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Publisher's Note about Biology Labs


Louis Pasteur was one of the most important scientists of human history. He helped us understand that while some unicellular organisms are beneficial, such as yeast in baking bread and brewing beer, others are harmful like e.coli and other coliform bacteria. His research inspired the British surgeon Joseph Lister to encourage physicians to implement appropriate hygienic practices during medical procedures, which decreased the number of post-operative deaths from gangrene.  Post-surgery deaths from gangrene plummeted due to the work of Pasteur and Lister.

The author describes Pasteur's experiments—both successful and unsuccessful—in detail. You will see how his experimental data lab work confirmed his ideas, and where he had to consider alternative hypotheses after seeing what nature did in the lab. If your teachers decide that some hands-on practice with unicellular organisms would be a valuable experiment for you in your labs, we have included some possible experiments below. The simplest experiment is presented first.

As you evaluate Pasteur's contributions to science in the pages that follow, remember that in his age, most doctors believed that infections occurred spontaneously— independent of harmful microbes. Germs, bacteria, microbes were not known as agents of disease.


Presumably, it is safe to allow butter to become rancid in a middle school or high school lab, and then study the results as Pasteur did at the beginning of Chapter 8. What was Pasteur's mistake in the experiment with the rancid butter? What did he first think the bacteria were—animals or plants? Could you duplicate this experiment in your biology lab and see what the results are? Will a lack of air kill the bacteria swarming around your slide?

Here is the excerpt from Chapter 8 which describes Pasteur's experiment with rancid butter.



Chapter 8

While studying the fermentation which produces butyric acid (the acid formed as butter becomes rancid), Pasteur made a surprising discovery.

Under the microscope, he saw some very tiny, short rods, rounded at the ends. They were spinning about and shaking themselves, sometimes bending almost double. So lively were they that he assumed they were microscopic animals or “animalcules” as they were sometimes called.

  “They must be feeding on the microorganisms that produce the butyric acid ferment,” the scientist mused. “I’ll have to get rid of them.” Finally he realized the “animalcules” were the ferment itself.
"One day he put a drop of liquid undergoing butyric acid fermentation on a glass slide and placed over it a thin glass cover slip. When he observed the flattened drop of liquid under the microscope, he noticed a curious fact. At the center of the drop, the tiny rods were as lively as ever. Around the edges, they had stopped moving.

 Now this behavior was very strange! It was exactly opposite to what Pasteur had learned to expect from animalcules when he had studied them in a flattened drop under a glass cover slip. Ordinarily they tried to get close to the edge of the drop where they would find more air.



Create an experiment about spontaneous generation with bouillon and a sealed flask as Pasteur did in Chapter 7. What did you learn from this experiment?



Chapter 6 is a little more challenging. You will see in Chapter 6 that Pasteur tried to help farmers who had suffered from disasters caused by the mysteries of science. In Lille, the sugar beet juice was used to produce alcohol. But sometimes the process failed for unknown reasons. Test Pasteur's experiments with yeast and a lactic acid ferment added to beet juice or a similar material.  Is each type of fermentation produced by its own specific type of microorganism or can any microorganism successfully turn beet juice into  alcohol? What will happen if two types of microbes are added to the fermentation process or if two types of microbes are present in the fermentation process of beet juice? What is necessary to successfully produce alcohol from beet juice every time? (Chapter 5 has an interesting explanation of the fermentation of wine and will help with understanding Chapter 6.)



 At a time when a culture for a dog's urinary tract infection (UTI) can end up with a $300 bill from a lab, it might be interesting to culture a urine sample from a dog in a medium in your school's lab, and see if Rover is sick with the UTI. Or you could use the test to verify the results of the lab that your vet is using.




Obviously, the biography which follows offers many more opportunities to reproduce and learn from the experiments of Louis Pasteur. If you or your teacher have created labs around the work of Pasteur which were interesting, please share them with us at support@ebooksforstudents.org, and we will add them to this page and credit your work. And as you might expect, there are some interesting videos on YouTube related to the experiments above. See an example at https://www.youtube.com/watch?v=FYClCHVT00M




Jim McCabe
support@ebooksforstuents.org
August, 2021
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Glossary

aerobic bacteria—bacteria needing free oxygen to maintain life

anaerobic bacteria—bacteria capable of living in the absence of free oxygen

attenuated culture—a culture of microbes whose virulence has been weakened by exposure to air or by some othermeans

bacilli—rod-shaped bacteria; plural of bacillus bacteria—a group of one-celled plant microorganisms, sosmall they can be seen clearly only with a microscope.Some types bring about certain kinds of fermentations orperform other useful work, some are harmless, and somecause disease; plural of bacterium

Bouillon—see nutrient bouillon

cocci—ball-shaped bacteria; plural of coccus

compound—a chemical substance made up of more than oneelement

contagious disease—a disease passed from one living thing to another as a result of some contact between themcrystal—a solid body with flat surfaces and angles in a regular, even arrangement

crystallography—the study of the structure and other characteristics of crystals

culture—a cultivated or specially prepared growth of bacteria or other microorganisms

culture medium—a liquid or solid substance furnishing food and satisfactory living conditions for the growth of a culture of microorganisms

element—the simplest chemical; the basic part of a substance

epidemic—a rapidly spreading attack of disease affecting many people or other living things

etiology—the investigation of the causes of disease

facet—a little face; one of the small flat surfaces of a crystal

ferment—an agent that brings about fermentation

fermentation—the changing of one substance into othersubstances through the action of certain microorganisms

fixed virus—a virus of known, stabilized strength

flacherie—a disease of silkworms

germ—any microorganism; word is most commonly used in referring to disease-producing microbes

goniometer—an instrument for measuring the angles ofcrystals

hydrophobia—see rabies

immunity—ability of the body to resist the development of a disease

incubator—in microbiology, an oven that supplies the necessary heat for hatching and growing microorganisms

infectious—capable of spreading to others, as an infectiousor “catching” disease

injection—the forcing of a fluid (such as a vaccine) into the body through a hollow needle

inoculation—the introduction of disease-causing microbes or other substances into the body of a person or animal,either to produce the disease for a research program or toimmunize the body against the disease

Medium—see Culture Medium

microbe—any microorganism, but word is most often used in referring to disease-producing microorganisms

microorganism—a plant or animal so small it can be seenclearly only through a microscope; a microbe

mold—a growth formed of yeast or some other kind ofmicroscopic plant

nutrient bouillon—a liquid furnishing food and satisfactory living conditions for the growth of a particular type of microorganism

optically active—having the ability to rotate the plane of polarized light

optically inactive—having no effect on the plane of polarized light

paratartaric acid—also called racemic acid; a relatively rare form of tartaric acid

paratartrate—one of a group of compounds consisting of paratartaric acid combined with various other chemicals;a salt of the acid

pébrine—a disease of silkworms

period of incubation—period of time during which the microbes of a disease are present and multiplying in thebody, but before the disease has actively shown itself

protozoa—microorganisms which are tiny, single-celled animals

rabies—an infectious disease of the central nervous system; also called hydrophobia (when suffered by human beings)

Racemic Acid—See Paratartaric Acid

septic vibrio—a bacterium causing septicemia or blood poisoning

septicemia—a diseased condition brought about by the presence of certain bacteria in the blood; blood poisoning

staphylococcus—any one of a group of bacteria having theshape of a bunch of grapes

sterilize—to free from living germs; disinfect

streptococcus—any one of a group of bacteria having theshape of a string of beads

symptom—any noticeable change or sign in the bodily functions that indicates disease

tartaric acid—an acid obtained chiefly from tartar, deposited in wine casks during the fermentation of grape juice

tartrates—any one of a group of compounds consisting oftartaric acid combined with various other chemicals; saltsof the acid

vaccination—the process of injecting a vaccine into the body

vaccine—a culture of weakened microbes or similar substance which is introduced into the body to give a verylight form of a disease, in order to build up the body’simmunity to a severe form of that disease

virulent—capable of causing death

virus—any one of a group of extremely tiny bodies. With a few exceptions, they are so small they can be seen onlywith an electron microscope. So far, scientists know onlyof viruses that cause disease. Viruses can act and multiplyonly in the living cells of animals, plants, or even microbes.Some scientists classify them not as microorganisms but asparticles whose place lies somewhere between living andnon-living things

yeast—a one-celled microscopic plant which brings about alcoholic fermentation; a kind of microorganism


Prologue


On December 27, 1892, distinguished scientists and physicians of France and many other countries assembled in Paris to celebrate the seventieth birthday of Louis Pasteur. Among speakers at the meeting was Sir Joseph Lister, the noted English surgeon, who represented the Royal Societies of London and Edinburgh.

“Monsieur Pasteur,” said Sir Joseph, turning to the frail, white-bearded Frenchman who sat in an armchair on the stage, “truly, there does not exist in the whole world an individual to whom medical science owes more than to you.

“Thanks to you,” Sir Joseph continued, “surgery has undergone a complete revolution which has deprived it of all its terrors, and which has increased its efficacy almost without limit. Medicine is indebted no less than surgery to your profound and philosophic studies. You have raised the veil which for centuries has covered infectious diseases.”

To us today, Lister’s tribute may seem much too sweeping and exaggerated—merely the flowery language of an old-fashioned orator. Nevertheless he meant every word of it.

In Pasteur’s studies of the tiny, almost invisible plants and animals called microbes, Lister had found the key that enabled him to work out antiseptic practices for operations. As a result, the lives of countless surgical patients have been saved because their wounds were protected from infection.

Many of those gathered at Pasteur’s birthday celebration could echo Lister’s words from their own experience. In their laboratories they were tracking down and studying disease-spreading microbes, using methods that had been originated by Pasteur. Thirty-five years before, when he had begun his research on microscopic organisms, they were being investigated only by a few curious botanists and other scientists; most men of science considered them quite unimportant. Pasteur proved their importance, and he developed “microbe farming”—systematic techniques for “raising” a single predominating type of microbe for study or use, in much the same way a farmer raises a pig or a crop of corn. Within a few years the haphazard study of a few microorganisms had grown into a leading branch of science —microbiology.

Some microbiologists in Pasteur’s audience were following still another path that he had pioneered. Instead of curing disease, they were working to prevent it by developing vaccines that would protect men and animals against various deadly ailments.

Strangely enough, the French scientist who was being honored by Lister and others was not himself a physician. By training he was not even a biologist—but a chemist.

As a young man, Pasteur had been so fascinated by crystals that he planned to make them his life work. While still in his twenties, he made important discoveries about the shape of crystals. And he formulated such far-reaching theories concerning them that he is acknowledged to be one of the founders of stereochemistry—the study of the structure of molecules and the three-dimensional arrangement of their atoms.

Later, Pasteur was called on for help in solving scientific problems for French industries. He took on these assignments even when they seemed to be leading him far away from his field. Yet Pasteur made of these apparent detours the road to his greatest discoveries.

In the story of his life we can trace how the research on crystals helped him to solve the mystery of the process of fermentation. This led him to discover the cause and prevention of the diseases of vinegar and wine. From here he passed on to studying the diseases of silkworms and then of animals.

Finally, one day, an appeal from a desperate mother forced Pasteur to take the greatest risk of his career. Into the body of her son, bitten by a mad dog, the scientist injected a powerful vaccine that had never been tested on a human being. The boy’s life was saved—and Pasteur had shown he had found a way to protect people from the terrifying disease known as hydrophobia, or rabies.

Pasteur’s life was full of stormy battles with those who refused to accept his revolutionary theories. Once he was even challenged to a duel! Few scientists have been so violently attacked during their lifetime or—in contrast—so widely honored and loved. It is easy to understand why he has been made the hero of an American motion picture and a French play.

And even now, more than seventy years after Pasteur’s seventieth birthday party, his name is better known throughout the world than that of any other scientist who ever lived. The word pasteurized appears on millions of milk bottles every day; it is in the vocabulary of many languages.

In Brazil, an Institut Pasteur stands on the Avenida Pasteur, one of the most beautiful streets of Rio de Janeiro. In Tunisia, another Institut Pasteur faces on the Place Pasteur of the capital city of Tunis. A hospital in Istanbul, Turkey . . . a garden in Mexico City ... a pharmacy in New York City ... a statue in Chicago, Illinois ... are all named for him. A street in Copenhagen, Denmark, is called Pasteur Vej. Milan, Italy, has its Via Luigi Pasteur.

In scores of other cities of the world, streets and institutes, hospitals and statues still carry the name of Louis Pasteur— chemist and trail-blazing microbiologist, who opened a new era in man’s fight against disease.
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The Long Road to the Ecole Normale


Louis Pasteur was born on December 27, 1822, in the little town of Dole, in the foothills of theJura Mountains of eastern France, near the border of Switzerland. His ancestors were humble folk who had livedin the region for hundreds of years. Louis’s great-grandfather, Claude Etienne Pasteur, had been a serf of the Countof Udressier and had bought his own freedom from hismaster for four pieces of gold.

Louis Pasteur’s father, Jean Joseph Pasteur, was a tanner by trade. Jean Joseph prepared the skins of animals to makesmooth, flexible leather. He had been in Napoleon’s armyand had been decorated with the Legion of Honor forbravery.

Soon after Louis was born, the family moved to the nearby village of Marnoz. Many years later, when Pasteur had become famous, he was asked to tell the very earliest memoryof his boyhood. He said that one day a stranger had appeared in the neighborhood and had started up the mountain road to a village called Aiglepierre. The stranger offereda coin to the child who could first climb the steep road.Louis raced ahead and reached the top far ahead of hisplaymates.

When Louis was five, his father bought a tannery at Arbois, another town in the Jura foothills. The building,which stood beside the river Cuisance, contained livingquarters as well as a workroom and shop.

Louis grew up in Arbois with his father, mother, and three sisters. He loved to fish in the Cuisance; he and hisfriends knew a secret spot where big trout hid under therocks. But, in spite of such happy days, he never forgot oneterrible time when he was eight years old. A wolf with thefrightening disease of rabies ranged across the countrysideattacking animals and human beings.

A neighbor of the Pasteur family named Nicole was bitten by the mad wolf. As little Louis watched in horror, a red-hot iron was put on the bites to sear or cauterize them.Nicole’s life was saved—but eight other people died, some ofthem after much suffering. For years the neighborhoodlived in dread of this mad wolf.

In primary school Louis was only an average student. In fact he was considered rather slow because he worked socarefully on an exercise or problem to make sure he had theright answer. He also liked to draw and, when he wasthirteen, he made a very realistic portrait of his mother withpastel crayons. Throughout his school days Louis enjoyedmaking pictures of his family, his friends, the town mayor,and anyone else who caught his eye. A Finnish painter wholater studied these drawings commented that they showedtalent and that Pasteur might well have had a successfulcareer as an artist.

Monsieur Romanet, the principal of the high school, became interested in Louis and helped him in his studies. With this encouragement, the boy worked hard and becamea good student. The principal advised him to aim for theEcole Normale in Paris, where he could study to become aprofessor in one of the great universities.

Jean Joseph Pasteur shook his head doubtfully when he heard of this plan. The Ecole Normale was one of the mostimportant schools of France; its entrance examinations werevery stiff. Only the best students were admitted there andthese had to have a very good preparatory education. Thetanner did not have much money to spend on such schooling.

Besides, Louis was only fifteen and Paris was so far away—forty-eight hours by stagecoach! His father argued thatthe boy could complete his education just as well at theschool at Besangon, which was only thirty miles from home.Then he would be prepared to take a position as teacher inthe Arbois school. To Jean Joseph, this seemed a fine futurefor his son.

But Louis’s best friend, Jules Vercel, was going to Paris to study and young Pasteur had his heart set on going there,too. He found new support for his plan when a friend of thePasteurs, Captain Barbier, arrived in Arbois for a vacation.The captain, an officer in the Paris municipal guard, joinedin the family discussion.

“The question of money need not trouble you,” Captain Barbier assured Louis’s father. In Paris, he explained, therewas a preparatory school run by a Monsieur Barbet, a native of the Jura region. And the captain added confidently,“Barbet will do for your son what he has done for manyother boys from this region—take him at a reduced fee.”Finally Jean Joseph gave his consent.

Louis and Jules left Arbois together on a cold, rainy October morning in 1838. Since there was no room inside their stagecoach, the two boys had to sit on top, huddling undera piece of canvas to keep off the rain and sleet. Even beforethe square tower of the Arbois church was out of sight,Louis was beginning to wish he had not left home.

His first days in Paris did not improve his spirits. The boy from Arbois was overwhelmed by the noisy, crowdedcity with its narrow, dirty streets where steep-roofed housesshut out the sun. He was homesick for his family—for theclean mountain air and the sound of the river as it rushedover the rocks near his home—and even for the pungentsmell of the tanning pits where the hides were cured. “If Icould just get one whiff of the old tannery,” he said longingly to Jules, “then I think I would be all right.”

Monsieur Barbet, the headmaster of the school, worried about the homesick boy and reported the situation to JeanJoseph. One day in November Louis was told, “There issomeone here to see you.” It was his father. “I have come totake you home,” said the elder Pasteur simply.

Louis continued his studies at Arbois and later at the school at Besangon. But he did not forget his ambition to attendthe Ecole Normale. He worked very hard and by the timehe was seventeen, he could write his parents, “I hold a steadyplace among the best students in my classes, but I hope mystanding will be even better within a few months.”

A year later the head of the Besangon school gave young Pasteur a part-time job as supervisor of studies for theyounger boys. In this way, he earned his room and boardand twenty-five francs a month while still having time tostudy for his examinations.

In August, 1842, when Pasteur was nineteen, he passed the examinations that made him eligible for the sciencedepartment of the Ecole Normale. But his class standing—fifteenth among twenty-two candidates—was not goodenough to satisfy him. In chemistry he was rated as only“mediocre.” He decided to keep studying until he could besure of entering as one of the top students. Since he nowneeded the kind of instruction he could not get at Besangon,it was time to try Paris again. So, once more he made thelong trip to the city and the Barbet School.

Monsieur Barbet struck a bargain with Louis. “I will charge you only one-third my usual rate,” the headmasterproposed, “if you will instruct the younger pupils in elementary mathematics each morning, from six to seveno’clock.” Louis agreed, and did such a good job with hispupils that soon Monsieur Barbet did not charge him anything at all.

This time Pasteur was not homesick. He had a good friend in Paris, Charles Chappuis, who had been at school inBesangon and had come to the city to study philosophy.Louis and Charles went once to the opera during the schoolyear and four times to the theater. They saw the greatestFrench actress of the day, Rachel. “At one time she wasapplauded more than ten minutes,” Louis wrote home, muchimpressed. “People clapped and stamped their feet on thefloor.”

He was even more thrilled by a different kind of performance. As one of Monsieur Barbet’s students, he was allowed to attend the lectures of the famous chemist, J.B. Dumas,professor at the university of the Sorbonne. Dumas’ lectureswere so popular they were always crowded with six or sevenhundred students. “I have to go early to get a good seat,”Louis wrote to his family, “just as in the theater.” He andthe other students always applauded Dumas enthusiastically.And he would leave the hall excited and eager to discoverfor himself some of the secrets of the fascinating world ofchemistry.

During this period, Pasteur found it hard to concentrate on studying in the room he shared with several other students, so he rented a private room for sixty francs. Since itsstone floor made it quite chilly, he rented a stove for eightfrancs and bought ten francs’ worth of wood for fuel. Hepaid two francs for a cloth for his table, to cover the holesand cracks that interfered with his writing. With all theseexpenses, he had to ask his father for an extra hundredfrancs to finish the year.

Jean Joseph was displeased. He was proud of Louis and anxious to help the boy fulfill his ambitions. But it had beena struggle to keep his son in school and the tanner still wasnot convinced that all this studying in Paris was necessaryfor a teaching career.

Louis hastily wrote his father a long letter, explaining that a degree from the Ecole Normale was absolutely necessary to win the kind of professorship he was aiming for. Hereminded Jean Joseph Pasteur that for the past three yearshe had been earning his way, except for incidental expenses.He even outlined where his money had gone in Paris: Hisfour trips to the theater had cost him about two francs each.The opera had cost four francs. Once or twice a week he haddinner with Chappuis at a little restaurant that cost less thantwo francs. He had also spent twenty francs for music lessonsbut these he had given up. Otherwise his money had gonefor paper, pens, candles, books, and other necessities, including sixty francs for an overcoat.

“If this is too much, I don’t know how to manage,” he wrote. “Nevertheless,” he added respectfully, “you are rightto scold me for spending so much. This will make me moreeconomical without hampering me, and I thank you fromthe bottom of my heart. However, there’s no need to get soupset; you don’t have to be angry with me.”

At the end of the school year, in 1843, Louis again tried for admission to the Ecole Normale. This time he sailedthrough his examinations triumphantly, winning fourthplace on the list of candidates.
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Explorations in Crystals


Louis Pasteur was so impatient to start on his studies that he arrived at the Ecole Normale several days ahead of time. He got permission to sleep in thebig, bare dormitory and, until the rest of the students came,he had it all to himself.

The young man was soon deep in a schedule that kept him busy twelve hours a day. He had seventeen hours oflectures a week, chiefly in chemistry and physics. In addition to classes at his own school, he still regularly attendedDumas’ lectures at the Sorbonne. One afternoon each weekhe spent in the chemistry laboratory. At another laboratoryof his school, he learned such skills as glassblowing and carpentry. He wanted to prepare himself for the time when hewould need to make special pieces of apparatus for his ownresearch.

Whenever possible he carried out extra experiments in physics. On Sundays, his one free day, he sometimes persuaded Dumas’ assistant, Barruel, to give him a private lesson in the chemistry laboratory at the Sorbonne. He spentmany hours in the library, too, reading biographies of famous scientists and descriptions of their discoveries.

