a great deal about the differences between the four species, two of which were particularly dangerous: Plasmodium vivax and P. falciparum.

If a human host was most unlucky, the parasites coursing through her bloodstream would be P. falciparum and she would have only twelve days to realize she’d been infected and get treatment of some kind before the disease would strike, in the form of either acute blood anemia or searing infection of the brain. In either case, for an individual whose immune system had never before seen P. falciparum, the outcome would likely be death.

Scientists knew that injected sporozoites made their way to the liver, where they underwent another transformation, becoming so-called schizonts capable of infecting red blood cells. By the millions the tiny creatures, matured into merozoites, multiplied and grew inside red blood cells, eventually becoming so numerous that the cells exploded. Soon the human body would be severely anemic, its every tissue crying out for oxygen. If the immune system managed to keep the merozoite population down to manageable levels, the results would be prolonged—perhaps chronic lifetime —fatigue and weakness. Unchecked, however, the merozoites would so
overwhelm the red blood cell population that the host’s brain, heart, and vital organs would fail and death would result.

During the merozoite invasion of the blood supply, a smaller number of male and female gametocyte-stage P. falciparum would also be made, and the entire cycle of events would repeat itself when another female Anopheles mosquito fed on the blood of the ailing human, sucking those gametocytes up into her proboscis.

Understanding that process of the disease was relatively easy; more difficult was predicting when and why humans and Anopheles mosquitoes were likely to come into fatal contact and how the spread of malaria could be stopped.

Several types of monkeys were known to serve as parasite reservoirs, meaning that for long periods of time the disease could lurk in monkey habitats. The Anopheles mosquito would happily feed on both the monkeys and the humans that entered such ecospheres, spreading P. falciparum between the species.17

The size of Anopheles mosquito populations could vary drastically in a given area, depending on rainfall, agricultural practices, the nature of human housing and communities, altitude, proximity to forests or jungles, economic development, the nutritional status of the local people, and numerous other factors that could affect mosquito breeding sites and the susceptibility of local human populations.18

Almost entirely absent in the mid-twentieth century was an intellectual perspective that wedded the ecological outlook of the classical parasitologist with the burgeoning new science of molecular biology then dominating the study of nontropical bacteria and viruses. Money was shifting away from research on diseases like malaria and schistosomiasis. Young scientists were encouraged to think at the molecular level, concentrating on DNA and the many ways it affected cells.


II

Imbued with profound optimism, coupled with the post-World War II American “can do” attitude, the world’s public health community mounted two ambitious campaigns to eradicate microbes from the planet. One effort would succeed, becoming the greatest triumph of modern public health. The other would fail so miserably that the targeted microbes would increase both in numbers and in virulence, and the Homo sapiens death toll would soar.

Humanity’s great success story would be smallpox.

In 1958 the Soviet Union went before the World Health Assembly—the legislative body of the World Health Organization in Geneva—to request an international campaign for the elimination of smallpox, winning virtually universal support.


Historically, smallpox had proven a particularly vicious killer. It did not, as was typical for most infectious diseases, preferentially attack the most impoverished members of society.19 In A.D. 165, the Roman Empire was devastated by an epidemic now believed to have been smallpox. The pestilence raged for fifteen years, claiming victims in all social strata in such high numbers that some parts of the Roman Empire lost 25 to 35 percent of their people.20 It is believed that the virus struck a completely nonimmune population, having first appeared in Asia some one hundred years earlier.21

Over subsequent centuries equally devastating pandemics of the viral disease claimed millions of lives in China, Japan, the Roman Empire, Europe, and the Americas.22 According to historian William McNeill, Cortez’s capture of Mexico City with just a small army of exhausted Spanish irregulars under his command was possible only because the Europeans had unknowingly spread smallpox throughout the land. When Cortez launched his final assault on the capital, few Aztec soldiers were alive and well. Smallpox, together with measles, tuberculosis, and influenza, claimed an estimated 56 million Amerindian lives during the initial years of the Spanish conquest.23

By 1958, when the Soviets called for global eradication, smallpox was killing 2 million people a year, and cases could be found in thirty-three countries.

The virus could be spread by touch or respiration, and scientists carefully calculated the infectious dose necessary to produce disease—the numbers of viruses present in a tiny droplet of human exhalant and other details of transmission. It turned out that a single milliliter droplet of human lung exhalant contained 1,000 more viruses than were necessary to produce infection in the unfortunate soul who inhaled that minuscule bit of moisture.24

Both the historic devastation and the widespread rates of contemporary infection seemed to argue for skepticism about smallpox eradication.

On the other hand, several aspects of the biology of smallpox gave cause for optimism. Foremost was the existence of an extremely effective vaccine that, in various forms, had been in use since 1796.25 In modern times the cowpox vaccine, made from the bovine form of the virus, had been perfected, making it over 99 percent effective, with virtually no side effects. Smallpox was also easy to diagnose, and cases of the disease could readily be spotted by people with no professional training. During severe illness, grotesque bulbous inflammations formed on the individual’s face and skin. The distinct poxing, once healed, left visible scars anybody could recognize.

Because the virus was spread directly from person to person there were no troublesome vectors to control, such as mosquitoes, rats, ticks, or fleas. And the very thing that made smallpox so terrifying—its rapid lethality—also rendered it controllable because the viruses multiplied and spread so quickly that most people were infectious for only four or five days and their
debilitation was so great that they could not walk about and infect large numbers of people.

Though eradication would require over 250 million vaccine doses per year and a worldwide effort to reach all citizens at risk for smallpox—even those in the midst of wars, social tyranny, famine, or disaster—the program began amid optimism in 1967 under the leadership of American physician Donald “D. A.” Henderson.26

Nations of the Northern Hemisphere and Latin America were already well on their way to smallpox eradication in 1967, but the disease was firmly in place in many parts of Africa and Asia, where religion often proved a major barrier to vaccination.

Before the campaign began, researchers scoured pilot project areas to see how accurately smallpox cases were reported. Their conclusion was that an astonishing 95 percent of all cases of the disease were never reported to national or international public health authorities. The reasons for such dramatic underreporting were numerous: local authorities feared being penalized if higher-ups learned that epidemics had occurred in their jurisdictions; in some areas the disease was simply accepted as a fact of life; outbreaks tended to occur in confined areas and could easily be missed by quick national surveys; during centuries of colonialism, people’s homes were often burned if smallpox was found in a family member, so people in former colonies naturally concluded it was best not to inform authorities.27

Ultimately, Henderson’s team at WHO devised a smallpox plan of attack that boldly confronted these issues by dispersing dozens of skilled tropical disease experts all over the world in search of small outbreaks of the virus. Once such an outbreak was identified, local government was mobilized and residents of the area were vaccinated. Inoculation was occasionally carried out forcibly; in some instances people’s homes were invaded and local police assisted the inoculators.

Because both superpowers wholeheartedly supported the campaign, few governments resisted public health efforts that often took on military overtones. The WHO teams braved civil wars, floods, religious battles, and a variety of geographic and logistic problems to accomplish their task in eleven years.

In Bangladesh, for example, where the worldwide campaign faced its toughest battle due to the great population density and ancient smallpox endemicity, French physician Daniel Tarantola braved confrontation with an infamous murderer thought to be a smallpox carrier. Without police protection, Tarantola approached the murderer and his outlaw gang in their hideout and faced down guns to immunize them. The word from villagers was that members of the gang had classic pockmarks on their faces and the robbers were spreading the epidemic throughout the countryside. The village intelligence proved accurate, and the immunizations prevented a local epidemic. The gang leader, however, died of smallpox two days after Tarantola’s courageous confrontation.


During the late 1960s, Tarantola, then a Paris medical student, volunteered his services to Médecins Sans Frontieres, an idealistic organization that sent European medical volunteers into war-torn areas to provide care to civilian populations. In the midst of civil war, the twenty-something Tarantola ran a pediatric ward in Biafra. Two years later, with some course work yet to be completed at the University of Paris Medical School, Tarantola signed on for a two-year stint in Africa in a small hospital in newly decolonized Burkina Faso.

Tarantola was a product of his times. While he studied the intricate workings of human kidneys, riots raged in the streets of Paris. Students formed alliances with factory workers and, inspired by such heroes of the day as Mao Zedong, Che Guevara, Ho Chi Minh, Herbert Marcuse, and Kwame Nkrumah, challenged the very existence of the De Gaulle government. Such bold, youthful actions were reflected all over the world, from Washington to Jakarta, as college-age young adults challenged the established order of things. A mood of activism and boldness infected the usually staid halls of medical schools internationally, inspiring would-be physicians like Tarantola to dream of a world in which villagers in Burkina Faso had as much a right to expect an eighty-year life span as did les parisiennes bourgeois.

When young doctors like Tarantola looked around the world for inspiration in the 1960s, they saw people nearly their own age leading revolutions against the old European colonial powers, taking control of governments and debating the creation of new types of social orders. Like many European and American idealists, Tarantola thought that with enough energy and Western money, just about anything was possible “if there is political will.”

It was with that zeal that he approached his work in the Fada N’Gourma Rural Hospital in Burkina Faso, developing a grass-roots primary health care system that radically reduced infectious disease problems in the area. For his efforts, Tarantola was given the 1973 Albert Schweitzer Award.

The ink was barely dry on his medical degree when Tarantola next signed on with another French charitable group, Brothers to All Men, to do primary health care in northern Bangladesh. Because he had no command of English, the second language of Bangladesh, Tarantola promptly taught himself Bengali.

He had been in the country only six months when he was recruited to work with the smallpox campaign. Like Tarantola, most of the smallpox investigators were young (under thirty-five), Caucasian, idealistic males from Europe and North America. At the time, this cultural and gender homogeneity made some team members uncomfortable, but the grander goal of eliminating one of the planet’s most notorious scourges outweighed concerns about neocolonialistic appearances.

In 1972 Don Francis had just barely completed his pediatrics residency at Los Angeles County Hospital and signed on with the CDC when smallpox broke out in Kosovo, Yugoslavia. The young doctor was just setting up a
CDC disease surveillance office in Oregon when Atlanta called, ordering him to go to Belgrade. Francis raced home, grabbed a few changes of clothing, a shaving kit, and his passport, and headed for the airport. Seven hours later he was in Washington, D.C., getting a briefing and cases of vaccination equipment. Before midnight he was asleep on a jet flying somewhere over the Atlantic, and in the morning he hit the ground running in Belgrade.

A few weeks later, the Yugoslavian outbreak safely contained, Francis was in Khartoum, the capital of Sudan, hunting down smallpox cases. From there, he went on to India and Bangladesh.

By the time Francis’s obligations to the smallpox campaign were fulfilled, nearly three years had elapsed since he answered that phone call one morning in Oregon.

Another young American physician, David Heymann, saw a one-shot CDC assignment turn into two years of Indian smallpox hunting in Bihar and Calcutta. When Heymann’s group vaccinated somebody, they always showed pictures of smallpox-stricken Indians and asked for names of people suffering from the disease. In some areas they offered rewards to people who could steer the team to active smallpox cases. If they found a case, the ailing person was quarantined and everybody in the region vaccinated—some against their will.

Despite the coercive nature of their activities, few of the fieldworkers doubted that, in the greater scheme of things, what they were doing was just: if 2 million people a year could survive because of momentary inconveniences visited upon a few, then how could there be any doubt about the righteousness of their campaign?

The one concern that did constantly haunt D. A. Henderson and his team was the cost of failure. In those brief moments when they allowed themselves to entertain the notion that smallpox might not be eradicated, the scientists knew the world might never again be willing to mobilize across political, national, cultural, racial, and religious boundaries to share a common battle against disease. The stakes, clearly, were high.

By the summer of 1974, the WHO team was about to declare victory in Bangladesh, the last stubborn holdout of the virulent variola major form of smallpox. Officials had even gone so far as to publicly predict that complete elimination of the virus would occur before that November.

But then the rains came, and came, and came. By August, Bangladesh was besieged by water, as dikes and dams burst under the monsoon’s force. Refugees poured by the tens of thousands into Dhaka. Famine spread throughout the land, and the country seemed to be coming apart at the seams. Shortly before the floods, the Prime Minister, Sheik Mujibur Rahman, was assassinated, and a series of riots, civil violence, and coups followed, lasting well into 1975.

After being so close to victory, the task of eliminating—indeed, amid
the chaos, finding—the remaining cases seemed so daunting that most of the eradication staff gave up. They were exhausted, burnt out.

But Tarantola told his staff, “Look, this just means we have to get down to micromanagement. We must look at the trees now, not the forest. Take it day by day.”

Slowly staff confidence and morale were rebuilt, smallpox cases were found, and the enthusiasm returned. Within a year, victory once again seemed within grasp. Heymann and Francis were reporting total success in India, and no new outbreaks had occurred in Africa in months. With all eyes on Bangladesh, excitement rose.

One of the last infected villages was outside the city of Chittagong, which was under the command of an Army general. Not knowing what side of the civil war that general was on, or how he felt about foreigners, Tarantola confronted the general and requested permission to vaccinate the villagers. Permission was initially denied, and the disease spread. Once again, it seemed the gigantic obstacles of Bangladesh would force the WHO team to snatch defeat from the jaws of victory.

But the general finally relented, the last outbreak was stifled, and champagne was poured in Dhaka. Tarantola greedily guzzled the champagne, exultant after years of round-the-clock viral pursuit.

The next morning victory once again disappeared when word came that smallpox had surfaced on Bhola, an island off Bangladesh. For the third time the team was forced to remobilize after having been convinced the war was over. This time, when all the affected islanders had been vaccinated, Henderson held his breath a bit before announcing success.

On November 1975, D. A. Henderson was able to announce to the world that a three-year-old Bangladeshi girl named Rahima Banu had been cured, and represented the last case of wild variola major in human history. Two years later, on October 26, 1977, the last case of the less virulent variola minor would be found in Merka, Somalia.

By then Dr. Isao Arita had been in charge of the international effort for ten months, Henderson having retired. The Japanese physician ran the program with at least as much energy as the tall, bombastic American, but with a personal style that was more low-key and witty. In times of tension, Arita told jokes.

His humor was put to the test in the Horn of Africa in early 1977, just weeks after military leader Mengistu Haile Mariam seized power in Ethiopia, installing a Soviet-backed, communist government. The military government in Somalia laid claim to Ogaden, a region then part of eastern Ethiopia, and full-scale war was underway. Ethiopia, backed by Soviet arms and Cuban troops, mounted a powerful defense of Ogaden. But Somalia, despite its left-wing leanings, successfully obtained Cold War countersupport from the United States. As war raged, more than a million civilian refugees fled the area, pouring into nearby Somali and Ethiopian rural
provinces that were in the throes of their second and third years of drought and starvation.

It was in that area—Ogaden—that the world’s last known cases of smallpox variola minor could be found, primarily among Somali Muslims.

Arita knew that UN flags and WHO credentials would offer little protection to his scientific team members in such a volatile situation, yet he also felt time was running out. It was February 1977, and the Hajj was just ten months away. During the Hajj thousands of devout Somali Muslims would make their pilgrimage to Mecca, where they would eat, sleep, and pray for several days with some 2 million other followers of Islam from all over the world. If infected pilgrims were part of the hajj, all efforts to eradicate smallpox would end in failure.

For months the multinational team struggled against the elements, avoided the war’s front, and tracked down smallpox cases among the refugees and villagers of Ogaden. By October the numbers of rumored cases seemed small, and despite the onset of the rainy season, Arita ordered the team to push on. Half the team got mired in mud floes during those rainy days, and one American scientist, Joe McCormick, spent three days alone in Ogaden, stranded in a Land-Rover stuck in a three-foot-deep wall of mud.

Finally, in Merka, Somalia, the team found the world’s last case of variola minor.

All Maow Maalin would be cured, and all forms of smallpox disappeared. Smallpox had been conquered.28

Their jobs completed, smallpox team members dispersed to public health jobs all over the world. Surprisingly, they were not eagerly snatched up by WHO, or congratulated individually for their magnificent efforts. On the contrary, the brash young smallpox scientists were considered arrogant and thoughtless. They violated too many WHO bureaucratic guidelines. And they operated with a single goal in mind—a perspective quite unlike that of those who usually drove the vaguely pro-health WHO and national ministries of health worldwide.

“Science really suffers from bureaucracy,” Arita would later declare, adding, “If we hadn’t broken every single WHO rule many times over, we would never have defeated smallpox. Never.”

Even Arita and Henderson, the heroic leaders of the smallpox eradication effort, were criticized for crossing too many WHO lines. Arita shrugged it off and returned to his hometown, Kumamoto, to run Japan’s National Hospital.

After a period of being the target of animosity in the Geneva headquarters of WHO, Tarantola was thrilled to be assigned to an overseas job, running childhood vaccination campaigns in Indonesia. Francis was burned out, so he followed his girlfriend to Harvard, where he planned to do virology research. Heymann moved to Atlanta, signing on with the CDC. All three
men would work together again, over a decade later, to combat another global epidemic.

Eradication took eleven years, involving about a hundred highly trained professionals and thousands of local health workers and staff worldwide. It was achieved at a cost of $300 million.29

On May 8, 1980, the World Health Assembly formally declared that “the World and all its peoples have won freedom from smallpox, which was a most devastating disease sweeping in epidemic form through many countries since earliest times, leaving death, blindness, and disfigurement in its wake and which only a decade ago was rampant in Africa, Asia, and South America.”30

A very different outcome awaited those who fought to eradicate malaria worldwide. Between 1958 and 1963 alone, $430 million was spent on a series of failed attempts to eliminate malaria. In 1991 dollars that constituted an expenditure of over $1.914 billion.31 Between 1964 and 1981, the United States spent an additional $793 million. 32

When the international effort began, there were millions of cases of malaria every year, largely concentrated in Southeast Asia and Africa. Though reliable numbers were not available for most parts of the world, it was estimated that, for example, about 1 million people had malaria that year in Sri Lanka, some 100 million in India, and untold numbers, roughly estimated in the “hundreds of millions,” in Africa.33

On the other hand, humanity possessed powerful weapons. Chloroquine and quinine were effective treatments that, when properly and speedily used, stopped most cases of the disease in a matter of days. And chlorinated hydrocarbon insecticides—notably DDT34—could kill not only adult mosquitoes that carried malarial parasites but their progeny as well, because the chemicals were virtually nonbiodegradable and their insect toxicity could be expected to eliminate pests that landed on sprayed surfaces for months, even years, after chemical treatment.

Even without such chemical weapons, some countries had dramatically reduced their malaria problem; chief among them was the United States. There was disagreement in research circles about the origins of malaria in the Americas,35 but whatever the case, by the eighteenth century malaria was a serious endemic disease from Montreal to southern Chile.

