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The Brain Eaters:

A medical detective story behind our understanding of Mad Cow 
by Joseph S. Levine
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Part 1: The Brain Eaters


  The mystery began in Britain, with the sad tale of fifteen-year-old Victoria Rimmer. She had always been an active and energetic teenager, but in 1993, she began coming home from school exhausted. Then she started losing weight and her balance. "What's the matter with me, Mum?" she asked as she tripped and fell constantly. Doctors found no viral or bacterial infection, but Vicky's condition continued to deteriorate until she slipped into a coma and died. Meanwhile, another teen, an 18 year-old schoolboy, became unusually depressed. "What's eating you?" friends asked. Little did they know! Soon, his memory began to fail and his speech became slurred. Then he began to hallucinate. Soon he couldn't walk. Within a year, he too, was dead.

Autopsies on these teenagers shocked the physicians. Their brain tissue looked as though it had been eaten away from the inside, bit by bit, until it resembled a sponge. The official diagnosis was that these young people suffered from Creutzfeld-Jacob Disease (C-JD). But C-JD was very rare, had only been seen in people 65 and older, and had never been considered contagious. Yet within a few years, three more cases were reported in young people - and other cases kept cropping up. Something unusual, and deadly, was happening.

  Doctors searched through diseased brain tissue. They found no signs of bacterial infection. They couldn’t find any viruses. They found no poison of pollutant, or drug to blame. They were stymied. They began calling it vC-JD because they considered it a new form, or variant, of the classic disease. They had no idea what could be causing it. But whatever caused vC-JD, doctors recognized that it is a member of a class of diseases called Spongiform Encephalopathies (SE's) that leave brain tissue looking like a sponge (spongiform = shaped like a sponge; encephalopathy = "a disease condition that affects the brain"). Doctors consulted SE’s specialists around the world, and asked several crucial questions. Had anywhere ever seen anything like C-JD in young people? And could this disease possibly be contagious after all?
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· Why did the autopsies shock the physicians?
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Part 2: Trembling on the Mountain

There had been only one report of a disease similar to vC-JD in young people. It was decades earlier and half a world away, among the Fore tribesmen in the remote mountains of New Guinea. During the 1950’s, the Fore reported that sorcery was affecting increasing numbers of people. The victims were usually women, children, and teenagers, rather than adult men. The tribe called this sorcery Kuru, or, shivering, because that's what the victims did at first. But shivering progressed through loss of coordination and inability to walk, and ended in death.
 
A team of doctors and anthropologists evaluated the situation. They noticed that many victims seemed to be related to each other and to the deceased. Could this be a genetic disease that was inherited and passed from one generation to the next? As they investigated further, they discarded this hypothesis. Kuru seemed too common among the Fore, and too quickly fatal, to be inherited in a simple way (like sickle cell anemia or cystic fibrosis) without killing off the entire tribe in short order. (In less than 20 years, more than 1,100 members of this relatively small tribe died of the disease!) 

So what caused Kuru? The original research team couldn’t figure that out. But they did determine how the disease was passed from one person to the next. The key seemed to be the Fore tribe’s unique way of mourning their dead. Instead of burying the body, women sliced it into pieces, combined it in bamboo tubes with salt, ginger and leafy vegetables, steamed it and ate it. They didn’t share this ritual meal with men, but only with other women and children. The brain, considered a special delicacy, was reserved for close relatives. As one woman who had participated in the ritual explained, “I will now always have part of my mother inside me.”
  

The team proposed the radical hypothesis that whatever caused Kuru was transmitted through this ritual cannibalism. Because the people most often affected were women and children closely related to people who had died, the team further suspected that the infectious agent was concentrated in the brain and other nervous tissue. 
  

