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			And another angel came out of the temple, crying with a loud voice…“Thrust in your sickle and reap, for the time has come for you to reap, for the harvest of the earth is ripe.”

				—JOHN, Revelation

			

		

	
		
		
			
			PREFACE

			Crisis in the Red Zone is the successor to my 1994 book, The Hot Zone. Both books are nonfiction. The people in this story are real and the events are actual, and have been reported and told to the best of my ability. The narrative is supported by hundreds of personal interviews and years of research into published and unpublished documents and source material. Quoted speech comes from my interviews with subjects or from their recollections of words spoken by someone who’s no longer alive.

			The people in this story have been largely unnoticed by the world. Yet, for me at least, their actions and choices, their lives and deaths, seem to loom at the center of the most destructive rapid epidemic in anyone’s lifetime, one which sent feelers into Dallas and New York City, and may be an example of things to come. Though this story focuses on a few people at certain moments in time, I hope it can be thought of as a window that looks at the future of everyone.

			Richard Preston
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			NAMELESS

		

	
		
		
			
			SACRAMENT

			YAMBUKU CATHOLIC MISSION, ZAIRE (NOW DEMOCRATIC REPUBLIC OF THE CONGO)

			September 9, 1976

			The rains had begun. The nights were clamorous with downpours, and malaria troubled the villages. On the ninth of September, 1976, a woman named Sembo Ndobe arrived at the maternity ward of the hospital at the Yambuku Catholic Mission, a remote outpost in Zaire, situated some fifty miles north of the Congo River in a district of Équateur province called Bumba Zone. Ms. Ndobe had a high fever, and she was in labor.

			The Yambuku Mission Hospital was a collection of one-story pavilions joined by covered walkways, sitting amid African oil palms and tropical vegetation. The buildings were made of brown bricks, and had open porticoes running along their sides. The maternity ward was a modest pavilion with a room that contained nineteen beds. A metal birthing table, dented and worn, stood at one end of the ward near a chalkboard where the staff wrote announcements of births. Three Congolese midwives worked in the ward, along with a Belgian nun named Sister Beata.

			Sister Beata was a middle-aged woman with smooth, dark hair, which she wore pulled back tightly under a white head covering, and she had an earthy, warm manner. Her given name was Jeanne Vertommen, and she came from Flanders. In addition to her head covering, Sister Beata typically wore a short-sleeved white blouse and a white skirt. Sometimes, though, either for fun or for practicality, she would wear a long African skirt printed with a bold design. When she worked in the maternity ward, she covered her habit with a cotton surgical gown. She did not wear rubber gloves. Possibly she may have liked the sensation of close contact with babies and their mothers.

			
			Now, she examined Ms. Ndobe. The woman was experiencing agony in her midsection. There was a strange look on Ms. Ndobe’s face, a blank, vacant, dazed expression, as if she wasn’t all there. She could answer questions, but she didn’t seem to be fully aware of her surroundings. The whites of her eyes were inflamed and bright red, and the whites glistened with a film of blood covering the surface of the eyeball. She was bleeding around her teeth, and she may have been urinating blood.

			This was nothing very unusual. It looked like a typical case of adult cerebral malaria, or malaria of the brain, a disease which is sometimes called blackwater fever. Blackwater fever causes patients to bleed into their eyeballs, to urinate brown or black blood, and to have hemorrhages from other openings of the body, and it causes brain damage, coma, and death. Sister Beata didn’t waste any time trying to diagnose the woman’s malady. Her goal was to deliver the woman’s child and try to save two lives.

			She helped Ms. Ndobe raise and bend her legs, and she inserted her bare hand into the birth canal and checked the dilation of the cervix. She withdrew her hand and saw that her hand and forearm were covered with blood. Ms. Ndobe was hemorrhaging from her womb, and so this seemed to be a troubled birth or a spontaneous miscarriage. Several midwives or nursing aides got Ms. Ndobe onto the metal birthing table in order to help her deliver her fetus or baby. She continued to lose blood from her womb, which ran onto the table.

			The aides kept a charcoal fire burning in a hearth outdoors, near the ward, where they heated basins of water. An aide brought a basin of hot water to the birthing table. They dipped a clean towel in the water and placed it around Ms. Ndobe’s birth opening, to soften her skin and help ease the seeming agony of her contractions. They also used the towel to mop up the blood that was coming from her birth canal. They rinsed the towel in the basin, to get the blood out of it, got it saturated with fresh hot water, and they gently placed the towel back around the birth opening. They also used the towel to mop blood from the woman’s thighs. When the time was right, Sister Beata brought out the child. It was stillborn and covered in blood.

			
			When she saw that the child was dead, Sister Beata might have crossed herself and offered a prayer. The placenta, a mushroom-shaped organ, was a mass of red tissue pressurized with swollen bubbles of hemorrhage. The placenta, however, had not been the only source of Ms. Ndobe’s bleeding. After the fetus and placenta were delivered, her bleeding increased. After childbirth, any broken blood vessels in the uterus would quickly seal themselves through clotting, and any bleeding would stop. Ms. Ndobe’s bleeding intensified into an uncontrollable hemorrhage pooling on the metal surface of the table. Ms. Ndobe was bleeding out. As her blood spread across the table, her blood pressure fell, her heart began beating rapidly, and her breathing became shallow and irregular. She died of blood loss and shock, either on the birthing table or in one of the beds in the ward. Afterward, Sister Beata probably used some of the hot water to rinse her hands and arms. Hemorrhage during childbirth was a major cause of death in younger women in Africa.

			

			—

			Five days after she delivered the stillborn infant, Sister Beata began feeling strange. A little tired, not quite herself. This feeling continued on for about twelve hours. Then, abruptly, she got a splitting headache and broke with a fever. This was likely malaria. You couldn’t avoid malaria in the rain forest regions of the Congo Basin. She went to bed in her room in the community house at the mission. It was a low building that stood not far from the hospital, across from the mission church, a whitewashed structure that seemed to rise like a reef out of a pond of mud that formed around the church in the rainy season. Sister Beata became extremely weak, and she began throwing up. A fierce pain filled her lower abdomen, and she had several episodes of mild diarrhea. The diarrhea was hardly bad, but the pain in her abdomen increased until it became a paralyzing agony, and the pain went into her spine. She became extremely weak, hardly able to move her limbs or get up from her bed.