For the U.S. military, malaria was an enormous problem—in some theaters of combat, its chief hardship—since the creation of George Washington’s Continental Army in 1776. At least a million soldiers suffered malaria during the Civil War, and the disease was a major killer in America’s southern states well into the 1930s. U.S. troops also suffered serious malaria problems overseas; 19,000 doughboys contracted the disease during World War I, and over 500,000 GIs had malaria during World War 11.36

But during the construction of the Panama Canal (1904–14), General William C. Gorgas directed the U.S. Army Medical Corps on a successful
campaign to drain swamps, treat local people with quinine, and kill mosquito larvae floating atop pools of water. He did not have DDT at his disposal in those early years, yet the result was virtual eradication of Panamanian malaria. Similar drainage efforts throughout the U.S. sunbelt were already bringing malaria down to negligible levels by 1947.37

Then Egypt embarked on the first successful campaign using DDT to eliminate the Anopheles gambiae mosquito. Its initial results were so dramatic that the U.S. Congress allocated $7 million in 1947 for a DDT-based program to eradicate malaria within the forty-eight states. Five years later, the program was abandoned when not one case of malaria could be found within the U.S. borders.

Similar successes were reported across the European continent, though malaria stubbornly hung on in parts of Italy, Spain, and Greece well into the 1950s. Buoyed by Brazil’s success a decade earlier controlling the A. gambiae38 mosquito population, the 1954 Pan American Sanitary Conference held in Santiago, Chile, resolved to eradicate malaria-carrying mosquitoes from all countries in the Americas, from the Arctic to Antarctica.

In 1956, malariologist Paul Russell, then at Harvard University’s School of Public Health, authored a report for the International Development Advisory Board (IDAB)39 recommending immediate global eradication of malaria. In the report Russell reflected mainstream scientific views of the day when he argued that DDT was such a powerful tool that a multimillion-dollar worldwide campaign could eliminate all malaria-carrying mosquitoes on the planet within less than a decade.

 


Generally, it takes four years of spraying and four years of surveillance to make sure of three consecutive years of no mosquito transmission in an area. After that, normal health department activities can be depended upon to deal with occasional introduced cases … . Eradication can be pushed through in a community in a period of eight to ten years, with not more than four to six years of actual spraying, without much danger of resistance. But if countries, due to lack of funds, have to proceed slowly, resistance is almost certain to appear and eradication will become economically impossible. Time is of the essence [his emphasis] because DDT resistance has appeared in six or seven years.40

 



Lest anyone in Congress miss the IDAB report’s point, Russell added the following strong words:

 


This is a completely unique moment in the history of man’s attack on one of his oldest and most powerful disease enemies. Failure to proceed energetically might postpone malaria eradication indefinitely.

 



Russell’s plan caught the imagination of several key figures in the American political arena of the late 1950s: Secretary of State George Marshall, Senators John F. Kennedy and Hubert H. Humphrey, and President Dwight
D. Eisenhower. Though malaria no longer existed in the United States, America was, in 1957, the center of virtually all cash reserves on earth. Europe, Japan, and the U.S.S.R. were still smarting from World War II devastation, and what is now called the developing world was largely in the yoke of colonialism or severe underdevelopment. Having won World War II, Americans were of a mind to “fix things up”: it just seemed fitting and proper in those days that Americans should use their seemingly unique skills and common sense to mend all the ailments of the planet.

Thus, in 1958 Russell’s battle for malaria eradication began, backed directly by $23.3 million a year from Congress.41 Because Russell had been so adamant about the time frame, Congress stipulated that the funds would stop flowing in 1963. In addition to the $23.3 million to be spent annually by IDAB, Congress shelled out funds generously between 1958 and 1963 for WHO (contributing 31 percent of its overall budget and more than 95 percent of its malaria budget), the Pan American Health Organization (PAHO, which got 66 percent of its funds directly from the U.S. Congress), and UNICEF (underwriting 40 percent of the UN Children’s Fund budget).42 It was a staggering economic commitment, the equivalent of billions of dollars in 1990. Remarkably, American politicians didn’t complain about spending so much money to control diseases few U.S. citizens ever contracted, and the effort enjoyed bipartisan support. President Eisenhower called for the “unconditional surrender” of the microbes, George Marshall foresaw the “imminent conquest of disease,” and Senator Kennedy predicted that children born in the next decade would no longer face the ancient scourges of pestilence.

The stage was set. The scientists had everything going for them: political support, money, DDT, and chloroquine. So certain were they of victory that malaria research came to a virtual halt. Why research something that will no longer exist?

Yet when Andy Spielman had started graduate school just five years earlier at Johns Hopkins School of Medicine, the budding young Colorado scientist was convinced he would have a lifetime’s worth of parasite research puzzles to solve. Socially awkward because of a stuttering speech impediment, Spielman delighted in the introspective world of science. Baltimore colleagues quickly admired his wit, warmth, and ready intelligence. Spielman anticipated decades of studying insects and the parasites they carried.

He had, however, been in Baltimore less than two months when his mentor, Lloyd Rozeboom, grabbed Spielman by the collar and said, “Let’s get a beer.”

The downcast Rozeboom bought Spielman a pint and after a few quaffs said, “Look, I’ve got to get this off my chest. I’m conscience-stricken.”

“What’s the problem?” Spielman asked.

“I should never have accepted you into graduate school. I should never have encouraged you to pursue medical entomology. It’s a dead field. DDT is killing it,” Rozeboom said.


Spielman argued it was too early in the game to call the score. But Rozeboom was adamant.

“It’s all over. There will be no career for you. By the time you’ve finished your thesis all the insect-borne disease problems will be solved,” Rozeboom insisted.

Undaunted, Spielman pursued his Ph. D. despite Rozeboom’s warning. He was a firm believer in evolution—he had practically memorized his favorite text on the subject—and he told Rozeboom that “DDT isn’t the final answer.”

While Congress reviewed Russell’s IDAB proposal, Spielman took some courses at the Woods Hole Oceanographic Institute in Massachusetts. There he met a middle-aged marine biologist who was quietly rethinking the whole DDT question. She told Spielman that evolution would come between DDT and the dream of malaria eradication. DDT-resistant strains of Anopheles mosquitoes were turning up all over the world, she said.

Her name was Rachel Carson, and the same year the United States and WHO embarked on their ambitious campaign to eliminate malarial mosquitoes, Carson started writing Silent Spring.43 Carson never completely opposed pesticide use; rather, she favored their rational and limited application. Prophetically, she worried that widespread agricultural use of insecticides would endanger efforts to control malaria, typhus, African sleeping sickness, yellow fever, and encephalitis. She wrote:

 


No responsible person contends that insect-borne disease should be ignored. The question that has now urgently presented itself is whether it is either wise or responsible to attack the problem by methods that are rapidly making it worse. The world has heard much of the triumphant war against disease through the control of insect vectors of infection, but it has heard little of the other side of the story—the defeats, the short-lived triumphs that now strongly support the alarming view that the insect enemy has been made stronger by our efforts. Even worse, we may have destroyed our very means of fighting.44

 


She noted that the first public health use of DDT occurred in 1943. Allied troops sprayed the chemical liberally to eliminate typhus-carrying lice in Italy. The lice were, in fact, killed, and typhus halted, but a year later DDT-resistant Culex mosquitoes and houseflies stepped into the vacuum. By 1951, mosquitoes and flies in the region were resistant to DDT, methoxychlor, chlordane, heptachlor, and benzene hexachloride, and Italians had returned to time-honored tactics for insect control: screened windows, flypaper, and flyswatters.

In 1959 Spielman joined the faculty of the Harvard School of Public Health and discovered that no courses on malaria or Anopheles mosquitoes were on the curriculum. With the leader of the world’s malaria eradication campaign on the faculty, it was considered distasteful to offer such courses. Training young scientists in techniques of mosquito control implied that
Paul Russell’s efforts would fail and such knowledge would actually be necessary for future practitioners of public health.

Russell, an ex-missionary, was a kindly, elderly gentleman, and although Spielman had never believed the campaign would succeed, it broke his heart to see the dejection Russell felt when 1963 arrived.

Malaria had, indeed, reached its nadir. But it had not been eliminated. In some countries success was so close that people were already celebrating. Sri Lanka, for example, had 1 million malaria cases in 1955; just eighteen in 1963.

 



But a deal’s a deal. Russell promised success by 1963, and Congress was in no mood to entertain extending funds for another year, or two. As far as Congress was concerned, failure to reach eradication by 1963 simply meant it couldn’t be done, in any time frame. And at the time virtually all the spare cash was American; without steady infusions of U. S. dollars, the effort died abruptly.

In 1963 Harvard put malaria control back on its curriculum.

Spielman shook his head and wondered out loud, “How can they just abandon all these people?” He knew that, thanks to the near-eradication effort, hundreds of millions of people now lacked immunity to the disease, but lived in areas where the Anopheles would undoubtedly return. Pulling the plug abruptly on their control programs virtually guaranteed future surges in malaria deaths, particularly in poor countries lacking their own disease control infrastructures. As malaria relentlessly increased again after 1963, developing countries were forced to commit ever-larger amounts of scarce public health dollars to the problem. India, for example, dedicated over a third of its entire health budget in 1965 to malaria control.45

Everything started to unravel. The Green Revolution—a World Bankbacked scheme to improve Third World economies through large-scale cash crop production—got underway. Turning thousands of acres of formerly diversely planted and fallow land into monocultured farms for export production of coffee, rice, sorghum, wheat, pineapples, or other cash crops necessitated ever-increasing pesticide use. When an area had very diverse plant life, its insect population was also diverse and no single pest species generally had an opportunity to so dominate that it could destroy a crop. As plant diversity decreased, however, competition and predation among insects also declined. As a result, croplands could be overwhelmed rapidly by destructive insects. Farmers responded during the 1960s with heavy pesticide use, which often worked in the short term. But in the long run pesticides usually killed off beneficial insects, while the crop-attacking pests became resistant to chemicals. A vicious cycle set in, forcing use of a wider assortment of insecticides to protect crops.

At the very time malaria control efforts were splintering or collapsing, the agricultural use of DDT and its sister compounds was soaring. Almost overnight46 resistant mosquito populations appeared all over the world.

As Russell kept a worried eye on the pesticide resistance problem, a
new crisis appeared: two people who were taking chloroquine developed malaria in South America.47 Almost simultaneously, chloroquine-resistant malaria turned up in Colombia,48 Thailand,49 Venezuela,50 and Brazil.51 The drug had been in use for only fifteen years; widespread use spanned less than a decade’s time.52 By 1950 a second drug, primaquine, was available, and many countries returned to the use of the ancient antimalarial, quinine. But resistance soon developed to those and other drugs introduced in the 1960s.53 By 1963 U.S. forces fighting in Vietnam encountered chloroquine-resistant malaria, and the Army began a major effort to research and develop new antimalarial drugs.54

The drug-resistance problem could only have been aggravated by government decisions in some countries—notably New Guinea—to add chloroquine to all table salt.55

By the time the smallpox campaign was approaching victory in 1975, parasite resistance to chloroquine and mosquito resistance to DDT and other pesticides were both so widespread that nobody spoke of eliminating malaria. Increasingly, experts saw the grand smallpox success as an aberration, rather than a goal that could easily be replicated with other diseases.56

In 1975 the worldwide incidence of malaria was about 2.5 times what it had been in 1961, midway through Paul Russell’s campaign. In some countries the disease was claiming horrendous numbers of people. China, for example, had an estimated 9 million cases in 1975, compared to about 1 million in 1961. India jumped in that time period from 1 million to over 6 million cases.57

A new global iatrogenic form of malaria was emerging—“iatrogenic” meaning created as a result of medical treatment. In its well-meaning zeal to treat the world’s malaria scourge, humanity had created a new epidemic.






3

Monkey Kidneys and the Ebbing Tides

MARBURG VIRUS, YELLOW FEVER, AND THE BRAZILIAN MENINGITIS EPIDEMIC

When the tide is receding from the beach it is easy to have the illusion that one can empty the ocean by removing water with a pail.

—René Dubos

 


 


[image: e9781429953276_img_9632.gif] The failures of malaria eradication were overshadowed by the tremendous triumphs of polio control and the campaign for the elimination of smallpox. Western scientists in the late 1960s saw the history of disease as an arrow shooting straight toward a Homo sapiens victory over the microbes. Machupo was considered a distant anomaly, news of which hadn’t reached most Western physicians or scientists. And more than another decade would pass before the global public health community would stop using the term “eradication” when referring to malaria.

But other “anomalies” soon followed.

I

In August 1967 three factory workers in Marburg, Germany, reported in sick, suffering from muscle aches and mild fevers. The three men were employed at Behringwerke AG, the vaccine-producing subsidiary of pharmaceutical giant Hoechst AG, and though their ailments looked like nothing more than the flu, it was quite unusual for influenza to appear during Germany’s hot summer months. The men were referred to the Marburg University Hospital.

The following day the three became nauseated, their spleens enlarged and were tender to the touch, and their eyes became increasingly bloodshot. The attending physicians noted that “the patients had a sullen, slightly aggressive or negativistic behavior.”1


Day by day more workers from the pharmaceutical plant fell ill, as did a doctor and a nurse who tended the patients. By September, twenty-three patients lay in agony in the Marburg University Hospital wards. Some fifty miles away in Frankfurt, six more individuals contracted the same mysterious disease at the German government’s Paul Ehrlich Institute. Four were also workers employed in pharmaceutical research, one was their treating physician, and the sixth was a pathologist who performed laboratory analysis of the cases.

At the same time a third outbreak occurred in Belgrade, Yugoslavia, involving a veterinarian and his wife.

The thirty-one cases struck terror in European research circles because of the ferocity of the disease and its spread from patients to their health care providers. Nobody knew what caused the ailment, how it was spread, what treatments might be effective, and/or how many more people might eventually be stricken.

Because the wives of the Yugoslavian veterinarian and one of the Marburg workers had become ill, there was fear the disease could be passed in the air. Nobody knew how the husbands had originally become infected.

They did know the disease was terrible; the adjective most commonly used to describe it was “agonizing.” Each patient suffered the same excruciating chain of events. After a couple of days of flu-like muscle aches and fever, they began to show classic symptoms of acute viremia (physical responses to a flood of newly made viruses into their bloodstreams): large tender lymph nodes along their throats, inflamed spleens, a marked drop in the number of disease-fighting white blood cells, and a sudden shortage of blood platelets and other factors that are necessary to stop bleeding.

By the sixth day the patients were covered with red rashes that made their skin too sensitive to be touched. Their throats were so raw that they couldn’t eat and had to be fed intravenous fluids, sugars, and vitamins. Within a week, all were suffering acute diarrhea.

By the eighth day, the rashes gave way to a far more painful and alarming reddening of the entire body caused by microscopic blockages throughout the thousands of tiny capillary networks immediately under the surface of the skin. Because the capillaries were blocked, red blood cells backed up, giving the patients a crimson glow. With the red blood cells immobilized, the oxygen those cells normally carried throughout the body was not reaching its destinations. Nerves responded by causing searing pain.

By the tenth day patients were vomiting blood.

At the three-week mark their skin peeled off, as oxygen- and nutrient-starved cells died by the millions. Most painful was the peeling along the patients’ genitals; the testes of some of the men were damaged, shrinking in size.

The doctors noticed a remarkable similarity between their patients’ symptoms and those of the acute phase of hemophilia. In both diseases blood loses its ability to coagulate properly, and some larger blood particles such
as platelets get blocked up in peripheral capillaries, while the smaller blood-clotting molecules that normally prevent uncontrolled bleeding simply disappear.

The patients were bleeding to death. As the Frankfurt doctors put it: “Blood is pouring from all apertures.”2

But this wasn’t hemophilia—it was a contagious disease; one of the Marburg medical team led by Drs. Rudolf Siegert and Gustav Adolf Martini felt justified in labeling it “a new and up to now unknown disease.”3

By December 1967 seven of the patients had died. Most succumbed within sixteen days of their first symptoms. Some had clearly suffered a brain-related stage of the disease, becoming severely confused, even demented, in the second week of their illness and then falling into deep comas from which they never recovered. Two of the patients’ hearts simply couldn’t bear the burden of pumping so much thick blood, and eventually gave out; they died of massive heart attacks.

For the survivors, the long-term effects of the disease were often serious. Several had permanent damage to their livers, leaving them in a lifelong state of chronic hepatitis. All had lost large amounts of weight. One man became psychotic and never recovered from the psychiatric impact of the ailment. A few of the men were left impotent and with no sex drive.

While physicians in Frankfurt, Marburg, and Belgrade tended to their patients, the World Health Organization assembled a multinational search for the cause of the disease. It seemed obvious the patients had a viral hemorrhagic disease, but attempts to extract the virus based on probes used for other known hemorrhagic diseases (including Machupo and Junin) failed. It seemed this was something altogether new.

All of the original cases in Germany and Yugoslavia involved men who worked with monkeys. Furthermore, investigators discovered, each of the men had handled animals, or the tissue of animals, from the East African nation of Uganda. The investigation narrowed when it was learned the monkeys were all of the same species: Cercopithecus aethiops, a type of vervet monkey common throughout Africa.

The investigators hit pay dirt when they determined that all the monkeys came from three shipments of wild animals transported from Uganda to Belgrade, then on to Marburg and Frankfurt. When the first shipment of animals arrived in Belgrade, 49 of 99 monkeys were dead, and the survivors were placed under quarantine. The Yugoslavian veterinarian who autopsied the dead animals contracted the disease a week later. Shortly after that, his wife, having nursed her husband at home, also developed what would eventually be dubbed Marburg disease. The veterinarian’s autopsies of the dead monkeys revealed that the animals also had suffered massive hemorrhages. Two subsequent shipments of Ugandan monkeys contained large numbers of dead animals.

Martini, Siegert, and their colleagues discovered strange viruses in the blood and tissue of the monkeys. When samples were injected into guinea
pigs, the laboratory animals died in a matter of days. But when mice were injected, nothing happened; the mice were somehow able to withstand the virus.

Microscopic studies revealed that the Marburg virus could be found in two different forms. The first looked like a caterpillar, with its long, thin, tubular shape coated with “fuzz.” Inside the tube was RNA (ribonucleic acid), the genetic blueprint of the virus. The “fuzz” along the outside of the virus’s protein tube was a constellation of extruding protein receptors the virus used to gain entry into target cells.

In its more mature and dangerous form, the viral tube was rolled up into a tight round coil that appeared virtually invulnerable to assaults from the cells and antibodies of an ailing creature’s immune system.