Keeping himself even busier, Pasteur held a class in physical science once a week for Monsieur Barbet’s pupils. This, he felt, was a way to show his gratitude to his former master.And when he returned to Arbois for vacations, he often gavelectures to the students at his old school.

Charles Chappuis sometimes succeeded in dragging Louis away from his books and experiments long enough for a walkand a good visit. But very often Charles found these talksturning to the fields of science that his friend was exploring.The subject that fascinated Louis most was crystallography,the study of crystals and their characteristics. They were stillrather a mystery; not much was known about them. Butscientists were investigating them because they had learnedthat crystals could give clues to many puzzling problems inchemistry. Pasteur’s professor of mineralogy, Gabriel Delafosse, had played a part in some important discoveries aboutcrystals while still a student.

However, Louis had little time for crystals; he was much too busy with his courses at the Ecole Normale. After threeyears he took a competitive examination for a fellowship inphysical science. He made fine grades in chemistry andphysics but he was not quite so successful in natural history.Still, out of a total of fourteen candidates he was one offour who passed; his rank was third. The examiner said ofhim, “He will make an excellent professor.”

In France at that time, the next step for a young teacher with Pasteur’s training was usually an appointment by thegovernment to a position at a high school. Louis learnedwith dismay that he had been assigned to Tournon, a townin southern France where he would have no chance to studyfor his next goal—a doctor’s degree.

Luckily he had caught the attention of a renowned professor, Antoine Jerome Balard, the discoverer of the element, bromine. Balard was impressed by the hardworking youngman who was so enthusiastic about science, and he had already invited Louis to be an assistant in his laboratory at theEcole Normale. When the great chemist learned of the government’s action, he resolved that Louis should have a chanceto finish his studies. Balard used his influence to get the assignment to Tournon canceled.

The post in Balard’s laboratory turned out to be a wonderful opportunity. While Pasteur was preparing for his degree, he could help brilliant chemists with their research projects.He became acquainted with many scientists and discussedthe problems they were engaged on. Soon he was being invited to the regular Thursday evening gatherings at the homeof Dumas, where he heard more scientific talk.

Best of all, Pasteur now had a laboratory where he could investigate crystals. He set to work to learn the necessarytechniques for studying their characteristics, particularlytheir shape.

Many chemical substances can form crystals but in each substance, the crystals always have their own distinctiveform. For example, ordinary table salt is made up of crystalswhich have the shape of a cube. They are said to be symmetrical. That is, if one of the cubes were cut through thecenter, the two halves would have exactly the same shape.

Delafosse had studied quartz crystals, which are more complicated in shape than crystals of table salt. They areprisms with six sides and they are said to be asymmetrical.Thus, if a quartz crystal were cut in half, the two halveswould have different shapes. One half would have extrafaces, or facets, not found on the other half. (See the accompanying sketch.)

[image: ]

Two forms of quartz crystals, showing their irregular facets






Pasteur had heard Delafosse describe the discovery that he and his teacher, Rene Just Haiiy, had made concerningthe shape of quartz crystals. They had found that in someof them, the irregular facets are slanted in one direction; inothers, the facets are slanted in exactly the opposite direction.In other words, the two kinds of quartz crystals could becalled “mirror images” of each other. They are related inshape to each other as are the two gloves in a pair.

Other scientists besides Delafosse and Haiiy had studied these “right-handed” and “left-handed” quartz crystals withan instrument called a polarimeter, which measures the effect of a ray of polarized light passing through a substance.Ordinarily a light wave has a rising and falling motion,similar to that of a wave in water. The polarimeter holdsthe light wave to a single plane, which might be comparedto the surface of still water.

The scientists had discovered that right-handed quartz crystals, when viewed in the polarimeter, twisted, or rotatedthe plane of polarized light to one side—toward the right. Incontrast left-handed quartz crystals rotated light toward theleft.

Louis was eager to explore for himself this odd behavior of crystals. Since he could not afford to buy a polarimeter,he built his own. He also made a second instrument calleda goniometer, which measures the angles between the facetson crystals. He decided to get some practice with hisgoniometer by systematically studying one family of crystals.

He chose for his project the crystals of tartaric acid and of a series of nineteen chemical compounds—the tartrates—inwhich tartaric acid is combined with various other substances.All these crystals have the shape of a prism, like quartz, butthey have eight sides instead of only six. Although tartratecrystals are much smaller than those of quartz, they havethe advantage of being very easy to crystallize. Pasteurknew that he could get good specimens for examinationby dissolving the tartrate compounds in water and evaporating their solutions at room temperature.

He had other reasons for his choice. A French scientist named Frederic de la Provostaye had recently published athorough study of the series of tartrate crystals. Louis couldmake his own measurements, then compare his results withde la Provostaye’s report to see how accurate his observationshad been. And finally, Pasteur was interested in the tartratesbecause there was a tantalizing puzzle connected with themwhich he planned to investigate when he had become a moreexperienced chemist.

As part of the requirements for his doctor’s degree, he wrote a physics paper which outlined a program of researchhe planned to make with the polarimeter. By March of 1848,his studies on crystals had advanced to the point where heappeared before the Academy of Sciences to read a portionof a paper he titled, “Research on Dimorphism.” It had beenfound that certain substances could be made to crystallizein two different forms, depending on the way they were dissolved or melted. Louis made as complete a list as he couldof these dimorphous substances. It was quite an honor forthe young man to speak before the academy, whose memberswere the leading scientists of France. He wrote elatedly toChappuis that his paper had been “very well received” andthat several of the members had complimented him on it.

But in that spring of 1848, a patriotic Frenchman like Louis could not give all his thought to crystals. A revolution had broken out in February and Paris was in a turmoil.The unpopular king, Louis Philippe, abdicated and fled toEngland. Although a republic had been proclaimed, thefighting and rioting continued. The government called forvolunteers to keep order.

Pasteur, a strong supporter of the republic, enlisted in the National Guard. He was assigned to help defend the station of the Orleans railway.

One day as he was crossing a square, he saw a wooden scaffolding labeled “Altar of the Fatherland.” A plea forcontributions was being made. Without thinking twice theyoung citizen went home, took all his savings from a drawerand laid them upon the altar.

He was a little uneasy about what his father would say;

he remembered how Jean Joseph had scolded him for spending too much money. But the tanner was patriotic, too—he had not forgotten the days when he had fought for hiscountry. He readily approved of the donation and told Louisto see that it was reported in the Paris newspaper. “Mark it,”he ordered, “‘Gift to the Fatherland: one hundred and fiftyfrancs, by the son of an old soldier whom the Emperor hasdecorated: Louis Pasteur of the Ecole Normale.’ ”
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The First Discovery


At the beginningof May, Paris quieted down and again and Louis went back to his crystals.He was still working on his tartrate compounds, and stilltrying to solve that puzzle of the tartrates which had beenbothering him ever since he had first read about it threeyears before.

In the library of the Ecole Normale he had come across a report of some research done by a leading German chemist and crystallographer, Eilhard Mitscherlich. The Germanhad studied two closely related compounds—sodium-ammonium tartrate and sodium-ammonium paratartrate. Thefirst of these compounds is composed of soda, ammonia,and ordinary tartaric acid; the second contains a less common form of tartaric acid which is known as paratartaricor racemic acid.

Mitscherlich had found that his two compounds had the same chemical composition and the same specific gravity.Their crystals seemed to be exactly the same shape, with thesame angles. In short, the compounds seemed identical byevery test he had made.

Yet when Mitscherlich studied solutions of the two substances in the polarimeter, he could see a big difference in their behavior. The solution of sodium-ammonium tartraterotated the plane of polarized light toward the right—it wassaid to be optically active. In contrast the solution of sodium-ammonium paratartrate was optically inactive it had noeffect on the plane of polarized light.

Furthermore this same puzzling difference in behavior could be found in all the other tartrate and paratartrate compounds. Solutions of the tartrates, as well as tartaric aciditself, were optically active; the paratartrates and paratartaric acid were optically inactive.

Pasteur turned the puzzle over and over in his mind. Since the two groups of compounds behaved so differently whenviewed in the polarimeter, there must be some differencebetween them—some difference that Mitscherlich had overlooked.

Louis remembered the theory of an English scientist, John Herschel, who had suggested that the optical activity ofquartz crystals might be related to their asymmetric shape.Perhaps, thought Pasteur, this was also true of the tartrates.Since they were optically active in solution, it was possibletheir crystals might be asymmetric.

With this idea in mind, the young chemist made a systematic examination under the microscope of the crystals of tartaric acid and the nineteen tartrate compounds which hehad been studying. It was an eye-straining job because thecrystals were so small—no larger than grains of granulatedsugar.

At length he detected something strange—there were little extra faces on one side of each crystal! They were so very tiny that they had escaped the observation of Fredericde la Provostaye, the French scientist whose study of thetartrates Louis had been using as a model. What was moreimportant—Mitscherlich had missed seeing them, too.

Pasteur felt a flush of triumph. He was right—the tartrate crystals were asymmetric! This might be the clue to Mitscherlich’s puzzle. The young chemist hypothesized:

“The paratartrate compounds, unlike the tartrates, do not show optical activity. Therefore, perhaps the crystals of theparatartrates are symmetric rather than asymmetric—theymay not have the little irregular facets I have found on thetartrate crystals. If so, that would clear up everything—itwould explain the difference in behavior between Mitscherlich’s two compounds.”

Eagerly Louis prepared the same two compounds Mitscherlich had studied so thoroughly—double tartrate of sodium and ammonium, and the corresponding paratartrate compound—and crystallized their solutions. First, he put thecrystals of the tartrate compound under the microscope.Yes—there they were—the little extra facets he had expectedto see.

Then he examined the crystals of the paratartrate. As he told the story later, “for an instant, my heart stopped beating”—so great was his disappointment. His hypothesis had beenwrong. These crystals, too, had exactly the same irregularlittle facets he had seen on the tartrate crystals.

Instead of giving up, Pasteur began studying the paratartrate crystals more closely than ever. He turned them around and around under his microscope, examining them fromevery angle until his eyes ached.

At last his persistence paid off. The crystals were not all alike! In some, the tiny extra facets were on the left side ofthe prism while in others, they were on the right side. Inother words, the paratartrate compound had both right-handed and left-handed crystals, similar to the right- andleft-handed crystals of quartz. (See accompanying sketch.)
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Right-handed and left-handed crystals of the paratartrate compound which Pasteur investigated.

He had these drawings made to show in accurate detail the tiny facets he discovered.






Pasteur was greatly excited now—maybe he was on the right track after all. With fine tweezers he began to pickup the tiny crystals one by one, painstakingly examiningeach one under his microscope. The left-handed crystals heput in one pile and the right-handed ones in a second pile.

At this point he was able to formulate several new hypotheses. The first was this one:

“The right-handed crystals which I have obtained from the paratartrate have the same asymmetric shape as thecrystals of my tartrate compound. In both kinds of crystals,the extra facets are on the right side. Therefore,” Louisreasoned, “a solution of my right-handed paratartrate crystals should rotate light to the right, the same way my tartratecrystals do.”

He proceeded to dissolve the pile of right-handed crystals —then he examined the solution in the polarimeter. Thistime, his hypothesis was correct! The solution did rotatelight to the right, just as he had expected it would.

Pasteur’s second hypothesis was this:

“The left-handed crystals of my paratartrate compound are the mirror image of the right-handed ones. Therefore,in solution they should rotate light to the left, exactly as faras the right-handed crystals rotated it toward the right.”

He weighed out and dissolved crystals from the second pile, taking care to give this solution the same strength asthe previous one. When he viewed his “left-handed” solution in the polarimeter, he found it was behaving exactly ashe had predicted it would. His second hypothesis was correct.

Now Pasteur was ready to test his third hypothesis—the most important of all.

He reasoned:

“If I mix a solution of these right-handed crystals with an equally strong solution of the left-handed ones, they shouldneutralize each other. The mixture would rotate light neither to the right nor to the left. It would be optically inactive.”

His hands were shaking a little with tension as he prepared the two solutions, using exactly the same weight of crystals and the same amount of water for each. Then, holding his breath, he examined the mixture in the polarimeter.Again he was right! It was optically inactive, just like theparatartrate solution Mitscherlich had studied.

Here, at last, was the answer to Mitscherlich’s puzzle.

Solutions of his two compounds behaved differently when seen in the polarimeter because they really were different—the tartrate contained only right-handed crystals while theparatartrate compound contained both left-handed and right-handed ones.

Louis was so excited that he jumped up from his worktable and rushed out of the laboratory. In the hallway he bumped into one of his fellow workers.

“I’ve made a great discovery!” he announced. He grabbed the startled man and pulled him along the hall. “Come on!I must tell you about it!”

In a nearby garden the two men walked up and down, up and down, while Louis poured out the story of the tartratepuzzle and how he had solved it.

At the age of twenty-five Louis Pasteur had, indeed, made an important discovery. His finding that crystals of the tartrates and paratartrates were asymmetric led him to theorizethat the molecules of these substances were also asymmetric.And he further theorized that the shape of the crystals ofcertain substances—such as the tartrates—had a relationshipto the shape of their molecules. Through these theories andPasteur’s later research on the subject of molecular asymmetry, he helped to lay the foundation for the new scienceof stereochemistry—the study of the shape of molecules andthe various patterns in which their atoms are arranged.

Louis immediately announced his discovery at the Academy of Sciences in a paper entitled, “Research on the Relationship That May Exist Between Crystalline Form, Chemical Composition and the Direction of Rotary Polarization.” But he did not have much time to enjoy his achievement. Less than a week later he received word that hismother had had an attack of apoplexy. She died on May 21,1848, before he could reach Arbois. Her death was such ashock to Louis that he could not think of his studies. Heasked for a short leave of absence.

Meanwhile, in Paris, Balard was proudly spreading the word of his pupil’s remarkable discovery among leading scientists. One of the most important of these men proved tobe rather skeptical. He was Jean Baptiste Biot, who had discovered that right- and left-handed quartz crystals rotatedthe plane of polarized light in opposite directions. Biot declared, “I should like to examine closely that young man’sresults.”

On Louis’s return to Paris, he made an appointment to see Biot at the College of France, where the older scientistwas living. Under the watchful eyes of Biot he repeated hisexperiment. When the results came out exactly as Pasteurhad predicted, Biot took him by the arm and said warmly,“My dear boy, I have loved science so much all my life thatthis stirs my very heart.”

From that day on, Biot treated Pasteur like a son. He followed attentively each step of the young man’s researchand gave him good advice. Moreover he presented a detailedand very favorable report on Louis’s discovery to the Academy of Sciences, emphasizing its importance.

In the autumn Pasteur was appointed a professor of physics in the high school at Dijon. He tried hard to be a goodteacher but he was bored and restless because he had nochance for research.

Balard and Biot lost no time pulling strings and using their influence to help him. After three months he was transferred to the university at Strasbourg, where he was madeassistant professor of chemistry.


4

 Pasteur Falls in Love


 Louis liked the city of Strasbourg and its university. Here he had the laboratory he needed for his crystal studies. And he was welcomed by an old friendfrom the Ecole Normale, Pierre Augustin Bertin, who wasnow a professor of physics.

“I have rooms for you in my house,” Bertin announced. “It’s only a few steps from the school.” Pasteur acceptedgladly.

As was expected of the new professors, he soon paid a formal call at the home of the rector of his academy. InMonsieur Laurent’s cheerful house, the young Pasteur foundan even greater attraction than the school, his laboratory, orhis friend, Bertin. The rector had a blue-eyed daughter named Marie. She was twenty-two years old, charming, gentle and gay. Louis promptly fell in love.

Although he wanted to propose to Marie at once, he knew this would never do—it would shock everyone. The correctprocedure, in keeping with the French custom of the time,would be to ask his father to come to Strasbourg. The seniorPasteur would then call on Marie’s father and ask for herhand in marriage, for his son.

But Louis was too much in love and too impatient to wait for all this ceremony. Jean Joseph Pasteur was manymiles away in Arbois; it might be weeks before he could getto Strasbourg. Suppose—during that time—Marie should become engaged to someone else!

Less than a month after Louis arrived in town, he sat down and wrote a letter to Marie’s father:

“Sir: A request of the highest importance to me and to your family will soon be made to you and I feel it is myduty to furnish you with the following information, whichmay help decide your acceptance or refusal.

“My father is a tanner in the small town of Arbois in the Jura. My sisters keep house for him and help with thetrade. We had the misfortune to lose our mother last May.

“My family is in comfortable circumstances but without fortune. I would not value our possessions at more than fiftythousand francs, and I decided long ago to hand over myshare to my sisters. Therefore I have no property at all. Myonly assets are good health, an honest heart and my positionat the university.

“I graduated from the Ecole Normale two years ago, with a fellowship in physical sciences. I have held a doctor’s degree for eighteen months and have presented to the Academyof Sciences some studies which have been very well received.

“This, sir, is my present situation. As to the future, unless my tastes change, I mean to devote myself to chemical research.” He described further his ambitions and prospectsand then concluded:

“My father will come to Strasbourg to make a proposal of marriage. No one here knows of my intentions and you maybe assured, sir, that if you refuse me, no one will know of it.”

After the proper polite concluding phrases, he added as a postscript, “I was twenty-six last December 27th.” And heenclosed with his letter a copy of the flattering report Biothad written on his crystal discovery.

Jean Joseph duly came to Strasbourg at the end of February. On Sunday evenings Louis went to the receptions given for the professors at the Laurents’ home. Yet the weeks ofMarch drifted by and still the rector gave no response tothe proposal. He hardly knew this young man and thoughthim rather forward.

Louis became more and more uneasy and worried until he finally decided on a new approach. He had noticed thatMadame Laurent seemed somewhat more friendly towardhim than her husband, so on March 31 he wrote to her, requesting a few private words on the coming Sunday evening.He added:

“I am afraid Mademoiselle Marie may have formed an unfavorable impression of me. I am well aware that there is nothing in me to attract a young girl’s fancy. But experiencetells me that when people get to know me well enough, theylike me.” He enclosed a respectful note to Marie, which heasked Madame Laurent to pass on to her daughter if sheapproved of it.

Actually, Pasteur had been too hard on himself. He was not handsome, but he had a pleasant, open face with spectacles covering his gray-green eyes. And Sunday eveningbrought him the encouragement he wanted—a special smileand handclasp from Marie.

He was rapturously happy and the next day he wrote her again. He still sent the letter through Madame Laurent butthis time he addressed her not as “Mademoiselle” but “Mydear Marie.”

“Now I have confidence that you will love me,” he wrote. “Thanks, a thousand thanks for your love. I was so restless.I have only one thought: you. My work no longer meansanything to me—I, who so much loved my crystals.” Heasked for the exact days and hours he might call on her.

Within two months, there was a wedding in the Church of Sainte Madeleine.

Pasteur’s marriage to Marie was one of the luckiest acts of his life. His wife was interested in his studies; she askedhim to teach her crystallography so that she could serveas his laboratory assistant. Later on she learned about silkworms, microbes, and vaccines. Louis would dictate his correspondence to her, and she also copied out his scientificpapers in her neat, clear handwriting.

Her own letters to her family show that she had a good sense of humor. This was fortunate for her; it was not easyto live with an intense, single-minded genius. And she grewto accept philosophically the fact that her husband workednights and weekends as well as days when he was deep ina research problem.

Louis and Marie loved each other for forty-six years—until he died with his hand in hers.
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On the Trail of Racemic Acid


Louis and Marie Pasteur spent four happy years together in Strasbourg. In April, 1850, a littlegirl was born, whom they named Jeanne, and in Novemberof the following year they had a son, Jean Baptiste. Biot consented to be the boy’s godfather.

“Louis is a model father,” wrote Marie to Jean Joseph Pasteur. “Even though he’s working hard he finds time eachday to cradle his newborn son, and to take care of his daughter when I am busy.”

Louis enjoyed his classes and had time for further studies of crystals. He wrote reports on his findings for the Academyof Sciences, sending his papers first to Biot for criticism.

The wise old scientist gave some good advice on their wording. He objected particularly to Pasteur’s mention of“a result which deserves to attract great attention.” Oneshould never speak so flatteringly of one’s own work, saidBiot. It was better to say more simply, “a result which seemsto me to offer much of interest.”

Pasteur was growing more and more fascinated by asymmetric crystals and the clues they provided to the shape of molecules. He analyzed a solution of right-handed crystalswhich he had separated from paratartaric acid and found itwas identical with the tartaric acid that chemists were familiar with. In contrast his left-handed crystals in solutionformed an entirely new and unknown form of acid—a “left-handed” tartaric acid. To Pasteur, this difference indicatedthat the molecules of these two acids—as well as theircrystals—might be mirror images of each other. And hebegan to investigate several other acids, to see if he coulddetect right-handed and left-handed molecules in them.

He worked so hard that Marie became alarmed, fearing that he was injuring his health. But he was not to be stopped,and wrote glowingly to Chappuis, “I am on the verge ofmysteries and the veil that covers them is growing thinnerand thinner. The nights seem too long but I don’t complainbecause I prepare my lectures easily and have five full daysa week to devote to my laboratory. I am often scolded byMadame Pasteur but I console her by telling her that I shalllead her to fame.”

One thing bothered him—he had trouble finding the supplies of paratartaric acid that he needed for his research. For some reason the acid had become very scarce in recentyears. Unfortunately no one knew how to make it or whatcaused it to form. Other chemists besides Pasteur were interested in studying it, and the Paris Pharmaceutical Societyhad offered a prize of fifteen hundred francs to anyone whocould produce it synthetically.