			
			It was clear that Sister Beata needed to be in the hospital. Some nursing aides carried her out of the community house and placed her in a private room in the women’s section of the main adult ward. There, Sister Beata began vomiting into a basin that a nurse held under her mouth as she lay in bed. We do not know exactly what Sister Beata’s symptoms were, but judging from the accounts of investigating doctors, who later collected the story of Sister Beata from the surviving nuns at the Yambuku mission, her illness was dramatic and memorable.

			She developed projectile vomiting, which is also called rocket vomiting, in which the stomach contracts violently and the vomitus is ejected up to two meters, or six feet, through the air. The vomitus would have ended up on the bed, on the floor, even perhaps on the walls, and certainly on any nurses who were giving her care. On the first day of her vomiting, the vomitus had a normal appearance, but on the second day it came up streaked with blood, or it resembled red paint.

			Her rocketing stopped when her stomach was completely empty, and yet her vomiting continued. She started bringing up masses of a black, wet, curdlike material. The substance was recognizable in tropical countries as what is known as the black vomit. The black vomit is a sign of a fatal case of yellow fever. It is a hemorrhage from the lining of the stomach, and it consists of granules or curds of blackened blood which have been partly digested by stomach acid. Black vomit has a characteristic “wet coffee grounds” appearance, in which the granules are mixed with a dark, watery fluid that resembles weak black coffee. She may have come down with hiccups. The hiccups started for no apparent reason and wouldn’t stop. Unable to move from her bed, she became incontinent. At first the issuances of stool were whitened with mucus and streaked with blood. As she got sicker, her stool changed into a black liquid. The liquid, known as melena, is hemorrhage coming from the linings of the intestines. The membranes that form the linings of the intestines had died and were now undergoing bacterial decomposition. As the linings of the intestines decayed, blood began leaking from the necrotic tissue, filling the colon with blood. The blood became discolored and, eventually, when the colon was full, the blood was expelled. This was a form of profuse hemorrhage. A rash, consisting of red spots mixed with red bumps, spread around her torso. The red spots, called petechiae, were small hemorrhages occurring inside her skin. Some doctors refer to this type of hemorrhage as bleeding into one’s third space. The third space of the body is the soft tissue that lies between the skin and the muscles and fat. The third space can fill up with fluid or blood. Sister Beata’s facial expression changed, and her face settled into blank mask, seemingly without emotion, and with inflamed eyes.

			
			YAMBUKU CATHOLIC MISSION

			Sunday morning, September 19, 1976

			It was still dark when Father Sango Germain, the curate of the Yambuku Catholic Mission, learned that his services were needed at Sister Beata’s hospital room. Father Germain was a thin man, in his sixties, with gray hair, glasses, and a long goatee. He gathered up a communion set and a bottle of holy oil, and he left the community house and walked along the path to the hospital. As dawn approached, the jungle surrounding the mission was giving off a wet smell and a piercing whine of cicadas. The palm swifts, small, noisy birds that slept in the palm trees, were beginning to stir, and the outlines of the palms were beginning to appear against the sky, their spidery fronds displaying a slightly menacing appearance.

			He walked up the steps of the central pavilion and went to the nun’s room, where he found some sisters in attendance, who were praying and keeping vigil. We don’t know who among the sisters was there, although there is evidence that one of them was a certain Sister Genoveva. She was a fairly talkative person, less shy than some of the other nuns; she was Flemish, and her given name was Annie Ghysebrechts.

			
			Father Germain placed his hands on Sister Beata’s forehead and prayed. Her fever had passed, and her skin felt merely warm to the touch. A nosebleed had left her nostrils blackened with caked blood. If she had been hiccuping, it had now stopped. She was conscious, but she seemed to be looking at something in the room that nobody else could see. Her eyes were bright red, her eyelids drooped slightly, and delicate pinpoints of blood stood along the rims of her eyelids, like strings of tiny rubies threaded among her eyelashes.

			He removed the stopper from the bottle of oil and got some of it on his thumb, and anointed her forehead and hands with the sign of the cross. Soon he moved on to the viaticum, which is a person’s last holy communion. He held up the communion wafer.

			This is the Lamb of God, who takes away the sins of the world.

			She opened her mouth, or possibly he helped her get it open using his fingers. Her lips were dry to the touch. Small black crusts of dried blood had formed in the corners of her lips. Her tongue was bright red and wet, the color of arterial blood, and blood was leaking from her gums. He placed the wafer on her tongue.

			Father Germain left no record of what happened next. About a month later, however, Sister Genoveva described the incident to at least two different investigating doctors. According to her, Sister Beata began crying as Father Germain administered the viaticum to her, and tears of blood came from her eyes and ran down her cheeks. The fluid that came from her eyes would have been a mixture of tears and blood. The blood was hemorrhage coming from the wet membranes of her eyelids. Sister Beata’s blood had lost its ability to clot, and so it mixed into her tears the way dye spreads into water, and the red liquid ran down her cheeks.

			According to Sister Genoveva, when Father Germain saw the bloody tears running down Sister Beata’s face, he burst into tears, too. Weeping, he took his handkerchief out of his pocket and gently cleaned the nun’s face. Then he dabbed his bloodstained handkerchief into his own eyes, one and then the other, wiping the tears from his eyes, and he put his handkerchief back in his pocket. Father Germain had infected himself with Sister Beata’s bloody tears, and he would be dead thirteen days later. Sister Beata died at sunrise on that Sunday morning, just at the moment when the palm swifts were flying out of the palms and beginning a new day.

			
			In the hours that followed Sister Beata’s death, the hospital’s Congolese nurses began quitting the hospital, and patients began leaving. There was a problem at the hospital. In the main wards, people were dying in beds soaked with blood and feces. There was something demonic about the illness. Their faces went blank, they hiccuped, they had nosebleeds, they became demented, and then, as the disease progressed, they expelled black blood from the anus. Then, for many of these patients, their fever went down and they started feeling better. This was a false dawn, which lasted for about forty-eight hours, and ended with a sudden collapse of blood pressure, known as a crash, followed by death. As the patients crashed and died, they had tremors and shaking at the point of death, and some went into a thrash of seizures at the end. Patients, terrified of the disease in the wards, walked out of the hospital, or if they couldn’t walk, their relatives carried them away on motorbikes or on hand-borne Congolese travel chairs. At four o’clock on the afternoon of Sister Beata’s death, a nun switched on the mission’s shortwave radio and began calling for help.