In late August, Jordi Casals answered his phone at the Rockefeller Foundation laboratory in New Haven, Connecticut, to hear an operator say, “Now listen carefully, this is Germany talking to you.” The Barcelona-born scientist waited patiently, listening to the roar of the transatlantic telephone cable.

“Dr. Casals?” the caller shouted over the noisy line. “This is Dr. Lehmann-Gruber calling from Marburg, Germany. We need your help.”

Casals had the largest collection in the world of insect-carried and hemorrhagic viruses, stored under careful security in deep freezers inside the Yale arbovirus laboratory. A few hours after Lehmann-Gruber’s entreaty, a similar call for Casals’s expert assistance came from the Frankfurt group, which told the Rockefeller scientist they were terrified. Both groups, the callers said, had been doing research using monkey kidney cells, and in just three weeks’ time sixteen people had come down with severe hemorrhagic disease and seven had died.

“The people go into shock, they hemorrhage from their noses, anuses, stomachs, mouths,” a very anxious Lehmann-Gruber said. “We are at our wit’s end. We need your help.”

As the Germans described the frightening symptoms, Casals thought of his friend Karl Johnson’s near-death bout with Machupo. Since the Bolivian incident, Casals and Johnson had become the world’s experts on hemorrhagic diseases, Johnson operating out of Panama and Casals at Yale University, where he ran the Rockefeller Foundation’s arbovirus laboratory.

The Germans desperately wanted to know what was killing their laboratory workers, and they begged Casals to screen patient blood samples against all the viruses in his Rockefeller facility. Casals agreed, with the stipulation that they only send serum samples from patients who had survived the disease. That way, he reasoned, the samples would be free of lethal viruses but would contain antibodies that should react against some virus in his vast Yale collection.

For several weeks Casals and his staff tested the German blood samples against hundreds of viruses, but none gave a positive reaction.

Casals called Lehmann-Gruber, telling him, “It’s not anything we have
here in the laboratory. It might be something distinct, something completely new.”

In September 1967 a WHO team was sent into Uganda to find out where exactly the monkey virus originated. They tested monkey serum samples taken from wild animals that had been processed for shipments to zoos and research laboratories all over the world. As early as 1961 some monkeys captured near Entebbe and Kidera were infected with Marburg, and the numbers of infected animals, as evidenced by their stored blood samples, increased each year thereafter until late 1967, when a third of some monkey groups carried the virus.

All the actively infected monkeys were of two species: the vervets (African green monkeys) and red-tailed monkeys. Some other animals captured for the study had antibodies to Marburg virus, indicating they had been exposed to the microbe: chimpanzees, baboons, talapoins, and gorillas. It seemed an epidemic had broken out among Ugandan monkeys sometime around 1961, reaching a serious level by 1967. In laboratory studies, it was possible to infect rhesus macaques and a variety of other primates from the Old World (African and Asian animals), but it was not possible to infect New World monkeys or apes (those species from the American continents).

Experimental infection of Old World primates proved, alarmingly, to be 100 percent fatal. Yet it was clear that many, if not most, monkeys that were infected in the wild survived. The paradox was, indeed, puzzling.

In years to come researchers would make many forays into East African wilderness areas in pursuit of solutions to that paradox, as well as a larger one: where did the virus come from? As with most viruses, it was assumed Marburg had a reservoir, a species of some insect or warm-blooded animal in which the virus harmlessly resided and quietly reproduced. The relationship between such viruses and their reservoirs was commensal; neither organism was harmed, over decade after decade of coexistence. But if that reservoir species came in contact with a vulnerable animal, such as a human being, the virus might jump its peaceful ship for the new, highly susceptible vessel, producing an epidemic. When that happened a disease that had existed unnoticed for centuries in other species might suddenly appear “new” when it attacked human beings.

For three years researchers from the United States, Europe, and East Africa scoured Uganda and Kenya in search of a Marburg reservoir. They tested every monkey, ape, rodent, mosquito, tick, hyena, canine, feline, and bovine they could get their hands on. But no reservoir of the virus was ever found.

In the face of this mystery, WHO could not anticipate when or where Marburg might reappear. The agency could only remark on two facets of the German/Yugoslavian outbreak that were responsible for the spread of the virus from monkeys to humans.4

First, said the agency, it was clear that quarantine and export procedures for wild primates were inadequate. All wild animals should be quarantined
in the country in which they were captured for a minimum of three weeks, and once quarantine was completed, transport outside the country should be very rapid, preferably by air. The numbers of human beings exposed to the animals during quarantine and transport should be kept at a strict minimum. And during transport, animals, particularly primates, should be separately caged and kept a sufficient distance from one another to ensure there is no clawing or biting during the stressful voyage.

Once animals reached their destination, WHO said, “it is recommended that national veterinary authorities should supervise import and quarantine” for a minimum of six weeks. During the lengthy quarantine period, the animals should, again, be separately caged to avoid spread of disease within the colony, and the numbers of human handlers ought to be minimized. It was considered too obvious to mention that animal caretakers every step of the way should wear appropriate gloves and protective garb, take steps to ensure that they are not bitten by the animals, and remain ever vigilant against allowing animal fluids or tissues to come in contact with any skin cuts or their mouths.5

Regrettably, these instructions would be violated repeatedly in years to come; sometimes with tragic consequences.

Nine years later, in February 1975, two young Australian students on walkabout in Southern Africa would unintentionally serve as “canaries” and prove that Marburg disease hadn’t disappeared from the planet when the 1967 epidemics apparently ceased among vaccine researchers in Europe and in Uganda’s monkey populations.

A twenty-year-old Australian draftsman and his nineteen-year-old girlfriend spent the Southern Hemisphere summer of 1975 hitchhiking around Rhodesia6 and South Africa. Sitting on the roadside outside the Rhodesian Gwaai River town of Wankie one morning, the young man felt a sudden sharp pain in his right leg. Looking down, he saw a red swelling and concluded he’d been bitten.

Six days later the couple was enjoying the Natal beaches near Margate, South Africa, when the young man broke out in a sudden sweat and felt a wave of fatigue that totally sapped him. After four days of escalating muscle pain, exhaustion, fever, and headaches he was admitted to Johannesburg Hospital on February 15, 1975. Four days later, he died, after suffering internal hemorrhaging so severe that the alveolar air sacs of his lungs were filled with blood.

During his four days at Johannesburg Hospital, the Australian was monitored by fifteen doctors and scientists and ten nurses, one of whom, a twenty-year-old nurse, fell ill with the disease nine days after the man died.

Two days after the Australian man’s death, his girlfriend also got the disease. Dr. Margaretha Isaacson, of the South African Institute for Medical Research in Johannesburg, treated the patients with the anticoagulant heparin, saving their lives. No doubt, Isaacson concluded, the vast hemorrhaging
seen in the Australian man had been prevented in the other two Marburg victims because heparin stopped mini-clot formation throughout their vascular systems.7

Though the Johannesburg team was convinced the Marburg infection began with the bite on the young man’s leg, they had no idea what sort of creature—rodent, insect, monkey—had attacked him. It was also possible the young man’s mysterious bite had nothing to do with the Marburg infection. Within the ten days before he arrived at Natal, the Australian engaged in several other activities that could have put him in contact with a Marburg-carrying creature. In Rhodesia he slept outdoors on a field that was zebra grazing land; he handled raw meat in Bulawayo; he touched monkeys near the Great Zimbabwe ruins, and he hand-fed monkeys caged in a hotel lobby in Natal.8 The Johannesburg scientists were no closer than their German and Ugandan colleagues had been in 1967 to solving a key mystery: why do such deadly diseases suddenly appear, then just as suddenly disappear?

And so a mystery remained. It began with two teams of German scientists engaged in one of the most optimistic and potentially beneficial pursuits in health care: development of vaccines. It arose from monkey cells, and it ended somewhere in a geographic space so large and varied, spanning thousands of miles from Nairobi to Cape Town, that no one could begin to sift the clues.

At a time when scientists were talking about artificial hearts and advanced brain surgery it seemed almost inconceivable that twenty years later the Marburg mystery would remain utterly opaque.

But it would.


II

Joe McCormick walked briskly down the long emergency ward corridor of the Emilio Ribas Hospital, trying hard to ignore the terrified faces that stared at him from stretchers and chairs. Hospital staff scurried all about him, fighting against time to get acutely ill children and teenagers under treatment before they died.

“We’ve got to do everything we can to avoid panic,” McCormick thought, reiterating the sentence as much for his own edification as for a larger public health concern.

He stepped out into São Paulo’s winter air and stood on the ambulance off-loading dock, watching as another dangerously sick child was transferred from a stretcher to a gurney. Almost in a daze, he glanced at his watch, noted the time, and started counting. In the next thirty minutes, thirteen ambulances arrived, each carrying a Brazilian child or young adult in the grip of meningitis. By day’s end, over 200 patients passed through
the emergency doors, and the 1,000-bed hospital was filled well beyond capacity.

It was August 1974, and Brazil’s burgeoning megacity—then boasting a greater metropolitan population of 20 million—was in the throes of an epidemic of meningococcal meningitis, a severe bacterial disease that could kill an untreated human being in less than twenty-four hours. Caused by Neisseria meningitides bacteria, meningococcal infection was spread directly from person to person, carried in the mucoid droplets of a sneeze. Even under the very best of circumstances, meningococcus killed 10 percent of those infected, and these were hardly the best of circumstances. Close to 15 percent of the cases admitted to Emilio Ribas Hospital were dying, and this was the premier treatment facility in São Paulo; death rates in smaller hospitals were as high as 77 percent in infants and 60 percent in adults.9

McCormick was flabbergasted by what he had already seen in his few weeks in São Paulo. He was on loan from the CDC’s Special Pathogens and Bacteria Branch to the Pan American Health Organization (PAHO), with the task of assisting a team of Brazilian doctors in their efforts to stop the epidemic. Though he was relatively new to the CDC, McCormick’s unique background put him in good stead for handling the unfolding Brazilian crisis.

While German public health authorities were panicking about Marburg virus in the summer of 1967, Joe McCormick had been impatiently cooling his heels in a remote northern outpost of Zaire. The former Indiana farm boy had been teaching elementary school in Zaire for two years. He had finished college in 1964, graduating with a stellar record in chemistry. The National Science Foundation offered him a full fellowship for graduate studies in physics, but he had turned it down—for Zaire, and adventure.

Shortly before the first workers fell ill in Marburg, civil war broke out in Zaire, pitting the two-year-old government of Mobutu Sese Seko against Katangan rebel forces led by white mercenaries. Mobutu, who himself came to power through military action, cracked down hard. Among the many measures taken in the summer of 1967 to quell rebellion was mandatory house arrest of all white people residing in Zaire.

This was tough luck for McCormick, who was anxiously pacing about his quarters in Wembo Nyambo. As he had surveyed his cinder-block rooms, which were under a constant state of siege by invading tropical foliage, McCormick felt that, on balance, house arrest or no house arrest, he had made the right decision in turning down the generally coveted NSF fellowship. Like hundreds of other bright members of his generation, McCormick deeply admired John F. Kennedy, was devastated by his assassination, and had planned, in the spirit of “ask what you can do for your country,” to join the Peace Corps.

There was a catch, however; the Peace Corps wouldn’t let him teach in a foreign language, and McCormick desperately wanted to master at least
one language other than his native English. So, twenty-two years old and full of vinegar and wanderlust, he had signed on with a Methodist program that was sending teachers to Zaire.

Given recent events in Zaire, nobody much cared that McCormick lacked teaching credentials. Virtually all European- and American-trained professionals had fled the country over the last few years due to a chain of events that began in June 1960 with the overthrow of Belgian colonialism. That brought the country a new name (Zaire in place of the Belgian Congo) and its first independence leader, Prime Minister Patrice Lumumba. During the violent transition from colonialism to independence, an American missionary was kidnapped, taken to Stanleyville, and publicly assassinated, putting a pall over efforts to recruit foreign teachers, physicians, and other professionals.

Lumumba, an ardent African nationalist admired throughout the continent, ruled for only a few months before he was deposed by elements of the military and assassinated in what was later acknowledged by Congress to be a CIA operation. Four years of civil unrest and United Nations intervention followed, culminating in an Army takeover on November 24, 1965; General Mobutu Sese Seko proclaimed himself President of Zaire. Not all Zairians accepted Mobutu’s leadership, and armed rebellion persisted throughout the country when Methodist recruiters scoured the United States and Western Europe in search of schoolteachers.

Into that tension stepped McCormick, a midwestern white kid with a head for science and a knack for repairing anything mechanical. His only knowledge of French was a cram course in Parisian dialect given to him by the missionary program just before his departure for Zaire. But McCormick discovered during his stay in Wemba Nyambo that he had a real knack for languages. He quickly began chatting with students and villagers not only in French but also in Lingala and Otetela, languages spoken by very few non-Zairians, as well as in the universal patois of African trade, Kiswahili.

It wasn’t long before McCormick, in his youthful arrogance, felt he had mastered teaching, and started searching impatiently for new challenges. Impressed by the physicians at the local hospital, McCormick decided to become a doctor.

In late 1966 McCormick took the Medical College Admissions Test via correspondence examination, having boned up using whatever texts his newfound physician comrades could provide. To the surprise of no one who knew him, he aced the test and was well positioned to gain admission to a top American medical school. Just days before medical school was to begin, house arrest was lifted, and McCormick made his way to Duke University.

Over the next seven years, the always restless McCormick obtained an M.D. from Duke and a master’s degree in tropical medicine, both financed by a federal training plan, activated in 1965 and designed to alleviate what
was then considered a severe shortage in the number of American doctors. Under the system, U.S. medical students were subsidized by the federal government in exchange for postgraduate duty in the Public Health Service. 10 In McCormick’s case, it meant putting in a few years’ service at the federal Centers for Disease Control in Atlanta following completion of his medical studies. Since McCormick’s plan was to devote himself to the study of tropical diseases, some time at CDC was precisely what he most desired.

In 1972 McCormick joined a two-year program under the Epidemic Intelligence Service, gaining training at CDC’s Atlanta headquarters and being deployed to investigate outbreaks of diseases in the United States. His first assignment was to an American Indian reservation in Parker, Arizona, where people were falling ill from foods contaminated with Streptococcus bacteria.

By the time McCormick was ready to join CDC as a full employee of the agency’s Special Pathogens and Bacteria Branch, he had already made a name for himself among the “cowboys” of the organization. Karl Johnson, who left Panama in 1971, was back at CDC, and he heard stories of the promising young EIS officer. He decided to keep an eye on the fellow—his Africa experience might one day come in handy.

But Africa would have to wait, for now McCormick was consumed by the crisis in Brazil.

Like most post-World War II physicians, McCormick had assumed that antibiotics would cure all bacterial infections, but it was clear this microbe could kill even children who were injected with massive doses of penicillin or ampicillin, the preferred drugs for meningococcus control.11

McCormick was worried. It looked like this epidemic involved a particularly virulent strain of the bacteria; possibly one that was resistant to the sulfa-based antibiotics. Despite drug treatment, the bacteria savagely attacked the membranes—the meninges—that enveloped victims’ brains and spinal cords and caused excruciating pain and neurological damage. That apparent drug failure could force doctors to switch from treating patients with the cheap accessible penicillin-class drugs to using more expensive and less predictable antibiotics like rifampin and chloramphenicol.

When he reviewed the medical charts and laboratory findings on the epidemic cases, a few anxiety-provoking facts leapt out. First, the director of Emilio Ribas Hospital, Dr. Carlos de Oliveira Bastos, had noticed that the numbers of meningitis cases admitted to his facility had increased slowly by 21 percent between 1962 and 1971, and then more than doubled in 1972.12 During that time, the majority of the cases involved infants, and the leading pathogen was meningococcus Type C.

But between January and August of 1974 over 11,000 meningitis cases were reported to Ribas Hospital alone; the patients were older and even included a few elderly individuals, and the dominant pathogen switched from Type C to Type A.13 The typing of meningococci was based on tiny
molecules that protruded from the surface of their bacterial membranes. When people were infected, they produced disease-fighting antibodies against these typing molecules. Antibodies against Type C could not recognize and attack Type A markers. Since Type A infections were previously almost unheard of in Brazil, virtually no citizen in São Paulo was naturally immune, which would explain why some adults were coming down with what typically was a disease of immune-naïve children.

Worse yet, though there was a Type C vaccine available, research on development of a Type A vaccine was only just beginning. Furthermore, Augusto Taunay, director of the Adolfo Lutz Institute in São Paulo, was confirming that virtually all the Type C meningitis bacteria examined at his laboratory were resistant to sulfa-based antibiotics, such as penicillin.

In August, Taunay concluded that most Type C sufferers were under nine years of age, and the increase in mortality in that group was due to sulfa resistance. But Type A primarily attacked teenagers and adults under twenty-five years of age. It appeared that two simultaneous meningitis epidemics were underway.

This looked at first blush like a lose-lose situation. Brazilians generally had some natural immunity for Type C, but for those who were susceptible the bacteria had a new trick—antibiotic resistance. On the other hand, the apparently new Type A strain was vulnerable to antibiotic treatment, but few Brazilians were naturally immune; by the time they reached hospitals their meningitis cases were often too far gone to be cured with the antibacterial drugs.

Studying the patients, McCormick noticed that most had the classic acute form of the disease known as Waterhouse-Friderichsen syndrome; they went from well to severely sick in a matter of minutes, feeling sudden fevers, neck stiffness, and dizziness. Within hours their bodies were covered with tiny red dots—sites of pinpoint hemorrhages of capillaries under the skin. Within twelve to twenty hours they descended into comas, their kidneys hemorrhaged, and death soon followed.

“If you don’t pick it up the first time you see it in little kids, they will be dead the next time you see them,” McCormick thought with a shudder.

Surviving the disease could result in serious lifelong disabilities. The bacteria attacked the middle of three protective meningeal layers enveloping the brain and spinal cord, and survivors were often left with a range of different types of brain damage. Or the bacteria might attack the kidneys and outer limbs, causing victims to lose their fingers, toes, even feet.

Epidemics of the disease were rare in South America, but relatively common in parts of West Africa. In Chad, for example, 1950s epidemics had attacked at rates of 11,000 cases per 100,000 people. By August 1974 São Paulo’s meningitis rate was comparatively low, reaching 100 cases per 100,000 people. But McCormick had done the math, and he knew that the situation could quickly reach West African proportions. It troubled McCormick that nobody knew where the antibiotic-resistant Type C or the
Type A strain came from. Not knowing exactly when and where things started made it harder to forecast the future scope of the epidemic.