This elusive substance had been first discovered in 1820 by Kestner, an Alsatian manufacturer of tartaric acid. Tartaric acid was obtained from tartar, which collected as athick crust on the inside of wine vats during fermentation.Kestner had noticed odd little tufts of crystals appearingoccasionally among the ordinary tartaric acid crystals he wasproducing. The new substance, called paratartaric acid, hadalso been named racemic acid, from the Latin word for“cluster of grapes.”

After Kestner’s discovery, other manufacturers of tartaric acid sometimes spotted a few racemic acid crystals in theirproduct. Then suddenly they ceased to appear. Not evenKestner could find them in his vats. This state of affairs wasvery frustrating for research chemists like Pasteur.

He first found the trail of the missing racemic acid in August, 1852, during a trip to Paris. Biot invited his youngfriend to meet Mitscherlich, the German chemist who hadfirst posed the tartrate puzzle that Louis had solved. At Biot’ssuggestion, Pasteur brought along his left-handed and right-handed crystals and gave a two-hour demonstration beforethe friendly and interested German scientist. Louis was delighted with the meeting and the best part of it was somenews that Mitscherlich had for him—a certain German manufacturer was said to be producing racemic acid onceagain.

“I’ll go to Germany,” Pasteur decided immediately. “I must discover the source of racemic acid.”

The trip would cost at least a thousand francs—a huge sum for a young husband and father who earned only 2,750francs a year. He begged Biot and Dumas to get the moneyfor him from the government or the Academy of Sciences.He even considered applying directly to the President ofthe Republic.

Pasteur’s friends promised to help—if he would just have a little patience. But when he received Mitscherlich’s letterof introduction to the German manufacturer, he felt hecould not wait another minute for the red tape to unwind.He scraped together what funds he could borrow and setout, trusting that the grant would come through and Mariecould forward him enough money for the return trip.

He went first to the German town of Zwickau, where Mitscherlich’s manufacturer of tartaric acid had his factory.There Pasteur was disappointed to learn that Mitscherlichhad been mistaken; the manufacturer was finding so littleracemic acid in his vats that he did not bother to save it.But he gave his French visitor samples of the two kinds oftartars he used—one of which he imported from Austria andthe other from Italy. Furthermore he offered a bit of information that made Pasteur prick up his ears. Some years before,the German explained, he had found sizable amounts ofracemic acid in his vats—and at that time, his tartars h,adcome from Trieste.

Obviously the next step for Pasteur was to locate the source of the different tartars. From Zwickau he went tothe German city of Freiberg, where he investigated moretartaric acid factories. From there he followed the trail toVienna, then on to Prague, like a man tracking down cluesin a treasure hunt. He visited manufacturers of tartaric acidand refiners of crude tartar. Wherever he went he “borrowed”laboratories to analyze samples of the substances.

Pasteur had intended to go as far as Trieste in his search but this proved to be unnecessary—by the time he reachedPrague, he had pieced together the solution of the mystery.In the first place, he learned that the source of the tartarswas an important factor, since tartars originating in different regions varied widely in the amount of racemic acidthey contained.

But his most valuable finding was confirmation for a suspicion he had formed even before he left Strasbourg.Many manufacturers who had formerly used crude tartarshad now switched to tartars that had already passed throughone refining process. During the refining, the part of thetartar that contained most of the racemic acid was thrownaway. Thus it was no wonder that the acid had disappearedfrom Europe.

While in Prague, the traveler visited a chemist who claimed to have produced racemic acid synthetically fromtartaric acid. Pasteur soon found that the man was mistakenbut the experience fired Louis himself with a new ambition.He would find a way to transform pure tartaric acid intoracemic acid.

Back again in his own laboratory, he worked on the problem all winter and by the following May he had solved it. His method was to keep one of the tartrate compounds,cinchonine tartrate, at a high temperature for several hours.When he crystallized his synthetic racemic acid, it containedright- and left-handed crystals, exactly like the crystals ofnaturally formed racemic acid.

This feat won Pasteur new recognition. In August, 1853, he was made a chevalier of the Legion of Honor and, inNovember, the Paris Pharmaceutical Society awarded himits fifteen-hundred-franc prize. The money was particularlywelcome to the Pasteurs because their family was still growing. A third child, Cecile, had been born just the monthbefore.

However, the earnest young scientist could spare only half the prize money for his family expenses. The other half wasspent on equipment for new research projects—apparatusPasteur had not been able to afford on his small laboratoryallowance from the government.

Gradually his imaginative mind had been carrying him into a bold new line of speculation. From the theory thatthe shape of certain crystals had a relation to the shape oftheir molecules, he had advanced to an even more startlingidea. The shape of molecules, he thought, might be the keyto the difference between living and nonliving things.

Among the substances Pasteur regarded as living things, he included the tartrates, which had their origin in the tartar formed from grapes. As he had discovered, the tartrateshad asymmetric crystals which were optically active in solution. And as his friend, Biot, had discovered some yearsearlier, certain other substances—including sugar, camphor,and turpentine—were optically active in the liquid stateand in solution.

Quartz was different. Its crystals were asymmetric and optically active but when these were dissolved, the solutionproved to be optically active. Pasteur believed this indicatedthat the quartz molecules themselves must be symmetricrather than asymmetric.

On the basis of these facts and theories, he drew a tentative generalization: Substances which came from living things—such as the tartrates, sugar, and camphor—werecomposed of asymmetric molecules. Nonliving things—suchas quartz—were composed of symmetric molecules.

Pasteur was not content with merely theorizing. He became ambitious to transform the symmetric molecules of a substance into asymmetric molecules—thus changing a nonliving substance into a living one! This was a big order—asPasteur knew very well. In his attempt to bring about sucha transformation, he experimented with various devices. Forinstance, he used very powerful magnets to try to introduceasymmetric influences during the formation of crystals.

But the results of months of such experimentation were discouraging. “My studies are going badly,” he wrote tohis father at the end of 1853, adding ruefully, “One has tobe a bit crazy to undertake what I have undertaken.” Pasteureventually turned away from this line of research, althoughin future years he went back several times to his crystalstudies. And it was a long time before he finally gave up hisdream of transforming a nonliving substance into a livingone.

Even today, more than one hundred years later, scientists are still struggling with the problem of synthesizing livingmatter. They have learned that Pasteur was on the right trackin finding a relationship between optical activity and life—but the distinction between living and nonliving things israther more complicated than he believed it to be.

In spite of Marie’s chidings, he did seriously overwork himself and, early in 1854, he was granted a leave of absencefor his health, fortunately with pay. He and his familyrented rooms in Paris, where Louis took advantage of thechance to do some experiments with Biot and to attendDumas’ lectures, seeking pointers for his own teaching.

By autumn Pasteur had fully recovered and he was appointed professor of chemistry and dean of the newly organized faculty of sciences at Lille. He went on ahead to his new post, leaving Marie to follow with the three children.

As dean, he was expected to make a speech at the school’s opening ceremonies. Louis dreaded the task; he had alwaysbeen timid about addressing big audiences. But his speechwas such a success that he wrote Marie the same day, “Largemeetings no longer scare me; instead, they stimulate me.”During his speech Louis Pasteur used one sentence thatwas to prove true in his own life again and again. In thefields of scientific observation, he said, “Chance favors onlythe mind that is prepared.”
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What Pasteur Found in the Beet Juice


Louis continues to work with enthusiasm. He is up to his neck now in beet juice,” MadamePasteur wrote to her parents from Lille in December, 1856.

Six weeks earlier, a Monsieur Bigo, the father of one of Pasteur’s students, had come to him with a problem. Bigomanufactured alcohol from sugar beets. Recently his beetjuice had been spoiling instead of turning into alcoholproperly.

“Can you tell me what is wrong?” he asked.

Pasteur promised to investigate. He knew it was his duty; the government had issued an order that all science professors in the universities should use their knowledge, wheneverpossible, to help French industries. And the raising andprocessing of sugar beets was one of the most importantindustries of the Lille region.

He had another good reason for tackling Bigo’s problem. It fitted in with a mystery of science that Pasteur was becoming more and more curious about—the cause of theprocess of fermentation.

For a while the chemistry professor visited Bigo’s factory almost daily. He poked about among the big vats where the beet juice was kept and watched every step of the manufacturing process.

To make alcohol, the workers added to a vat of fresh juice a small amount of a yellowish substance—yeast. Gradually the yeast spread to form a mold. Little bubbles appearedin the juice and it was then said to be fermenting.

When fermentation was “healthy,” the sugar in the beet juice was gradually changed into alcohol. But sometimes thefermenting juice turned into a sour, spoiled liquid that Bigohad to throw away.

Pasteur collected samples of the juice, as well as the thick deposits in the vats. He took them to his laboratory wherehe had a low-powered student’s microscope. After studyingscores of samples, he began to detect a slight difference between them.

In healthy juice, where fermentation was proceeding properly, he could see small round globules which he recognized as yeast cells. In the spoiled juice, he noticed globules thatwere oblong and much smaller.

He told Bigo, “Keep a check on your beet juice with a microscope. When the globules are round, your juice willferment successfully. But if you see oblong globules, throwout the juice. It’s going to spoil.”

“When you start a new fermentation,” Pasteur warned, “be sure to add the round yeast globules—keep out the littleoblong ones. Then your fermentation will be healthy.”

This advice cleared up Bigo’s trouble. But Pasteur’s study of the little globules had made him more eager than everto investigate the questions that were then puzzling scientists :

Why and how does fermentation bring about the changing of beet juice into alcohol—and of grape juice into wine?

Why does milk ferment and turn sour?

How is fermentation related to the process of putrefaction—the spoiling and decay of meat, eggs, and other foods ?

By 1856, scientists had made some progress in analyzing what took place chemically during these changes. For instance, they had learned that the bubbling in fermentingbeet juice was caused as carbon dioxide gas formed alongwith the alcohol and escaped into the air.

In addition to the process of alcoholic fermentation—in which sugar is changed into alcohol—the scientists hadstudied several other types of fermentation. Lactic acidfermentation, they discovered, took place when milk souredand the sugar in it changed into lactic acid. Acetic acidfermentation occurred as wine or cider changed into vinegar.Putrefaction was usually considered still another kind offermentation.

But what brought about these fermentations? On this point there was much confusion and disagreement.

“Fermentation is simply a chemical change,” said the most influential chemists of the day. “When beet juice ferments,the molecules of sugar are broken down and their atomsrearranged to form new kinds of molecules—chiefly thoseof alcohol. During putrefaction the molecules in rotting meatare broken down and their atoms are rearranged in somewhat the same way.”

“No, fermentation is brought about by living agents,” a few scientists suggested. “The living agent in alcoholicfermentation is yeast.” These scientists tried to carry outexperiments supporting their claim but the experimentssometimes failed and their theory of “live” yeast was ridiculed by most authorities.

Some chemists said that yeast was merely a catalyst, a chemical substance that brought about alcoholic fermentation without actually becoming a part of the process. Stillanother view was held by Justus von Liebig, a very famousGerman chemist. Liebig admitted, “It is possible that yeastmay once have been a living thing, a microscopic plant, If so,when fermentation takes place it is dead and its moleculesare breaking down and vibrating. This vibration helps breakdown the sugar molecules to form alcohol and carbon dioxide.”

Pasteur sided with the few scientists who believed that fermentation was brought about by a living thing of somekind. He was led to this belief in a roundabout way, throughhis study of crystals and his work with the polarimeter.

During his first year in Lille, he had made a thorough study of amyl alcohol. This chemical substance was producedin small amounts during fermentation and had rather complicated molecules compared with some more commonkinds of alcohol. When Pasteur observed one form of amylalcohol in the polarimeter, he could see that it was opticallyactive. According to the theory he had developed while atStrasbourg, optical activity in a liquid indicated that itsmolecules were asymmetric, a characteristic that distinguished living things from nonliving things. Therefore, hetold himself, the fermentation that produced amyl alcoholmust somehow be a process involving life—not just chemicalchange.

Said Liebig, “Naturally amyl alcohol is optically active. It is derived from sugar—and sugar itself is opticallyactive.”

This explanation did not satisfy Pasteur. He reasoned, “The complicated molecules of amyl alcohol are very different from sugar molecules. They would have lost theiroptical activity during fermentation unless—as I believe—fermentation itself is due to living agents.”

His belief was so vague and had so little evidence to support it that he did not even consider it a working hypothesis. He referred to it as a “preconceived idea.” In later years,Pasteur was to have many other preconceived ideas. Someof them led to his most brilliant discoveries. Others provedto be contrary to the facts he developed by experimentation.In these latter cases he was deeply disappointed but he neverhesitated to discard the idea at once.

Pasteur now set to work in his laboratory to see if he could find evidence of the living agents of fermentation. Hehad to do his research at odd moments since he was busy withclasses and his duties as dean. Luckily the laboratory wasright beneath his apartment. He could work late at nightand keep a continuous check on his experiments.

He made a special study of the round yeast cells which he believed were the living agents causing alcoholic fermentation. When he put a few of the globules in a solution containing sugar, the mixture began to ferment and the sugarwas changed into alcohol. Pasteur also watched the yeastglobules reproduce themselves by the process called budding.A little lump, or bud, would form on a “mother” globule,grow to full size, break free, and then begin to develop abud of its own.

But other scientists, too, had seen and reported the budding of yeast cells; Liebig and his fellow chemists had not been impressed. Liebig had argued, “If yeast is necessary toproduce fermentation, how can you explain the fact that itis not needed in other types of fermentation besides alcoholic fermentation? Consider the production of lactic acid,for example. Nothing resembling yeast is present during thatfermentation.”

Pasteur thought, “Suppose I could prove that a living agent—something like yeast—brought about lactic acid fermentation. That would knock out one of Liebig’s strongest arguments.”

Chemists already knew a way to bring about a lactic acid fermentation. If they put a little chalk and some albuminor other nitrogenous material into sugared water, the sugarwas gradually changed into lactic acid. They suggested various and often conflicting reasons for this change, but Pasteurthought he had the right answer.

His research on beet juice had given him the key. In making a chemical analysis of the juice as it turned sour, he had discovered that a lactic acid fermentation was taking place.Pasteur suspected the fermentation was brought about bythe tiny oblong globules he had found in the thick substanceof the spoiled juice. A similar gray, clotted substance, formedmostly of nitrogenous material, appeared during the souringof milk and in other lactic acid fermentations.

In this thick, clotted deposit, it was difficult and sometimes impossible to distinguish the tiny oblong bodies. No wonderobservers had not noticed them before! But Pasteur’s sharpeyes had caught them—and he believed they were alive. Heset out to find a way to grow the oblong globules so he couldstudy them.

He concocted a clear “soup” for them—what we now call a nutrient bouillon. In his “recipe” he used the ingredientsthat had seemed to be favorable for a lactic acid fermentation—nitrogenous material, chalk, and sugar. To make hisbouillon, he first poured boiling water on brewers’ yeast andlet this mixture stand for a while at a temperature of 1oo°C.(2i2°F.). Part of the protein and mineral matter of the yeastbecame dissolved in the water, supplying the nitrogenousmaterial he needed. Then he filtered out and discarded thesolid part of the yeast, leaving a clear liquid into which hedissolved some sugar.

Pasteur put some of this nutrient bouillon (called “sugared yeast water”) into a flask and added to it a little chalk anda bit of the thick gray stuff from a lactic acid fermentation.He set the flask in an oven at 30°C. to 35°C. (86°F. to 95°F.)and left it there overnight.

Early the next morning he hurried downstairs to inspect his flask. Something was happening in it! The clear liquidhad become cloudy and was bubbling gently. Clots of a graysubstance were beginning to form on the glass sides of theflask. And when Pasteur examined this substance under themicroscope, he found in it the same kind of little microscopicoblongs he had spotted before.

He sowed a few of the oblong globules in a flask of sugared yeast water. Lactic acid began to form, but rather slowlyand weakly. When he added a little chalk there was a muchlivelier fermentation; the globules multiplied and lactic acidwas formed more rapidly. After performing the same experiment many times, Pasteur came to this tentative conclusion:“The chalk neutralizes the liquid, and the little globulesevidently prefer a neutral bouillon to an acid or alkaline one.”

As for the brewers’ yeast—he believed that its protein and mineral matter simply served as food for the globules. Anystray yeast cells that managed to slip through the filter intohis bouillon were sure to be dead ones, killed by the boilingwater. He tested this belief by experimenting with otherrecipes for his bouillon, substituting other kinds of nitrogenous matter for the filtered yeast extract. The globulesgrew successfully in some of these substitute bouillons, too.

Working night after night in his laboratory, Pasteur carried out hundreds of experiments while his patient wifewaited upstairs. He tried to grow his lactic acid globulesunder all sorts of conditions. He experimented, too, with alcoholic fermentation and other types of ferments.

During the winter and spring of 1857, the young professor occasionally lectured to his students and to the Lille Scientific Society on some of his findings concerning thechemical changes that took place during various fermentations. But he did not yet dare to say he thought his fermentswere alive.

Finally, on August 3rd, Pasteur gave a detailed report on his lactic acid research before the Lille Society. Choosing hiswords very carefully, he reminded his audience that an alcoholic ferment, yeast, is to be found wherever sugar breaksdown into alcohol and carbonic acid. In the same way, heexplained, “there is a specific ferment, a lactic yeast, whichis always present when sugar turns into lactic acid.” (Laterhe recognized that the ferment he called “lactic yeast” wasactually a species of bacteria.)

And still he avoided saying flatly that the little oblong globules were living things which produced lactic acid. Hestated cautiously, “Throughout this paper I have reasoned onthe basis of the hypothesis that the new yeast is organized, that it is a living thing, and that its chemical action on sugarcorresponds to its development and its organization.”

Although Pasteur did not mention Liebig’s name in his paper, he was clearly contradicting that celebrated chemistin his further statement that “fermentation appears to becorrelative to life and to the organization of globules, andnot to their death or putrefaction.” Pasteur was frank toadmit, however, that he was following a line of thought“which, strictly speaking, could not be irrefutably demonstrated.” Not until years later did he develop experimentswhich backed up his hypothesis with solid proof.

Four months later he published a second paper, dealing with his research on live yeast globules as the agent in alcoholic fermentation. These two papers did not make muchof a stir in 1857 and they did not convince Liebig and hisfellow chemists. Nevertheless, they are considered milestonesin the history of microbiology.

“With Pasteur began the domestication of microbial life,” Dr. Rene J. Dubos, a leading American scientist, has written. Pasteur showed how a “wild” microorganism could betamed and made to work more efficiently—in bringing abouta fermentation, for example. Its growth could be controlled;it could be encouraged or discouraged, according to thetreatment it was given. If a certain kind of microorganismwere placed in the right nutrient bouillon, which gave it theright kind of food and living conditions, it would grow andreproduce many microorganisms just like itself. These microscopic “children” would carry on the same type of life andactivity as their parents.

Moreover, Pasteur learned that different microorganisms had widely differing preferences as to food and living conditions. Some kinds had very special requirements in food andsome were more fussy than others about the temperature.Also, some microorganisms—such as those producing lacticacid—grew best in a neutral bouillon. Other types preferredan acid or an alkaline bouillon. If a microorganism were putin an acid bouillon when it preferred an alkaline one, itsgrowth and reproduction might be slowed down or stoppedaltogether.

Before Pasteur’s day, scientists had believed that one kind of fermentation might be transformed into another kind.For instance, they thought lactic acid and acetic acid fermentswere products of alcoholic fermentation. But Pasteur showedthat this theory was not correct—each kind of fermentationis produced only by its own specific kind of microorganism.

You did not need to sow a ferment, he also pointed out. It could appear spontaneously, as a weed springs up in aplowed field. Sometimes several kinds of ferment might appear in the same liquid. “One might compare what happensin fermentations,” Pasteur explained, “to the soil in whichnothing is planted. It is soon choked with plants and insectsof various kinds.”

If you wanted to grow one particular ferment in the “field,” it helped to sow some of that ferment so it wouldhave a good head start. With favorable living conditions, yourferment might choke out most of the “weeds”—those uninvited microorganisms that managed to slip in. For example, Pasteur had shown Bigo how to make sure he was sowingyeast globules—not a lactic acid ferment—in his beet juice.With a healthy yeast ferment under way, it was not so serious if a few lactic acid microorganisms slipped in.

One of Pasteur’s goals was to develop techniques for growing a single kind of microorganism by keeping out or killing all the other microscopic plants and animals. A single kindof microorganism growing in a nutrient bouillon is knownas a pure culture.

Another experiment which Pasteur carried out during this period at Lille impressed him deeply because it formeda bridge between his studies on crystals and fermentation.Late in August, several weeks after presenting his first re-port on lactic acid fermentation, he happened to notice atartrate solution that had been standing for some time inhis laboratory. It was beginning to ferment; a mold wasforming on it. Pasteur guessed that this mold must be thefermenting agent, which had somehow gotten into theliquid.

Immediately Pasteur’s active mind thought of an interesting problem. Could he bring about a similar fermentation in a solution of a paratartrate—one of those compounds whichhe had discovered would form right-handed and left-handedcrystals ?

He sowed a bit of the mold in a paratartrate solution and found out that it did, indeed, ferment. Furthermore, whenhe examined some of the fermenting liquid in the polarimeter, he was amazed to discover that this paratartrate solution—ordinarily optically inactive—was gradually becoming optically active. As fermentation continued, Pasteur keptchecking samples of the liquid in the polarimeter and hesaw that the fermenting liquid was causing the plane ofpolarized light to rotate more and more toward the left.