		

	
		
		
			
			ROAD’S END

			BUMBA ZONE

			Four days after the death of Sister Beata, September 23, 1976

			Jean-Jacques “J. J.” Muyembé-Tamfun, MD, PhD, vice-dean of the faculty of medicine at the National University of Zaire, sat in the backseat of a Land Rover that was jolting slowly through the jungle along a dirt road in northern Zaire. Night had arrived quickly, and the moon was down. The vehicle’s headlights revealed only the road running straight ahead into nothingness between parallel walls of huge trees entangled with vines. Occasional lurches of the vehicle threw J. J. Muyembé toward a doctor from the Congolese army named K. Omombo, who was sitting next to him. Muyembé wasn’t sure what the “K” in his colleague’s name stood for.

			The driver steered the vehicle cautiously through small streams that crossed the road at low spots. As the annual rains grew stronger, roads in the Congo Basin went bad. What looked like a puddle in a road could turn out to be a vat of liquid clay that could engulf a Land Rover to the tops of its windows. For Zaire, this was a good road, Muyembé thought. They had been making an excellent ten miles an hour.

			Jean-Jacques Muyembé was a virologist—a scientist who studies viruses—with a PhD from the University of Leuven in Belgium. At age thirty-one, he seemed to be at the start of a brilliant career. Muyembé was an energetic man of medium height, neither stout nor lean, with a round face and prominent cheeks. He had a soft voice and a down-to-earth manner, and he tended to squint when something amused him or when he was thinking hard. Muyembé was the head of the university’s biological laboratory.

			
			Muyembé and Omombo were heading for Yambuku Catholic Mission, traveling on orders from Zaire’s minister of health, with an assignment to try to identify the mysterious disease at the mission and then to stop it, if they could. The doctors were given a ride to Bumba Zone in the cargo hold of a C-130 Hercules transport aircraft operated by the Zairian Air Force. The plane landed at a dirt airstrip in Bumba Ville, a market town on the north bank of the Congo River situated some eight hundred miles upstream from Kinshasa. In Bumba Ville, the doctors transferred several boxes of medical supplies to the Land Rover and set out immediately for Yambuku. They knew that night would catch them on the road, but they wanted to reach the mission as soon as possible.

			Now, as the vehicle bumped and lurched its way through the darkness, J. J. Muyembé turned over in his mind what little he knew about the disease. The chief medical officer of Bumba Zone, Dr. Ngoy Mushola, had visited the Yambuku mission a few days earlier, where he had examined Sister Beata and a number of sick nurses and villagers. Dr. Ngoy had done his best to help the patients, though it didn’t take him long to realize that there wasn’t much of anything he could do for them. He took careful notes and filed a report. The disease was savage, with a “rapid evolution to death after a mean of three days,” he wrote. As he studied the signs and symptoms, Dr. Ngoy Mushola came to believe that he was seeing an unknown disease—a disease that had never been described by doctors and didn’t have a name.

			J. J. Muyembé wasn’t so sure. In medicine, in science, the simplest explanation for something is usually the right one. Just on the basis of probability and common sense, Muyembé thought that the disease was unlikely to be something unknown. Much more likely, it was reasonably common and already had a name. He had no information about whether or not the disease at the mission was contagious.

			

			—

			
			At eight o’clock, the Land Rover came to a crossroads in a village called Yandongi, and the driver turned left. The road got worse, and entered a tract of deep lowland rain forest, as dark as pitch and inexpressibly wild. The forest wasn’t a wilderness. Tens of thousands of people lived in villages scattered in the area. The people were called the Budza, and they hunted and fished in the forest and grew crops of cassava and plantains. The Land Rover slowed to a crawl, and the enveloping forest seemed to become an invisible force pressing in on the vehicle from all sides, like water in an oceanic deep. Muyembé was feeling very thirsty. Eventually the road came out of the forest and began running through cassava fields and groves of oil palms. They had reached the Yambuku mission.

			As soon as the Land Rover’s headlights washed over the community house, a group of nuns and priests hurried out of it. They were Belgians, and they were carrying a Coleman gas lantern and a pitcher of water. They greeted the doctors warmly and offered them cool water to drink. Muyembé drank deeply and asked for an immediate tour of the hospital.

			The sisters were shy women, not ready for much talk, except for the nun named Sister Genoveva, who was less reserved than the others. We can imagine that she held the gas lantern and did much of the talking as the group walked toward the hospital. The group went up a set of steps into the main pavilion.

			The building was quiet and dark. Past the entrance, there was an office on the right. They shone the lantern into the office, but there was nothing of interest to be seen. Past the office, the building divided into wings, which had in them open wards filled with rows of iron-frame beds. The beds were empty. The wards were deserted. The floors were filthy in some places, and sheets had been stripped off beds, revealing mattresses made of thin slabs of foam. Many of the foam mattresses appeared to be soaked with body fluids and blood.

			
			This was an abandoned hospital, a shocking sight. J. J. Muyembé had never seen an abandoned hospital in Equatorial Africa. African hospitals were always busy places, crowded with patients and their families and filled with activity—crying babies, people milling around, nurses discussing things, smoke drifting, food vendors walking around offering food for sale. The Yambuku hospital had been treating six thousand to twelve thousand patients a month, but now it lay deserted. So far, Muyembé and Omombo hadn’t seen any person with the disease.

			The nuns led Muyembé and Omombo along a footpath to a small building that stood in a patch of grass surrounded by undergrowth and palms. The building, made of brown bricks like the others, had frosted windows and a roof made of clay tiles. A concrete ramp led upward to a pair of wooden doors. They opened the doors and found themselves in the hospital’s operating theater—a one-room structure.

			A modern operating table stood in the center of the room. A surgical lamp had been placed near the operating table. Scattered on the floor were strips of soiled bandage and blood-soaked surgical sponges. The operating room seemed to have been hastily abandoned after a surgery. The group moved on.