There were many possible explanations for the origin of this sudden epidemic, and at various times during his stay in São Paulo, McCormick mulled them all over. It was, for example, possible that a Brazilian had traveled to Africa, become infected, and brought the Type A bacteria to São Paulo. By 1974, over 75 million passengers were flying each year across national boundaries somewhere in the world14—perhaps someone flew in, already infected, from West Africa. On the other hand, the bacteria could have arisen from a hospital or clinical setting locally, the result of improper antibiotic treatment. It galled McCormick that he couldn’t figure out a way to track the origins of this epidemic.

In September, a WHO investigation reached a painful conclusion: although the Type C vaccine had been tried in only a couple of field settings and the Type A vaccine had to be considered completely experimental, nothing else could possibly stop the burgeoning epidemic.

Furthermore, WHO felt strongly that a vaccine combining immunization against Types A and C was essential, and warned that “the future of any vaccination programme will be in jeopardy” if the public loses faith in health efforts because people continue to die after receiving only the partial vaccination protection; the expected result of using only one vaccine.

The WHO decision was actually pro forma: the military government of Brazil had already decided in an August 5 meeting in Brasilia to vaccinate every citizen living in the epidemic area.15 While panic mounted, France’s Institut Mérieux agreed to manufacture the combination A/C vaccine for Brazil, and hurriedly built a new factory outside Lyons, France, for the purpose. Within four months, Mérieux would have attained the ability to manufacture and ship to Brazil 500,000 vaccine doses a week.16 The vaccine was composed of the sugary pieces—the polysaccharides—of the bacteria that gave them their A and C immunological statuses.17

Between August 1974 and mid-January 1975 while waiting for the vaccine, however, McCormick and Brazilian officials had few tools at hand. Joe decided to focus on public education, and immediately taught himself Portuguese. By October he was giving lengthy interviews and holding press conferences, calling for calm and reason.

“I’ve got to be clear about what I say,” McCormick thought, “and give the people confidence.”

As an outsider, McCormick had a special role to play—and a delicate one. For ten years Brazil had been ruled by a military junta noted for its brutality. Countless students, labor leaders, religious activists, and representatives of the country’s underclass had “disappeared” by late 1974. “Disappearance” was a euphemism for death, preceded usually by kidnapping and torture. Rumors and fear ruled public opinion, and few of the nation’s poor trusted government pronouncements.

On the whole, however, the Brazilian Ministry of Health’s meningococcal
announcements were accurate. It was part of McCormick’s diplomatic mission to publicly support the government’s statements about the epidemic while clearly maintaining a critical distance from the junta itself. Such dicey politics weren’t taught at Duke University Medical School. Or at the CDC training program.

McCormick had to wing it. Over the months he learned how to gently point out that nearly all meningitis sufferers came from communities of acute poverty, such as the massive favelas of São Paulo and Rio de Janeiro, without directly attacking the government policies responsible for that impoverishment. 18 He noted that the disease spread most rapidly in conditions of dense housing and poor hygiene, where people who lacked access to clean tap water rarely bathed or washed their clothing. The bacteria survived in such conditions, and could be passed from one family member to another via shared towels, clothing, cleaning rags, or kerchiefs.

By the time Mérieux had manufactured enough vaccine to immunize the population of São Paulo, the epidemic had claimed over 11,000 lives and caused serious illness in more than 150,000 people in at least six Brazilian states. About 30 percent of the survivors were reportedly suffering long-term neurological disorders of one kind or another.

By New Year’s the attack rate of the disease in Rio was 205 cases per 100,000 people and authorities feared the upcoming Carnival would increase its spread. The vision of millions of Brazilians and tourists dancing together for days on end in crowded streets presented the very real possibility that the epidemic would be carried all over the planet by worn-out revelers returning home.

Though they had no idea how effective the Mérieux vaccine might be, or how dangerous, Rio officials felt they had no option: on January 13 they began a twelve-day vaccination campaign with the announced goal of immunizing 80 percent of the population of greater Rio.

Within five days, over 3 million Cariocas were vaccinated and the incidence of meningitis instantly plummeted. During the dreaded Carnival week only ten people contracted the disease.

Encouraged by the Rio experience, the military government organized the largest vaccination campaign in world history. From April 21 to 24, nearly 11 million residents of São Paulo were vaccinated, representing 90 percent of the city’s population. This was accomplished by cordoning off all the commuter-intensive areas of the city and lining up as many as half a million people at a time for their shots. The entire mass media was mobilized as a huge propaganda tool for the campaign and military vehicles blasted pro-immunization announcements from roof-mounted loudspeakers.

Throughout Brazil similar militarily precise operations were soon conducted, eventually bringing the epidemic to a halt.

By early 1976, when McCormick returned to CDC headquarters in Atlanta, meningitis had ceased to be a serious problem in Brazil. But the fundamental question of where this virulent Type A strain had come from
remained unsolved. At a PAHO meeting in Washington in February 1976, McCormick pushed for inclusion of the following statement in the official summary of the Brazilian episode:

 


It is not possible at the present time to predict when and where an epidemic of meningococcal meningitis will occur. Therefore it is not clear when and where preventive immunization should be carried out.19

 


Overlooked entirely in the final PAHO report was the significance—possible harbinger—of the bacteria’s ability to resist common antibiotics.


III

As was the case with malaria, polio, smallpox, and all bacterial diseases, the 1960s mood surrounding yellow fever control was one of extreme optimism. The tools were at hand: DDT and other pesticides to kill the Aedes aegypti mosquitoes that carried the yellow fever virus and an effective vaccine. Since 1937, yellow fever vaccines had been in use, and refined forms of immunization proved so powerful that virtually every vaccinated person was protected for life by a single shot.20 Beginning with the period of the construction of the Panama Canal at the turn of the century, a variety of successful means had been used to eliminate the A. aegypti mosquitoes from the Americas.

Since the seventeenth century yellow fever had been a major and terrifying scourge in the Americas, causing endemic disease in jungle and swamp areas from Canada to Chile and claiming tens of thousands of lives in periodic urban epidemics. It would begin with a headache, fever, and a vague sense of uneasiness, within hours progressing to chills, muscle pains, and vomiting. After five days internal bleeding would commence, the liver would malfunction, and the individual would become jaundiced. If never previously exposed to the virus, the human then had a 50–50 chance of dying. A 1793 yellow fever epidemic in Philadelphia killed 15 percent of the city’s population and sent one out of three residents fleeing into the countryside.21

In West Africa, yellow fever was so ubiquitous that most surviving adults were immune to the disease. Many historians have noted that their acute vulnerability to yellow fever prevented British and French colonialists from attaining full control over West Africa.22 So obvious was this deterrence in some areas of Africa that it was celebrated in song and verse by people from the Sudan to Senegal. Well into the 1980s schoolchildren in Ibo areas of Nigeria still sang the praises of mosquitoes and the diseases they gave to French and British colonialists.23

It was generally believed the A. aegypti mosquito originated in West Africa and was brought to the New World aboard slave ships.24 The mosquito
quickly adapted and thrived in the moist tropical regions of the Caribbean and the Amazon. The first epidemics occurred in Mexico’s Yucatan and Havana, Cuba, in 1648. In less than fifty years, the A. aegypti population had blanketed the Americas, and yellow fever epidemics were cropping up everywhere.

In 1901 American Army physician Walter Reed and Cuban doctor Carlos Finley figured out the link between the A. aegypti mosquito, the virus, and the importance of uncovered pools of clear water, and started a hemisphere-wide effort to eradicate the mosquito. The mosquito, they discovered, could only leave its eggs in clear, clean water, so it thrived around people, lived in human homes, and left its larvae in jugs of drinking water. The insect was also constrained by temperatures below 60°F and only thrived in humid climates over 72°F. It seemed immediately obvious, then, that the entire yellow fever problem could be greatly reduced by simply covering all clean water supplies during warm months.

In 1927 a vaccine was developed and the first official global disease eradication effort began, endorsed by the governments of the America.25

The language of yellow fever efforts shifted from “eradication” to “control” and “conquest” following Fred Soper’s 1932 discovery that some monkeys harmlessly harbored the virus.26 In subsequent years, scientists discovered that several species of monkeys and apes could carry the virus, both in Africa and in South America. In the Americas, capuchin monkeys were unharmed by the virus, but carried yellow fever and could be a source of the microbe for feeding mosquitoes. In contrast, when yellow fever hit Central America, epidemics virtually exterminated the nonimmune Ateles and Alouatta monkey populations.27

In short order it was also discovered that A. aegypti wasn’t the only mosquito that could carry yellow fever: A. africans, A. simpsoni, and A. albopictus, to name a few, could carry the virus. Furthermore, the virus could be passed from one mosquito generation to the next in the insect’s eggs; this allowed for long periods of time—several insect generations—when the disease seemed to disappear. But the virus was actually silently residing in generations of monkeys and mosquitoes, ready to reappear in human epidemic form under the proper conditions.28

The harsh significance of this jungle/monkey form of yellow fever hit home in 1949 when the disease broke out again in Panama, reversing more than forty years of successful eradication begun in the days of Walter Reed. From there it spread northward through Costa Rica, Guatemala, and Mexico, forcing U.S. military and PAHO intervention for control. By 1959 cases of yellow fever were cropping up in areas all over South America where authorities thought eradication had been successful. In most outbreaks, the first cases involved men who worked in agriculture or timbering on the edges of tropical rain forests; there, they came in contact with wild mosquitoes that fed on monkey carriers.29

By the late 1950s scientists realized that there were two types of yellow
fever: the urban form associated with A. aegypti and the forest or sylvan form that could be found in a variety of monkeys and wild mosquitoes. Eradication of the urban form might be possible through vaccination, covering all water sources, and DDT spraying of insect breeding sites. But jungle yellow fever could not be eliminated without vaccinating all wild monkeys in Africa and South America, a clearly impossible task. Despite these hurdles of nature, WHO and PAHO remained optimistic about eliminating all human yellow fever disease because the vaccine protected people against both forms: if all children living in endemic areas were routinely vaccinated, they reasoned, the disease would only remain a threat to non-immunized foreigners traveling through jungle areas. Mass vaccination campaigns of the 1940s and 1950s drastically reduced human disease in both South America and West Africa.

In the Americas, PAHO officials decided that the disease could further be prevented by eliminating the A. aegypti mosquito from the hemisphere, and from 1947 to 1960, the organization conducted a second massive campaign of mosquito control. In some countries, such as Argentina, Chile, Panama, Venezuela, and Colombia, DDT spraying and systematic covering of water sources radically reduced A. aegypti and public health officials were confident the insect could be wiped out of the Americas by the mid-1960s. But the U.S. Congress was never convinced such an effort was important for residents of the Northern Hemisphere, and, despite having formally committed itself to the PAHO campaign, never allocated funds for such an effort inside U.S. territory.

Yet Congress, recognizing the diplomatic importance of appearing to comply with a PAHO edict for which the United States had voted, did order the CDC to attempt eradication. The effort was doomed from the start by hundreds of protesting property owners who threatened to sue if chemicals were sprayed in their yards or homes.

In 1964, Dr. Donald Schleissman, who led the largely unfunded U.S. A. aegypti elimination effort, said of U. S. congressional commitment, “The mandate to eradicate aegypti with the funds available was equivalent to instructions to fly across the Atlantic with half a tank of gas.”

Though its numbers were reduced temporarily, A. aegypti was never driven out of the Americas.

Similar campaigns were carried out throughout equatorial Africa, but five yellow fever outbreaks occurred in the 1950s. A 1959 outbreak in Zaire only came to a halt when hundreds of thousands of people had been vaccinated and more than twenty tons of DDT were sprayed over a relatively confined area.30 In 1960 an enormous yellow fever epidemic broke out in western Ethiopia. By the time the epidemic died down in 1962, over 100,000 people had suffered the disease; yellow fever killed one out of three infected Ethiopians.

A subtle change followed the Ethiopian epidemic. Without really discussing the matter, international experts slowly switched their tactics from
the bold eradication ventures aimed at wiping out the disease to fire fighting. Research outposts were set up in yellow fever hot spots worldwide by the Rockefeller Foundation and a variety of government-associated agencies.31

It was in such an outpost that Tom Monath, a CDC entomologist, worked at the University of Ibadan in Nigeria. Before he would leave Nigeria in 1972, Monath would travel all over the country trying to figure out where the virus hid between human epidemics. He would discover that a mosquito called Masoni africana could carry the virus throughout its habitat: the higher treetop levels of the Nupeko tropical forest lining the banks of Nigeria’s rivers.32

Monath’s commitment to conquering yellow fever was solidified in late 1970, when he was part of a U.S.-Nigerian team that investigated an epidemic in Nigeria’s savanna plains of the Okwoga District. Over the Christmas holidays, Monath and his Nigerian colleagues made house-to-house surveys of Okwoga villages and medical clinics, searching for yellow fever cases and assisting Nigerian efforts to control the epidemic.

“Has anybody here been sick lately?” Monath, a white Bostonian sporting a crew cut and smile, would ask when he arrived in a village. Time after time the scenario repeated itself: a villager would nod somberly and lead Monath into a thatched hut. There, a dead man would be sitting up straight in a chair, his eyes staring ahead, cotton plugs stuffed up his nostrils.

The first time Monath beheld such a sight it scared the hell out of him, but after a while it was not the individual cases that troubled him, but the overall level of destruction inflicted by both the disease and the treatments used in some areas to allegedly cure yellow fever.

He was also impressed by the fact that no original source for the 1970 epidemic could be found. Monkeys were scarce, there were no rain forests, yet in some villages one-third to half the residents showed blood-test evidence of recent infection. The overall infection rate in Okwoga was 14 percent, yet the most common yellow fever carrier, the A. aegypti mosquito, was virtually nonexistent in the area.33

Monath and his colleagues were forced to conclude:

 


The origin of the epidemic is not known. Two possibilities exist: (1) the Okwoga outbreak … resulted from the introduction of Yellow Fever Virus from a distant source at a time favourable for interhuman transmission in an immunologically susceptible population or (2) Yellow Fever is endemic … in or near Okwoga District.34

 


In other words, either the disease was brought into the area by a traveler or it was there all along, hiding somehow for decades. There was an enormous biological gap between those two possibilities. Monath realized that not knowing which explanation was correct meant there was no way to determine how best to prevent future outbreaks in the area. Or any area.

Hopes for controlling the insects that acted as vectors for yellow fever
dimmed further still, as everywhere scientists looked another insect vector for yellow fever turned up. Karl Johnson found other virus-carrier species in Panama, Brazilian physician-scientist Francisco Pinheiro identified still more insect vectors in his country’s jungle interior, and U.S. Army researchers discovered that horse mosquitoes in Brazil and common ticks in West Africa could spread the virus.

In 1972, convinced that it was fruitless to try to eliminate yellow fever, the Rockefeller Foundation shut down Monath’s lab in Ibadan and the other field stations. Years later Monath would still refer to the decision with bitterness. “A great opportunity has been blown,” he told colleagues, noting that between 1947 and 1972, A. aegypti had been eliminated from three-quarters of its pre-World War II habitat worldwide. Nineteen countries had eliminated the yellow-fever-carrying insect entirely by 1972, prompting the Washington consulting firm of Arthur D. Little to do a cost-benefit analysis of mounting a full-scale campaign to rid the Americas of the insect. The Little study determined that such an effort would clearly be desirable, even though the virus had a sylvatic cycle that allowed it to hide for long periods of time in wild monkeys and several other insect species. It reasoned that spending $326 million in the early 1970s to wipe out A. aegypti would bring human incidence of the disease down to near-zero levels in most Latin countries, because only that mosquito was infecting urban residents. Furthermore, A. aegypti was a far more efficient virus spreader; every major yellow fever epidemic of the nineteenth and twentieth centuries was spread by that mosquito. So, the consulting firm reasoned, a global campaign to eradicate A. aegypti could limit the yellow fever problem to levels entirely controllable through routine vaccination of people living or working in jungle areas.

But the CDC disagreed; director David Sencer commissioned a rival study that concluded that A. aegypti eradication within the United States and Puerto Rico and the Virgin Islands alone would cost more than $200 million and speculated that an Americas-wide eradication would exceed $1 billion.35 The inflated cost was primarily due to private citizens’ refusal to allow spraying on their properties and widespread threats of lawsuits. Though poorer nations to the south spent enormous sums, successfully eliminating A. aegypti from much of the Americas, the wealthiest country in the hemisphere refused to get rid of its own mosquitoes.

The effort died.

Frustrated and disappointed, Monath packed his Ibadan laboratory into crates and bade his Nigerian colleagues farewell. But he wouldn’t be leaving Africa, not just yet. Something even deadlier than yellow fever awaited him.






4

Into the Woods

LASSA FEVER

I’m not afraid where we have to bring a risky, hazardous virus into the lab. I just hope and pray, and I don’t think about it.

—Dr. Akinyele Fabiyi. Lagos. 1993

 


 


[image: e9781429953276_img_9632.gif] Uwe Brinkmann’s head suddenly jerked up, he looked out the car window desperately searching for a familiar landmark along the back roads of northern Germany, and panic fell over him, the true deep panic that comes only when something taps into one’s innermost fears.

“Now they’ve got me,” Brinkmann cried out in his mind. “Now I’m going to be gassed. They’re taking me to the concentration camp.”

The sides of the van seemed to be closing in and Brinkmann had no idea where he was being taken. As he looked out the window in the summer of 1974, the city and suburbs of Hamburg gave way to countryside and then, he noted with fear, the woods.

Sealed off from the anonymous driver and the entire outside world, Brinkmann and his companions stared ahead in shared terror. Brinkmann’s patient, German surgeon Bernhard Mandrella, lay in subdued delirium on a stretcher between them. To his side sat British physician Adam Cargill, who had treated Mandrella in Nigeria. With the men were three Nigerian women; a nurse/nun and two nurse assistants.

“Nobody wanted us here to begin with,” physician-scientist Brinkmann thought. “So now they are going to get rid of us. All of us.”

As claustrophobia overwhelmed him in their tightly sealed mobile unit, Brinkmann later said he was thinking, “How odd. I have spent the last seven days exposed to a lethal microbe, feeling no fear. Now it is people —my people—that terrify me.”

But Brinkmann had never felt completely at home among his fellow Germans. His part-English family had carefully hidden the Jewish identity of Brinkmann’s grandmother throughout the years of the Third Reich, and young Uwe had made a career during the counterculture days of the 1960s out of crafty troublemaking. Similarly, his patient was the son of one of the military officers who tried to assassinate Adolf Hitler on July 20, 1944. Mandrella’s father was executed, and his mother was billed by the Third Reich for the cost of the hanging.