One team member, Carleton Gajdusek, won the Nobel Prize in 1976 for confirming these hypotheses. Gadjusek conducted experiments in which he injected brain tissue from Kuru victims into chimpanzees. After long incubation periods, the chimps developed symptoms of Kuru. This experiment proved that Kuru could be transmitted from one individual to another through infected nervous tissue. Thus, once “whatever it was” killed one member of the tribe, the ritual meal or mourning spread it with gruesome efficiency through related women and children.


· Why did the Kuru research team first think the cause of the disease might be genetic?
· Why did Gadjusek inject chimpanzees with brain tissue from Kuru victims?  What did these experiments prove?  What questions did they leave unanswered?

Part 3: The Prion Connection: Not a Virus After All?

Some uncertainty still remains about the causes of spongiform encephalopathies. Mosat scientists now agree that they aren't caused by viruses. Back in the early 70's, Stanley Prusiner, a researcher, became interested in scrapie, a kind of SE found in sheep. (It was called "scrapie" because affected sheep repeatedly scrape their bodies against the walls of their pens.) After many experiments, Prusiner proposed that scrapie was caused by an entirely new kind of infectious agent, a kind of protein that Prusiner called prions. 
Prions are so radically different from any known form of life that they are still controversial among biologists, even though Prusiner's work earned him a Nobel Prize in 1997. Prions contain neither DNA nor RNA. This helps explain some of their more frightening abilities. They are not affected by sterilization techniques that kill all known disease-causing organisms and most viruses. Superheated steam in autoclaves doesn’t touch them. Intense bombardment with radiation and soaking in formaldehyde does nothing either. What’s more, prions can cause disease after being buried for years or being frozen for decades. (So forget about just cooking your meat a little longer!)
  

It is now generally accepted that prions cause several forms of SE's in livestock, including Scrapie in sheep and Mad Cow -- officially called Bovine Spongiform Encephalopathy (BSE). Evidence was mounting that prions are also responsible for vC-JD. But how could those prions have spread so rapidly through cows? How did they jump to humans? And why did all this happen when it did? 






· What is a prion?
· Why has the prion hypothesis been so controversial among biologists?

Part 4: Where's the Beef?

Biomedical detectives uncovered the answer. The prion that causes Mad Cow and vC-JD appears to have been lurking for many years in sheep.  But in the late 1970s or early 1980s, the scrapie prion seems to have jumped from sheep to cows, in which it caused serious disease. At the height of the cattle epidemic, BSE infected nearly 200,000 cows in Britain.
  

What's more, as this prion swept through cattle, it apparently evolved in a way that increased its ability to cross yet another species barrier and infect humans. After an incubation period of several years, roughly 143 people in Britain, like Victoria Rimmer, who had eaten beef products from contaminated cows, began exhibiting symptoms of vC-JD. The situation was terrifying. Politicians ranted and media raved. When the connection with BSE-infected cattle was made, the price of British beef plummeted. British farmers were ordered to destroy entire herds of cattle to allay fears that the disease would spread.
  

Now, it's fine to suggest that Kuru, scrapie, BSE, and n-vCJD are caused by prions that can be acquired by eating diseased nervous tissue. But if that is the case, how could a strictly vegetarian animal such as a cow be involved? If you don’t know much about modern cattle raising techniques, the answer may surprise you. Some years before the BSE epidemic began, farmers in Britain began feeding cows a dietary supplement that included body parts of sheep and other cattle. Why did they do this? Because additional protein provided by this supplement encouraged rapid growth -- while disposing of an otherwise troublesome waste product from slaughterhouses. 
  

From an ecological perspective, however, this practice altered cows' position in the food chain, transforming them from plant-eaters into carnivores. Because they were eating the meat of other cow, you could even consider them cannibals! This change in feeding habits made cows susceptible to prion transmission in precisely the same way as members of the Fore tribe. That change first opened a route for the infectious agent of scrapie to cross from sheep into cattle. As the disease began to spread among cows, the use of cow parts in cattle feed further enabled the disease to spread from infected cows to other cows. The final jump to meat-eating humans was aided by two factors. First, certain processed meat products consumed in Great Britain contain (how can we explain this delicately?) certain parts of cows' bodies (including nervous tissue) that are not included in American hamburger. Second, because the prion that causes BSE and vC-JD isn't really alive, it turns out to be almost impossible to "kill."
  