			As they were going along a covered walkway, they began to hear high-pitched sounds coming out of a doorway. It seemed that the hospital wasn’t completely deserted after all. They went through the door into a dark ward, and their flashlights and the gas lantern revealed rows of cribs and small beds. This was the children’s ward. The sounds were coming from a crib.

			Muyembé bent over the crib and saw an infant boy writhing in agony. He couldn’t tell what was wrong with the baby. What had happened to the child’s parents? Did the baby have the disease? There didn’t seem to be anything Muyembé and Omombo could do to help the child. About five minutes after they found the baby, it stopped breathing and gave up its life.

			The group visited the maternity ward, where Sister Beata had worked. At least three women had delivered dead or extremely sick babies in the ward. The infants had come out in pools of blood, and the mothers and infants had all died. The ward appeared to have been abandoned suddenly. A long cotton skirt, printed with a bold black-and-red pattern, had been placed, neatly folded, on a table by the wall. A crumpled surgical gown had been flung across the table by the folded skirt, as if a nurse had taken off her gown suddenly and left the room. The surface of the metal birthing table was smeared with dried blood. There were blood-soaked surgical tampons scattered on the floor. Elsewhere in the birthing room the doctors found basins of brown standing water. The water in the bowls had been clean and hot when childbirths were happening in the ward, and the maternity nurses had used the water to make hot compresses. The blood-tainted water had been sitting in the bowls for days, and had gone putrid in the heat.

		

	
		
		
			
			LIFE FORM

			YAMBUKU

			9 p.m., September 23, 1976

			After touring the hospital, Muyembé and Omombo ate dinner in the community house with the fathers and sisters. The meal that night was fufu, plantains, and rice topped with a green sauce made from pounded cassava leaves. Muyembé really liked the dinner. It was the best country food—simple, vegetarian, delicious, good for the body.

			The religious people were in a state of anxiety over the deaths of patients and nurses, and they ate quietly. The Father Superior of the mission, Augustin Sleghers, may have been sweating heavily, his eating utensils possibly shaking in his hands. He seemed to be coming down with malaria. Sister Genoveva, the talkative nun, appeared to be in good health. Alcohol was forbidden at the mission, but Father Léon Claes, a sturdy, convivial priest they called Father Léo, occasionally liked to serve to his fellow missionaries a special cocktail of his own making, which he mixed from vermouth, lemons, and raw banana alcohol. Father Léo seemed to be holding steady, possibly with the help of one of his cocktails. The curate of the mission, Father Sango Germain, a thin, older man with a bushy goatee, was subdued at the dinner table. He may have been grieving or traumatized, because he had given the last rites to Sister Beata only four days earlier. Also present at the dinner table was a nun named Sister Myriam. She was a thin, extremely quiet Belgian woman, of middle years, with a narrow face and a long, delicate nose. Sister Myriam may have been suffering from a creeping sense of malaise, though if she was feeling unwell she didn’t mention it at the table.

			
			As he ate cassava leaves and made a bit of conversation with the clerical people, Muyembé thought about what he’d just seen in the empty hospital. He faced two simple questions: What is it? How can it be stopped?

			He still hadn’t examined any patients with the disease. How could he and Dr. Omombo deal with it if they didn’t know what it was? And how could they know what it was if they hadn’t seen any people with the disease? As for the dying baby in the children’s ward, a baby in rural Africa could die of almost anything. So far, the disease was only a rumor or a mirage, a horripilant shadow that had passed through the hospital, killing patients, and had now gone elsewhere, at least for the moment. Muyembé, as a virologist, had to consider the possibility that this could be a virus. He respected viruses for their power over human lives.

			

			—

			A virus particle is a very small capsule made of proteins locked together in a mathematical pattern. The pattern of the interlocking proteins in a virus is far more complicated than a snowflake. The protein capsule is sometimes wrapped in an oily membrane. Inside the capsule there is a small amount of DNA or RNA, the molecules that contain the genetic code of the virus. The genetic code is the virus’s operating system, or wetware, the complete set of instructions for the virus to make copies of itself. Unlike a snowflake or any other kind of crystal, a virus is able to re-create its form. It would be as if a single snowflake started copying itself as it falls, and those copies of the snowflake copy themselves, creating ever-growing numbers of identical copies of the first snowflake, until the air is filled with falling snow, and each flake is a perfect replica of the first flake.

			
			Many virologists feel that viruses are not truly living things. At the same time, viruses are obviously not dead. Virologists like to describe them as life forms. The term is a contradiction: How can something be a form of life that isn’t alive? Viruses carry on their existence in a misty borderland that lies between life and death, a gray zone where the things we encounter are neither provably alive nor certainly dead.

			One way to understand viruses is to think about them as biological machines. A virus is a wet nanomachine, a tiny, complicated, slightly fuzzy mechanism, which is rubbery, flexible, wobbly, and often a little bit imprecise in its operation—a microscopic nugget of squishy parts. Viruses are subtle, logical, tricky, reactive, devious, opportunistic. They are constantly evolving, their forms steadily changing as time passes. Like all kinds of life, viruses possess a relentless drive to reproduce themselves so that they can persist through time.

			When a virus starts copying itself strongly and rapidly in a host, the process is called virus amplification. As a virus amplifies itself in its host, the host, a living organism, can be destroyed. Viruses are the undead of the living world, the zombies of deep time. Nobody knows the origin of viruses—how they came into existence or when they appeared in the history of life on earth. Viruses may be examples or relics of life forms that operated at the dawn of life. Viruses may have come into existence with the first stirrings of life on the planet, roughly four billion years ago. Or they may have arisen after life started, during the time when single-celled bacteria had already come into existence—nobody knows.

			

			—

			As for the possibility that a virus might be amplifying itself in people at the mission, J. J. Muyembé thought that he and Dr. Omombo could be seeing an explosive outbreak of yellow fever. Yellow fever, a severe and sometimes fatal disease caused by the yellow fever virus, has a high fatality rate. The fatal form of the disease is known as fulminating visceral yellow fever. A person dying of yellow fever has a high fever, excruciating abdominal pain, and can have black vomit. The virus, as Muyembé well knew, is transmitted from person to person through the bites of mosquitoes. The mosquito, in turn, has caught the yellow fever virus by biting a person who is infected with it. Yellow fever tends to erupt in small communities in the tropics, places like Yambuku, where the virus can amplify itself in the local population like a fire going out of control.