“But this time it’s really too much, even for me,” Brinkmann thought. Taking stock, he could visualize how this group looked to German officials: three African women whose own government had sent them into isolation, an English physician who was suffering a suspicious case of diarrhea, a man apparently dying of a lethal contagious disease, and himself—a hippie troublemaker. He considered his black shoulder-length hair, thick unkempt mustache, tie-dyed T-shirt, and bell-bottoms. And he recalled headlines in German publications just weeks ago that denounced his famine-relief efforts in Ethiopia; Brinkmann was, the German press declared, creating communist communes in the deserts of the Horn of Africa. Though Ethiopian Emperor Haile Selassie had awarded Brinkmann his nation’s highest commendations and requested that the young hippie doctor remain indefinitely in the country, the German government recalled Uwe. It seemed that Brinkmann’s solution to Ethiopia’s ongoing food crisis—establishing village-based communal farms and produce-marketing apparatuses—was a little too left-wing for the conservative West Germans.

“Yes,” he thought in those seconds of panic, “it makes sense. They will simply eliminate us and tell the world we died of the disease. That will take care of everything.”

There was little to comfort Brinkmann when the caravan reached its destination. Just outside the village of Ebstorf, in the woods some fifty miles south of Hamburg, was an abandoned medieval monastery, recently converted to a high-security facility for smallpox containment. A series of three automatic air-lock doors opened for the anxious group, quickly shutting behind to seal them off from the rest of humanity.

Inside were several sleeping rooms, an autopsy laboratory, and research facilities. Sophisticated research devices rested atop aseptic surfaces.

Though there was an autopsy facility, there was no place for patient treatment.

The group settled in as best they could, but tensions were thigh. The Nigerian women had never set foot outside of the Jos region in which they were born before Mandrella came down with the dreaded disease. Then, having tended to the physician in their Jos hospital, the nurses accompanied the patient to the University of Ibadan Hospital, one of Nigeria’s premier medical facilities.

Mandrella’s problems began two weeks earlier when his colleague, Dr. Egon Sauerwald, was treating a patient from the old colonial city of Enugu in their St. Charles Mission Hospital, miles away in Borromeo. The patient had high fevers, chills, muscle aches, and a sore throat. Despite Sauerwald’s efforts, the Enugu man died. Days later, the twenty-nine-year-old doctor developed the same symptoms, quickly descending into acute disease.

Mandrella did everything possible to save his colleague from the mysterious ailment, but Sauerwald continued to deteriorate. He sent Sauerwald’s blood samples to Ibadan, from where they made their way to CDC
laboratories in Atlanta. Word eventually got back that Sauerwald was infected with the recently discovered Lassa virus, a microbe that the U.S. Centers for Disease Control said was “thought to have a unique proclivity for killing doctors and nurses.”12

The news was too late for Mandrella. By the time word got back that Sauerwald was infected with an exotic lethal virus, the thirty-three-year-old Mandrella had already performed a last-ditch bloody procedure to save his friend. The virus had so devastated Sauerwald’s throat that the doctor couldn’t breathe, so Mandrella made an incision into his friend’s trachea, creating an air hole in his neck. Mandrella was unprepared for the sudden gust of mucus that flew from his friend’s throat. He was instantly spattered with Sauerwald’s blood. Though he pulled away quickly, Mandrella’s face had been very close to Sauerwald’s neck as he made the incision, and the surgeon inhaled microscopic bits of blood and mucus.

Mandrella was infected, and in a couple of days he too was shivering with Lassa fever. Still unaware of the CDC laboratory findings, Mandrella saw Dr. Hal White, an American physician who ran the missionary hospital in Jos. White examined Mandrella and warned the young doctor that the symptoms looked suspiciously like those of Lassa fever. As a precaution, White injected Mandrella with a unit of sera donated years earlier by nurse Lily (“Penny”) Pinneo. At White’s advice, Mandrella immediately drove to the metropolis of Ibadan, where he came under the care of British physician Adam Cargill of the University Hospital.

Nigerian health officials reacted with considerable alarm. They had already had their fill of this terrible disease, which was named after the village of Lassa, located southeast of Jos, in the Yedseram River valley that runs along Nigeria’s eastern border with Cameroon. In 1969 an outbreak of the disease in Lassa had brought it sharply to Western attention for the first time when American nurses fell ill in the town’s Church of the Brethren Mission Hospital.

It was a long chain of events, stretching back five years, that brought Mandrella, Brinkmann, and their colleagues to this moment of panic in Germany.

On January 12, 1969, a sixty-nine-year-old mission nurse began complaining of a sharp backache. Laura Wine told her colleagues the pain was increasing as days went by, but assumed she’d done something to wrench her spine. Perhaps the daily rounds of bed changing and turning patients were the cause, she thought.3

After a week, however, the nurse also had a throat so sore she couldn’t swallow, and her colleagues saw ulcers lining her pharynx. Assuming she was suffering from some bacterial infection, such as streptococcus, the hospital staff gave Wine penicillin.

But the antibiotics did no good. Wine’s state escalated; fevers of 101°F, acute dehydration, unusual blood-clotting activity, a complete lack of proteins in her urine—these and other symptoms signaled that the woman was
suffering from something wholly unlike the multitude of tropical diseases tolerated by residents of the grassland Yedseram River valley.
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Over the next four days Wine began to swell, her skin showed signs of hemorrhaging, her heartbeats became irregular, she grew disoriented and was unable to speak properly.

On January 25 volunteer pilots flew Wine to Jos, rising from the hot grasslands at sea level up to the 4,000-foot-high town of Jos. As they made their journey the air cooled, the humidity dropped, and the tin mines around Jos came into view.

Jos itself was inhabited by some 12,000 people, a large percentage of whom were European expatriates seeking refuge from the heat and malarial mosquitoes of Nigeria’s lowlands. Members of all three of Nigeria’s leading tribes—Hausa, Ibo, and Yoruba—lived in Jos, and the community had come through the tragic Biafran war fairly unscathed. Though tens of thousands of Nigerians died in the civil warfare of 1967–68 and thousands more were uprooted from their homes, Jos suffered only twenty-four hours of rioting and killing during that period.

Dr. Jeanette Troup and nurse Lily Pinneo greeted Wine at the Jos landing field. Because radioed descriptions of Wine’s illness seemed to indicate cardiac problems, the pair immediately strapped an oxygen mask on the ailing nurse and rushed her to their Bingham Memorial Hospital emergency ward. There, Troup and her staff did everything possible to save Wine’s life.

They failed. A day after arriving in Jos, Wine went into horrible convulsions and died.

Three days later, a Jos hospital nurse who had tended to Wine felt chills, a headache, and dull pains in her back and legs. Forty-five-year-old Charlotte Shaw had gently dabbed Wine’s bleeding mouth with a gauze pad. When she too fell ill, Shaw remembered she had a tiny rose thorn cut on her finger—the very finger she had used to push the gauze along Wine’s mouth.

Soon Shaw was experiencing the same symptoms that had claimed her patient: fevers, rashes, hemorrhaging, pains, swellings, heart irregularities. After eleven days of illness, she died.

That night Dr. Jeanette, as she was called, performed an autopsy, assisted by her head nurse, fifty-two-year-old Pinneo.

Pinneo, a Presbyterian missionary, had followed Shaw’s progress carefully, monitoring her lab results every day. Shaw and Pinneo had been close friends. As she donned her gown, gloves, and mask to assist in the autopsy, Pinneo thought, “How can I do this? How can I possibly face opening her up?”

Troup and Pinneo gasped when they saw the devastation; every organ of Shaw’s body was seriously damaged. The heart was stopped up, with loads of blood cells and platelets piled well into the arteries and veins. Fluids and blood filled the lungs. Dead cells and fat droplets clogged the
liver and spleen. The kidneys were so congested with dead cells and proteins that they had failed to function. When the team cut open Shaw’s lymph nodes they discovered with some shock that absolutely no lymphocytes—disease-fighting white blood cells—were inside. The nodes had been completely emptied.

A week after assisting in the autopsy, nurse Pinneo also fell ill. This time the medical staff took the case seriously, admitting their colleague to the hospital with the first signs of fever.

It was February 21, 1969, and panic began sweeping over the Jos hospital as Pinneo’s colleagues stood by helplessly and watched their friend deteriorate from her early symptoms of a mild fever, reddened tonsils, and some liver tenderness.

Hoping Pinneo had a bacterial infection, Dr. Troup gave the nurse huge injections of penicillin. But the antibiotic proved useless, and on February 26 Troup contacted Dr. John Frame at Columbia University in New York. Frame was a tropical disease expert and director of medical services for Sudan Interior Mission (SIM), which operated a chain of Christian hospitals in West Africa.

Frame saw no alternative: it was imperative that Pinneo, along with blood and tissue samples from her dead colleagues, be flown to New York immediately. While Pinneo was en route from Jos to the Nigerian capital of Lagos, Frame contacted laboratory scientist Jordi Casals at Yale University.

As early as 1955 Frame had been hearing reports of strange illnesses among the mission hospital staff and members of their families. That year eight children of Nigerian missionaries suffered high fevers and convulsions. Though the children survived, they all had some degree of permanent brain damage.

With odd disease reports continuing in subsequent years, Frame hatched the idea of using missionaries as epidemic early-warning systems.

Though most of his colleagues espoused the 1960s concept of a health transition, Frame wasn’t at all convinced it was time to close the book on infectious diseases; he had reviewed too many strange medical charts forwarded from nurses and doctors in the field.

In the mid-1960s, Frame met with Wilbur Downs, director of the Yale arbovirus laboratory and Jordi Casals’s boss. They decided to test the blood of all missionaries who had recently suffered unexplained prolonged fevers.

Casals screened the blood of sixty-five such cases and was able to ascribe illness in half the missionaries to one or another virus he had in his vast Yale collection.

But the inability to find an explanation for the illnesses of thirty-two cases seemed to prove Frame’s point: there were a lot of microbes yet to be discovered.

In 1968 a screening system was put in place, and Troup and other mission hospital directors were told to send blood specimens from all mysterious cases to Columbia University. After a superficial perusal, Frame
would pass the blood samples on to Casals for detailed analysis. The 1969 illness of Pinneo was the first real test of the system.

As had been the case two years earlier with Marburg, Casals’s expertise in identifying mysterious viruses was needed. Casals agreed to accept the blood and tissue samples from the nurses, and told Frame, “It will just be a matter of routine to identify this agent.”

When she arrived in Lagos, Pinneo was dangerously weak. Nigerian and American officials could not reach agreement on how best to transport the ailing nurse to New York, so she was placed in isolation for four days in a small shed near the Methodist Hospital.

Pinneo was tended to by close friend Dorothy Davis, also a nurse. Authorities in Lagos placed the women in the pesthouse, a shed so full of mosquitoes that Davis was forever waving her arms frantically about in hopes of keeping the insects from biting her friend. Both Pinneo and Davis had already noticed that even the tiniest of mosquito bites seemed to bleed for several minutes: for some reason, Pinneo’s blood wasn’t clotting.

During their first night in the pesthouse temperatures in Lagos soared into the nineties—hotter still inside their tin-roofed hut. Beside Pinneo lay a tiny measles-ridden baby who was also fighting for its life. During the night the baby died, and its mother rocked back and forth for hours, wailing and sobbing.

Fitfully, Pinneo went in and out of delirious sleep.

For four long days Davis fretted over her friend and, knowing what had happened to Shaw after tending to Wine, couldn’t help but worry some about her own health. Both devout Christians, the nurses prayed for a miracle.

Nigerian and American officials finally agreed on a way to transport Pinneo to New York after CDC investigator Lyle Conrad, who was coincidentally in Nigeria, intervened. He negotiated air passage for Pinneo aboard a Pan Am commercial jet, placing her, along with Davis and himself, in the otherwise empty first-class section. In the seat beside Pinneo was a box containing blood and brain tissue samples removed from the bodies of her friends Laura Wine and Charlotte Shaw.

During her long flight Pinneo languished apathetically on her stretcher. Though she was fighting for her life, Pinneo’s outward appearance was that of an exhausted traveler, just a tad more wearied by jet lag than were most passengers.

But inwardly Pinneo was reeling. Every defensive weapon her immune system could muster against the rapidly growing virus population was coursing through her bloodstream to pockets of confrontation. From her lymph nodes to her liver the battle raged.

Meanwhile, Pinneo’s lassitude was striking—the result of having suffered a 101°F fever for six days. She stared blankly ahead and thought, “I don’t have time to be sick. I have so much to do. I need to fulfill the Lord’s will.”


But she also trusted the Lord. “If He wants to take me away, it would be all right.”

Just after midnight Pinneo was admitted to Columbia-Presbyterian Hospital, where she was placed in isolation inside a glass-walled room under twenty-four-hour direct observation by intensive-care nurses.

When Frame arrived the following morning, he found the medical staff highly agitated, some clearly fearful. He tried to reason with Pinneo’s physician, asking, “What would you do if this were a case of pneumonic plague?”4

“I’d die of fright!” was the answer.

Frame, searching for a middle ground between the terror of the Black Death and the casualness inspired in hospital staff by routine bacterial infections, suggested that the physicians and nurses take precautions appropriate for handling scarlet fever. All personnel who attended Pinneo wore protective gloves, masks, gowns, and foot coverings and operated under strictest disease control procedures.5

Pinneo was exhausted, severely dehydrated, and feverish. Her temperature was 101.2°F, her muscles ached, and her abdomen was tender. But she was often alert and able to assist the Columbia team with useful answers to their medical queries. Some members of the team were, in fact, so impressed by Pinneo’s lucidity and normal heart functions that they expressed the hopeful belief she had already seen the worst and would soon recover from the mysterious ailment.

All hopes were dashed hours later when Pinneo’s fever skyrocketed to 107°F and her throat filled with lymphatic fluids. By March 6, Pinneo could no longer eat or swallow because her throat—the esophageal lining—was aflame with florid infection. The worried medical staff noted that Pinneo’s face and neck were swelling. Her lungs and chest were also filling with fluids, and X rays showed evidence that some organisms had invaded the linings of her lungs.

Pinneo grew weaker. She became completely apathetic, no longer evidencing a will to fight the disease. On top of everything else, Pinneo developed malaria on March 7, undoubtedly due to a latent Plasmodium falciparum infection that was activated by the devastation of her immune system.

Samples of the fluids from Pinneo’s throat were sent off to Casals in New Haven, along with the brain and blood samples from her dead colleagues.

Meanwhile, Pinneo deteriorated further. By April 1, she lost control of her eye muscles, and her eyes began jiggling about uncontrollably in their sockets. Muscles all over her body were similarly subject to tics and trembling. A brain scan indicated the mystery virus was attacking her central nervous system.

Ironically, whenever Pinneo was momentarily lucid she seemed more concerned about the fate of the nurses around her than about her own sorry state. “Oh, look at the poor dears, fumbling with those big rubber gloves.
It’s so hard to make a bed with those things on,” she thought. Each time the nurses had to administer a local anesthetic to Pinneo’s ravaged throat before giving her a pill, Penny apologized. She was similarly contrite when day after day she remained unable to swallow food, and had to be maintained on intravenous fluids that required close attention from the hospital staff.

Casals had no immediate answers. Whatever virus was tormenting Pinneo did not match any hemorrhagic agents in his Yale collection. He did know one thing: this organism was unusually tough.

Miraculously, Pinneo began to recover by mid-April, and was well enough to walk—albeit at an odd rightward slant—out of her hospital room. On May 3 she was discharged from the hospital, but she continued to suffer severe headaches, dizziness, and vertigo until the end of the month.

The doctors, in both Nigeria and New York, were at a loss to explain what had happened. The best guess was that Marburg disease was responsible, but Casals could find no evidence of Marburg in any of the nurses’ blood samples.

Back in New Haven, Casals continued his search, working under state-of-the-art precautionary conditions. During the four days it took Pinneo to travel from Jos to New York, the dry ice in which the samples were packed had completely sublimated, and the blood was exposed to the hot, humid Nigerian climate. Nevertheless, the hardy viruses arrived intact. To protect his staff, Casals insisted that only he would attend to the mice that had been experimentally injected with the mystery agent. The rodents were kept in a special airtight room, which Casals never entered without first donning a mask, goggles, and gloves.

Day after day, Casals injected samples of the nurse’s mystery microbe into test animals, searching for clues to the identity of the agent. His lab also grew cells from African green monkeys, called Vero cells, in petri dishes, poured in microbe-contaminated fluids, and watched the results. The final quick test they used mixed antibodies against Marburg and other viruses into test tubes full of Pinneo’s blood.

When they studied their results under powerful microscopes, the mystery for Casals only deepened. None of his vast range of antivirus antibodies —including those that usually attacked the Marburg virus—seemed to lock on to the mysterious microbe. Antibody molecules are very specific; for scientists like Casals, an antibody/virus complementary relationship was as reliable a clue as a detective’s discovery of a culprit’s possession of the sole key to a safe-deposit box full of the victim’s diamonds.

But none of the antibody “keys” in Casals’s vast collection fit the “lock” of Pinneo’s mysterious virus. Casals and colleague Robert Shope screened over 200 viral antibody types against the microbe before concluding it was “something new.”6

Equally disturbing were the microscopic clues provided by studies of infected Vero and rodent cells; the enigmatic agent just didn’t look like
Marburg, or any other pathogen with which Casals was familiar. Working with ace electron microscope expert Sonja Buckley, Casals searched for recognizable attributes of the microbe. They magnified their samples over 100,000 times to be able to visualize the tiny killers: what they saw were perfectly round balls or spheres, from which projected dark spikes.7 Inside the balls was the genetic material of the virus. Marburg, by contrast, was a long, thin, fuzzy virus that often coiled up into a tight spiral.

The two viruses just didn’t look alike.

Worse yet, Casals concluded that this mystery microbe was lethal as hell. When Buckley diluted samples to a ratio of one drop of Pinneo’s blood to ten million drops of benign fluid, the concoction still killed half the Vero monkey cells she grew in her petri dishes within eight or nine days. Even Marburg didn’t do that.

In late May, as Pinneo was recovering, Casals began working on his presentation for the upcoming WHO conference on Marburg disease. He was living in an apartment on Manhattan’s Upper West Side and commuting daily to New Haven. Preferring to do his writing at home, Casals gathered up papers around his office on June 3 and prepared to head into New York. But suddenly Casals felt a dramatic shivering sensation all over his body that lasted over an hour. He took two aspirin and it went away. The following morning he awoke to make his journey back to New Haven and felt lousy.

On Saturday, Casals awoke to pain in his thigh muscles that was startling in its severity. “I never knew a muscle could hurt that much,” he thought, contemplating the scientific significance of the matter.