When fermentation had stopped, he crystallized the liquid. Examining the crystals under his microscope, he discoveredthey were all left-handed ones—all of the right-handed crystals had disappeared! Apparently the ferment had chosen to“feed” only on the right-handed tartaric acid in the solution.
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A page from one of Pasteurs laboratory notebooks, during his early fermentation research. He has drawn and minutely describedsome of the yeasts and mold spores he studied with his low-powered microscope. Although his drawing is crude, it is so accurate that modern microbiologists can identify the organismsPasteur saw.




This surprising result—in which a ferment changed an optically inactive solution into an optically active one—madePasteur more convinced than ever that yeast and otherfermenting agents must be living things.

In later years, as scientists dug still deeper in their investigations of fermentation, they learned that while Pasteur was right in calling his ferments living organisms, there was alsotruth in the theory that fermentation was brought about bychemical substances—catalysts. In 1896 a German chemist,Eduard Buchner, isolated such a chemical in yeast. Hisresearch showed that the little yeast plant itself manufactured this catalyst—one of the group of chemical substanceswhich are produced by living cells and which are calledenzymes.




Two months after Louis Pasteur presented his lactic acid report, he returned to Paris as director of scientific studiesand administrator at his old school, the Ecole Normale.

“Our faculty loses a professor and a scientist of the very first order,” the rector at the Lille university said of him.During Pasteur’s three years at the school, he had built upthe science department and brought in fresh teaching ideas.One of his innovations was the planning of student fieldtrips to factories, steel mills, and metalworks—a practice almost unheard of at that time.

Another important honor had come to him during his last year at Lille—the Royal Society of London awarded him itsRumford Medal for his discoveries in crystallography. Scientists outside France were beginning to take notice of theaccomplishments of this young French chemist. For Pasteurwas not yet thirty-five.
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The Great Battle Over Spontaneous Generation


In Paris the Pasteurs settled into a pleasant apartment at the Ecole Normale. It was to be their home for the next thirty-one years.

Pasteur no longer had a convenient laboratory underneath his home—in fact, he had no laboratory at all. The schoolauthorities expected him to be an administrator rather thana science professor. They saw little reason to give him a placefor performing experiments.

But this did not stop Pasteur from planning a laboratory on his own. He explored the school building and found twotiny attic rooms that were empty because no one wantedthem. He cleaned out the dust and the cobwebs and movedin with his test tubes and flasks.

Since he had no assistant, he swept out the lab and washed his own utensils. When Marie had time, she climbed thefive flights up to his attic to help him.

Pasteur was perfectly willing to carry on his experiments chiefly in his spare time. The big problem was findingmoney for chemicals and equipment. Often he paid for theseout of his own pocket, keeping the receipts in the hope thathe would get the money back one way or another. Usuallyhe managed to be repaid—but not always. He swallowed hispride and begged for funds from committees of the Academyof Sciences and from various government departments—sometimes getting turned down. Whenever he won a prizefor a piece of research, at least part of the money usually wentfor lab expenses. For years he financed his laboratory in thisuncertain way.

In spite of these difficulties, Pasteur enjoyed his life at the school. He and Marie held open house on Sunday afternoons for friends, faculty members, and students. They keptup their custom of entertaining on Sundays through muchof their life together.

In July of 1858, a little girl was born, bringing their family to three girls and one boy. They named the new arrivalMarie Louise.

Pasteur handled his administrative job conscientiously, even to such details as checking on the amount of meat eachpupil was served at a meal and seeing that the courtyard wasstrewn with sand. And he still found time to carry out newexperiments on different types of fermentations, reportinghis findings regularly to the Academy of Sciences.

He did his best to plug every loophole in his work. For example, he knew that his opponents would say that fermentation was brought about in his flasks not by living organisms but by the chemical breaking-up of the once-living matter—the filtered yeast extract and other nitrogenous material—that Pasteur put into his nutrient bouillon to serve asfood. To meet this argument, he labored to concoct a bouillon that would contain only mineral salts as food for hisferment. After many failures he did succeed in this attempt,and he proved that yeast would ferment sugar to form alcohol even in a purely mineral nutrient bouillon.

During his second year at the Ecole Normale, he began one of the hottest battles of his career—the great debate onthe doctrine of spontaneous generation. To win it, he wouldtravel from the deepest cellar of the Paris Observatory to amountaintop of the Alps.

It was a battle Pasteur knew he would have to fight sooner or later. He had advanced the startling idea that living,microscopic bodies brought about different kinds of fermentation. He suspected that they caused putrefaction, too.

But where did these microorganisms come from? Everyone knew that milk soured when it was left standing; you did not need to sow a lactic acid ferment in it. Accordingto Pasteur’s theory, living yeast globules fermented the sugarin grape juice to form the alcohol in wine. Yet no one hadto put yeast in the juice. It just appeared somehow at thetime the grapes were harvested.

Some scientists declared, “The microorganisms that appear during fermentation and putrefaction are produced by spontaneous generation. They have no parents. They areformed spontaneously from the fermenting or decaying material itself. Molecules of food and other living substancesbreak up during fermentation and rotting. Their atoms rearrange themselves into new molecules that make up newliving things—the microorganisms.”

The doctrine of spontaneous generation was thousands of years old. It had been used by men to explain the suddenappearance of living things they could not account for inany other way. Even in the seventeenth century a respectedphysician, Jan Baptista van Helmont, declared that micecould be created by putting together some old rags and apiece of cheese. Eels were thought to be spontaneously generated from mud and worms from rotting meat.

By the eighteenth century scientists had studied mice, eels, and worms closely enough to see that these creatures hadparents and children like themselves. Some investigatorsclaimed that even bacteria and other microorganisms hadparents. They tried to prove it but their experiments didnot convince the believers in spontaneous generation.

In Pasteur’s time a leading advocate of the doctrine was Felix Archimede Pouchet, director of the Natural HistoryMuseum of Rouen. In December, 1858, he reported to theAcademy of Sciences on a series of experiments he had made.He titled his paper, “A Note on Plant and Animal Protoorganisms Spontaneously Generated in Artificial Air and inOxygen Gas.”

Pasteur snorted a bit when he read a copy of Pouchet’s report. He heavily underlined certain statements which hemeant to check with experiments when he had the time forit. But Pouchet did not wait to hear from Pasteur; he realizedthe chemist’s studies on fermentation were a threat to hisdoctrine. He wrote challenging Pasteur to state his views.

Pasteur replied politely, “The experiments I have made on this subject are too few and, I must admit, too variable inresults for me to dare have an opinion worthy of being communicated to you.” He told Pouchet frankly that he was notconvinced by the naturalist’s experiments, which he felt were“not founded on facts of irreproachable accuracy.” And headded, “I think you are wrong, not in believing in spontaneous generation (for it is difficult in such a case not tohave a preconceived idea) but in affirming so positively thatit exists. In experimental science it is always a mistake notto doubt when the facts do not compel affirmation. ... Inmy opinion the question is open and untouched by decisiveproofs.”

His own study of the question had to be postponed because he was too busy with other work. Then, during the summerthe Pasteurs had a family crisis. Their daughter Jeannebecame sick while at her grandfather’s house in Arbois. Mariewent to Arbois to nurse the little girl, leaving Louis in Paristo keep an eye on the younger children. Laboratory experiments had to wait while Pasteur entertained his charges. Heeven took seven-year-old Jean Baptiste to see a play called“Edward’s Children.” The boy had a wonderful time; helaughed so hard and asked so many questions that everyonearound them laughed, too, rather embarrassing his father.

Pasteur waited anxiously for news from Arbois about Jeanne. At first she seemed to be recovering—then she grewsteadily worse. The doctors tried their best to save her, butthey had no real knowledge of what caused her illness or howto fight it successfully. She died early in September of 1859.

Pasteur wrote bitterly to a friend, “Our dear little eldest daughter, life and health itself, has been taken from us bythat frightful disease that they call typhoid fever. For them,for their feeble 'science,’ it is only a word.”

In the autumn of 1859, he finally had a chance to start on spontaneous generation experiments. He had managed to geta new laboratory during the year, a small building on theschool grounds. It was rather cramped; he had to installunder a stairway the incubator he needed for his flasks ofmicroorganisms. To reach the oven door Pasteur was forcedto crawl on his hands and knees. But it was better than theattic and, best of all, he was even given a laboratory assistant.

The little building was soon stuffed with complicated equipment that he had invented for various projects. Hedeveloped dozens of different kinds of experiments but thefollowing are the principal ones, with the reasoning that ledup to them.

Pasteur hypothesized, “Many microorganisms are floating in the air. They drop on food and other living substances,grow and multiply, and bring about such changes as fermentation and putrefaction.”

Accordingly his first task was to find out whether or not microorganisms were in the air.

First he plugged a glass tube with a wad of guncotton, then used an instrument to suck air in through the tube.The cotton plug acted as a filter to catch dust and otherparticles that had been floating in the air. After twenty-fourhours the cotton became gray with these particles.

Next, he took out the cotton plug and dissolved it in a test tube containing alcohol and ether. A residue settled tothe bottom. When Pasteur examined this under the microscope, he saw many little round and oval globules mixed inwith the dust. They looked just like the tiny organisms hehad often studied under his microscope. Of course this didnot prove they were living things. Even if they had oncebeen alive, the alcohol and ether mixture had killed them.

Pasteur now decided to see if he could grow the airborne globules in a nutrient bouillon, as he had done with hisferments. He filled a flask half full of sugared yeast water,being careful to make it sterile. Even the air in the flaskwas passed through a red-hot tube to kill any microorganismsin it. Then he quickly sealed the neck of the glass flask witha flame.

As long as this flask was kept sealed, no microorganisms appeared “spontaneously” in it—even when Pasteur left itin the incubator for many weeks to encourage their growth.But as soon as he broke the seal to let in the air, a big changecould be seen in the bouillon within a day or two. The clearliquid grew cloudy and tufts of silky threads began to appear. Examining a drop of the liquid under the microscope,he discovered that the cloudy effect was caused by swarms ofbacteria. The silky threads were molds and other microorganisms of different kinds.

Pasteur next tried slipping into his sterile yeast water one of the cotton plugs on which he had collected particlesfrom the air. He used a complicated tube-within-a-tube device to keep all microorganisms out of the flask except thoseon the plug itself. Then he crawled in under his stairwayto put the flask in his incubator, making a note of the time—9 :oo A.M.

At nine the next morning he wriggled in again to inspect his flask; there was no change in the clear liquid. Yet bysix o’clock the same evening, he saw with elation that littletufts of mold were beginning to sprout from the dusty plug.In the next two days he made dozens of trips on his handsand knees to the door of that inconvenient incubator, towatch his flask as the mold spread and the liquid grewcloudy with bacteria.

Many times he repeated his experiments with the dust-covered cotton plugs, getting plenty of exercise on the way to the incubator. Each time the sugared yeast water became filled with microscopic things that grew and multiplied, although he noticed that the types of microorganismsvaried in each flask. He tried other kinds of nutrient bouillons with similar success.
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This elaborate apparatus was built by Pasteur so that a little cotton plug {arrow), on which microorganisms had been trapped,could be slipped into the sterile flask at the right while microorganisms floating in the air were kept out.





Pasteur now felt he was collecting pretty good evidence that the air contained living organisms which could reproduce themselves—if they were given the right food and living conditions.

He knew that Pouchet would probably offer the objection, “Cotton itself comes from a living plant. That explainswhy living organisms can be formed from it.” So Pasteurrepeated his experiments using a mineral substance—asbestos —to catch the particles in the air. His results were exactlythe same as with the cotton plug.

Some plugs were prepared as controls, to check these results. For example, Pasteur sterilized a wad of asbestos and, without collecting dust on it, slipped it carefully into a flaskof yeast water. Into other flasks he put dust-laden plugswhich he had sterilized to kill their microorganisms. Inboth of these experiments, the yeast water stayed clear nomatter how long the plugs remained in it.

Still, Pasteur was not ready to confront Pouchet; there was another objection that might be raised to his experiments.Many believers in spontaneous generation claimed thatordinary air, particularly the oxygen in it, contained a mysterious “life force” of some kind which was needed togenerate organisms spontaneously. They would undoubtedlyargue that microorganisms failed to appear in Pasteur’ssealed flasks because he had killed this “life force” when heheated the air to sterilize it.

To refute this argument, Pasteur developed a clever new type of experiment. The idea for it came from Balard, hisold master, who often dropped in at the little laboratory towatch the progress of his former pupil.

A flask was half-filled with yeast water, then its neck was heated until the glass melted and could be pulled out toform a long, curved tube. This was called a “swan-neck”flask because of its shape. (See drawing on next page.)

The flask was then boiled to kill the microorganisms in the liquid and, at the same time, the air was driven out bysteam. As the liquid cooled, air could enter again throughthe open end of the swan-neck. But microorganisms floatingin this air were trapped; they dropped and settled onto thelong, curved neck before they could reach the liquid in theflask.

In arranging this experiment, Pasteur was fulfilling the conditions which—according to the advocates of spontaneousgeneration—ought to be very favorable for it. Plenty ofordinary, unheated air could reach the yeast water; thus, there was nothing to keep out the “life force”—whatever it might be. Yet, as long as Pasteur kept the swan-neck flask perfectly quiet, no microorganisms appeared. Weeks and even months could pass—and still the yeast water stayed clear.
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Flasks used in Pasteur's spontaneous generation research. At the top is the type he carried to trap air in Paris and in the Alps. Atbottom is a swan-neck flask. The tubing is open at the end.






But when he tilted the flask for an instant, some of the microorganisms deposited on the swan-neck would fall intothe liquid. Soon little threads would appear in the yeast waterand it would grow cloudy—evidence that the microorganisms were growing and multiplying.

After three months of experimentation, Pasteur felt he was ready to fire his opening gun in the battle, with a reportto the Academy of Sciences on his new experiments. He rejected the theory that spontaneous generation was broughtabout by some strange life force in the air, whether it be“gases, fluids, electricity, magnetism, ozone, or anything elseknown or unknown.” Nothing in the air could produce living organisms in his sterile liquids, Pasteur stated, exceptfor the germs that were floating in it.

“Ridiculous!” retorted Pouchet. “Do you mean to say that there are germs enough in the air to reproduce themselves in all such liquids, everywhere? Why, if this weretrue, the germs would form a mist as dense as iron!”

Pasteur stood his ground and laid plans to attack from another angle. Pouchet, he knew, claimed that ordinary airwould always bring about spontaneous generation when conditions were favorable. In other words, the naturalist believedthat microorganisms would always appear in a sterile nutrient bouillon if it were exposed to unheated air. Pasteurthought this very unlikely because he suspected that microorganisms were not evenly distributed in the air. For instance, they would probably be found in far greater numbersin the dusty street of a city than on a mountaintop. Heplanned some new experiments to test this hypothesis.

A small flask was filled with sugared yeast water. The glass neck was heated and drawn out in a curve with a verynarrow opening. (See top drawing on opposite page.) Theliquid was boiled to kill all microorganisms and to driveout the air with steam. While the steam was still escaping,Pasteur quickly sealed the flask by melting the glass at the opening with a jet of flame from a blowpipe. In this way avacuum was created in the flask.

He carried several of these sealed flasks to a spot where he wanted to collect a sample of air. With sterilized pincers,he broke off the glass tip of a flask. Air rushed into thevacuum. Then he quickly sealed the flask again with a flame,trapping the air.

Pasteur kept the sealed flasks in his incubator at a temperature of 25°C. to 30°C. (77°F. to 86°F.). If the liquid turned cloudy, it was evidence that living, microscopicbodies had been trapped along with the air.

He collected samples of air in many parts of Paris and got some interesting results. For instance, he opened andsealed eleven flasks in the courtyard of the Paris Observatory, where the wind was blowing and crowds of people weremoving about. Then he carried ten more flasks down to adeep cellar of the observatory where people seldom came andthe air was very still. He moved very slowly and cautiously,trying not to stir up the least bit of dust.

In all of the eleven flasks opened and resealed in the courtyard, the liquid soon became cloudy with microorganisms. Of the ten flasks opened in the cellar, the liquid inonly one grew cloudy; the rest stayed clear. There seemedlittle doubt which place had the cleaner air.

When Pasteur went to Arbois for the summer vacation, he took along seventy-three sealed flasks. Some of these wereopened and resealed in the country near his old home. Thenthe scientist resolved to trap the purest air he could possiblyfind. He would climb the Alps!

At the town of Chamonix he hired a guide for the climb up to the glacier called Mer de Glace. He loaded a case ofthirty-three flasks on a mule and started off close behind theanimal, steadying the case with his hand so his precious flaskswould not be broken.

At the glacier Pasteur failed in his first attempt to trap air. The wind was strong and the glare of the ice dazzledhim. He could not see the flame of his little alcohol lamp,so he could not be sure his flasks were resealed properlyafter they were opened. He went back to the inn and had atinsmith fix the lamp to make the flame more visible. Thenext morning he climbed up to the glacier again.

With very great care Pasteur heated the neck of a flask in the flame of his lamp, to kill any germs that might havecollected there. He raised the flask high above his head tokeep it away from the dust of his clothes. Then he broke offthe tip with his sterilized pincers, let the air rush in, andquickly resealed it.

Working in this way, Pasteur succeeded in trapping air in twenty flasks. The liquid in all but one stayed clear andfree from microorganisms. The mountain air did, indeed,seem to be purer than the air in the dusty cities below.

In the meantime Pouchet, too, was collecting air above the sea, on Mount Etna and on the plains of Sicily. Thenaturalist reported results exactly opposite to those of Pasteur. “Everywhere the air is equally favorable to the spontaneous generation of life,” he insisted flatly. “With a cubicdecimeter of air, taken wherever you like, I assert that youcan always produce great numbers of microorganisms.”

By this time scientists in France and abroad were follow-ing the contest with keen interest. The Academy of Sciences offered a prize for the best attempt, “by carefully conductedexperiments, to throw new light on the question of so-called spontaneous generation.”

“What will be the outcome of this battle of the giants?” demanded a writer in one scientific journal. Another journalist warned, “I am afraid the experiments you quote,Monsieur Pasteur, will turn against you. . . . The world intowhich you wish to take us is really too fantastic.”

Early in November, Pasteur dramatically placed his seventy-three flasks on the desk of the academy, with a report on the nonspontaneous source of the microorganisms to befound in them. In addition, he gave a clear hint that he already suspected some of these odd, microscopic bodies ofbeing very dangerous. “What would be most desirable, hesuggested, “would be to push these studies far enough toprepare the way for serious research on the origin of variousdiseases.” He did not name any of the diseases he wanted tosee conquered. But anyone who knew him could be sure thatone target he had in mind was typhoid fever, the relentlesskiller of his daughter, Jeanne.

With his report to the academy, Pasteur dropped the subject of spontaneous generation for the time being. He felt that he had made his point and he was anxious to get backto his fermentation research.

In his laboratory he now had a long row of sealed flasks in which the liquid would stay fresh and clear indefinitely.Some of the flasks contained sugared yeast water. Othersheld boiled milk or urine, liquids which ordinarily wouldspoil quickly. But these samples would not spoil because hehad kept away from them the microorganisms that broughtabout putrefaction.

Pasteur stored the flasks away carefully. They would make good ammunition for the next round in his battle withPouchet.
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Life Without Air


While studying the fermentation which produces butyric acid (the acid formed as butter becomes rancid), Pasteur made a surprising discovery.

Under the microscope, he saw some very tiny, short rods, rounded at the ends. They were spinning about and shakingthemselves, sometimes bending almost double. So lively werethey that he assumed they were microscopic animals or “animalcules” as they were sometimes called.

“They must be feeding on the microorganisms that produce the butyric acid ferment,” the scientist mused. “I’ll have to get rid of them.” Finally he realized the “animalcules”were the ferment itself.

One day he put a drop of liquid undergoing butyric acid fermentation on a glass slide and placed over it a thin glasscover slip. When he observed the flattened drop of liquidunder the microscope, he noticed a curious fact. At the center of the drop, the tiny rods were as lively as ever. Aroundthe edges, they had stopped moving.

Now this behavior was very strange! It was exactly opposite to what Pasteur had learned to expect from animalcules when he had studied them in a flattened drop under a glasscover slip. Ordinarily they tried to get close to the edge ofthe drop where they would find more air.

Could it be that these microorganisms did not need air— that it was even harmful to them ?

He tried forcing a current of air through a flask in which a butyric acid fermentation was taking place. Soon he observed that the fermentation had been stopped.

Next, he passed some carbon dioxide gas through a similar butyric acid fermentation. Ordinarily a dose of this gaswould be deadly to animalcules, but the microorganismscausing the butyric acid ferment were not bothered by it inthe least. The fermentation kept on as actively as before.

To Pasteur, this was very astonishing. Although scientists disagreed about many things, they were generally in agreement that plants and animals needed “free” oxygen to live—oxygen in the form found in the air. Now he had discoveredmicroorganisms that not only did not need air—it killedthem!

In February, 1861, he reported his discovery to the Academy of Sciences. He stated with pride, “This is, I believe, the first known example of animal ferments and also ofanimals living without free oxygen.”

Later Pasteur realized he had been mistaken in thinking that the lively little rods were animals. They were, in fact,a species of bacterium—and bacteria are considered plants.Such an error was easy to make in the early days of the science of microbiology. And the distinction between microscopic plants and animals was especially confusing forPasteur who had been trained as a chemist, not as anaturalist.