			
			Or, he wondered, could this be a fulminating outbreak of typhoid fever? Typhoid fever is a gastrointestinal infection caused by a type of bacteria—not by a virus. Typhoid fever is extremely contagious, but you can catch it only by eating food or drinking liquid that is contaminated with typhoid bacteria. You can’t catch typhoid by contact with blood or body fluids of a typhoid-infected person or by breathing the air near the person. There is extreme abdominal pain, violent, bloody diarrhea, and the bacteria can get into the bloodstream, causing septic shock and death. The victim, in septic shock, can have hemorrhages that flow from any or all of the openings of the body. Typhoid fever has a high fatality rate if it isn’t treated with antibiotics.

			A good way to diagnose typhoid fever is to collect a blood sample from the sick person and place a few drops of the blood on a petri dish. If there are any typhoid bacteria in the blood, the bacteria will grow in the petri dish, forming a splotch-like colony. Therefore, Muyembé thought, he would definitely want to collect some blood samples from sick people. But he hadn’t seen any sick people. No patients to examine, no blood to collect. He and Dr. Omombo were given beds in a guesthouse, where they passed an uneventful night.

			The next morning Muyembé and Omombo learned that one of the hospital’s Congolese nurses had died in her home during the night. Muyembé immediately made preparations to examine the body. A cadaver can tell you a lot about a disease. He got a blood-collection kit and some glass blood tubes from his boxes of medical supplies, then walked across a soccer field to a group of small houses where the hospital’s staff lived. The family of the dead nurse allowed him to enter their house. The house was small, clean, modest. The family had covered the deceased individual with a cloth. At last he would see the disease. Muyembé pulled back the cloth, and felt a sense of shock.

		

	
		
		
			
			KNIFE

			YAMBUKU MISSION

			9 a.m., September 25, 1976

			It was a young woman. He hadn’t expected to see someone so young, and he perceived her as beautiful, even in death. The sight filled him with a sense of unrecoverable loss. According to a journal left by one of the doctors who later investigated the outbreak, the young woman’s name was Amana. She had been working as a nurse’s aide, and was possibly new to her job. In the eyes of J. J. Muyembé, she was a colleague, a medical professional, cut down in the course of her work at the hospital. She was a casualty in the field of medicine, a sudden death in a remote place that could not afford to lose her. What might this young woman have accomplished if she had lived a full life? What good might she have done for her patients, what might she have become?

			He bent over the body and began his examination. He saw small amounts of sticky, drying blood crusted or smeared around her nostrils and mouth. It was a sign of epistaxis—hemorrhage from the nose. What did her bloody nose mean? What about the blood on the edges of her lips? Had she been having black vomit? Could the black liquid have filled her mouth, smeared her lips, and gotten up into her nose as she vomited?

			
			Yellow fever virus attacks the liver. As the liver fails, the eyes turn yellow or brownish. Indeed her eyes were discolored, either reddish brown or purplish. He wanted to inspect the eyes more closely. In his haste to reach the bodies he had forgotten to bring along rubber gloves. It didn’t matter, since the yellow fever virus isn’t infectious in direct contact with blood or body fluids—you can only catch yellow fever from the bite of a mosquito.

			Using his bare fingertip and thumb, Muyembé lightly pinched an eyelid and rolled it back. The eyelid membranes were red. Inflamed. What did this mean? The appearance of the eyes was not inconsistent with yellow fever.

			Gently he drew the legs apart and saw small amounts of blood smeared around the vagina. The blood was sticky and dark. It was hemorrhage, and it resembled the blood that was caked around the nostrils and mouth. The sight pained Jean-Jacques Muyembé beyond words. It was a terrible moment for him.

			The woman had been bleeding from her natural openings. Was this typhoid? Was it visceral yellow fever? In order to diagnose yellow fever, he could take a sample of liver tissue and examine it using a microscope. If the woman had died of yellow fever, the tissue of her liver would show distinct changes, and these changes would provide a sharp diagnosis of yellow fever. Unfortunately, though, he hadn’t brought a microscope with him to Yambuku. There was no microscope at the mission hospital, at least none he knew of. Therefore he would need to bring a piece of the woman’s liver back to his lab in Kinshasa. He would have to cut into the body in order to collect a piece of the liver.

			Not only had he neglected to bring rubber gloves with him, he hadn’t brought a scalpel, either. But he needed a way to obtain a sample. He was in a hurry, so rather than go back to the hospital and get a scalpel, he fished around in his pocket and brought out his pocket knife. He unfolded the blade; it seemed long enough to reach the liver.

			He ran his fingertips across the right side of the cadaver’s upper abdomen, just under the rib cage, feeling the shape of the liver, and he located what he thought was probably the middle of the liver. He touched the tip of his knife to the skin at this spot, then pushed the knife straight in.

			
			The blade sank through the skin and abdominal muscles and went into the liver. Immediately blood began pouring out of the incision around his knife. The blood flowed steadily and smoothly, without pulsation. There was no heartbeat; the blood was draining out of the body by gravity. It was good to see a large amount of blood coming out of the incision. It told him that his knife had pierced one of the major veins in the middle of the liver, and the cut vein had let loose a good gush of blood. So he seemed to be on target.

			He turned the blade in a small circle, cutting a plug out of the liver. As he worked, blood continued to pour out of the hole in the skin, and it ran down the handle of his knife and began dribbling over his fingers. It had a brownish color and a slippery consistency. There were no clots in the blood. Cadaveric blood doesn’t coagulate. The clot-free blood covered his hand and spidered over his wrist and collected along the knob of his wrist bone. Luckily he was wearing a short-sleeved shirt, since the blood would have soaked into the cuff of a long-sleeved shirt. The blood dripped from his wrist, making dots on the floor.

			Squinting, as he often did when he was concentrating, Muyembé wiggled his knife until he had gotten a piece of tissue completely detached from the liver. Working the tip of the knife, he began coaxing the piece out of the incision. He took up a red-top blood tube, removed the stopper, and placed the mouth of the tube against the incision. Then he teased the piece of liver out of the hole using his knife. The bit plopped into the tube along with some blood. He plugged the tube with the rubber stopper. Then he pulled the cloth back over the body.