He tried to get out of bed and walk, figuring he’d shake it out, but was startled to find the pain increased and his legs were almost too weak to hold up the rest of his body.

Dazed, Casals went back to bed, and soon found himself watching the hours slip by without the slightest concern. He felt oddly lethargic and apathetic.

“Probably just the flu,” he stubbornly concluded, despite symptoms that he knew indicated something else.

Casals’s family had been away for the weekend, and when they returned on Sunday evening, mother and daughter were aghast. Jordi Casals had eaten nothing. The New York Times lay unread on the floor beside him. The usually energetic scientist seemed absolutely apathetic, as if he had decided to abandon himself to fate. He was extremely confused and kept mumbling something about the flu.

“This is no damned flu!” his wife declared, quickly calling their family physician, Edgar Leifer. The doctor arrived swiftly, ruled out influenza immediately, and whisked Casals off to Columbia University’s Presbyterian Hospital.

The journey proved painful for Casals, as did several hours of waiting in hospital hallways for X-rays and other tests. While physicians worried
about how best to limit contagion to others when using cumbersome medical equipment on Casals, the glass-booth isolation unit was prepared.

For the remainder of June and much of July, Casals lived in a glass room specially ventilated with negative pressure and air-lock doors. Only essential medical personnel, adorned in protective gowns, gloves, goggles, and masks, were allowed inside Casals’s little world.

Casals was acutely ill. His temperature was 104°F, his blood pressure high, pulse weak, skin flushed, and red and white blood cells were draining at an alarming rate out of his cardiovascular system and into his urine.

The virus was attacking his heart, throat, and veins.

Though Casals continued to mumble that he was probably okay, it was just a little cold, the hospital staff knew he was fighting for his life, in the grip of Lassa fever.8

It was a long shot, but Leifer solicited the help of the recovered Penny Pinneo.

“We need your blood,” the doctor said, explaining that he hoped Pinneo’s blood contained antibodies that could destroy the Lassa viruses then attacking Casals. Pinneo readily agreed. Meanwhile, Casals’s boss, Wilbur Downs, called Karl Johnson to ask what had been the Bolivian experience with trying sera from a Machupo survivor as treatment for a victim of the disease.

“Works,” Johnson said in his usually abrupt way. “But you better hurry. The longer a patient is sick, the less helpful the immune sera gets to be.”9

On the fourth day of his hospitalization, having deteriorated quite dangerously, Casals was injected with 500 milliliters of Pinneo’s plasma.

“It’s miraculous,” Casals said the following day as his fever dropped to 101°F and his mind began to clear. With each passing day thereafter Casals gained strength, attained a sense of will while shedding his prior apathy, and felt the muscle pains diminish. Within a week his temperature and cardiovascular signs were normal.

After thirty days of hospitalization, a sadder but wiser Casals went home.

The sadness stemmed from Casals’s inability to explain how he had become infected. Certainly he had taken every possible precaution in the Yale laboratory—precautions that had proven quite adequate for the hundreds of other bizarre viruses he studied. It was clear the Lassa agent was especially dangerous.

Over and over again Casals scanned his lab notes trying to pinpoint an error, a moment when he carelessly allowed the occurrence of contact between himself and the virus. Only two possibilities were open. Because Casals insisted that only he have contact with infected mice, the scientist thought it possible that the animals had urinated viruses on the sawdust and wood chips that lined their cages, and somehow these wood particles had been kicked up into Casals’s breathing space by the agitated rodents. But he always wore a mask: for such a scenario to work, the mask that had
protected him against over a hundred other viruses would have failed with Lassa.

An alternative explanation lay in the dried cracked skin of Casals’s hands, full of microscopic holes that might have served as portals of entry for the tough virus. But Casals always wore thick latex gloves and could not remember noticing any leakages. Could the virus get through rubber? Had he unknowingly worn a faulty product one day that was full of microscopic leaks?

The frustrating puzzle remained unsolved, even twenty-five years later, much to the consternation of Yale officials who were less than enthusiastic about having research on mysterious lethal viruses conducted on campus.

Casals reminded inquiring university and Rockefeller Foundation officials that he had, without prior incident, conducted years of successful and safe research in the Yale facility and, earlier, at Rockefeller laboratories in New York City. Ever since the young Catalonian doctor had been stranded in the United States by the Spanish Civil War in the 1930s, Casals had devoted most of his waking hours to studying a succession of deadly viruses: polio, Japanese encephalitis, rabies, St. Louis encephalitis, Junin, Machupo, LCM (lymphocytic choriomeningitis in mice), dozens of hemorrhagic viruses found in people and monkeys, and a host of mosquito-carried South American agents he had discovered.10

Indeed, ever since he and Karl Johnson had traveled all over the Soviet Union investigating strange hemorrhagic diseases, the pair had discovered that the real danger was not the viruses, but politics. In the spring of 1965 for example, they joined Soviet colleagues and a handful of other top American researchers for a monthlong investigation of four different types of viral bleeding syndromes, at least three of which were found exclusively within the borders of the Soviet nation: Omsk hemorrhagic fever, Crimeantype fever, and Central Asian hemorrhagic fever. The trip proved immensely useful for all the scientists involved, and several more exchanges followed over the years.11

But every time Casals and Johnson returned from the Soviet Union, they were hounded by CIA agents who expected the scientists to reveal all that they had seen and discussed in the communist nation. Casals always obliged, but by 1969, as he argued with Yale officials about the continuance of his Lassa work, he was growing impatient with all the inquiry.

In the summer of 1969 a recovering Casals pursued his Lassa research vigorously, aware that university authorities were debating whether to shut it down. In short order he verified that the disease that had nearly killed both him and Pinneo was caused by an apparently new virus.12 He further showed that the virus’s genetic material was in the form of RNA, rather than the DNA present in human cells. Using techniques similar to those Johnson and Webb had followed for purifying Machupo viruses, he was able to isolate Lassa microbes from all the Nigerian samples, as well as his own taken during hospitalization, including throat swabs, blood, and
urine. His lab ruled out the possibility that Lassa was carried by a common African mosquito because they were unable to experimentally infect such insects. On the other hand, they pointed an accusatory finger at the rodent world when they showed that experimental mice could be infected with Lassa and none became ill; rather, the rodents served as lethal carriers of the disease.

The strange virus failed to cross-react with any of the hundreds of agents in Casals’s viral library, which ranged from the nonpathogenic Tacaribe to 100 percent lethal strains of rabies viruses, and when he tested his own blood against all those viruses he found that his anti-Lassa antibodies reacted only against the new virus. In other words, Casals was immune to Lassa, but the immunity did not overlap to protect him against any other virus. That was clear evidence that Lassa was, indeed, unique.13

Most disturbing, Casals concluded that the virus could be spread in four ways: by inhaling viral particles from an infected human or animal, by contact with contaminated urine, by direct blood-to-blood contact with an infected person, or by some less clear method involving laboratory mice.

In the fall of 1969 Casals was forced to accede to the Yale authorities’ concern about the safety of Lassa research, and all samples of the virus were shipped to the Atlanta headquarters of the Centers for Disease Control, where they were studied and maintained in a uniquely designed high-security facility.14 What prompted Casals to agree that it was wise to cease Lassa studies was the tragedy of Juan Roman, a fifty-five-year-old technician in the Yale laboratory. Roman had decided to spend the Thanksgiving holiday that year with cousins in York, Pennsylvania. The Puerto Ricoborn assistant had never been involved in Casals’s Lassa research and was strictly forbidden (as were all people at the Yale facility, save Buckley and Casals) to touch anything labeled “Lassa.”

On Wednesday evening, Roman left New Haven, apparently feeling fine, and made the drive to York. By Friday he was severely ill, suffering all the classic Lassa symptoms: fevers, shivering, muscle pains, severe fatigue, and lethargy. He was admitted to a local hospital, where he was treated without special contagion precautions for a week before his stymied physician called the Yale arbovirus laboratory to ask whether Roman had handled any strange viruses.

Casals made a worried visit to York that Saturday and found his technician desperately ill. After warning the hospital staff about the need for high-security contagion precautions, he returned immediately to Yale and began preparing samples of his own blood to use as antiserum for the dying laboratory technician. By the time he had arranged to have Roman transferred to Columbia-Presbyterian Hospital in New York, it was too late.

Roman died Monday morning, after just ten days of illness. He never had a chance to try Casals’s antiserum.

Though Casals and Yale authorities went over Roman’s notes and activities for hours, searched every inch of the laboratory for an improperly
labeled tube or dish, and hunted for leaks in the ventilation systems, they were never able to explain how the technician got Lassa. Concerned that panic would spread through New Haven, particularly amid the Vietnam War protests and student suspicions that biological warfare research was being conducted at all the nation’s high-security laboratories, Yale and Casals agreed it was time to get rid of the Lassa samples.

Christmas 1969 found Pinneo and Casals happy to be alive, sharing the company of their families. It was possible to look at the glittering lights strung along Manhattan’s avenues, feel the crisp night air filled with the promise of winter snowfall, and completely forget the tropical menace that so nearly claimed their lives. Casals blessed his hearty constitution, and Pinneo mused often during that season’s church services about her great luck. Her ears still rang all the time due to some damage left by the virus, but she was alive and her energy was slowly returning.

The season’s sense of joy quickly dissipated after the New Year when patients started pouring into Pinneo’s former hospital in Jos, now renamed Evangel Hospital. In three weeks’ time, Dr. Jeannette Troup treated seventeen cases of what looked like Lassa fever.15 Panic quickly spread among the Evangel staff, and at the weekly prayer meeting of January 21 the reading was from Psalm 91:



Thou shall not be afraid for the terror by night; 
nor for the arrow that flieth by day; 
nor for the pestilence that walketh in darkness.



Though she suspected Lassa was the culprit, Dr. Jeannette decided to perform one autopsy to confirm the diagnosis. On January 25, 1970, the petite Troup, who sported a Lady Bird Johnson hairdo, glasses, and the conservative cotton dresses suitable for the tropics, stepped up to the autopsy table. Acutely aware of the risks, she took a deep breath and made her first incision.

Minutes later, she cut herself, drawing blood through her protective gloves. Though she insisted to others at the time that it was “just a nick,” Troup was terrified.

For good reason, as it turns out. Ten days later Dr. Jeannette told colleagues she had the flu. On February 10 she was admitted to the hospital with a fever of 103.8°F.

As Troup’s condition worsened, fear spread in the Jos medical community and her colleagues notified Frame at Columbia University. He, in turn, set into motion plans to fly Pinneo and Casals to Jos. Though both were still suffering Lassa virus-related symptoms, Frame was confident they were now immune to the disease. That made them ideal Lassa investigators.

Unfortunately, civil war once again raged in Biafra, and the Nigerian government—which had never been pleased about Frame’s decision to name the deadly disease after one of its towns—delayed granting visas to
Casals and Pinneo. As days dragged by, filled with cables describing Troup’s deterioration, the two Lassa survivors became increasingly anxious.

In a frantic effort, Frame shipped Pinneo’s antiserum via U.S. diplomatic channels, but it was mistakenly routed to Ibadan, miles from Troup’s Jos deathbed. The antiserum reached Ibadan on February 15, and was carried from there to Jos by Pinneo. She reached Jos on February 20.

Jeannette Troup, however, died on February 18.16

On March 3 Casals arrived, and a team of five researchers—including Troup’s assistant Dr. Harold (Hal) White and Pinneo—was assembled. Pinneo’s fluency in Hausa, as well as the great respect she had garnered over the years from the people of Jos, proved invaluable.

After weeks of investigation the team was unable to say from where, exactly, the virus had come, but it could explain the dramatic spread of Lassa inside Evangel Hospital and nearby Vom Christian Hospital.17

Tracing back the cases, the team decided that it began with a woman who traveled from Lagos, Nigeria’s huge metropolis, to her home village of Bassa during September 1969. There, she gave birth.

Forty days later, on Christmas Day, the woman developed symptoms of acute viremia and was put in a general ward of Evangel Hospital. Throughout her hospitalization the woman’s newborn and three-and-a-half-year-old child stayed beside her, and she was closely tended to by her mother and brother-in-law.

By mid-January the woman was well enough to return to Bassa, but shortly after the family reached their home the older child died and the woman’s mother fell ill.18 Altogether, twenty-eight people suffered Lassa fever in the two hospitals between Christmas 1969 and February 26; thirteen died. With the exception of Jeannette Troup, all were Nigerian.

At least sixteen people got Lassa from the first Bassa woman, though most never had physical contact with the patient. Much to the embarrassment of Evangel physicians, it seemed most infections actually occurred on the A Ward of their hospital. There, the Bassa woman struggled with her fever for two weeks, lying on a corner bed beside an open window. The prevailing breezes carried her exhaled viruses down the ward, past the noses and mouths of four patients, six visitors to the ward, and four hospital employees, all of whom developed Lassa. The infected, in turn, passed the virus on to family members after leaving the hospital, indicating it was possible for Lassa survivors to carry the virus for two or more weeks.

Searches throughout Bassa failed to find the source of the epidemic.

For Frame, who was responsible for the health and safety of SIM missionaries in West Africa, the second Lassa outbreak was particularly worrisome for three reasons: it occurred primarily among Nigerians, indicating there might not be natural immunity in the population; the outbreak clearly spread as a result of hospital procedures; and the source of the disease remained elusive.

In 1970 Frame collected blood samples from 712 current and recent
American missionaries working in West Africa and had them tested for evidence of past Lassa virus infection.19 Five tested positive, four of whom recalled having suffered long, unexplained fevers. Only one member of the group, Harry Elyea, had been ill while in Nigeria. In 1952, Elyea spent a month in Rahama, Nigeria, severely ill. As a result, he suffered a lifelong hearing deficit.20 Hearing loss would prove a common side effect of Lassa infection. Twenty-five years after her brush with death from Lassa fever, Pinneo would still have a constant ringing in her ears.

The other four cases were missionaries who fell ill between August 1965 and February 1968 in far-off Telehoro, Guinea. Sixty-one-year-old missionary Carrie Moore was rendered stone-deaf by her illness, having suffered total auditory nerve destruction.

Frame’s group also tested blood samples that had been collected in 1965–66 from villagers in northern Nigeria as part of a parasite survey; 2 percent showed signs of previous Lassa infection. The scientists suspected Lassa was hiding inside some ubiquitous species of African animal and might well be infecting human beings all over West Africa. With so many fever-producing diseases to worry about in the tropics, it was to be expected that the occasional Lassa case would go unnoticed.

They warned that Lassa would undoubtedly strike again.

It was just months before their prediction proved sadly accurate. Not in Nigeria, nor Guinea, but Liberia.

Garbazu, a Liberian peasant, was four months pregnant when she started bleeding profusely. Though she had been nauseated and sick for a week, she tried to treat herself in her village of Zigida, using traditional antisorcery methods of herbs and incantations. The uterine bleeding, however, scared her enough to prompt a twenty-seven-mile journey to the Curran Lutheran mission hospital in Zorzor.21

On March 3, 1972, Esther Bacon, a missionary nurse-midwife from Colorado, performed an emergency dilation and curettage after Garbazu spontaneously aborted twins. Throughout the procedure, Garbazu bled an inordinate amount, hemorrhaging so severely that Bacon’s nursing gown soaked through, as did her cotton dress beneath, leaving her torso drenched in Garbazu’s blood.

After a few days, Garbazu recovered and went home to Zigida, but two other women with whom she had shared the ob-gyn ward developed similar symptoms: nausea, mouth sores, fevers. By mid-March, Bacon was ailing, as were other members of the hospital staff. At month’s end, five patients (including an ob-gyn patient’s newborn baby) and eight hospital staff members were sick,22 and, as rumors spread of Lassa fever, panic erupted in Zorzor. Travelers zoomed through the town, their car windows shut tight against imagined plague. And residents of neighboring towns became dangerously agitated.

The fear was compounded by a very special concern for Bacon. Since her arrival in Zorzor in 1941, the energetic midwife had personally revolutionized
health care in the region, and eventually throughout Liberia, by creating a vast infrastructure of trained midwife assistants and prenatal screenings. Twice she was awarded Liberian presidential medals for her years of walking hundreds of miles to far-flung villages to convince women of the wisdom of delivering their babies in clean hygienic settings, assisted by trained personnel.

Located in the high-country tropical forestland of eastern Liberia, close to the Guinea border, Zorzor was a remote area where sorcerers usually resented the intrusion of all forms of competing providers of medicine, yet Bacon managed to gain respect even in villages located so deep in the rain forest that they could only be reached by horseback or on foot.

When word spread of Bacon’s illness, prayer meetings occurred spontaneously throughout the region and the fear of Lassa fever grew. People wondered, “What can be so terrible that it can kill nurse Bacon?”

On Good Friday, March 30, Bacon was carried from her home to a small landing strip, where she would board a prop plane bound for the somewhat more sophisticated Phebe Hospital. As her stretcher-bearers wended their way to the airstrip, the people of Zorzor lined the path, some crying out, others sobbing.

Samples of blood drawn from Bacon and other ailing hospital staff members23 were forwarded to the CDC in Atlanta, and health officials in Liberia, as well as WHO headquarters in Geneva, were alerted. Once again, Penny Pinneo, who had remained in Jos, was asked to donate her services and her blood. Now convinced that God had intended her to survive Lassa for just such a purpose, Pinneo enthusiastically complied.

Though Pinneo brought two units of antibody-containing plasma, the blood proved useless for Bacon. As Karl Johnson had predicted three years before, antisera was effective for viral hemorrhagic diseases only when given early in the illness.

On April 4, Esther Bacon died.

When Esther Bacon fell ill, Tom Monath was just finishing up his research fellowship in virology at the University of Ibadan in Nigeria. The thirty-year-old Bostonian had developed a fascination with insect-carried viral diseases during his medical studies at Harvard, and went to Nigeria to study yellow fever. By March 1972, his work was done, crates were packed, and Monath was already imagining sinking his teeth into a nice juicy all-American cheeseburger when a cable arrived from the CDC.

“Go to Liberia,” it read, noting there were reasons to suspect Lassa fever had broken out in a tiny mission hospital. He was instructed to link up with Penny Pinneo and get to Zorzor as fast as possible. His job was to find out where Lassa came from and how it was spread.

For a moment Monath just stared at the cable, struck by a flash of fear. “This is pretty terrifying,” he thought. “Nobody really knows anything about this. It’s highly contagious, and half of the people who got it in Jos died.”

But hours later, as he unpacked gear he had already prepared for shipping
to the United States, Monath deliberately downplayed the assignment, telling his wife it was “no big deal, probably routine.”