The situation now seems to be under control in Britain. Feeding of rendered beef and sheep tissue to cattle was forbidden in Britain, preventing further spread of the disease to other cattle and to humans. But because the incubation period of both BSE and n-vCJD may be as long as 5-15 years, the disease may have infected a yet-unknown number of people who ate British beef products between the mid 1980s and the mid 1990s.


Part 5: What we know now — and what don't we know

There is still a great deal of uncertainty about Mad Cow and other spongiform encephalopathies. Our understanding of these diseases has come a long way, but still has a long way to go. Right now, the more we learn, the more complex we realize these diseases are, and the more questions arise about them!
  

What do we know — or think we know about SE's at this point in time?
(Note that the following answers assume that the prion hypothesis is correct. If it isn’t, we're back to square one on several points!)
  

1. Regulations govern what is fed to US and Canadian beef

The single most important point to remember concerning BSE in the American beef supply is that the kinds of feeding practices described in Part 4 were outlawed in both the United States and Canada in 1997. 
  

The infected cow identified in the state of Washington toward the end of 2003 is now known to be old enough that it could have eaten feed containing rendered cattle remains before 1997.
  

2. The USDA is on the case
In mid-January of 2004, the US department of Agriculture declared an "extraordinary emergency" in Washington State. This move gives federal authorities added authority to take actions they think necessary to protect public health, the safety of American beef, and the reputation of the American cattle industry. Handling the matter in this way also authorizes federal authorities to pay farmers for any losses they suffer because of BSE.  As of January 15th, roughly 600 cattle had been disposed of in an effort to prevent the spread of BSE.
  

3. SE's can arise in different ways
Many researchers agree that there seem to be at least three distinctly different forms of C-JD.
  

• Infectious (transmissible) 

Some SE's, such as Kuru and BSE are transmitted by eating infected tissue, apparently primarily nervous system tissue.
  
• Inherited 
Some types of human C-JD do appear to be inherited. Preliminary research shows that these forms of can be caused by up to 20 different mutations of the gene that codes for the human prion protein. These types of C-JD occur later in life, and have different symptoms, than transmitted BSE.
  
• Sporadic
Some cases of C-JD in humans, and possibly also some cases of BSE in cows, seem to crop up for reasons we do not yet understand. Some researchers estimate that sporadic C-JD crops up in roughly one in every million people.

  

4. SE's occur in a number of mammalian species
SE's are now known in a wide variety of mammals, ranging from sheep and cows to other grazing animals including elk, deer, and goats, as well as mink and several species of cats. The form of SE found in wild deer in the western United States, for example, is currently called Chronic Wasting Disease.  

The Brain Eaters

Part 1: The Brain Eaters
1.  Why were physicians so shocked by the autopsies on the teenagers described?

2. What are encephalopathies?

Part 2: Trembling on the Mountain
3. Why did the Kuru research team first think that the cause of the disease might be genetic?

4. Why did Gadjusek inject chimpanzees with brain tissue from Kuru victims?

5. What did these experiments prove?  What questions did they leave unanswered?

Part 3: The Prion Connection
6.  What is a prion?

7. Why has the prion hypothesis been controversial among scientists?

8. Can you think of another situation in which the cause of a new disease was difficult to identify?

Part 4: Where is the Beef
9. Why did farmers in Britain begin to feed their cow’s dietary supplements?  What were the supplements made of?  What was the result of this change in diet?

10. How did Mad Cow disease affect the economy of Great Britain?

11. How did this disease get transferred to humans?

Part 5: What We Know and What We Don’t Know

12. With the safety precautions we have in the U.S., how did they find and infected cow in Washington State?

From Deadly Feasts, by Richard Rhodes 
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