He was probably also mistaken in thinking he had been the first to observe microorganisms that could live withoutair—although in 1861, no one questioned his claim. Modernscholars who have studied the writings of Antony van Leeuwenhoek, the Dutch discoverer of microorganisms, believethat he sighted these same little “animals” as long ago as1680. However, Pasteur was the first scientist to recognizethe importance of the discovery of microscopic organismsliving without air— as well as the first to study them andfind a name for them. Consulting the professor of Greek athis school, he decided to call them anaerobic microorganisms.Those that needed air to live he called aerobic.

Pasteur’s discovery brought yet another puzzle. Whenever he had carried out a butyric acid fermentation in his laboratory, he had made no attempt to shield it from the air. Whydidn’t the microorganisms die under these conditions?

He worked out a new theory to answer this question, although he did not succeed in proving it conclusively forsome years. “Aerobic microorganisms must manage to slipinto the liquid undergoing butyric acid fermentation,” hethought. “They use up the free oxygen in the solution andform a film on its surface. This film protects the anaerobicmicroorganisms underneath from the air, so they can bringabout fermentation into butyric acid.”

Pasteur carried his speculations still further. He had noticed that when butter became rancid—or any other butyric acid fermentation took place—a bad-smelling gas wasproduced. This led him to wonder if anaerobic microorganisms might be at work in the process called putrefaction,when meat, eggs, and other protein foods spoil with anunpleasant smell.

As he followed this line of thought, he came to realize the important role that microorganisms play in clearing theearth of dead animals, fruit, plants, trees, and other livingthings. Pasteur first outlined his theory in a letter to theMinister of Public Education.

When the sweet juice of a plant or a fruit is left to itself, Pasteur explained, air brings to it a little microscopic plant—yeast—which transforms the sugar into alcohol and carbondioxide. Then other kinds of microorganisms oxidize thealcohol to acetic acid. Still others complete the process ofoxidation, changing the acetic acid to water and carbondioxide. And so at last practically all of the elements thatmake up the sugar—carbon, oxygen, and hydrogen—arereturned to the atmosphere.

He went on to point out that when an animal dies in the forest, its flesh, organs, and other parts are invaded by microorganisms in much the same way. Some kinds break downthe tissues into chemical compounds, then these compoundsare in turn broken down into simpler compounds, includingwater, ammonia, carbon dioxide, and other food for plants.The plants in turn are eaten by man and other animals—thus completing the “cycle of life,” as scientists call it.

“If the remains of dead plants and animals were not destroyed,” Pasteur declared, “the surface of the earth would soon become cluttered with organic matter and life wouldbecome impossible because the cycle of transformation . . .could no longer be closed.”

He had a purpose in writing to the minister in such detail. Since Pasteur was still dependent on the government formoney, he found it wise to report not only on his currentresearch but on his plans for the future as well.

“You can foresee from this, Monsieur the Minister,” he now emphasized, “how useful it is to cover the field of thesestudies which offer so many analogies to various animal andplant diseases. They are certainly a first step on the verydesirable path of serious research on putrid and contagiousdiseases.”

Meanwhile Pasteur was proving the importance of his laboratory with a research project of immediate, practicalvalue. The vinegar makers of Orleans were having serioustrouble with their product and they called on him for help.

Vinegar was produced from alcohol and alcohol-containing liquids such as wine or beer. The alcohol was fermented into acetic acid, giving vinegar its sour taste. But the vinegarmanufacturers had no accurate knowledge of what agent oragents brought about fermentation; they even disagreed onwhether these agents were chemicals or living organisms.Consequently, vinegar-making was a rather uncertain, hit-or-miss procedure.

At Orleans, Pasteur studied the fermentation process with a scientist’s thoroughness and precision. He gave particularattention to the thin layer of film that covered the vinegarin the vats. In this film he isolated the fermenting agent—a tiny microscopic plant called mycoderma aceti. He showedthe manufacturers how to encourage and control the growthof this microorganism so that their vinegar would developmore successfully.

New honors were steadily coming to Louis Pasteur. In December, 1862, the Academy of Sciences awarded him itsprize for his experiments refuting the doctrine of spontaneous generation. In the same month he was elected a memberof that famous academy. His election was especially satisfyingfor him because twice before he had been a candidate andhad been defeated.

Membership in the academy gave Pasteur new standing among scientists. The following March the members wereinvited by Emperor Napoleon III to a reception at thepalace of the Tuileries. Since the Revolution of 1848, thegovernment had changed again and the country was nowan empire.

When Pasteur was presented to the Emperor, Napoleon III greeted him cordially and discussed with interest thescientist’s research projects. Pasteur seized the chance to tellthe Emperor of his great ambition to fight disease.

That year Pasteur spent his summer vacation at Arbois, studying wines and why they sometimes spoiled. During thesame summer Pouchet was still fighting the battle of spontaneous generation with the help of two ardent supporters,Nicholas Joly and Charles Musset.

Since Pasteur had collected air high in the mountains, Pouchet and his aides resolved to do it, too. Furthermorethey would outdo Pasteur, who had reached a spot onlysixty-five hundred feet above sea level. They determined toclimb up to a glacier in the Pyrenees Mountains, betweenFrance and Spain. They would trap samples of air fourthousand feet higher!

Pouchet, Joly, and Musset spent a cold, uncomfortable night camping on a mountainside so they could climb thenext day to the highest possible spot. Joly was almost killedwhen he slipped into a crevasse. A guide grabbed him justin time.

The three scientists tried conscientiously to keep their flasks sterile and to trap only the pure mountain air. But inspite of their care, they soon found that all their flasks wereswarming with microorganisms.

Triumphantly Pouchet announced to the Academy of Sciences, “The production of a new being without parents isfor us a reality!” In reply, Pasteur proposed that a commission of the academy be formed to pass on his experimentsand those of Pouchet, Joly, and Musset. Rather nervously,Pouchet asked that the test be postponed; he wanted to avoidthe danger of freezing weather for his microorganisms, heexplained.

Pasteur expressed polite surprise at the request for a delay. “With a stove,” he suggested, “it would have been easy toraise the temperature to the degree desired by these gentlemen.” But he was agreeable to a postponement because hewas extremely busy just then. He had been invited to lectureon spontaneous generation at one of the “scientific evenings”being held at the Sorbonne.

The fashionable and literary folk of Paris, as well as the scientists, were now watching the “battle of the giants.” Onthe night of the lecture the great hall of the Sorbonne waspacked. People filled the aisles and steps, squeezing intoevery square inch of space. Among the celebrities were theelder Alexander Dumas, George Sand, and Princess Ma-thilde, a famous hostess and the cousin of Napoleon III.

With the aid of slides, Pasteur gave an illustrated talk on the fascinating organisms which he had trapped in theatmosphere. The lecture was a great success and became thetalk of Paris for days.

In June of 1864, the commission demanded by Pasteur finally met at the Museum of Natural History. He camearmed with dozens of flasks, including three he had openedand sealed again in the pure air of the Alps, four years before. The liquid was still clear and free from any sign ofmicroorganisms.

While the commission watched, one of these flasks was broken open to let in the dust-laden air of the room. Withinthree days the judges could see small masses of microorganisms growing in the liquid.

Pasteur carried out an impressive series of demonstrations but, at the last minute, Pouchet, Joly, and Musset hedged andbacked down. They argued that they would need manymonths and many more experiments to prove their point.Accordingly the judges decided in Pasteur’s favor.

Oddly enough, Pouchet might have won the battle, at least for a time. If he had dared to repeat his experimentsbefore the judges, he could have produced microorganismsthat seemed to be spontaneously generated. Pasteur did notthen have the knowledge he needed to explain Pouchet’sresults.

He did eventually solve the mystery of Pouchet’s flasks. However, that did not happen until more than twelve yearslater when still another scientist challenged him in the longbattle over spontaneous generation.
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A New Word for the World-Pasteurization


Two months after Pasteur gave his demonstration before the academy commission, he went hometo Arbois. Throughout his busy life, he loved to spend a partof each summer in the little mountain village where he grewup. He always planned plenty of work for these “vacations.”This year he hoped to find a remedy for the diseases of wine.

Arbois was located in one of the great wine-producing regions of France and many of Pasteur’s old neighbors hadvineyards, including his boyhood friend, Jules Vercel. Ordinarily the wines made from these grapes were in demandin foreign countries as well as in France. Sometimes, however, for some unknown reason the wine turned cloudy andflat-tasting. Naturally no one wanted to buy this spoiledwine and the grape growers lost money.

Wine makers in all the grape-growing regions of France were having much the same trouble. In some cases theirwines became cloudy and flat, like those of Arbois. In otherregions the wines had a different disease—they became verybitter. In still other areas the wines became oily or acid.Various theories were advanced for this alarming situation.One school of wine makers believed that oxygen was harmful, so they tried to shield their wines from the air. Otherproducers disputed this view, claiming that oxygen wasneeded to age wine properly.

Pasteur had gotten his first clue to the trouble during the summer of 1858, soon after he announced his discovery ofthe lactic acid ferment. When he went to Arbois on vacation,he had taken along a microscope. In some cloudy, flat-tastingwine he had spotted little oblong bodies which looked verymuch like those he had discovered in his lactic acid fermentations. But he did not then follow the clue of the little oblongs—at that time his interest was not in wine diseases butin developing his theory of living organisms as the cause offermentation.

During the next few years, as he studied the fermentation of wine along with other types of fermentation, the problemof the diseases of wine cropped up again and again. Pasteurcould not forget it; the matter was serious not only for hisArbois neighbors but for the whole French wine industry.He began to formulate some theories on why wine spoiled.And when Napoleon III heard of Pasteur’s interest in theproblem, the Emperor urged him to find a solution.

Pasteur had begun a systematic study of wine diseases theprevious summer, while Pouchet, Joly, and Musset were scrambling around in the Pyrenees. Now, in September of 1864, he made ready for his second season of research in the wine country. He took  several assistants to Arbois with him.

He set up a laboratory in a deserted old cafe near his father's house. Pasteur and his men hauled water from the town fountain for their experiments and washed dishes in the river which ran just behind the cafe. Since there was no gas supply, they got their heat from a charcoal brazier, keep¬ing the flame going with a pair of bellows. And whenever they needed a new piece of equipment, they had it made by the village tinsmith, blacksmith, or carpenter.

Jules Verccl and the other grape growers were glad enoughto furnish Pasteur with samples of their wines for study. Atfirst they were rather amused by all this scientific equipmentand note-taking, but Pasteur soon made them take his research seriously.	^

When he was given samples of the spoiled wine, he would put a drop of each one under the microscope. "This wine is bitter," he would announce positively. "And that one is acid."

The wine makers were amazed. "Why, how can you tell?" they demanded. "You haven't even tasted it!"



The explanation lay in the scientist's microscopic studies. He had learned that the deposit in every flat-tasting wine contained not only yeast but also the tiny oblong globules of his lactic acid fermentations. Every sample of acid wine contained quite a different microorganism—the mycoderma aceti. From Pasteur's vinegar research he knew that this organism changed the alcohol in wine into acetic acid. Bitter wine, too, contained its characteristic microorganism and so did the wine that had turned oily.

Pasteur’s discovery of these unwelcome visitors explained why some grape growers had found it a good idea to shieldtheir wine from the air. While they thought they were protecting the wine from oxygen, in reality they were keepingharmful microorganisms from dropping into their vats.Oxygen, itself, was not harmful, as Pasteur proved by meansof chemical studies. On the contrary it was needed for theproper aging of wine.  

[image: Microorganisms of healthy and diseased wine as seen under the microscope:]

Microorganisms of healthy and diseased wine as seen under the microscope:

1. in a normal fermentation; 2. acid wine; 5. oilywine; 4. bitter wine.





But discovering the cause of wine diseases was only half the job. How could keep wine from getting sick?

This proved to be a more difficult problem than keeping beet juice or vinegar from spoiling. Pasteur hadshown Bigo and the other manufacturers how to make good alcohol by sowing healthy yeast cells into their juice. He hadtaught the vinegar makers to improve their product bysowing into it plenty of healthy mycoderma aceti.

But wine makers did not have to sow yeast into grape juice. The wild yeast cells just seemed to appear mysteriouslyon the grapes at the time of the harvest. Pasteur believedthey were clinging to the grapevines or floating in the air,like the other almost invisible microorganisms he hadtrapped in his spontaneous generation experiments.

Consequently he had to work out an entirely new method to keep wine from spoiling. He would have to find a way tokill the harmful microorganisms in it—without harmingthe taste of the wine.

First he tried using antiseptics but they were not satisfactory. Then he hit on the idea of using heat. By experimentation he learned to hold the temperature of the wine at between 50° and 6o° C. (1220 F. to 140° F.) for a fewminutes. A heat lower than this would not get rid of themicroorganisms. A higher temperature would spoil the taste.

Pasteur designed special equipment so wine makers could heat their product safely and efficiently. The following Aprilhe obtained a patent for his method but he freely gave theuse of it to all wine makers. His only purpose in patentingwas to prevent anyone from monopolizing and exploitinghis discovery. He had followed the same practice in patenting his process for making vinegar.

Of course the idea that heat helped to preserve wine and food was not new; men had stumbled on it a long timebefore. Pasteur, however, was the first man to show clearlywhy heat protected food and to put its use on a sound scientific basis.

It took a number of years and many tests before the wine makers were convinced that heating could protect their wineswithout changing the taste. Eventually they accepted theprocess and later it was also adopted to kill disease-carryinggerms in milk, butter, cheese, and other foods. Pasteurizationis now a familiar word in many languages.


[image: cropped_main-19]

Heating wine to hill disease microorganisms, by the process that became known as pasteurization. This drawing was published inthe second edition of Pasteur's book on wine diseases, to showhow one wine maker built his pasteurizing apparatus. The man inthe foreground operates a pump which forces air into the top ofthe cask at the left, causing the wine to flow through the tubinginto the heater, placed just outside the archway. Here the winepasses through a series of tubes in which it is heated with boilingwater and then cooled with a refrigerant. Finally it flows into thecask at the right. Ordinarily, wine makers used a much simplerapparatus; many heated the wine after it had been bottled.
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Pasteur Tackles the Silkworm Disease


  As Louis Pasteur entered his laboratory one spring day in 1865, he looked perplexed and ratherworried.

“Do you know what Monsieur Dumas has just asked me to do?” he demanded of his assistant, Emile Duclaux. “Hewants me to go south and study the disease of silkworms!”Dumas, his former chemistry professor, was now a senatorrepresenting one of the regions where silkworms were raised.He told Pasteur they were dying in a disastrous epidemic.Unless it was stopped, thousands of growers would be ruinedand an important French industry wiped out.

“I did not even know that silkworms had a disease,” Pasteur protested to Dumas. He had no background for such a study; he had never even touched a silkworm. But he wasfond of his old teacher and hated to refuse the request of aman who had given him much help and encouragement.

Moreover Pasteurs interest as a scientist was aroused. He had studied the diseases of wine and vinegar—could thesehave any connection with the disease of silkworms?

In spite of the big risk of failure, he accepted the appointment as head of a research mission for the government. He asked Dumas to keep the assignment secret for a few days,until he could look over the situation and decide whetherhe might be able to accomplish something.

Early in June he went to Alais in the mountains of southern France, near the Mediterranean Sea. The town was a center of the silkworm industry.

One of his first acts was to visit Jean Henri Fabre, the great French naturalist and writer on insects, who livednearby.

“I have never seen a cocoon,” Pasteur confessed. “Could you get me one?”

“Nothing could be simpler,” answered Fabre. He stepped out to see a neighboring grower and came back with a hand-full of the pale gold, oval balls.

Pasteur picked up a cocoon and examined it curiously. He turned it over and over, then put it close to his ear andshook it.

“It rattles!” he said. “There is something inside.”

Fabre smiled. “Of course. It is the chrysalis.”

“The chrysalis! What is that?”

Fabre opened the cocoon and showed Pasteur the little dried-up body inside. He explained that the silkworm, orcaterpillar, spins the cocoon around itself for protection. Safe inside its cocoon home, the caterpillar changes into a chrysalis or pupa which in turn changes into a moth. The mothbreaks out of the cocoon, mates, and lays eggs—six hundredto eight hundred at one time. They look rather like verytiny vegetable seeds.

The following spring a caterpillar hatches from each egg. It feeds greedily on mulberry leaves and grows so fast itsoon splits its skin (molts). Underneath the old skin is alarger skin which stretches as the silkworm grows. Withinabout five weeks after hatching it molts four times.

The full-grown caterpillar is about three inches long. It climbs on a twig and makes its cocoon by spinning a silkthread from its body, much as the spider spins the thread forits web. The life cycle of the silkworm—from the hatchingof the egg until the moth lays a new brood of eggs—takesabout two months.

Fabre explained to Pasteur that when a grower wants to harvest the silk, he does not let the moth burst out of thecocoon. That would break the thread and it could not beunwound. Instead, he puts the cocoon in a steam bath to killthe chrysalis, after which the silky ball is dried. It was thisdead chrysalis that rattled when Pasteur shook it.

Unfortunately, silkworms that were weakened by disease could not spin good cocoons. Sometimes they died in themidst of their spinning, leaving their work half finished. Orthey might die before they even began to spin.

Pasteur and his assistants set up headquarters in a nursery near town. He knew he would have to work fast to makeany progress that year. Within a month the cocoons and eggsfor hatching would be harvested and the season would end.

He ranged up and down the countryside questioning growers and examining their broods. Many of the men wererude and unfriendly. They had already tried so many desperate measures without success. At great expense they hadimported supposedly healthy eggs from Japan—only to getmore diseased silkworms. They had also experimented withdozens of recommended remedies, including sulfur, coal tar,powdered mustard, ashes, rum, and wine. Nothing hadworked. How could this prying chemist help them to savetheir nurseries?

Before leaving Paris, Pasteur had read a long report on the silkworm disease. It was called pébrine, from pebre, a wordfor pepper. The sick worms were usually spotted with littleblack specks that looked like grains of pepper. Also, scientistswho studied sickly worms under the microscope had sometimes seen small, oval, shiny cells which they called corpuscles. Some observers believed these were related topébrine. Others thought there was no connection.

Pasteur decided to center his first research on the corpuscles. He examined hundreds of silkworms, giving special attention to two broods of worms in the nursery where hehad his headquarters. He watched these broods closely asthey developed.

The worms of one brood spun very fine, healthy cocoons. Yet when he examined the chrysalises and moths of thatbrood, he found them swarming with corpuscles.

The worms of the second brood were sickly and slow to develop and they spun poor cocoons. When he opened them,he found very few or no corpuscles. Day by day he keptopening and examining a few of the brood as they changedinto chrysalises and then into moths. The older the chrysalises grew, the more corpuscles they had. By the time themoths developed, not a single one was free of corpuscles.

Conditions in the other nurseries around Alais were just as confusing and apparently contradictory. Nevertheless Pasteurdecided that the corpuscles did, indeed, seem to be an indication of the silkworm disease.

Just nineteen days after arriving in Alais, he appeared before a meeting of the growers to give his first recommendations for fighting pébrine. Certainly he did not like towork as fast as this. As a scientist he would have preferredto keep quiet about his conclusions until he had tested them.Usually he did not discuss them even with his assistantsuntil he was almost ready for publication in a scientificjournal.

But the silkworm study was a special case. It was an official project and an emergency. Pasteur knew if he kept silent,the growers would have no help for another whole year.

He warned, “Do not assume that eggs are healthy because the moth that laid them came from a fine-looking cocoon. That moth might be full of corpuscles—then itsdescendants would be poor, sickly spinners of cocoons.”

Some investigators, he reminded his audience, had already advised searching the eggs and worms for corpuscles, so thatbroods showing these suspicious cells could be destroyed.But this was not enough to insure a good harvest; the corpuscles might not show up until the chrysalis or moth stage.

To make sure of a healthy brood, Pasteur continued, the best plan was to isolate each pair of moths until they hadmated and laid eggs. Then both the male and female shouldbe opened and studied under the microscope. If either mothin a pair showed signs of corpuscles, their eggs should bedestroyed. But if both moths were free of corpuscles, theireggs could be considered pure and should be saved forhatching the following spring.

As the scientist finished speaking, he was not surprised to see doubt and disappointment on the faces of the growers.His egg selection method could not help them much now—they would have to keep on buying expensive eggs fromJapan. So widespread was the disease that it was almostimpossible to find healthy moths. Pasteur himself had examined hundreds of moths before he could find just twopairs that were free from corpuscles.

At any rate, not until the next silkworm season would he or his audience know whether or not his advice had beensound.

This first year of silkworm research was a tragic time for Pasteur. He had barely begun his work in June when hisfather died suddenly in Arbois. Then, on returning to Parisfrom Alais in early July, he found his two-year-old daughterCamille very ill with a liver disease. Pasteur watched herthrough two heartbreaking months until September whenshe died.

The end of November brought him an experience of a very different kind. Napoleon III and Empress Eugenie invitedthe scientist to spend a week at their splendid palace atCompiegne. Madame Pasteur stayed home but Louis wroteher very long letters describing the activities.

On the first evening before dinner, Pasteur assembled in a handsome drawing room with his fellow guests—ambassadors, writers, and other famous people. Generals glitteredwith medals and gold braid; ladies in beautiful gownssparkled with jewels. Pasteur wore the formal court costumewith knee breeches and silk stockings.

The gentlemen formed one long line and the ladies another. While the Empress greeted the ladies, the Emperor passed down the line of gentlemen. When Pasteur was presented, Napoleon III said affably, “Oh, yes, I’ve been wantingfor a long time to congratulate you on your fine studies.You are continuing them, I hope?” Pasteur assured him thathe was.