Pinneo and Monath made their way from Lagos to the Liberian capital of Monrovia, and then took a tiny light-wing plane to Zorzor. The moment they landed the pair could feel the pall over the community. Nobody was walking along the roads, and travelers refused to make their usual stopovers for gasoline and food in Zorzor.

“The air smells like fear,” Monath thought.

Bacon was still alive—barely. Several hospital beds were occupied by other Lassa patients, and the staff was frankly stupefied by it all. Pinneo and Monath met with the hospital director, Dr. Paul Mertens, and Tom laid out a battle plan.

“First, we go to Zigida, track down Garbazu, and try to figure out where she got the virus,” Monath said. While Pinneo and Monath searched the village, Mertens would try to determine how the virus spread within his hospital. Because she was immune, Pinneo agreed to be in charge of drawing and handling blood samples.

Before he left Zorzor, Monath grabbed every mousetrap and net he could find. Though all his training was in insects, Monath knew that Junin and Machupo were rodent-carried diseases, and circumstances just didn’t point to insects in either Jos or Zorzor; if insects had carried the disease the cases would not have all occurred indoors or been primarily among adults. As a rule, insect-carried diseases attacked children more than adults because youngsters tended to play outdoors in watery or wooded areas where they came in contact with mosquitoes, mites, spiders, and such.

But in Zorzor only one child had Lassa—a newborn who undoubtedly got infected as a result of blood-to-blood contact with its dying Lassa-infected mother.

As they headed for Zigida, Monath reviewed what he had heard about rodent disease carriers and tried to imagine what a real CDC rodent expert might do in the situation.

Neither Pinneo nor Monath spoke the Liberian languages of Loma or Kpelle, but the government conducted its affairs in English because the nation was founded by freed American slaves in the nineteenth century, and even in remote villages it was possible to get by with basic English. They found Garbazu and gained village approval to take blood samples from her friends and relatives, set mousetraps, and collect local animals. While Pinneo patiently drew blood from anxious villagers unaccustomed to such procedures, Monath hunted.

Night after night Monath crouched by candlelight, a net grasped tightly in one well-gloved hand, the other constantly adjusting his respirator. In this manner he captured dozens of bats, always aware that the fangs of the animals that were thrashing about in his nets might carry the deadly virus. With only a flickering candle to illuminate his actions, Monath carefully
placed each captured bat in a thermos full of liquid nitrogen, freezing their bodies for future study at CDC high-security laboratories in Atlanta.

Monath failed to find the animal culprit responsible for the original Zigida cases, but blood tests of 133 villagers showed that, in addition to Garbazu, four people had survived bouts of Lassa fever.

Back at the hospital, Mertens and Monath were joined by Jordi Casals, who was sent by the CDC. Together they scoured the building for pests, but eventually were forced to conclude that the mini-epidemic constituted a classic case of nosocomial transmission: spread of disease between patients and medical staff.24 Nurse Esther Bacon, they decided, clearly became infected during the dilation and curettage performed on Garbazu, who presumably somehow contracted Lassa fever in Zigida.

Garbazu was on the Curran Lutheran Hospital ob-gyn ward from March 1 to 19. During that time Nessie, who was recuperating from a kidney infection during pregnancy, lay in the bed that was beside Garbazu’s for a few days, sharing her newfound friend’s food and water. Nessie recovered nicely from her pyelonephritis and was discharged. Five days later she returned, suffering a soaring fever. Nessie died of Lassa.

Liberian midwives Jetty Ziegler and Phebe Hollwanger, having tended to both Nessie and Garbazu, fell ill in mid-March, but recovered fully from Lassa after a few weeks’ time.

Sarah wasn’t so lucky. Bedded just twenty feet downwind from Garbazu, the Kpaiyean villager was recuperating from an emergency caesarean section and caring for her newborn baby. The very day Garbazu left Curran Lutheran Hospital, Sarah developed a sudden searing headache, her fever spiked at 103°F, and she was unable to sit up. On April 4 her birth canal began hemorrhaging so severely that Sarah went into shock and died. Four days later her baby succumbed.

In all, eleven women got Lassa in Zorzor in 1970, all of whom had been in the Lutheran hospital; seven were members of the staff. Four people died: Esther Bacon, a Liberian obstetrics patient named Sarah, her newborn baby, and Juanita Akoi, a Liberian nursing assistant.25 Two of the survivors were rendered hearing-impaired, one was completely deaf.

The team tested fifty-nine other patients who had been in the hospital during March—six tested positive for Lassa. Among the fifty-seven hospital staff members, in addition to the seven known to have had the disease, two more tested positive. Both had worked on the obstetric ward tending to Sarah, Garbazu, and Nessie.

Nessie’s case particularly troubled the researchers because it implied Lassa could have a long latency time (nineteen days), and could even recur. The prospect of Lassa relapses among his staff was particularly unnerving for Mertens.

Further evidence of relapses emerged when the team studied hospital records going back five years. In the end, they were convinced many past
cases of unexplained feverish ailments could be considered Lassa; one such former patient was tracked down, tested, and found to have antibodies against Lassa, showing he had, indeed, once been infected with the virus.

Because the scientists couldn’t pin down the original source(s) of the Liberian epidemic, Mertens knew he should expect additional cases of the disease in the future.26 Though he could do nothing to prevent village outbreaks, Mertens was determined that the disease would never again be spread within his hospital. The entire staff was trained in proper disease control measures, hygiene, instrument sterilization, and other classic practices that have been used with general success to block the hospital spread of microbes since the days of Baron Joseph Lister.27

Monath had barely caught his breath and was, once again, preparing to return to the United States when Peace Corps physician Michael Gregg, then working in Sierra Leone, contacted the CDC. The volunteer doctor was convinced Lassa had struck. Once again, Monath gathered up Casals and Pinneo. The trio made their way in September 1972 to Freetown, capital of Sierra Leone, and were joined by CDC investigators David Fraser, Paul Goff, and Carlos (“Kent”) Campbell. Together, they solved the Lassa mystery, though their efforts went largely unnoticed back home in the wake of the Watergate break-in and heated U.S. presidential elections.

About two hundred miles east of Freetown, not far from the borders of Guinea and Liberia, Lassa fever struck among villagers and diamond mine workers. At first glance the epidemic seemed a repeat of those in Jos and Zorzor: hospital-based. But it didn’t take long for Monath and Casals to recognize that most of the people then suffering Lassa in Panguma Hospital acquired their infections somewhere else. A search through the medical records of six hospitals in the region revealed sixty-three cases of what looked suspiciously like Lassa, occurring between October 1, 1970, and October 1, 1972, with the numbers of sick having increased steadily over the two years.

Once again, Monath donned thick gloves and a respirator to hunt wild animals in the villages and mining camps around Panguma. Casals and Pinneo took blood samples from hospital staff members. The hunt was on. Cats and dogs were grabbed by the villagers, who held the animals still while Campbell, Casals, and Monath drew blood samples. Hundreds of traps for rats and mice were set, bats were netted in the night. Again, the wild animals bared their fangs at their captors, who carefully killed the beasts with gloved hands.

“This is fantastic!” Monath thought, sensing the possibility that here, in these Sierra Leone villages, the animal that carries Lassa viruses would finally be found. So great was the excitement that the team members kept their fears private, never voicing anxieties about getting the dreaded disease. The shorter, older meticulous Monath kept a watchful eye on Kent, however. Towering over everyone, Campbell had the lanky strong build of a basketball player and the impulsive swift movements of an athlete.


Indeed, twenty-six-year-old Campbell got so wrapped up in the quest that he suggested the team do something they would all later agree was “really, really dumb”: take phlegm samples from deep inside the lungs of Lassa patients lying on the wards of Panguma Hospital. Temperatures in Sierra Leone were hitting 110°F and humidity topped 90 percent, so Monath and Campbell often found their protective gear (consisting of latex surgical gloves, facial respirator masks, surgical cotton gowns and foot coverings) intolerable and “fudged a little,” as Campbell put it, creating spots along their masks and gowns that allowed air circulation. Young Campbell, who had just signed on for a two-year hitch with the CDC to avoid the Vietnam War draft, enjoyed working with the older, more experienced Monath. Though Monath was an urbane Bostonian and Campbell hailed from eastern Tennessee, both men had spent formative years at Harvard studying medicine and public health. Campbell planned to return to Harvard when his CDC hitch was over, to complete his pediatric residency.

Monath, Campbell, and the rest of the group collected more than 640 animals: mice, rats, shrews, bats, and house pets. The animals’ lungs, hearts, spleens, kidneys, and blood were carefully removed with sharp dissection scalpels wielded cautiously by gloved hands. All were placed in liquid nitrogen, meticulously labeled, and prepared for overseas air shipment to the maximum-security laboratory at the CDC in Atlanta.28

While the team anxiously awaited results, they studied the villages carefully, trying to see what was unique about those that had Lassa cases. In all the eastern Sierra Leone villages around Panguma and nearby Tongo, people lived in large extended families that resided in houses made of mud coated with cement. Their roofs were of iron sheets or thatching, the floors packed mud. Harvested grains were stored in sacks and baskets inside the homes.

The villages were clusters of homes encircling a clearing. Outside the village lay some croplands and rain forest; at times it was hard to tell where one stopped and the other began. Because it was the rainy season, people—and animals—tended to spend their time in shelters.

When the team captured animals they noticed three types of mice and rats scurrying about the villages, and one type—the Mastomys natalensis rat—was present in greater numbers in villages stricken with Lassa.

To the joy of all the research team members, CDC laboratory analysis confirmed their hunch. Of 350 animal species initially tested, only Mastomys natalensis turned up positive for Lassa virus infection. Better yet, the infected rats came from the same villages where humans had the disease.

Though the major puzzle was finally solved,29 two questions remained: why had the Mastomys suddenly become a problem in key villages; and how did the rats pass Lassa virus on to the people?

Monath’s group noticed that Mastomys had tough turf competition in the form of the larger, more aggressive black rat, Rattus rattus. In some villages, the people had driven out or eaten the big black rats, leaving smaller brown
Mastomys virtually unopposed on the playing field. Mastomys often came out of neighboring fields and took shelter from the rains inside homes.

Less clear was how the rats gave people Lassa. Few of the humans who were infected could recall being bitten, and the team was unable to prove one way or another that Mastomys could pass the virus in its urine, as had already been seen with Junin and Machupo.

Back at the hospitals in Tongo and Panguma, Pinneo’s lifesaving antibodies once again were used in hopes they would help in the recovery of two Lassa patients. But the team discovered in laboratory studies that antibodies from the original Nigerian strain of Lassa virus (now dubbed Pinneo) reacted poorly with the Sierra Leone virus. Weaker still was the reaction to Monath’s Liberian strain. This meant there were at least two widely divergent strains of Lassa viruses in West Africa, and Pinneo’s antiserum could not be counted on to save patients—and scientists—who got Lassa outside of the Jos region of Nigeria.

It was possible, the group concluded, that Pinneo’s antiserum had no real effect on the two Sierra Leone patients to whom it had been given, as there were indications that both women were already recovering.30

Any comfort Pinneo’s units of blood carefully stored at the CDC might have provided to doctors, nurses, and researchers working in West Africa in the 1970s clearly had to be muted.31

Because Mastomys was a common African rat, found in fields and villages from Sudan to South Africa, it seemed possible dozens of additional strains of Lassa lurked on the continent—strains Pinneo’s antiserum might not be able to combat.

Back at Columbia University, John Frame was convinced Lassa fever could be found throughout West Africa if a scientific search was carried out. With a paltry budget of only $5,000, Frame and Casals screened the blood of missionary workers from countries all over West Africa. They found evidence of Lassa infection in people stationed in Mali, Upper Volta,32 Ivory Coast, Zaire, and possibly the Central African Republic. That meant Lassa existed in at least eight countries.33

Kent Campbell had a similar idea. Mischievously, he thought he could combine some smart science with a CDC-paid extended trip through Ireland by offering to screen nuns who had in the past worked at Panguma Hospital. Since its opening in the 1950s Panguma had been staffed by the Sisters of the Holy Rosary, an Irish Roman Catholic order. The nuns tended to rotate through the African hospital, returning to Ireland after a year or two, so several dozen women who could have been exposed to Lassa now lived in Ireland. Campbell told the CDC that testing those women might reveal the answer to a key question: had Lassa been around Sierra Leone for decades but gone unnoticed amid the plethora of diseases people suffered, or was the virus new?

He argued persuasively to the Atlanta bosses: “If you weren’t paying close attention, you wouldn’t be able to distinguish Lassa from malaria.
They look exactly the same until the tail end of Lassa when the hemorrhaging starts.”

Campbell got the okay, hopped a commercial jet to London, connected with his wife, Liz, and the two of them happily embarked for the Emerald Isle. For four days Kent and Liz traveled all over Ireland, from convent to convent, testing the nuns and sightseeing. For Kent, it was a welcome relief from the hard work in Sierra Leone; for Liz it was a break from pacing about their Atlanta home worrying about her husband’s safety.

One afternoon two of the Sisters took the Campbells to Blarney Castle, where they, like thousands of Americans before them, bent to kiss the Blarney stone. When they returned to their car, Kent suddenly reeled, feeling as if he’d been hit hard on the back of the head. Within seconds, sweat poured out of his skin and he became terribly feverish.

By the time the Sisters got the Campbells back to their hotel, Kent was delirious and running a 107°F fever. Liz was hysterical. The Sisters called London authorities, who ordered Kent transferred immediately to the hospital of the London School of Hygiene and Tropical Disease.

Later that day, the Campbells boarded a commercial Aer Lingus jet, and flew without special precautions, amidst hundreds of tourists. No one had instructed Liz to do otherwise, and Kent was in no condition to do more than follow Liz’s orders. On arrival in London, again without extraordinary precautions, they grabbed a taxi to the London School. And once inside the hospital, the ailing Kent was placed on an ordinary isolation ward and treated by doctors and nurses who had no idea what should be done.

After a day and a half of delirium, Campbell was given a pint of Jordi Casals’s blood antiserum. It was midnight and Campbell barely realized he was being transfused.

Five hours later he opened his eyes to see his friend Tom Monath worriedly hovering over him.

“What’re you doin’ in London?” Campbell drawled in his gentle Knoxville accent.

“We’re getting you out of here,” Monath responded abruptly.

Campbell had no idea how much anxious negotiation had surrounded his case over the previous thirty-six hours. State Department and White House officials had been in discussions with 10 Downing Street and Whitehall; CDC bosses had kept an open line to their counterparts at the London School; the decision was made to get Campbell onto American soil as quickly as possible.

That night the Campbells were driven to Heathrow Airport, this time wearing respirators to protect others, and transported in a special ambulance driven by volunteers. Awaiting the couple on the tarmac was a USAF C-141 transfer jet, inside of which was an Apollo space capsule that had been flown from a U.S. military warehouse in Frankfurt, Germany. Sealed off from the outside world, the couple rested in seats designed for astronauts
orbiting deep in space. Monath and four USAF medical corpsmen monitored the Campbells during their transatlantic flight.

When the plane landed at New York’s Kennedy Airport, another special ambulance greeted the group on the runway, taking the Campbells off to Columbia-Presbyterian Hospital.

For four weeks Kent was treated in the same room in which Casals had once languished. Liz was monitored closely, and remained well. After thirty days, Campbell recovered and was ready to return to his job at the CDC, but officials politely asked that the young doctor “take a little time off”: it seemed many employees of the world’s most prestigious disease control agency were afraid Campbell might still harbor contagious infection.

During his time off, Campbell got a bill from the U.S. Air Force: $17,000, payable immediately, for medevac airlift services. Kent shrugged and passed the bill on to CDC director David Sencer, who gruffly sent it back to the Defense Department.

In recognition of his recent hardship, CDC officials next gave Campbell a choice assignment in Hawaii, where he and Liz spent several weeks during a rubella outbreak. Upon returning to Atlanta, his obligatory conscientious objector stint at CDC nearly completed, Campbell spotted a help-wanted notice on an agency bulletin board: “Chief Malaria Control Officer: El Salvador.”

Kent Campbell re-upped with the CDC, and in 1973 he, Liz, and their two small children moved to San Salvador for what was supposed to be a two-year assignment.

It eventually became a four-year assignment that completely changed Campbell’s life, giving him a newfound concern for malaria control and the health problems of people in developing countries.

While the Campbells settled into their new lives in El Salvador, Uwe Brinkmann paced like a lab rat inside the Ebstorf smallpox containment facility, and pondered the stories of Casals, Pinneo, Campbell, and Roman. He knew his predicament in Germany stemmed from all those past incidents, and the high death toll the virus had claimed among Americans and Europeans working in Africa. He thought of all the mysteries surrounding Lassa, and wondered if he had become infected while tending to Mandrella.

It felt as if a lifetime had passed, but it was just days ago that Brinkmann, the controversial “hippie doctor,” had met Casals in Ibadan. The CDC now made it a practice to send the sixty-three-year-old Casals to investigate all reported Lassa outbreaks. In five years he had seen two serious outbreaks, and arrived in Ibadan in 1974 to witness his third.

For Casals, the Ibadan case was a tiny episode, highly exaggerated by international press attention and government panic on three continents.

When Casals arrived, Brinkmann stepped out of the group’s Nigerian isolation house to greet the famous scientist, who, characteristically, brushed aside the young German, barged into the building, and went straight to Mandrella’s bedside.


Casals carefully examined Mandrella, surprised to discover the patient was recovering. Dr. Hal White, who had attended to Jeannette Troup when she succumbed to Lassa four years earlier, had provided Mandrella with a unit of Penny Pinneo’s antiserum. And English physician Adam Cargill was looking after the ailing man. Cargill, then thirty-four, was on the faculty of the University of Ibadan Medical School.

“What a ridiculous international brouhaha!” Casals thought. In Lagos, Nigerian government officials had informed him, “There is no Lassa fever in this country. Period. So the German must have brought it here.”34

Angrily Casals thought, “So nice. They eliminated the disease by saying it didn’t exist.”

Meanwhile, the Catholic Church, which ran St. Charles Mission Hospital outside Enugu and had employed both Sauerwald and Mandrella, alerted the German Foreign Ministry and the Tropical Disease Institute (Tropeninstitut) in Hamburg, raising concern in Germany. On March 15, 1974, Ibadan’s Catholic bishop, Richard Finn, officially requested, on behalf of Mandrella, help from the German government.

The Nigerians insisted that the German must take “his disease” back to Germany, along with all the Nigerians and others he may have touched. Panic escalated, and no nation between Nigeria and Germany would grant permission for a suitably small aircraft to land en route for refueling.