			His right hand and wrist were covered with cadaveric blood.

			He thanked the family and offered his condolences, went outdoors and found a water pump, and washed the blood off his hand.

			And then he got word that there was another nurse with the disease. She was still alive. When he visited her house, he found that she was desperately sick, near death, and she was pregnant. He wanted to get a sample of blood from a living patient, which he could analyze in his Kinshasa lab. He opened his blood kit, placed a rubber band around the woman’s arm, found a vein, inserted a blood-draw syringe, and filled a red-top tube with her blood. Afterward, he pressed a cotton ball on her arm in order to stop any bleeding from the needle puncture. But rather than stop the bleeding, the cotton ball became soaked with blood; the pregnant woman’s blood wasn’t clotting.

			
			He had never seen a patient have an uncontrolled hemorrhage from a needle stick. This was an anomaly.

			He returned to the hospital with the tube of blood from the pregnant woman and the tube holding the piece of liver. By then, word had gone around the local villages that doctors had arrived, and people had begun showing up at the hospital seeking help. Dr. Omombo had started triage—caring for as many patients as he could—and Muyembé joined him. The sick patients were being carried to the hospital on litters or on Congolese carry-chairs, or the patients were arriving seated on the backs of motorbikes, clinging to the driver.

			Outdoors, in front of the hospital’s main pavilion, Muyembé began taking samples of blood from people’s arms. He filled about twenty glass tubes with blood. Some of these people, like the pregnant nurse, were hemorrhaging from the stick of a needle, and their blood wouldn’t clot. As he drew blood and tried to stanch the leaking from needle sticks, Muyembé got smears of blood on his hands. He put on rubber gloves for some of the messier blood draws, but he was in a hurry. At times he washed his hands with soap, but at other times he didn’t wash them at all.

			By now it was midday. The liver and the blood samples would start decaying immediately in the tropical heat. He wanted to get these samples back to his lab in Kinshasa for analysis as soon as possible, but Kinshasa was eight hundred miles away, down the Congo River. He needed to keep the samples cold, especially the piece of liver. If the piece of liver was rotten by the time it arrived in Kinshasa, it would be useless for microscopic examination to get a diagnosis of yellow fever. But there was no ice at Yambuku Catholic Mission, no way to chill or freeze a piece of liver.

			Muyembé and Omombo made plans to leave the mission by early afternoon. They would get their things and blood samples into the Land Rover and then head for Bumba Ville. There they would try to get on board a plane that could take them toward the capital. Muyembé packaged the blood tubes and the tube of liver carefully inside a box, to keep the glass from breaking.

			
			Just as the doctors were about to leave, one of the nuns shyly approached J. J. Muyembé. She was Sister Myriam, the thin nun with a narrow face and a long, bony nose. Her given name was Louise Ecran. She had been working in the hospital as a nurse. “I have a fever and a headache,” she said quietly to Muyembé.

			He asked the nun if it would be all right to give her a brief physical exam. She agreed, and they went into a private room.

		

	
		
		
			
			FLIGHT

			YAMBUKU CATHOLIC MISSION

			2 p.m., September 25, 1976

			Sister Myriam had undressed herself above the waist. Her arms were slender, and on her wrist she wore a small, elegant wristwatch. As he examined her, Muyembé observed a strange rash covering her breasts and torso.

			The rash consisted of a carpet of red goosebumps rising out of a splotchy, speckly reddening of the skin. The red speckles or splotches were small bleeds, called petechiae, appearing beneath the skin’s surface. They were tiny star-shaped pools of blood, which were spreading from leaky blood vessels into the underlayers of the skin. The bleeds were easily visible through the nun’s translucent European skin.

			Muyembé had never seen a rash like this. It was another anomaly. It now seemed to him that he was seeing a polymorphic disease. This is a disease that takes different forms in different people at different stages of the illness. A polymorphic disease is difficult to recognize because it is a shape shifter, a disease with many faces. To try to see the whole shape of the Yambuku disease was like looking at reflections of sunlight moving on restless water, and seeing only a dance of ever-changing flashes that never coalesce into an image of the sun.

			
			Muyembé spoke to the nun gently, in French. “I think, Sister—I think that we must go to Kinshasa to get answers, because I don’t understand the nature of this disease.”

			She refused to leave the mission. “I can’t go to Kinshasa with you,” she said. “If I go to Kinshasa, I will abandon my post and my work.”

			She had become his patient. A patient has freedom of choice. All he could do was reason with her. “It is important that we go to Kinshasa,” he said, “because there we have laboratories, and there we can find solutions to the mystery.”

			“I cannot go. The people would say I had abandoned them.”

			He offered to take her to Ngaliema Hospital in Kinshasa. It was a private hospital situated in the old colonial district—the best hospital in the city. If he and the doctors at the hospital could identify the disease, then they would be able to offer treatment for it. And this would benefit all the people of Yambuku. If she let him take her to the hospital, he said, she would be continuing her medical service to her patients in Yambuku.

			At this point, Sister Myriam agreed to go.

			She would need to be accompanied by a female companion, in case she required intimate care during the journey. One of the nuns, Sister Edmonda, agreed to go along, and would care for Sister Myriam.

			Then, just as they were about to leave, the superior of the mission, Father Augustin Sleghers, told Muyembé and Omombo that he, too, had a fever. The doctors welcomed the priest to come along. A commercial aircraft normally made a scheduled landing on the dirt airstrip at Bumba Ville three times a week. The next flight was due to land the following evening, in about thirty hours. They would try to get on that plane, assuming it arrived. The rains were making air travel uncertain.

			Muyembé placed the box of sample tubes in the back of the Land Rover, the group crowded themselves into the vehicle, and they set out for Bumba Ville. The town was fifty miles away, a five-hour drive along the ornery dirt road that had brought the doctors to Yambuku. The Land Rover was now jammed with six people, two of whom were showing symptoms of the disease, Sister Myriam and Father Sleghers. In addition, there was Sister Edmonda, along with Omombo, Muyembé, and the vehicle’s driver.