After dinner the two lines formed again and the Empress greeted the gentlemen. She, too, gave Pasteur a warm welcome. During the evening Napoleon drew him over to thefireplace and questioned him about ferments, wine diseases,and right-handed and left-handed crystals. It was decidedthat Pasteur should give a demonstration of some of themicroorganisms he had discovered. Even the Empress commanded, “Monsieur Pasteur, you must not show these thingsjust to the Emperor. I want to see them, too.”

That night before going to bed, Pasteur wrote to Marie for his microscope and case of instruments. He also gave herexact directions for finding certain labeled bottles of diseasedwine in his cellar.

The next day he rode out into the forest in an open carriage drawn by six horses, to see a stag hunt. In the evening came the climax to the hunt, when the carcass of the stagwas thrown to the hounds in the great courtyard blazing inthe light of torches. Pasteur watched with the rest of theguests from the windows of the palace. On another eveninghe went to a play performed by some of France’s leadingactors.

As a special mark of favor, the Empress invited him to the first of a series of five o’clock teas she was giving for groupsof the guests. He did not receive the invitation in time togo. He was down in the royal cellars, hunting for somebottles of diseased wine for his demonstration.

On Sunday afternoon, at four o’clock, he had his private meeting with Their Majesties. For an hour he showed themsome of the queer living things in what Pasteur liked to callhis world of the “infinitely small.”

By this time the guests of the Empress were gathering for tea. “Monsieur Pasteur, they should learn something of yourstudies!” she announced. She picked up the microscope andgaily led the way to the tea party.

Pasteur then gave the guests a short, simple talk on science and some of his investigations. No speaker could have wishedfor more attentive or respectful listeners.
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The Riddle of the Corpuscles


In February, 1866, Louis Pasteur returned to Alais for his second year of silkworm research. Withhis assistants he rented a comfortable house at the foot of amountain, about a mile from town. Around it were mulberry bushes and olive trees. A hothouse was fixed up as alaboratory and silkworm nursery.

When spring vacation came, Madame Pasteur started for Alais with her two daughters while Jean Baptiste stayed inschool at Paris. On the way twelve-year-old Cecile fell illof typhoid fever, and she died within a few weeks.

“Our beloved children die one after another,” the grief-stricken father wrote. Jeanne—Camille—and now Cecile— how helpless he was to protect them! It had been six yearssince Jeanne, too, had died of typhoid fever and the doctorswere still as ignorant as ever of its cause. Of the Pasteurs’four daughters, only Marie Louise was left.

At Alais, Madame Pasteur became her husband’s secretary. Every evening he dictated answers to letters and notes forarticles. Even Marie Louise, eight years old, found ways tohelp. She went up on the mountain with her father to pickmulberry leaves. She also learned to examine silkworms withthe microscope and to spot the odd corpuscles that seemedsomehow to be related to pébrine.

During the growing seasons of 1866 and 1867, Pasteur set up a series of experiments to study the silkworm under allsorts of conditions. He and his assistants watched the development of worms hatched from the eggs of both diseasedmoths and healthy ones. They studied the effect of differences in temperature.

Some silkworms were fed on wet, bruised leaves, others on leaves smeared with the remains of sickly worms. Certainbroods were given damaged leaves during their second moltand others not until the third or fourth. Pasteur kept a faithful record of the exact conditions under which each broodwas raised.

He also visited growers in the neighborhood. He was eager to see what luck they had when they took his advice to hatchonly the eggs of moths free from corpuscles. In general theresults were encouraging. Some angry growers, however,reported that their broods were sick even though they hadfollowed his instructions.

Pasteur was able to clear up much of the trouble by working out a more accurate technique for detecting corpuscles in the moths. In time, his recommendations for selectingeggs proved to be a good, practical method of getting rid ofpébrine in the nurseries.

But there were still some puzzling failures, and for almost two years he worked in vain to find the reason for them.His experiments seemed to indicate that pébrine might be acontagious disease—yet he could not pinpoint any agent thatspread the contagion.

What threw him off the track was the riddle of the corpuscles. Actually, these tiny oval cells were the transmitting agent of contagion that he was searching for. But he did notrealize this fact at first because he fell into one of the trapsalways waiting for scientists who do research. He confuseda cause with a result.

It is easy to see now why Pasteur made this mistake. In his first year of research, when he had made a special study ofthe two broods in his own nursery, he had observed thatworms could become sick and show no sign of corpusclesuntil many days later. In some of his later experiments,healthy worms had eaten leaves smeared with bits of tissuefrom corpuscular worms; they had died quickly withoutshowing any trace of the mysterious oval cells.

Accordingly Pasteur concluded that the corpuscles could not be the cause of pébrine. He believed instead that theywere simply a result of it—probably some change in thetissues that took place as the disease ran its course.

Another factor misled him, too. “If corpuscles were living organisms,” he reasoned, “they would be able to reproducethemselves.” So far as he could discover, the corpuscles didnot have a mode of reproduction as did the yeast cells andother ferments he had often watched under his microscope.He did not know that the oval cells were protozoa, a type ofmicroorganism with which he was not familiar. Theirmethod of reproduction was different from that of yeast cells—and much harder to detect.

“But why do our broods get sick?” the growers demanded.

It was partly a matter of heredity, Pasteur explained. Healthy moths, showing no corpuscles, were more apt toproduce healthy eggs and worms. Environment was a factor,too. A sudden change of temperature, crowding, bad feedingconditions—all these could cause trouble.

By the spring of 1867, it became clear that a piece of the puzzle was still missing. One of Pasteur’s own broods diedunexpectedly after the first molt. The dead worms were blackand soft and rotted quickly. A microscopic examinationshowed not a trace of corpuscles.

As the discouraging reports from other growers piled up, Pasteur grew gloomier and gloomier. His staff noticed thathe was upset but, as usual, he kept his thoughts to himself.Finally one day he burst out, almost in tears, “Nothing hasbeen accomplished. There are two diseases!”

He cheered up when he realized that at last he might have the key to the puzzle. Searching through the silkworm literature, he found that some investigators had mentioned adisease called flacherie that exactly fitted the description ofhis soft, rotting worms. Now that Pasteur’s method of eggselection had largely eliminated pébrine, flacherie stood outmore clearly as a second disease.

The scientist went back over the record of his earlier experiments. This was a time when his very detailed, careful note-taking paid off; it cleared up many puzzling points.

For example, he checked his notes on those two broods he had studied during his first few days at Alais. He could befairly sure now that the second brood—the worms that hadbecome sick without having corpuscles—must have been suffering at first from flacherie. Later they had also caughtpébrine, and then they had shown the corpuscles.

Flacherie was evidently contagious, too. Now that Pasteur had recognized it as a distinct disease, he was able to studyit and learn how to control it.

Still, he had been right in concluding that feeding conditions, temperature, and other circumstances of environment were factors in the diseases, particularly in the case of flacherie. The silkworm, he learned, was a much morecomplicated living thing than the microorganisms in beetjuice or wine. In studying it, Louis Pasteur was movinganother step toward understanding disease in human beings.


12

Pasteur, the Fighter


In the summer of 1868, Madame Pasteur’s father wrote her that he was worried about her safety.He had heard that Pasteur had been chased from Alais byangry silkworm growers who were throwing stones at him!

Although the report was exaggerated, it was true that the scientist was being attacked from several sides. Some of hiscritics were growers whose harvest had failed even thoughthey followed his advice. Others were the merchants whoimported silkworm eggs from Japan and sold them at a stiffprice. They knew their profits would vanish if Pasteur taughteach grower to pick healthy eggs from his own nursery.

And finally he was criticized by many biologists and naturalists who were outraged that a mere chemist woulddare to tackle a biological problem such as the diseases ofsilkworms.

His friends tried to persuade him to ignore these attacks but Pasteur insisted on fighting back. Every time a critical articleabout his methods and findings appeared in a newspaper ormagazine, he quickly fired off a reply. He answered everyletter he received—whether friendly or unfriendly—dictating his answers to his faithful secretary, Madame Pasteur.He also gave many lectures before scientific groups defending his ideas.

This battling had begun when Louis Pasteur was a young chemist defying the great Liebig, and it continued during allof his scientific career. It took a great deal of time and energybut it did have some good results. Because he was so determined to meet every objection, he often carried out extraexperiments which shed new light on the problem he wasinvestigating. Because he could and did shout as loudly ashis noisiest opponent, he won attention and respect for hisviews more quickly than a quieter and more retiring scientist might have done.

Fortunately, Pasteur always had many loyal supporters as well as enemies. While some groups were attacking him,others would be showering him with honors. About the timehis father-in-law heard that he was being chased out of Alais,the celebrated University of Bonn in Germany awarded himthe honorary degree of Doctor of Medicine.
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A silkworm moth and its eggs. Pasteur used this sketch to explain his method of selecting eggs free from pébrine. After the eggs arelaid on the square of linen, the cloth is folded and pinned together to make a little bag in which both moth and eggs are keptuntil the moth can be examined microscopically. If it containscorpuscles, its eggs are destroyed. For extra assurance of healthybroods, Pasteur recommended a similar examination of the malein each pair (shown pinned within the cloth at the bottom).




Together with his silkworm disputes, he was fighting the battle of the laboratory. He badly needed more room for his research. He sent a very persuasive letter to Napoleon III, pointing out that he must have a place where he could keep experimental animals and study infectious diseases without endangering anyone. The Emperor gave orders that Pasteurshould have his laboratory. But soon all plans were stopped—the government, it seemed, could find no money for it!

Pasteur wrote a fiery article of protest. Other countries were building rich and large laboratories, he said, amongthem Germany, Russia, England, and America. MeanwhileFrench scientists had to work in attics and damp, dark cellars, and use their own money for equipment. As Pasteurhad intended, the article was read by Napoleon III whosummoned him to a conference. After a long, anxious wait,he received in July the good news that his laboratory wouldbe built after all.

In spite of these battles Pasteur made good progress during the summer against the second silkworm disease—flacherie.He taught the growers to spot sick worms by their sluggishmovements. He had also learned that worms suffering fromflacherie had certain kinds of bacteria in their digestive tract,so he showed growers how to detect these bacteria with amicroscopic examination. “Pick a few moths from eachbrood for study,” he said. “Extract a small piece of thedigestive tract of a moth with the point of a scalpel. Mix thiswith a little water and examine it under the microscope.”If the moths did not contain any of the suspicious bacteria,Pasteur explained, the strain from which they came could beconsidered suitable for breeding.

He worked long hours in his own laboratory and nursery and traveled through southern France under the hot summersun, interviewing growers and inspecting their nurseries.When he returned to Paris in the fall, he was busier thanever—teaching at the Sorbonne, carrying out new experiments, answering his silkworm critics, writing a book aboutthe diseases of silkworms, and overseeing the building of hislaboratory. He drove himself so hard that he became verypale and tired-looking, but he refused to slow down.

One day in October he noticed a strange tingling sensation in his left side. He paid no attention to it because he wasanxious to read a paper at the Academy of Sciences thatafternoon. It was a report from an Italian scientist who hadstudied Pasteur’s work on silkworms and strongly approved it.

When Pasteur went to bed that night, he had the tingling feeling again; soon afterward he found he could not speakor move. Making a great effort, he managed to call MadamePasteur who sent for the doctor. By morning his whole leftside was paralyzed. He had had a cerebral hemorrhage.

During the next few days Pasteur’s life was in great danger. “I am sorry to die,” he murmured once. “I wanted to do much more for my country.”

Madame Pasteur and his closest friends took turns watching by his bedside. Scientists and officials of the government and the imperial court came to inquire about him. They satin a small study, the room farthest from the bedroom, sotheir voices would not disturb him. Each morning theEmperor and Empress sent a footman for a report which thedoctor wrote out and dispatched to the palace in a sealedenvelope.

But the man who had fought so strongly for his ideas and his laboratory was ready to fight just as hard for his life. Ina week the crisis had passed and Pasteur began to improve.His first act was to dictate a memo on his silkworm research,a new method he had just thought of for detecting eggs thatwere likely to hatch into worms with flacherie.

One thing made him restless and uneasy, however. The dining room of his apartment overlooked the gardens of theEcole Normale, where his precious new laboratory was beingbuilt. He strained his ears for sounds of building activity buteverything was quiet—much too quiet.

“How are they getting on?” he asked Madame Pasteur over and over. She would look out the window and give hima vague report but he soon found out the truth. The dayafter his attack of paralysis, someone in the government hadordered all work to be stopped. Why waste money finishinga laboratory for Pasteur, since he was going to die ?

The next time General Fave, the Emperor’s aide-de-camp, came to call, the patient complained indignantly. If everyone was so sure of his death, it would be more honest andstraightforward to tell him about it!

The general carried the message to Napoleon. Soon Pasteur was cheered to hear the noise of construction work again.
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War—and the Search for Jean Baptiste


By the end of the year Pasteur had regained enough strength to take a few steps withouthelp. He was impatient to get back to the silkworm country.An agricultural society there, in the town of St. Hippolytedu Fort, was planning tests on forced silkworms accordingto a method he had recommended. In forcing, a few eggsfrom each brood were heated to make them hatch earlierthan normally. The young worms were examined microscopically so that a grower could detect and destroy unhealthy broods before the rest of the eggs were allowed tohatch.

Overruling the objections of his wife and friends, Pasteurinsisted on attending the forcing tests. On January 18, 1869, just three months after his attack of paralysis, he wasbundled up and carried to the train departing for the south.At St. Hippolyte du Fort he supervised the testing programand continued his slow recovery, grimly practicing walkingby leaning on Marie’s arm. Then he went to Alais for theregular growing season.

Pasteur was now confident that he had completely solved the problem of how to select eggs that would produce goodsilkworms. With the help of his microscope, he could predictthe success or failure of a brood. He used this skill to impresshis critics, just as he had impressed wine makers by tellingthem whether a wine was bitter, acid, or flat without havingtasted it.

In March the Lyons Silks Commission asked him for some guaranteed healthy eggs to be hatched in their experimentalnursery. Knowing that some members of the commissionwere still very skeptical of his findings, Pasteur decided togive them a little demonstration. In addition to the healthyeggs the commission asked for, he sent them four other lotsof eggs. And he boldly made these predictions:

Lot No. 1, he said, would produce healthy silkworms.

Lot No. 2 would die exclusively from pébrine.

Lot No. 3 would die exclusively from flacherie.

Lot No. 4 would die partly from pébrine and partly from flacherie.

Several months later the commission admitted that the sample lots had behaved exactly as predicted.

In the fall, Pasteur had a chance to make an even more spectacular demonstration of his methods. The Prince Imperial, Napoleon’s son, owned an estate called Villa Vicentina, near the city of Trieste on the Adriatic Sea. Once aflourishing silkworm farm, the estate had been ruined bypébrine and flacherie. Marshal Vaillant, minister of theEmperor’s household, suggested that Louis Pasteur be invitedto try to make the farm productive again.

“It is an opportunity to vanquish your opposition,” said the marshal. Moreover, he pointed out, a winter in the warm,sunny countryside of southern Europe would help the scientist to regain his health.

Pasteur agreed to go, and he and his family traveled southeastward to Trieste, making the trip by short stages because he was still very weak. They spent a happy, peaceful winterat Villa Vicentina, in a big white house set among lawnsand trees. Pasteur’s neighbors made him feel welcome andsought the honor of meeting him for, by this time, silkwormgrowers in Italy and Austria were watching his researchwith respectful attention. Besides learning how to preventsilkworm diseases, Pasteur himself had become expert atraising productive broods. Under his direction, the Prince’srun-down estate became a model silkworm farm.

While Pasteur waited for the harvest, he finished his manuscript on silkworm diseases—which by this time hadgrown lengthy enough to fill two volumes. The book wasready for publication in April. Of course, he did not miss thechance to preach on his favorite theme—the importance ofmicroorganisms. In his introduction he wrote, “The role ofthese infinitely small beings appears to me to be infinitelygreat, whether as the cause of different diseases, particularlycontagious ones, or by contributing to decomposition and tothe return to the atmosphere of everything that has lived.”

The harvest of cocoons that season at Villa Vicentina was a great success. After all expenses were paid, the Prince’sfarm showed a profit of twenty-two thousand francs—thefirst it had earned in ten years.
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Early in July, 1870, the Pasteurs started home to Paris. On the way they stopped at Strasbourg, the town where Pasteur had held his first university post and where he had met andmarried Marie.

Strasbourg was the capital of the province of Alsace, on the border with Germany, and it was here that Pasteur firstheard very alarming news—France and Germany were onthe brink of war. Absorbed in his silkworm studies, thescientist had not known of the growing tension between thetwo countries. And when he left Strasbourg after his two-day visit, he had no intimation that he would never see thecity again, or that all Alsace would soon be seized and annexed by a victorious Germany.

The Pasteurs had been back in Paris less than a week when Napoleon III declared war, provoked into taking thatstep by the wily and ambitious Prussian chancellor, Otto vonBismarck. Bismarck’s powerful army invaded Alsace, inflicting defeat after defeat on the French Emperor and his unprepared troops. On September 2, Napoleon III and onehundred thousand French soldiers were captured in a greatbattle at Sedan. The way was open for the Germans to drivestraight to Paris.

Pasteur was appalled by the disaster that was overwhelming his country so swiftly. He determined to help defend Paris by enlisting in the National Guard. His friends discouraged this idea by convincing him that he would berejected. Age was not the reason—he was only forty-seven.But his left arm was still paralyzed from his recent illnessand his hand was stiff and useless. His left leg, too, was verystiff and dragged when he walked.

As the citizens of Paris hastily prepared their city for a siege, the intensely patriotic Pasteur suffered in knowingthere was absolutely no way he could help. He could noteven continue his research because the school building wasbeing turned into a hospital. All of the students had enlisted,as well as his eighteen-year-old son, Jean Baptiste.

Pasteur’s old friend, Bertin, who was now an administrator at the Ecole Normale, urged him to leave Paris. At first Pasteur refused, but he gave in when the anxious Bertinargued, “You have no right to stay! You would only be onemore useless mouth to feed during the siege.”

Before the Germans could surround the city and cut off escape, Pasteur left for Arbois with his wife and MarieLouise. He had kept the old tannery building as a vacationhome since the death of his father, sharing it with his sisterand brother-in-law, who had taken over Jean Joseph’sbusiness.

For the first few weeks in Arbois, the little hill town seemed a long way off from the fighting. Now and thenPasteur would hear the sound of a trumpet, the signal thatthe town crier had a new bulletin to announce. He wouldgather with the other citizens at the bridge over the riverand listen to the news which, week by week, became moreserious.

When Pasteur heard that the Germans had bombarded Paris, hitting the Ecole Normale and the Museum of NaturalHistory, he protested in the only way he knew how. Heindignantly returned the honorary degree he had acceptedless than three years before from the University of Bonn.

He tried to keep his mind occupied by studying the process of tanning, in which fermentation brings about the softening and curing of hides to make leather. He also watched his sister’s bread-making, studying how the fermentation ofyeast caused dough to rise and speculating on ways to makebread cheaper and more nourishing.

But he could not forget the war. The Prussians were coming closer and closer to Arbois. News came that the armyin which Jean Baptiste was fighting had been defeated andwas retreating in great confusion toward Pontarlier, acrossthe mountains from Arbois and close to the Swiss border.

Pasteur waited in vain for news of his son until at last he could stand the suspense no longer. He resolved to go insearch of Jean Baptiste. Certainly, the finding of one youngsoldier in a disorganized army of thousands of men wouldseem an impossible task—but Pasteur was used to tacklingthe impossible.

He rented a dilapidated old carriage, the last one to be found in the village. On January 24 he set off with MadamePasteur and Marie Louise over the snow-covered mountainroads.

The family had a slow, cold, exhausting journey. The old carriage creaked and groaned; now and then it stuck insnowdrifts and had to be pulled out. At night the Pasteursslept in little inns, and by the third night they had reachedChaffois, a few miles from Pontarlier. They were now in themidst of the retreating army. Everywhere were groups ofragged, exhausted soldiers, begging for food and a littlestraw to sleep on. Other soldiers stumbled along the road onfrostbitten feet.

At Pontarlier the Pasteurs went from group to group seeking news of Jean Baptiste’s battalion. “All I can tell you,” said one soldier to Madame Pasteur, “is that out of the twelvehundred men in that battalion, only three hundred are left.”

At last they found a soldier who knew of Jean Baptiste. “Corporal Pasteur? Yes, he is alive; I slept by him last nightat Chaffois. He stayed behind; he is sick. Perhaps you willmeet him on the road to Chaffois.”

The Pasteurs started back the way they had come. Just outside Pontarlier they saw an old cart coming toward them.A thin soldier wrapped in his overcoat was in it, gripping thesides of the cart to keep his balance. It was Jean Baptiste!

The reunited family followed the route of the retreating army into Switzerland, where the soldiers were being interned by the neutral Swiss. After a few days of good nursingby Madame Pasteur, Jean Baptiste rejoined his battalion.Pasteur, his wife, and Marie Louise returned to France, goingsouthward to Lyons, the home of Madame Pasteur’s sisterand brother-in-law.

Where was the wandering scientist to go next? He did not want to return to Arbois, for the town had fallen andwas now a Prussian supply depot—besides, he was chafingto get back to a laboratory. Paris was out of the question;since the city’s surrender it had been in the grip of a bloodycivil war. Pasteur thought briefly of going to Italy, where hehad been offered professorships at either Pisa or Milan—whichever place he preferred. But he refused the temptingItalian offers. He would feel like a deserter, he explained, ifhe left his country while it was at war.

Then an invitation came to him from Emile Duclaux, one of his former assistants, who was now a professor of chemistry at Clermont-Ferrand in the silkworm country. Duclaux urged Pasteur to bring his wife and daughter andstay with the Duclaux family until Paris quieted downagain.