“Ideally, the patient should remain exactly where he is, tended to by the apparently able nurses and these Brinkmann and Cargill fellows,” Casals thought, knowing that the stress of traveling could aggravate a condition that otherwise appeared to be improving.

The Lassa expert then focused on Brinkmann, briefly conveying his view that the patient’s condition was no longer acute and it would be best for all if he remained exactly where he was. After all, Casals said, transport would only aggravate the patient’s pain and increase the number of people worldwide who could be exposed to Mandrella’s breath and bodily fluids.

Brinkmann agreed wholeheartedly, and waved goodbye to Casals, hoping the highly respected scientist would succeed in convincing Nigerian and German authorities of the folly of their transport plans.

Unbeknownst to Brinkmann, Casals flew immediately to WHO headquarters in Geneva, where he tried, in vain, to argue for calm. He knew his was a lost cause when he scanned the German and French newspapers on sale at the kiosk located in the organization’s lobby.

For days the German press and, to a lesser degree, British and French media were spellbound by the saga of Lassa and the German doctor.

“Who Will Save This Physician?” screamed a Diepahtzer Nachrichter headline, adding, “A scandal!”35

The Bild Zeitung ran huge portraits of Brinkmann, depicted as a heroic figure who was braving death to rescue a colleague. Alongside the frontpage story was a sidebar describing practice sessions held by the Hamburg
fire brigade and police department, in preparation for Mandrella’s top security arrival and transport to hospital facilities.36

Such flattering articles were common, and of no help to Brinkmann, whose colleagues considered his journey to Nigeria distasteful. Germany in 1974 was, like the United States, experiencing an enormous generation gap that affected every aspect of society, including science. Brinkmann, with his tie-dyed T-shirts, long hair, and Indian sandals, became a lightning rod for the resentments of older, more traditional tropical disease experts. When the German Foreign Ministry contacted the Tropeninstitut in Hamburg on March 16 asking for information about Lassa, Brinkmann eagerly offered his services. But some older scientists, notably virologists Godske Nielsen at the Tropeninstitut and Fritz Lehmann-Gruber, acting director of the Virology Institute of Hamburg University Hospital, felt it was foolhardy to bring Mandrella back to Germany. They argued that such an effort was overly dangerous for everybody, including Mandrella.

Lehmann-Gruber went further, telling the German press that bringing Mandrella into the country could lead to a Teutonic Lassa epidemic.37

“We don’t know whether the virus may not find an ideal vector,” Lehmann-Gruber told Bild-Hamburg.38

“Are you talking about an insect?” the reporter asked.

“Yes, a fly. A mosquito. All is possible,” Lehmann-Gruber responded, adding, “The danger [of bringing Mandrella to Germany] is still incalculable.”

For Brinkmann such talk seemed utterly absurd. Having spent years in Ethiopia with his scientist-wife, Agnes, Uwe knew Europeans tended to exaggerate the dangers of African diseases. And in a manner typical among peers of his generation, Brinkmann favored immediate action. Brinkmann told the institute director he’d gladly take vacation leave immediately and fly at his own expense, if necessary, to aid Mandrella. Brinkmann’s offer was made in a room full of Tropeninstitut staff in response to the director’s request for a volunteer.

“No, Uwe, you can’t do it,” the director said. “You have two little children.”

Brinkmann shuddered for an instant, thinking of his sons, Patrick, age two, and four-year-old John Vincent. But no other hands were raised.

The director took Brinkmann up on the offer, handing the young scientist cash—drawn from his own wallet—for the airfare.

After Brinkmann arrived in Lagos, the German press started making trouble, fueling the debate between Uwe and his opponents, by building him up as a hero. On March 18, a day after Uwe left Germany, a national television correspondent visited Brinkmann’s mother.

“How does a mother feel whose son is flying off to death?” the reporter asked.

Unaware of Uwe’s departure, Mrs. Brinkmann invited the TV crew to
take tea in her living room, and answered their question with one of her own: “Who is so crazy to ask him to do something like that?”

Meanwhile, the German government, now convinced Lassa was akin to the Andromeda Strain, was frantically trying to find some form of airtight container in which to transport Mandrella. On March 19 the answer seemed at hand when headlines declared, “Danke! Kissinger Will Save the Fever Physician.”39 U.S. Secretary of State Henry Kissinger offered the use of an American military transport plane to fly an Apollo space capsule to Nigeria. Mandrella and Brinkmann would then board the airtight capsule, as had Kent Campbell eighteen months earlier, breathe filtered air, and remain so encapsulated for several hours’ flight time from Ibadan to Hamburg. It was a precaution considered brilliant by the German press and political hierarchy, but paranoid by experts like Casals.

While the German, American, and Nigerian governments debated the relative merits of using the Apollo spacecraft, Mandrella and his caregivers grew increasingly anxious in Ibadan. Mandrella had been sick for nearly a month (his symptoms began February 22); and the three men, the nun, and the two nurse assistants had been under virtual house arrest for days. For the three chaste Nigerian women, being co-housed with men was particularly disgraceful, and they greatly feared their reputations would be damaged.

Dr. Cargill was especially agitated. He feared the Nigerian government would mount a campaign of blame against him, primarily because he—the Lassa victim’s physician—was a citizen of Nigeria’s former colonial power. He paced the small house anxiously, thinking of his wife, Alice, and their two small children—all safely tucked away in Sussex, England.

When he developed serious diarrhea and a mild fever, Cargill was convinced that he too had Lassa. Fear within the group escalated. Brinkmann tried to calm everyone down, saying, “I know in my gut we’re all going to survive.”40

Finally, on March 21, a specially outfitted Lufthansa Condor jet landed at the Ibadan airstrip. The three foreigners and the three Nigerian women were driven to the tarmac, and Mandrella, languid on a stretcher, was placed on a forklift and loaded in the cargo entry of the jet. The others climbed stairs to the plane, finding no comfort inside. To protect the flight crew, German engineers had gutted the passenger section of the aircraft, placing a huge airtight barrier between the plane’s tail section and the forward crew compartment. In addition, special air circulators were installed, providing the two halves of the craft with separate oxygen supplies. No flight attendants greeted the group; just a forbidding, barren compartment. 41

Brinkmann, the last to board, took his seat before realizing there was no crew in their section.

“Close the door immediately!” the captain shouted over the plane’s
public-address system. Brinkmann jumped out of his seat and stared at the pressurized door, upon which were printed two pages of instructions on proper methods of closure and opening.

“We are leaving immediately. Close the door now!” the pilot said.

“Well, here goes nothing,” Brinkmann thought, as he grabbed the door, pulled and twisted the handles, and hoped he had safely sealed them in their strange cabin to Deutschland.

When the plane landed hours later at the Hamburg airport the door was opened by a man dressed in a white head-to-toe outfit reminiscent of astronaut’s gear over which he wore a huge clear plastic bubble that enclosed his legs from the knees up and all of his torso and head. From the bizarre inflated bubble protruded his arms, which flopped about almost helplessly. A long plastic hose connected to the back of the bubble provided the man with a germ-free atmosphere.

“This is like a scene from a bad science fiction movie,” Brinkmann told his fellow travelers.

The fantastic bubble creature waved his arms clumsily, beckoning the group out of the plane. Three other bubble men ushered them into a waiting van and carried Mandrella’s stretcher.

In the process, one bubble man fainted for lack of oxygen, and shouts of “The virus! The virus!” went up among the security entourage. For a few moments the operation was seized with panic.42

When they were on their way into the woods, and Brinkmann was struggling to suppress his concentration camp fantasies, he shared an anxious glance with Mandrella. Only later, during their long days of captivity in Ebstorf, would Mandrella tell Uwe that he too had momentarily thought of the Third Reich, remembering his father’s execution and the almost unbelievably cruel “bill for hanging” his mother had received.

Until their release from Ebstorf on April 20, the sextet had only occasional telephone contact with the outside world. All papers, food, garbage, clothing, and medicines were sterilized or destroyed when passed out of the facility through specially designed airlocks.43

Every day Agnes would bring Patrick and John Vincent to Ebstorf to wave at their father from behind a chain-link fence some twenty yards from the containment facility. Groups of nuns and Catholic parishioners would also gather at the fence to pray for the three Nigerian women and their missionary doctor. Pictures of the chain-fence gatherings graced the pages of German newspapers for over three weeks.

Inside, Brinkmann tried to keep the sorry spirits of the group buoyed with jokes. His sense of humor tending to sarcasm, Uwe told the group, “We could go out right now and become millionaires. It’s true! We could walk right out of here, rob the biggest bank in Germany, hijack an airplane, and spend the rest of our lives in luxury on some tropical island. No one would dare stop us, they’re all so afraid of the virus.”

On March 28, Der Stern, one of Germany’s two most popular news
magazines, published a lengthy article praising Brinkmann. Describing his hippie attire and disheveled appearance, the magazine declared Brinkmann a far greater physician than, for example, Dr. Ernest Fromm, then head of the German Physicians’ Association. Fromm was under investigation for allegedly embezzling funds.44

The day the article was released a public relations manager for the federal Health Ministry called Brinkmann in the Ebstorf facility, accusing the young doctor of planting the article as a deliberate smear against Fromm.

“You better never come back to Hamburg!” the PR man said. At that moment Brinkmann knew his efforts on Mandrella’s behalf were going to demand a high career price.

Cargill feared he too would pay for his actions. A slim, nervous man, Cargill anticipated the worst, and carefully monitored news from Nigeria. Indeed, he was fired in absentia from his hospital job, and the Lagos press accused him of being responsible for the mini-epidemic.

“An expatriate doctor … almost caused an epidemic of the disease in Ibadan by arbitrarily getting in contact with a patient of the killer disease,” said Lagos press accounts.45

When CDC laboratory tests finally confirmed that all six people in the Ebstorf containment facility were free of the Lassa virus, Mandrella having recovered and the others never having been infected in the first place, the group was released. A department store gave the Nigerian women an allday free shopping spree as compensation for their long captivity. Mandrella quietly retreated to the company of German friends for several more months of recuperation, Cargill joined his family in Sussex, and Brinkmann—despite the warnings of some—returned to the Tropeninstitut.

He found an atmosphere deeply polarized by the Lassa virus events. On one extreme, the federal government offered Brinkmann one of the country’s highest medals, which he discreetly declined. On the other, many old-guard scientists bitterly denounced Brinkmann’s actions and demanded his resignation. At the director’s insistence, Brinkmann took his family on a vacation to allow time for things to cool down in Hamburg.

Two weeks into their vacation, John Vincent went to play in a friend’s flat. While adult eyes were briefly turned away, the energetic four-year-old jumped and leapt about, misjudged his footing, and fell out of the apartment window.

News of his son’s death crushed Brinkmann. He lost his will to fight the Hamburg old guard, to swagger as the hippie doctor, or to take bold steps to confront tropical diseases. Nearly twenty years later he would find it impossible to discuss Lassa fever without recalling the emotional traumas of the political battles, the long quarantine at Ebstorf, the group’s fears, criticisms from fellow scientists, and—most tragically—his son’s death.

In August 1974, Dr. Bernhard Mandrella quietly returned to Nigeria, continuing his missionary work at the Borromeo Hospital in Onitsha.
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Coumtny G Tesed Powtve  Pastve Posiine
Tanzan Barmaids, Dar e Slaom = =
Uganda Genera poplaton, R - -
Cite dlvoire General popalaton, Abidan Z z
Hospial patets. Abidjan = =
Barmaids and prosties, Abidjn = E
STD clinics, Abidjan - -
Pregnant women, Abidin = =
Blod donor, Abidian 150 e
Bukina Faso Female prosttutes, Ouagadougoa 76 180 23
Sencpal Prosittes, Dakar 10 100
Guinea-Bisan Rural sy (mean of vaied 026 = -
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Femle prsitues Ghippo 66 = =
Nigeria General populton 00 005 -
Uganda Kaki, tadin centers
Males (ages 20-29) 30 - -
Feaales(ages 20-29) 20 - -
Ruanda Pregnant women, Kigal 20 = =
Unmaried pregnant women, Kigali 640 - -
Souh Aica  General populton, blacks 076 - -
Genera population,whites oo = -
HIV Infection RatesScen n Selected Poulstions, 1992-93
sHv wm S s uve
Couniny Group Tested o Posine Posiine
Tanaania Warnen, aed 20-29, mtionwide 50 - -
imbale Adul workore, nationwide 1820 = =
Pregnant wamen, enersl 200 = -
Pregaant omen,tuckin routes 20 - -
Hospital ptients, ntonal 650 = -
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Percentage (Rate per 100,000 people)

Incresse Russian 1993 Comparative U.S.
Disease Incidence Incidence
Measles w300 38

Diphtheria 163 19 Tess than 0.1
Syphilis B 95 13

Typhoid 2 02 02

Gonorthea. @ 7 295

Malaria 3 lesthan0l 04

Influcnza 8 36500 10,000
Tuberculosia 2 136 104

Whooping cough 6 59 L1
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1992 1992 Persons % Density Difference
Country Population per Square Mile 199092
China 1.169,619,000 315 85
India 886.362.000 700 6.0
Indonesia 195,000,000 262 2.6
Mexico 92,380,000 121 4.9
Rwanda 8,206,000 806 1.3





OEBPS/e9781429953276_i0054.jpg
Annual GNP 5% Annual GNP

Per Capita Per Capita Growth Expectancy

Countey 1980-01) 1980-91 (198001 (@) Female
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roported,

mbodia, Burma, and Taiwan ot
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Military. Military Expenditures

Annual Average Imports
Expenditures a5 % of Combined Health

of Conventional Arms.

5% o(GDP  and Education Expenditure 198701
Rank/Countryt 190 1w o7 199 in U.S. Millions

63 Seychelles NA  NA MA NA NA

104 Boswana NA 25 NA 10 18

107 Algeria 21 15

2 5 20
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109 Gabon NA 45 16 63 33

114 Cape Verde NA  NA  NA NA NA
117 Swasiland NANA 5 2 NA
120 Lesotho NA  NA NA NA 1
121 Zimbabwe NA 73 16 3 58
125 Sio Tomé & Principe VA NA  NA NA NA
126 Congo 03 32 s 50 o
127 Kenya 0s 24 s 3 3
128 Madagasear 03 18w E NA
130 Zambia a2 40 a NA
151 Ghana 106 1 13 n
133 Cameroon 1721 3% 51 .
135 Namibia® NA  NA  NA NA NA
136 Cite dlvaire 05 12 10 1 12
138 Tanzania. 01 69 58 108 NA
139 Camoros. NA  NANA NA NA
140 Zaire MA 12 s o NA
142 Nigeria® 02 09 @ 6 5
144 Liberia® 1oNA 18 » NA
145 Togo NA 32 3 3 5
146 Uganda® NA 08 @ NA NA
199 Rwanda® NA 17T 35 1
150 Senegal 05 20 51 NA 3
151 Edhiopia® L6 w5 21 29 121
153 Malawi NA 15 50 2 2
154 Burandi NA 22 6 6 NA
155 Equatorial Guinea NA NA 13 NA NA
156 Central Afscan Rep. ~ NA 18 36 2 1
157 Mozambique® NA  NA 3 NA NA
156 Sudan® 15 20 o NA I
160 Angola’ NA 200 NA NA 21
161 Mauriania® NA  NA 158 NA NA
162 Benin o202 NA 1
164 NA NA WA A NA
165 Chad® NA NA 150 NA 1
16 Somalia® NA 30 o 500 NA
167 Gambia NA  NA NA NA NA
168 Mali 17 a2 e 8 6
169 Niger 03 08 18 21 NA
170 Burkina Faso® 06 28 8 NA
172 Siera Leone NA 07 s n 2
173 Guinea’ 13 NA 2 NA 5

# Listed in order of UNDP Human Development World Rarking. Ranking number precedes country name.
* These countres were n a stte of war, civl war, or insurrceton during some or all of the period 1983-87.
N/A = not avilable.

Note: South. Aliica was not Msted by the UN.
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yphilis (Al

Year  Stages & Types)  Heputitn B Gonorthea  Chancroid
1980 472,900 NR 811 MR
1082 479601 R 212408 5477
1904 467,755 R 300676 787
1946 363,607 NR 8020 7001
10 314313 NR 35500 766
1950 217,55 NR w6 497
1952 NR 21057 3738
1954 Not rep. sep. from Hep. A 242,00 3,003
1956 Notrep. scp. from Hep. A 24346 2,135
1958 Notrep. sep. from Hep. A 232386 1,595
1960 Not rep. sep. from Hep. A 258.933% 1,680
1962 Notrep. sep. from Hep. A 263714 1344
1964 114,325 37,7900 300666 1247
1966 105,159 32,8590 351738 w38
1968 96271 5,893 64,543 815
00 913 56,797 6002 1416
w2 9Ll 1,074 61205 10
w1 s 10.631% 906,121 915
976 71761 18973% 1,001,994 6
v easns 15.016* 1,013,436 521
980 a2 19015+ 1,004,029 88
o2 557 27 960,633 1392

R = Not reported.  Not rep. sep. from Hep. A = Not eported separately from Hepaitis A
* Overestimated because a hepatiis tes tha could specifcaly diagnose hepatiis B (versus Type C, non-A noncB,
D, cte.) was not availble.

Year the dowmwand trend of gonorrhes cases reverses.
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City/Metro Area n millions)
ArRicA Cairo 129
AMERICAS  Buenos Aires 121
Rio de Janciro 190
Sio Paslo .
Mexico City 310
Lo Angeles 139
New York 24
EASTASIA Beiing 209
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Osaka-Kobe 109
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Bombay India 168
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Deli India s
Madras India 127
Jakarta Indonesi 157
Baghdad 1o
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Karachi 16
Bangkok 106
Manila Philippines 14
Isanbul Turkey. 108
EuRoPE Pari 106
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MULTIDRUG-RESISTANT

TUBERCULOSIS.

Howital B Hospital C Hospital D
Location NYC NYC NYC
Oubreak period 1989-01  1989-91 1990-91
Early cases 18 7 2
Late cases 17 2 o
Drugeresisance pattern INH, S INH,RIF, S INH, RIF
(EMB, THA) (RIF, EMB)  (EMB, KM, (EMB, THA)
THA, RBT)
Percent of newly infected 9% 100% 1% 1%
paticats HIV +
Mortality among HIV-+ pat 2% 895 2% 8%
Median nterval fom TB diagnosia 7 weeks lowecks 6 weeks A weeks

to death in HIV + pariens

INH = isoniazid; RIF = rifumpin; EMB = ethambutol; THA = thionamide; SM = streptomycin; KM
RBT-

fbutin
CDC confidentiality forbids naming the hoapitals.