			
			Muyembé ended up seated next to Sister Myriam, pressed against her in the backseat and bumping against her as the vehicle lurched. Her fever seemed to be getting worse. He could feel heat coming off the nun’s body, and her face and arms dripped with sweat. He noticed that her strange rash was spreading, too. Now it was emerging from under the collar of her blouse and moving up her neck toward her face. Muyembé also saw that the rash was coming out from under the short sleeves of her white blouse and was spreading downward on her bare arms. One of her arms rubbed against his bare arm, and he could feel her sweat on his skin. Sister Myriam remained stoic as they jolted down the road.

			They arrived at the Catholic mission in Bumba Ville after dark. The superior of the mission, Father Carlos Rommel, welcomed the group and got them installed in rooms for the night, and the two nuns went into seclusion. The group spent the next day resting quietly at the Bumba mission. There was no ice at the mission, no way to keep the tubes of blood and the piece of liver cold. The samples were starting to decay.

			The following evening, near sundown, a twin-engine turboprop Fokker Friendship, the workhorse of African skies, touched down on the Bumba airstrip. The little group climbed on board, and the doctors helped the nuns and the priest get seated. The Friendship took off and climbed over the river, and then banked toward the east, turning away from Kinshasa, away from the group’s final destination, and began following the Congo upstream into the east, along a bearing that would take the plane toward Lake Victoria and East Africa. This was the only flight out of Bumba, so the doctors had had no choice except to take it. The Friendship continued to follow the river upstream, its course bending gradually toward the southeast, while the sun fell below the horizon and the sky deepened to cobalt blue. The Congo stretched ahead of the plane, miles wide and braiding among islands, its multiple channels becoming indistinct in the rising darkness. Father Seghers and Sister Myriam were getting slowly sicker. The infectious agent was traveling on the Friendship, too. Along with the humans, it was headed ultimately for Kinshasa, a city with a population of two million, and with airline connections to cities all over the world.

			

			—

			
			We now know that the agent was a previously unknown virus that would soon be given the name Ebola. The virus is a member of the filovirus family, and it is a parasite that exists, normally, in some creature that inhabits the ecosystems of Equatorial Africa. This creature is the natural host of Ebola. It may well be a type of bat, or some small animal that lives on the body of a bat—possibly a bloodsucking insect, a tick, or a mite. Occasionally a few particles of Ebola escape from Ebola’s natural host and enter the bloodstream of a person. The virus begins replicating in the person’s cells.

			Ebola multiplies to extreme concentrations in the bloodstream. When a person dies of Ebola, a drop of their blood the size of the “o” in this text can easily contain a hundred million particles of Ebola. Ebola can destroy a person’s immune system in seven to ten days. HIV requires years to wipe out a person’s immune system. Ebola patients typically become disoriented or deranged: The virus affects the brain in some unknown way, and it causes a change in the person’s facial expression, giving the face a masklike appearance. Ebola patients die suddenly, in a cascade of shock, and often, at the point of death, their bodies shake with tremors and seizures. Nobody knows exactly what Ebola does to the human body as it destroys it: When a person dies of Ebola virus disease, the cause of death is unknown.

			Despite its ferocity in humans, Ebola is a life form of mysterious simplicity. A particle of Ebola is made of only six structural proteins, knitted together to become an object that resembles a short strand of cooked spaghetti. An Ebola particle is only around eighty nanometers wide and a thousand nanometers long. If an Ebola particle were the size of a real piece of spaghetti, then a human hair would be about twelve feet in diameter and would resemble the trunk of a giant redwood tree.

			Experiments suggest that if one viable particle of Ebola enters a person’s bloodstream, it can cause a fatal infection. Ebola is transmitted among people through direct contact with liquids that come from the body, especially blood and sweat. Once an Ebola particle enters a person’s bloodstream, it drifts until it sticks to a cell. The particle is pulled inside the cell, where it takes control of the cell’s machinery and causes the cell to start making copies of it. Most viruses use the cells of specific tissues to copy themselves. For example, many cold viruses replicate in the sinuses and the throat. Ebola replicates in all tissues of the body except for the skeleton and the large muscles of the skeleton, and it has a special affinity for the linings of blood vessels. After about eighteen hours, the infected cell is releasing thousands of new Ebola particles, which sprout from the cell in threads, until the cell has the appearance of a ball of tangled yarn.

			
			Each Ebola particle is studded with about three hundred soft knobs. The knobs help the particle get inside a human cell. Inside each Ebola particle is a tube made of coiled proteins, which runs the length of the particle, like an inner sleeve. Viewed with an electron microscope, the sleeve has a knurled look. Like the rest of the particle, the sleeve has been shaped by the forces of natural selection working over long stretches of time. Ebola’s family of viruses, the filoviruses, appear to have been around in some form for millions of years. Within the inner sleeve of an Ebola particle, invisible even to a powerful microscope, is a strand of RNA, the molecule that contains the virus’s genetic code, or genome. The code is contained in nucleotide bases, or letters, of the RNA. These letters, ordered in their proper sequence, make up the complete set of instructions that enables the virus to make copies of itself.

			By one recent count, an Ebola particle has 18,959 letters of code in its genome. This is a small genome, by the measure of living things. The human genome, for example, has around 3.2 billion letters of DNA code, and the loblolly pine has 22 billion letters of code. Viruses such as Ebola, which use RNA for their genetic code, are prone to making errors in the code as they multiply. These errors are called mutations.

			Ebola is one of a class of pathogens known as emerging viruses. An emerging virus, typically, is one that naturally infects some species of wild animal but is also capable of infecting humans. The virus can jump from its wild host into a person and can begin replicating in the person. This is a process known as the cross-species jump of a virus. According to genomic scientists who study the code of viruses, viruses have been doing cross-species jumps, moving from one kind of host to another, for billions of years. Typically a virus mutates rapidly as it moves into a new kind of host. The virus’s genetic code starts changing as it encounters new conditions in a new host. The virus is adapting to its new host, ensuring its survival through the ages.

			
			After making a cross-species jump from an animal into a person, an emerging virus can start moving from person to person, starting chains of infection, expanding its range in its new human host. A virus that is making a cross-species jump out of an ecosystem into people can be thought of as a wild creature in its own right. Like many wild creatures, an emerging virus can be unpredictable and dangerous.