The middle of April, the Pasteurs traveled to Clermont-Ferrand. There Pasteur started on some silkworm research but he soon became intrigued by an interesting fermentation problem. Near the town was a brewery and the scientist,as curious as ever, began investigating the manufacture ofbeer.

He discovered that brewers were having much the same kind of trouble that had disturbed the manufacturers of beetroot alcohol, vinegar, and wine. Beer often became thick,sour, acid, or slimy—and no one knew why. Pasteur lost notime in getting samples of the spoiled beer under the microscope. Just as he had anticipated, he found swarms of trouble-making microorganisms mixed in with the yeast that broughtabout fermentation. The thick beer contained one type; theacid beer had another; the slimy beer, still another.

He plunged energetically into the problem of getting rid of the troublemakers. He had a patriotic reason for takingup this study. His old patron Napoleon III had been deposedand a newly formed republican government was strugglingto recover from the war. With the signing of the peacetreaty in May, 1871, the new French republic had promisedto pay to Germany within three years an indemnity of fivebillion francs—about one billion dollars. If Pasteur couldteach French brewers to make superior beer, he thoughthopefully, he would be helping another industry of his country and would thus indirectly help in paying off France’sstaggering debt.

Pasteur’s research on beer continued for five years following the war and during that time he did succeed in improving French beer and eliminating its diseases. He designed special apparatus for pasteurizing it as he had done for thewine makers. In short, his research helped the brewing industry—in other countries as well as in France—just as hisearlier studies had aided the industries producing beetrootalcohol, vinegar, wine, and silkworms.

Some years later, the English biologist Thomas Henry Huxley was to say in a lecture, “The discoveries of Pasteurhave paid back to France the five billion francs demanded byGermany after the war of 1870.”

However, during Pasteur’s beer studies he kept getting sidetracked—from the problem of brewing better beer intoa deep investigation of the chemical and biological aspectsof fermentation. He himself did not like the taste of beer—he was much more interested in it as a fermentation problemthan as a beverage. As a result of his research, he was finallyable to support with solid evidence some of the theories onfermentation that he had advanced many years before. Theseimportant new findings he presented in a book, Studies onBeer, which he dedicated in a grateful and loving preface tothe memory of his father—the tanner of Arbois who hadbacked his son so loyally during Louis Pasteur’s long strugglefor an education.

After four months in Clermont-Ferrand Pasteur returned to Paris, which had once again been restored to order aftercivil war. Early in September he went to England to studythat country’s brewing methods. English brewers, too, werebeing plagued by diseased beer and Pasteur showed themhow a microscope could help to clear up the trouble.

But the high spot of his trip was a meeting with John Tyndall, an English physicist who firmly supported whathad come to be known as the “germ theory of disease.”From Tyndall Pasteur heard a report on the achievements ofJoseph Lister, then a professor of surgery in Scotland. Listerhad been much impressed by Pasteur’s studies of the invisiblelittle organisms that were floating in the air, and that hadthe ability to bring about fermentation and putrefaction.The English surgeon realized that similar microorganismsmight carry infection into a wound during an operation.On this theory he had developed his method of preventinginfection by killing the germs with antiseptics.

Pasteur felt pleased and encouraged in hearing about Lister’s success. A few scientists, at least, were beginning to understand that these “infinitely small” plants and animalscould be dangerous enemies of man.
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Can Germs Cause Disease?


In march of 1873, Louis Pasteur was elected an associate member of the Academy of Medicine. At his first meeting he found himself in the midst of a hot debate on the germ theory of disease.

A certain Dr. Onimus had presented a paper on “The Influence of Inferior Organisms, Developed During Putrefaction, on the Putrid Poisoning of Animals.” Onimus hadto admit that very tiny organisms were present in cases ofinfection—“putrid infections” as he called them. Anyonewith a microscope could see that. But, he claimed, theseorganisms were not harmful or poisonous. They were simplythe result of putrefaction and decay—not the cause.

“No, putrid infections are caused by microorganisms,” insisted Dr. Casimir Joseph Davaine, a physician who hadmade some experiments supporting the germ theory. ThenDr. Bouillaud, the presiding officer, called on the newestmember for his views.

Pasteur began hesitantly. Before him were the most important and influential physicians and surgeons of Paris. Some of them looked rather amused and patronizing. Somewere downright unfriendly. These were the members whohad tried to keep this “mere chemist” out of the academy;he had won election by a margin of only one vote.

“I had not intended to take the floor today,” Pasteur explained. “I will say only a few words in reply to Monsieur Bouillaud’s kind invitation.” He added that he supportedthe views of Davaine. But he was careful to point out thatthis was only his opinion since he had not carried out experiments on the subject.

Then he went on to describe a case in which he had proved, through exhaustive experimentation, that a certaindisease was due to a certain kind of microorganism. Some ofthe doctors exchanged smiles. Pasteur was telling them abouta disease of beer!

He summed up slowly, gesturing with his good right arm. “The correlation is certain, indisputable, between the diseaseand the presence of the organisms.” He was so emphatic thatthe stenographer recording the debate underlined these finalwords. But, aside from the stenographer’s reaction, the newmember’s statement caused no excitement.

Pasteur made it a regular habit to attend the Tuesday meetings of the academy. He would sit quietly at desk number 5 which had been assigned to him, listening to the debates butsaying little, like a new boy in a strange school. It was indeeda strange world for a chemist. According to a saying of thattime—a century ago—physicians and surgeons were the“princes of science” and they considered themselves somewhat above such men as chemists, naturalists, and physiologists. Most of the medical “princes” believed that physiologycould teach them little or nothing about treating the sick—and certainly, they had very little use for chemistry.

One of the favorite targets of their scorn was the germ theory of disease. Except for Davaine and a scattering ofother progressive medical men, the members scoffed at theidea that these odd little organisms could cause disease andinfect wounds.

“How ridiculous,” they said, “to think that tiny plants and animals—so small you need a microscope to see them—could be powerful enough to kill a man or a horse!”

They further declared, “Disease or the putrefaction of wounds is something that just appears spontaneously, perhaps when the body is weakened by poor food or livingconditions. In some people, disease may take the form whichwe call typhoid fever. In others, it becomes tuberculosis orpossibly diphtheria.

“But,” they stated firmly, “there is no such thing as a specific disease, due to a specific cause.”

One doctor had even warned the academy, “The doctrine of specificity would condemn us to finding a specific remedyfor each of scores of diseases. Why—it would halt the progress of medicine!”

While the majority of the members jeered at the germ theory, Pasteur was getting a practical education in medicalmatters outside the academy. He made friends with severaldoctors and went with them to visit their patients in theParis hospitals. Often he was horrified by the things he saw.

Surgeons in blood-covered aprons went from one operation to the next with only a quick rinsing of hands and instruments—and sometimes with no washing at all. Bandages smeared with pus were thrown carelessly about. Evenpatients who came through an operation successfully werevery apt to die anyway, for infection entered the wounds,spreading through their bodies while the doctors were helpless to stop it.

Hospitals were considered deathtraps. Their air was thought to be poisonous and thousands of patients died froma mysterious illness called “hospital miasma.”

An exception among the surgeons was Dr. Alphonse Guérin. Like Joseph Lister, he had developed a new type ofdressing for wounds based on Pasteur’s research. Guérinwould wash them with a solution of alcohol or carbolic acid,then cover them with cotton to protect them from germsfloating in the air.

Although Pasteur was delighted with the success of Guérin’s dressings, he was able to suggest an improvement.“Heat the cotton first to a very high temperature,” he advised. “In this way you can make sure all germs on thecotton are killed.”

Most of the surgeons, however, showed little interest in adopting the bandages of Guérin, whom they thought somewhat eccentric. They continued their same germ-spreadingpractices until finally Pasteur could keep silent no longer.Before he had been a member of the Academy of Medicinea year, he started giving advice to the doctors not only attheir Tuesday meetings but also at the Monday meetings ofthe Academy of Sciences. In the beginning, he tried to betactful.

“If I had the honor of being a surgeon,” he said on one occasion, “I would never introduce into the human body aninstrument without having passed it through boiling wateror, better still, through a flame.” So completely new to mostof his listeners was the idea of sterilization that they did notunderstand what he meant. Some surgeons thought Pasteurwas telling them to operate with very hot instruments! Hehad to explain that the only purpose of heat was to kill thegerms that stuck in the tiny grooves of an instrument evenafter careful washing.

Pasteur now found that he had more freedom to carry on research than ever before. Since he could no longer teachbecause of his health, the government had awarded him apension of twelve thousand francs a year—the salary of aprofessor at the Sorbonne—in recognition of the millions offrancs he had saved French industries by his studies. Hisfriends were pleased to think he would have a chance torest—but Pasteur had other ideas. He made it clear that hewould “retire” only on condition that he could keep hisprecious laboratory.

He had given it a new name—the Laboratory of Physiological Chemistry—for his experiments were coming steadily closer to problems of disease in animals and human beings.In one project, he studied a type of fermentation that sometimes occurred in the urine of sick people and made a reportof his findings to both academies.

A small group of young doctors and medical students were beginning to listen to''Pasteur with growing interestand respect. He was cheered, too, by a friendly letter fromLister thanking him “for having, by your brilliant researches,demonstrated to me the truth of the germ theory of putrefaction.”

But most of the French doctors were irritated at having this upstart chemist invade their field. They criticized hisfindings and conclusions and Pasteur did not hesitate toanswer back. He was no longer shy about speaking up whenhe found flaws in their statements and experiments—and heno longer always bothered to be tactful. He was particularlyimpatient with the members’ habit of speaking of “orators”and “speeches.” “Let us leave these words to political meetings,” he recommended. “They seem to me incompatiblewith simplicity and scientific precision.”

One subject that came up again and again was the old controversy over spontaneous generation. Physicians whodenied that germs caused disease had to explain somehowwhy these microorganisms were present in the blood andtissues of sick people. Usually they fell back on the explanation that they appeared spontaneously, as a result of thedisease. In confusing cause and result, they were making thesame mistake Pasteur himself had made during his silkwormstudies, before he solved the riddle of the corpuscles.

“I’ve searched for spontaneous generation for twenty years, without finding it!” he cried during one debate. Pasteur never said spontaneous generation was impossible; hemerely stated that, as a scientist, he could find no evidenceof it.

His cleverest opponent in this latest round of the old battle was a young English physician. Dr. Henry Charlton Bastianhad copied some of the experiments Pasteur and Pouchet hadcarried on a dozen years before and he claimed that he hadsucceeded in spontaneously generating bacteria. The Englishman was so eager to prove his claims that he came to Paristo meet Pasteur before a commission of the Academy ofSciences.

Pasteur grumbled at having to waste time on more experiments in the old battle. Again he won the decision but, even so, his contest with Bastian was worthwhile, for hediscovered that his methods of sterilization were not yetgood enough to kill all germs. Moreover his new studiessolved an old mystery—he found out at last why Pouchethad seemed to produce microorganisms “spontaneously” inspite of that scientist’s best efforts to keep his flasks sterile.

Instead of making a nutrient bouillon of yeast water, as Pasteur had done, Pouchet had used a liquid in which hayhad been steeped. The bacteria in this hay were so tough theycould survive the boiling he gave them. But they neededoxygen to develop, so they stayed dormant until he let airinto the flasks.

As a result of these new findings, Pasteur worked out techniques for sterilizing at higher temperatures, either inan oven or with steam that had been superheated by puttingit under pressure. At first most of his steam sterilizing wasdone in three great basins with covers. Every now and thenthe laboratory was rocked by an explosion from the highpressure. The cover of a basin would blow off with a roarand boiling liquid would shoot up to the ceiling.

One of Pasteur’s assistants, Charles Edouard Chamberland, developed an explosion-proof apparatus called the autoclave.It is still used by hospitals for safe, thorough sterilization ofinstruments, dressings, and other equipment where disease-carrying germs might be hidden.
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The Conquest of Anthrax Begins


At the age of fifty-four, Louis Pasteur felt he was ready to start on the project he had beenworking toward so long—research on contagious diseases.

The first step was to get money for his new studies. In February, 1877, he appealed to the Minister of Public Education, as he had done so many times before. Pasteur beganhis letter:

“Although I am a stranger to the fields of medicine and the veterinary art, the sum total of my work of these pasttwenty years has brought me close to the difficult problemof the causes of contagious and infectious diseases.” He wenton to explain that it was his intention to study septic poisoning and anthrax. He would need extra money to buy animals for experiments and to arrange for a place to keepthem. Also needed would be books and translations ofscientific reports—as well as the salary for a young medicaldoctor whom Pasteur would need to assist him on this research program.

“Accordingly, Monsieur the Minister,” he summed up, “I have the honor to propose that your Excellency grant anincrease of sixty-five hundred francs in the year’s budget formy laboratory.”

So impatient was Pasteur to begin his study of anthrax that he did not even wait for the minister’s reply. Two dayslater he wrote to a veterinary surgeon named Boutet, wholived near Chartres, asking for some “anthrax blood”—blood of a sheep which had died of that disease.

Anthrax was a strange and devastating ailment that killed thousands of sheep and other farm animals every year. Thefields where the animals died were said to be “cursed.”When farmers let flocks graze in them, the new sheep oftendied, too—even when the “cursed” fields had not been usedfor grazing for many years.

Pasteur had long wanted to study anthrax and he had watched with interest the research carried out by other scientists. As early as 1850 it had been investigated by CasimirJoseph Davaine, the physician who had defended the germtheory on the day Pasteur attended his first meeting at theAcademy of Medicine.

Davaine had examined under the microscope the blood and tissues of an animal dead from anthrax and had noticedgreat numbers of tiny, straight rods. In 1861 he read Pasteur’sreport on the “animalcules” that caused butyric acid fermentation, and it occurred to him that the little rods might be thesame ferment or, at any rate, might cause anthrax in somewhat the same way. He inoculated rabbits with anthraxblood. The rabbits died and the same tiny rods could befound in their blood.

Davaine had shown these queer rodlike microorganisms to Pasteur who could easily see that they were quite differentfrom his butyric acid ferment. Pasteur thought they wereprobably not closely related to it. But at that time, in 1863,he had no background for studying whether this microorganism might cause a disease like anthrax.

Two other French scientists, Leplat and Jaillard, disputed Davaine’s findings before the Academy of Sciences. They had killed a rabbit by inoculating it with anthrax bloodthat was full of the microscopic rods. Yet when they examined the dead rabbit, they found no trace of these microorganisms. Therefore, they claimed, the tiny rods mustsimply be one result of anthrax—not its cause.

Davaine countered this by contending that the inoculated rabbit had died not of anthrax but of a different disease—septicemia, or septic blood poisoning. Pasteur agreed. Butneither he nor Davaine had convincing experiments to offerin support of their belief that anthrax was caused by therod bacteria.

In 1876 Robert Koch, a German physician, succeeded for the first time in growing the bacilli outside the body. (Alltypes of bacteria having the shape of rods are known asbacilli from the Latin word for “little sticks.”) For his nutrient bouillon, Koch had used a drop of the watery liquidfrom the eye of an ox. After the bacilli had multiplied, hetransferred a few of them to a second drop of liquid and letthem grow. He made a similar transfer eight times. Thenhe injected a little of the eighth drop into a mouse. Intwenty-four hours the mouse was dead and in its spleenwere the same familiar bacilli—the same type of little rods.

Koch also discovered why sheep sometimes caught anthrax by grazing in a “cursed field.” When he let the bacilli growin a culture, they developed into a mass of twisted threadson which sprouted little balls called spores. The spores hada very tough cover that protected them from dryness, heat,cold, and other unfavorable conditions. They could stayalive for years without food or water. Then, when conditionswere favorable again (for instance, when a sheep grazingin a field swallowed them), they could change into thedeadly bacilli.

But Robert Koch’s precise, careful experiments could not convince some scientists who remembered the contradictoryexperiments of Leplat and Jaillard. They insisted, “It isnot the rod organism that kills sheep but some other substance in the blood and tissues—perhaps an invisible substance.”

Koch had obtained bacilli from an animal dead of anthrax and transferred these and their descendants into a fresh dropof liquid eight times. Thus, there was a very faint possibilitythat a bit of some other substance from the diseased animalmight have been transferred from drop to drop along withthe bacilli.

Pasteur decided on an experiment that would close this possible loophole. He filled a flask with fifty cubic centimeters (nearly two ounces) of sterile urine. Into this nutrient bouillon he sowed a single drop of anthrax blood thatBoutet had sent him from Chartres—blood that was full ofthe little rods. After several hours they had multiplied untilthe flask was swarming with them.

Pasteur took a single drop of this culture and sowed it into a second flask containing fifty cubic centimeters of sterileurine. When the second flask was full of the rod bacteria,he transferred a single drop of this second culture to athird flask.

He repeated this process a hundred times! Then he took some of the culture from the one hundredth flask and inoculated rabbits and guinea pigs with it. They all died, showingthe signs of the dreaded anthrax. And the characteristic rodscould be found in their blood.

“The rod organisms must be the cause of anthrax,” Pasteur concluded. Nothing else from the original drop of diseasedblood was left. It had been diluted a hundred times, asthough it had been lost in all the water of all the oceansof the world. The red and white corpuscles had been lost;the liquid part of the blood had been thinned until all itsmolecules were lost in the bouillon. The only things remaining were the tiny rods, descendants of the bacilli that hadoriginally been in the blood of the diseased sheep.

But how could the findings of Leplat and Jaillard be explained? Other scientists, too, were claiming they could give an animal anthrax by inoculating it with blood thatdid not contain the bacilli.

Pasteur’s studies had suggested an answer to this question. In June he went to Chartres to see Boutet. The veterinarianhad ready for his inspection three animals that had died ofanthrax. They had been chosen according to Pasteur’s instructions.

Pasteur first examined a sheep that had been dead about sixteen hours. Its blood was full of the rod bacteria.

Next he examined a horse that had died the day before. In addition to some of the rods, its blood contained a different kind of bacterium—a long, thin, flexible one so transparent it was almost invisible. As Pasteur described it, “Itslips between the corpuscles of the blood the way a snakeslips through high grasses.” He had first spotted this oddmicroorganism the year before and had named it the septicvibrio.

Finally, he examined the third animal Boutet had saved for him, a cow that had died more than two days before.Its blood was swarming with septic vibrios but contained onlya few of the rod bacteria.

Pasteur’s next step was to inject some blood from the sheep into a guinea pig. It soon died and its blood was foundto be full of the familiar rods. Then he inoculated two otherguinea pigs with blood from the horse and the cow. They,too, died very quickly, but their blood contained no rods.

The scientist explained his theory in this way: “The septic vibrio is found in the intestinal canal of all men andanimals, even healthy ones. When death comes, from anthraxor from any other cause, the septic vibrio slips into thebloodstream. It begins to multiply swiftly in the first stepof the process of putrefaction. In contrast, the anthrax bacteria stop multiplying after death and gradually disappear.

“The horse and cow,” Pasteur continued, “had been dead long enough for septic vibrios to invade their blood. When Iinjected this blood into the second and third guinea pigs, Igave the vibrios a chance to get into the animals’ bloodstream. These guinea pigs died of septicemia—blood poisoning—not of anthrax.”

Pasteur reported his first findings and conclusions on anthrax to the academies. As usual his reports were opposed,particularly in the Academy of Medicine. His bitterest criticwas G. Colin, a professor at the veterinary school at Alfort.

Colin had tangled several times with the quick-witted Pasteur at academy meetings and had made a poor showing.Now he saw his chance. He boasted that he had made fivehundred experiments on anthrax and that Pasteur was completely wrong in saying that it was caused by the rod bacteria.

Furthermore, Colin contradicted Pasteur even on minor points. For example Pasteur happened to mention in his report that chickens did not catch anthrax.

“Nonsense!” said Colin. “Nothing is easier than to give anthrax to hens.”

Pasteur felt he could not let such a flat contradiction pass. Since he was trying hard to win the respect of medical men,he always avoided making statements in the academy thathe could not back up with proof.

“Well then,” he asked Colin politely, “will you be good enough to bring me a hen suffering from anthrax?”

Colin agreed without giving the matter much thought. He had not yet learned the danger of contradicting a Pasteurwho felt sure of his facts. Before long he would find out.
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The Three Hens


In March, 1878, Pasteur won powerful new support for the germ theory of disease. Dr. Charles Emmanuel Sedillot, a prominent surgeon, lectured beforethe Academy of Sciences on “The Influence of MonsieurPasteur s Work on Medicine and Surgery.” It was in thisspeech that Dr. Sedillot first suggested the word microbefor microscopic organisms. Pasteur promptly adopted this“new and happy term.”

The same month he was being praised in the Academy of Sciences, he was attacked in the Academy of Medicine. Colinpresented experiments which he claimed proved that Pasteur was wrong—that the rod bacteria were not the cause ofanthrax.

When Pasteur rose to reply, he concluded with the story of Colin’s promise to give anthrax to a hen. He had oftenasked for the sick hen since then, he said, but Colin hadfailed to produce it. Then, “one day, about two monthsago,” Pasteur added, “Monsieur Colin confessed to me thathe was mistaken; it was impossible to give anthrax to a hen.”Pasteur explained blandly, “I have told this story to showthat our colleague’s contradictions of our findings on anthrax—like his promise to give anthrax to a hen—are not to betaken too seriously.”

Then Colin’s turn came to speak. It was true, he admitted, that he had unsuccessfully inoculated two hens with anthraxbacteria. But he tried to dismiss the whole matter as merelya joke. “The experiment might have succeeded after all,” hesaid lightly, “but a hungry dog got into the cage. He atethe two hens.”