			At Yambuku, in 1976, a few particles of Ebola slipped out of an animal that lives in the central African rain forest and got into the bloodstream of one person. The first human victim of Ebola at Yambuku has never been identified. The person may have been a forty-two-year-old schoolteacher at the Yambuku mission named Antoine Lokela, who died in the mission hospital on September 8, 1976, with severe hemorrhages coming from the openings of his body. He gave the virus to his wife, Sophie Lisoke, who broke with Ebola and nearly died, but survived her illness. Sophie Lisoke was the first known survivor of Ebola disease.

			From the body of its first victim the virus started moving—ancient, opportunistic, adaptable, cunning in a biological sense. Ebola’s only mission was to never stop replicating, and to never stop moving from person to person, and thereby to make itself immortal in the human species.

			Nobody knew then, nor does anybody know now, where emerging viruses are going or what one of them might become. The human host has been gathering itself into gigantic supercities, teeming urban megahives packed with tens of millions of individuals jammed into a small space, who are breathing one another’s air and touching one another’s bodies. The supercities are growing larger all the time. Many of the world’s largest supercities are crowded with people who have little or no access to doctors and medical care. The cities are connected by airline routes, and the human host has zero immunity to any emerging virus.

			
			Ebola is roughly as contagious as seasonal flu.
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			HEAT LIGHTNING

		

	
		
		
			
			THE WASHING POOL

			Thirty-seven years later

			UPPER MAKONA RIVER, WEST AFRICA

			December 2013

			The Kissi people of West Africa, who speak their own language and have their own traditions, live in a green countryside, scattered with hills, which spreads across parts of Sierra Leone, Guinea, and Liberia—three small nations that are grouped together along the West Coast of Africa. The Kissi territory covers an area where the national borders of the three countries converge in a triskelion, or triple spiral. Long stretches of the borders follow the course of the Makona River. A narrow, olive drab river broken by occasional rapids, the Makona winds through Kissi lands and then runs southwest through Sierra Leone until it ends in the Atlantic Ocean. In this book the Kissi lands surrounding the river will be called the Makona Triangle. The people of the Makona Triangle cross the river and travel among the three countries constantly, visiting relatives, doing business, seeking medical care, and they pay little attention to which of the three countries they happen to be in at a given moment.

			The Makona Triangle lies at the northern end of a belt of tropical forest and natural grassland that once extended for a thousand miles along the curving coast of West Africa, from Guinea down to Ghana. The West African forest is an ecosystem of immense biodiversity. It is populated with hundreds of different species of trees, together with many kinds of grasses, shrubs, vines, ferns, and mosses, and it is a home to chimpanzees, fungi, elephants, lichens, antelope, algae, protozoa, monkeys, slime molds, mites, bats, segmented worms, smooth worms, rodents, frogs, birds, insects, spiders, and truly astronomical numbers of bacteria. The West African forest also contains an ocean of viruses.

			
			This ocean of viruses in the world of living nature is known as the virosphere. The virosphere includes all viruses as well as infective proteins called prions. The biosphere, as distinct from the virosphere, is the universe of organisms that are made of cells. The biosphere includes everything alive, from tigers to black slime on rocks. All living organisms in the biosphere are made of cells—single-celled organisms and multicellular organisms alike.

			The virosphere and the biosphere exist together and interpenetrate each other, like milk in tea, like mist in air. Everything that lives gets infected with viruses. As far as anyone knows, viruses replicate in the cells of all species of living things, all of them, from bacteria to blue whales. The virosphere permeates the earth’s atmosphere, which is filled with viruses blowing in the wind. Around ten million virus particles land on every square meter of the earth each day, drifting down from the air. Viruses saturate the soil and the sea. A liter of seawater contains more virus particles than any other form of life. Viruses exist in vast numbers in the human gut, infecting all of the four thousand different kinds of bacteria that live naturally in a person’s intestines. Viruses can sometimes infect other viruses. A giant virus named the Mamavirus, which was discovered infecting amoebae that live in a water-cooling tower in Paris, gets infected by a small virus called the Sputnik. A Mamavirus particle with Sputnik disease is one sick virus—deformed and unable to replicate very well.

			Almost all viruses in any ecosystem are unknown to science.

			In recent decades, much of the West African forest has been cut down. At the same time, the human population has grown dramatically. What were once villages have become small cities, and small cities have become metropolises of millions. As this happened, the forest was steadily eaten away and turned into small fragments. The wild grasslands were cultivated, and the land became a quilt-work of cassava fields, rice fields, plantations of oil palms, groves of cocoa trees, and large tracts of a type of dense, brushy thicket called farmbush. Even so, many small pieces of the ancient West African forest remain, especially on the summits of hills, where a stand of old trees can form a kind of topknot, as if the trees have gathered themselves into a defensive huddle against a besieging enemy.

			
			The Kissi people regard the remaining bits of wild forest as sacred places. The chiefs of villages protect these forest patches, and won’t allow anyone to cut down a tree in a sacred patch. Kissi people hold ceremonies and bury their dead there, and the spirits of family ancestors dwell in the forest patches. In biological terms, the fragments of old forest in West Africa are the remains of a primeval ecosystem that has existed for millions of years and is now under threat and disappearing. The remaining fragments of wild forest have become zones of contact where the life forms that still exist in the forest mix with the human world.

			In older times, when large tracts of unbroken forest still existed, Kissi hunters pursued antelope, monkeys, duiker, elephants, and buffalo. With the breakup of the forest, the game animals have largely disappeared or become very scarce. These days, Kissi hunters devote themselves to trapping cane rats and shooting bats. The cane rat is a meaty rodent that can grow as big as a raccoon, and it inhabits grassland and farmbush. The most highly prized bats are fruit bats, also called flying foxes. They are large bats with cinnamon fur, large, alert eyes, and a pointed nose, like a fox. A well-aimed shotgun blast into the top of a palm tree can bring down ten or twenty flying foxes at once. The meat of a flying fox is said to have a mild taste. Local people cook it into a sauce that’s poured over rice.

			There’s another kind of bat that Kissi people call the lolibelo or flying mouse. Flying mice are small and gray, and have a thin, hairless tail, like a mouse, and they can crawl surprisingly fast. They eat insects rather than fruit. Flying mice stink; they give off an acrid reek that smells like mouse piss. Many Kissi
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