The following Tuesday as the members arrived for their meeting, they were amazed to see Pasteur getting out of acarriage with a cage in his hands. It contained a white hen,a speckled hen, and a black one. The white hen was dead.

When Pasteur was given the floor in the day’s debate, he put the cage on the speaker’s desk. At noon on the previousSunday, he announced, he had inoculated the white henwith five drops of yeast water containing anthrax germs. Ithad died on Monday afternoon at five o’clock, just twenty-nine hours later. “We verified this morning that its body wasfilled with anthrax bacteria,” he stated.

There could be no doubt Pasteur had succeeded where

Colin had failed—he had given anthrax to a hen! How had he accomplished this? Chickens, the scientist explained tothe members, normally have a body temperature several degrees higher than that of animals susceptible to anthrax. Ithad occurred to Pasteur that this higher body temperaturemight help to protect the chickens against anthrax germs.

He continued, sounding rather as though he were giving a demonstration before one of his science classes, “Let ustake this white hen as a subject to test our preconceivedidea. In other words let us try, immediately after the inoculation of the hen, to lower by some degrees the temperatureof its body. Nothing is easier. We use a water bath, in whichwe plunge the lower one-third of its body. The hen dies thenext day; its blood, spleen, lungs, and liver are filled withanthrax bacteria. In all of our experiments, we have nothad a single exception.”

As usual Pasteur tried to anticipate objections. Some people, he pointed out, would say it was the cold bath that had killed the white hen—not the anthrax germs. Therefore hehad given the speckled hen just as cold a bath, during exactlythe same length of time. But he had not injected it withgerms and it had stayed lively and healthy.

He also called attention to the black hen. It had been inoculated with ten drops of the yeast water filled withanthrax microbes—twice as strong a dose as the white henhad received. But its body temperature had not been lowered with a bath. “You can see how healthy it is,” he saidwith satisfaction.

A few weeks later Pasteur reported on a further experiment. He had inoculated a hen with anthrax bacteria and put it in a cold bath until it was very sick with all the signsof the disease. Then he took it out of the water, dried it andwrapped it snugly in cotton wool. He kept it warm until itsbody temperature returned to normal. The hen had recoveredand was soon as lively as ever.

Louis Pasteur’s experiments with the hens were not simply stunts to show up Colin. He was always very curious aboutthe role the natural defenses of the body can play in fightingoff disease germs. He wanted to do much more research onthis and similar physiological problems, but his life was nothalf long enough to study all the scientific puzzles that interested him. Today, of course, physiologists know that chillingthe body can readily upset its defense system.

During the same period Pasteur was having his skirmish with Colin, he was working on the final draft of one of hismost famous papers. He presented it in April to both academies. It was titled “The Germ Theory and Its Applicationsto Medicine and Surgery.”

Pasteur no longer had to limit himself to discussing a microbe that caused a disease in beer. He had now thoroughly studied the anthrax microbe and the septic vibrio, aswell as a third type which he called a “microbe of pus.” Heknew each germ’s habits, whether it was aerobic or anaerobic,and what living conditions it preferred. Further, he knewthat each one would always produce its own specific disease.Never would the anthrax microbe cause septicemia or theseptic vibrio cause anthrax. His findings explained whyseptic vibrios flourished in the blood of an animal after itsdeath, while the anthrax germs gradually disappeared. Anthrax bacilli, being aerobic, need oxygen to grow and multiply,and when an animal stops breathing it ceases to get freshsupplies of oxygen in its blood stream. On the other hand,septic vibrios are anaerobic; they thrive best where there isno free oxygen.

In the meantime, Colin was still trying hard to give a hen anthrax—but without success because he failed to lowerits body temperature sufficiently. Thoroughly baffled, hecould not resist taking a sly dig at Pasteur. “I wish we couldhave seen the bacteria in that dead hen which MonsieurPasteur showed us without taking it out of its cage,” hehinted at an academy meeting in July, “—that hen which hetook away without letting us see the autopsy and microscopic examination.”

An angry Pasteur retorted to Colin’s insinuations. “I have always considered,” he told the members, “that my onlyright to a seat in this place is that given to me by your greatkindness, since I have no medical or veterinary training. Itherefore consider that I must be more scrupulously exactthan anyone else in the presentations which I have the honorto make to you.” Whereupon he demanded that a commission be formed to examine his experiments.

At noon on the following Saturday, a commission of five solemn members met in the council room of the academy.Three dead hens and one live one were on the table. Pasteurexplained the varying conditions under which each one hadbeen inoculated.

At Pasteur’s insistence, Colin was delegated to be the examiner. He put a drop of blood from one of the dead hensunder the microscope and studied it closely. Then he straightened up. “I am satisfied. It is not necessary to examine theothers,” he conceded. Rather glumly he signed the commission’s report stating that there was no doubt of the presenceof anthrax bacteria in the hen. Then he carried off one ofthe other dead chickens for a little private examination ofhis own.

Toward the end of 1878, a valuable recruit joined Pasteur’s laboratory staff. He was Emile Roux, one of the group ofyoung medical men who admired the scientist and who hadlistened eagerly at the Academy of Medicine to his reportsof his experiments.

Pasteur’s motto now was “Hunt the microbe!” He visited hospitals whenever he could get permission from doctors.With him were Roux and Chamberland, loaded with cultureflasks. As he watched, the two young men would take samples of blood and tissue from sick people and from the bodiesof those who had died of puzzling diseases.

Pasteur dreaded these hospital visits. An unusually sensitive man, he hated the sights and the smells. When his assistant cut open an abscess for a sample of pus, he winced as though he himself had been hurt. Nevertheless, he wasdetermined to collect proof that would convince even themost stubborn doctor how dangerous disease-carrying germscould be. “I will make them see! They must see!” he keptrepeating.

At this time he made a special target of an illness called “childbirth fever.” Healthy women who went to hospitalsto bear their babies ran a serious risk of dying from this disease. Progressive doctors in several countries had come torealize it was an infection spread by bacteria; they tried tokeep themselves and their hospitals as germ-free as possiblewith antiseptics and sterilization methods. But there werestill many doctors who ridiculed these precautions.

One Tuesday at the Academy of Medicine a celebrated physician, Dr. Hervieux, was giving a lecture on the epidemics of childbirth fever that so often swept through maternity hospitals. He vaguely suggested some possible causes.

Pasteur kept quiet as long as he could—then he interrupted the speaker. “What causes the epidemic is nothing of thekind!” he protested. “Doctors and nurses carry a microbefrom a sick woman to a healthy one.”

“If that is so,” replied Dr. Hervieux with a touch of sarcasm, “I am very much afraid the microbe will never befound—at least during my lifetime.”

Pasteur went to the blackboard and quickly drew a germ shaped like a long chain of beads. “There! That’s what itlooks like!” he said.

It was the streptococcus. While rod-shaped bacteria are called “bacilli,” ball-shaped ones are generally known as“cocci” from a Greek word for “grain” or “seed.”

No one was safe from Pasteur’s needle when the scientist was on a microbe hunt. Soon after describing the streptococcus, he happened to notice that his friend, Emile Duclaux,had a boil on his neck. He asked Roux to take pus from itand several other boils Duclaux was suffering with. Hesowed a bit of pus from each boil in sterile bouillon.

In each flask the same type of microbe began to grow and multiply. It was shaped like a cluster of tiny round dots.When Pasteur injected a culture of this microbe under theskin of guinea pigs and rabbits, small boils formed on themin turn—and each boil contained swarms of the same microbe.

Its family is well known today by the name Pasteur gave to it—staphylococcus, from a Greek word meaning “bunch ofgrapes.”
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The Big Breakthrough


While Pasteur was tracking down new kinds of microbes, he did not neglect his study ofanthrax. In fact he was successful in working out practicalsuggestions for farmers on how to keep the anthrax germsaway from their flocks. But he was still not satisfied—hewanted to find a better way to fight the disease.

He spent many hours poring over the writings of Edward Jenner, the English physician who had introduced the practice of vaccination eighty years before. Jenner had protectedpeople from smallpox by inoculating them with cowpox,a disease common to cattle. As the human body built up itsdefenses against the cowpox inoculation, it also seemed todefend itself from smallpox, which Jenner believed to bethe same disease in a much more deadly form. Thus, vaccination was said to give the body immunity against smallpox.

“Perhaps,” Pasteur thought, “I can find out how to make animals immune to anthrax.”

It had already been observed by scientists that people and animals who recovered from certain diseases often seemedto be immune from getting those same diseases again. Pasteurhimself had noticed that sometimes sheep could graze in afield infected with anthrax germs without catching the disease. He speculated that they might once have had anthraxin a form so mild the farmer did not recognize it. Somehow, this mild illness might have given them immunity.

Some investigators had tried to make animals immune by inoculating them with a mild form of a disease such asanthrax or pleuropneumonia, an illness of cattle. But “mild”doses, unfortunately, could not be depended on to stay mild.Often they flared up and killed the animal.

Accordingly Pasteur was faced with the problem: “How can I control the strength of an inoculation? How can Igive an animal a mild case of anthrax without running therisk of killing it?”

His first efforts to develop a mild, safe form of anthrax were discouraging and fruitless. Then, through one of thestrange accidents of science, he found his solution where heleast expected it—in a program of research on chickencholera!

Pasteur took up the study of this very contagious, deadly disease of chickens at the request of H. Toussaint, a youngprofessor of physiology at the Toulouse Veterinary School.Toussaint and other scientists believed they had alreadyfound the cause of chicken cholera—a germ so tiny it lookedlike a speck under the microscope. The young physiologisthad tried to grow it in a test tube but he was unsuccessfulbecause he could not find the right nutrient bouillon for it.Puzzled, he turned to Pasteur for help.

Through experience Pasteur had learned that anthrax bacilli would flourish in either sterile urine or yeast water,so he first tried raising the new microbe in these nutrientbouillons. It would not grow in either one. Then he experimented with scores of other “recipes” for bouillons untilat last he concocted one that proved successful. It was abroth made of chicken gristle, neutralized with potash andsterilized at a temperature of about 110°C. (230°F.).

In this broth Pasteur grew cultures of the tiny microbes. He inoculated healthy hens with the culture or put a fewdrops of it on crumbs which he fed to them. The hens diedquickly, showing the symptoms of chicken cholera, and amicroscopic examination revealed many of the same characteristic microbes in their tissues. These experiments certainly seemed to indicate that the microbes Pasteur hadraised in his flask were as deadly to chickens as their parentshad been. But before the scientist could make any detailedjudgment of the deadliness—the virulence—of the little microbe, a much more thorough study of it would be necessary.To accomplish this, he mapped out a systematic program ofexperiments.

When summer came Pasteur went to Arbois, leaving his assistants, Roux and Chamberland, to continue the chickencholera experiments. For once he had something more exciting than microbes to think about. His daughter was engagedto be married to a young writer, Rene Vallery-Radot. Pasteurwas almost as pleased about the engagement as Marie Louiseherself. He wrote the news to all his friends and began making plans for the wedding.

Meanwhile, in Paris, Roux and Chamberland were following their master’s program of experiments on the chicken cholera microbe. Every twenty-four hours they started a newculture by sowing a few microbes from the previous day’sculture in a flask of broth. They then inoculated chickenswith the fresh culture, taking detailed notes on the changesin the condition of each chicken and the length of time beforeit died.

Then chance took a hand in the research and led the way to a startling discovery. Many versions have been printedabout the famous “accident” that took place in Pasteur’slaboratory that summer of 1879—but here is the story according to Roux himself, who told it many years later to thescientist’s grandson, Pasteur Vallery-Radot.

One day Roux and Chamberland decided to take a holiday. They put their cultures of microbes away in a cupboard, locked up the laboratory, and were gone for several weeks.When they returned and started work again, they took oneof the old cultures from the cupboard and inoculated achicken with it. The chicken did not die; it did not even getsick. Evidently the culture had lost its strength during itsstay in the cupboard.

The young men obtained some microbes from a diseased chicken on a nearby farm, prepared a fresh culture and injected it into several hens. All died on schedule—except one.With great surprise Roux and Chamberland realized thatthe lively survivor was the hen they had inoculated twice—with both the old culture and the fresh one.

They worried about this strange result; they knew their master disliked carelessness in experiments. Nevertheless,when Pasteur returned to the laboratory, they summoned uptheir courage and told him about the incident.

They started to apologize. “Be quiet!” Pasteur said sternly. He thought a moment, then burst out, “Well, that explainsit—this hen was immunized when it was inoculated withthe old culture!”

In this chance happening, Pasteur’s alert, “prepared mind” recognized a valuable new lead for his immunity studiesand he enthusiastically went to work on it. “Probably themicrobes kept their strength because we prepared a freshculture of them every twenty-four hours,” he reasoned. “Butwhy did the old culture become weakened while it was inthe cupboard? And how can I duplicate it?”

His guess was that exposure to the oxygen of the air might have weakened the germs. Months of hard, routine experimentation followed, during which Pasteur tested this hypothesis. Fresh cultures of chicken cholera germs were placedin flasks which were then sealed shut with a flame, so thatno additional air could reach them. Other freshly madecultures were put in flasks plugged only with cotton, so theair could filter in.

Germs in the sealed flasks, Pasteur learned, kept their deadliness for many months. In contrast, the germs exposed to the air soon lost their virulence.

The next step was to expose the cultures to air for varying lengths of time. In this way Pasteur found he could get aculture that was weakened to just the degree he wanted. Hecould then use it to immunize a chicken by giving the fowla slight, harmless case of chicken cholera. And when he allowed these weakened germs to grow and multiply in a testtube, he found that their descendants were also weakenedand gave only a mild case of the disease.

Pasteur described these weakened cultures as attenuated. And he adopted Jenner’s word vaccination for the process ofinoculating with an attenuated culture to immunize againsta disease. The attenuated culture itself he called a vaccine.

In February of 1880, he reported his vaccine discovery to the academies, giving his paper the rather sweeping title,“Virulent Diseases, Particularly the Disease Commonlycalled Chicken Cholera.” In his introduction Pasteur madeit clear that his thoughts were going far beyond chickencholera and other animal diseases. Among the greatestscourges of mankind, he declared, were “measles, scarletfever, smallpox, yellow fever, and typhoid fever.” And inhis conclusion he offered the hope that, “as a result of thefacts that I have presented,” research could be undertakenon vaccines for “the virulent diseases that have so manytimes devastated and still devastate humanity.”

Pasteur was silent on one point, however. He said, “I ask the liberty, for the time being, not to reveal my method ofattenuating a culture in order to keep my freedom of actionfor further studies.”

As he was to find out later, he could have saved himself a great deal of trouble by postponing the announcement ofhis discovery until he was ready to make a full report. ButPasteur’s laboratory was still being financed by the government and that put its chief under pressure to keep showingprogress. Besides, he knew very well that his success in developing the first attenuated vaccine was a major breakthrough in medicine. It promised such exciting possibilitiesthat he could not wait to tell the world about them.
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Challenge to a Duel


 Two months after Pasteur announced his chicken cholera vaccine, he and his wife went to Arboisfor a short visit. He had ordered some remodeling done onthe old tannery building, to provide comfortable rooms forhis daughter and son-in-law when they came for holidays.The plans included a nursery since the Pasteurs were looking forward to the birth of their first grandchild in the autumn.

He was also working on two more research papers. The longer of these dealt with further studies on the chickencholera vaccine and its effects. Now that Pasteur had collected some evidence that germs caused disease and death, he was exploring the question of just how and why germscould kill an animal or human being. He had discoveredsome unexpected reactions in his inoculated chickens which,he believed, might throw new light on the nature of vaccineand disease.

Pasteur wrote and rewrote this paper before turning it over to Marie who prepared the final draft in her beautifulhandwriting, as she had done for so many years. Then hemade so many more corrections that she had to copy thewhole thing over again. But she was game. “The academieswill see how we spend the Easter holidays!” she wrote toMarie Louise.

At the end of April, 1880, Pasteur presented his new paper on chicken cholera to the two academies. The followingweek he submitted the second paper, titled, “The Extensionof the Germ Theory to the Etiology of Some CommonDiseases.”* The latter gave some very detailed observationson the microbes he had found in three cases of boils, sevencases of childbirth fever, and one of osteomyelitis, a seriousbone disease.

Most of the maternity cases he cited were patients of Dr. Hervieux, the physician whose lecture he had interrupted theyear before. Although Hervieux still disagreed with Pasteur’s theories, the physician had allowed him to collectsamples of blood and pus from sick mothers. Now Pasteurgave as his opinion that childbirth fever was actually severaldifferent diseases, each caused by a different microbe. Onceagain he urged the medical members to guard against theseailments by taking antiseptic precautions.

As for the osteomyelitis case—Pasteur reported that he had discovered in pus from the diseased bone the same characteristic microbe that was swarming in pus from the boils.Accordingly he suggested that boils and osteomyelitis weretwo forms of the same disease—that osteomyelitis was, soto speak, a“boil of the bone.” A wildly farfetched theorythis seemed, indeed—for a chemist to advance to respectablephysicians—yet later research by scientists proved that it wastrue.

Pasteur realized perfectly well that he was courting trouble from the medical men by this new intrusion in their field. But he was desperately eager to push ahead just as rapidlyas possible in the conquest of man-killing diseases. Therefore—he now explained in his paper—he was offering hisstudies on boils and childbirth fever “in their present form—such as it is” only “in my desire to see them completed bythose who might be tempted into activity on them.” He continued, “I have presented the facts as they appeared to meand I have ventured interpretations of them” but in the fieldof medicine, Pasteur acknowledged, it would be easy for himto have a prejudiced viewpoint. “I do not forget, either,” herepeated, as he had on similar occasions, “that medicine andthe veterinary art are strange to me.”

Pasteur’s conciliatory language was wasted—his papers triggered a sharp new attack against him in the Academyof Medicine. It was led by Jules Guérin, a dignified seventy-nine-year-old surgeon who was no relation to Pasteur’sfriend, Alphonse Guérin. Guérin and several other membershad been listening with growing anger to this impudentchemist who sometimes spoke so tactlessly of the “oldmedicine” as contrasted with the germ theory of disease.Just three months earlier, Pasteur had dared to suggest thathis discovery of a chicken cholera vaccine might point theway to the prevention of typhoid fever and measles. Now—even more outrageously—he was lecturing the physicians onthe cause of boils and how to prevent childbirth fever! Thislast effrontery was more than Guérin could bear withoutstriking back.

First, Guérin contradicted a statement Pasteur had made —that the exact scientific relationship between smallpox andJenner’s vaccine was still unknown and might be profitablyinvestigated. When Pasteur stuck to his views, the old doctor exploded.

“Until now I have kept silent on the ideas of Monsieur Pasteur,” he said with indignation. “But the unlimited extension that our colleague wishes to give to his system—whichaims at nothing less than toppling our entire science—makesme bound to intervene.” He added wrathfully, “I must speakto defend not only my own work but also what I believe tobe the foundations of medicine against the invasion of thegerm theory!”

Guérin was defending a lost cause—more and more physicians and scientists were coming to understand and accept the germ theory. But as usual Pasteur felt he had to answerall opposition—and he did. As the weeks passed, supportersof both men joined in the debate. It was a battle memorableeven for the Academy of Medicine, which had been thescene of many stormy fights among its hot-tempered members.

The climax came on October 5. By now Guérin had expanded his attack and was demanding that Pasteur reveal how he made his chicken cholera vaccine—if he really hadsuch a thing. This Pasteur refused to do; it was a questionof his “scientific honor,” he explained. And thoroughly losing his temper, he burst out, “I am not going to compromisemine by a too hasty publication just to satisfy the indiscreet,untimely, and unhealthy curiosity of Monsieur Guérin!”Infuriated, Guérin jumped up from his seat. He startedto make a lunge for Pasteur, but another member held himback and the meeting ended in an uproar. The next dayGuérin sent two seconds to call on Pasteur with the missionof formally challenging him to a duel.

Of course a duel was out of the question between the seventy-nine-year-old surgeon and the lame scientist withhis paralyzed arm. A flurry of notes passed between friendsof the two men and academy officials. Pasteur wrote theacademy that he had not meant to offend a colleague. Hehad thought only of defending the accuracy of his work,he explained. Dr. Guérin stiffly accepted this letter as an“apology” and the matter was dropped.

Just three weeks after this tumultuous meeting, Pasteur presented still another paper to the two academies. With hisfinal tests completed and his doubts satisfied, he disclosedat last—in his own good time—how he had attenuated aculture to make a chicken cholera vaccine.


Notes
*Etiologyis the science of investigating the causes of disease.Back
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Victory at Pouilly le Fort


Louis Pasteur did not let the feud with Guérin interrupt his great objective—to seek vaccinesthat could immunize animals and perhaps even human beings against various diseases. As the first step, he decidedto concentrate on developing a safe vaccine against anthrax.

He soon learned that even this modest task had its perplexing features. Pasteur began his research by trying out on anthrax microbes the same attenuation method he had foundsuccessful with chicken cholera germs—that is, growingthem in a culture exposed to the air. Unfortunately, as theanthrax bacilli grew in the culture flasks, they developedinto the tiny balls called spores. The tough little spores,which could live for years without food or water, were notat all weakened by long exposure to the air. When theychanged again into bacilli, these bacilli proved to be asdeadly as ever.

His first job, then, was to keep the spores from forming.

For months Pasteur struggled with this problem, growing the bacilli under all sorts of living conditions. He finallyfound his answer by keeping the cultures at a very carefully controlled temperature.

He learned that if he heated the bacilli to 45°C. (ii3°F.) they stopped growing entirely. If he kept them at a slightlylower temperature—420C. to 43°C.—they could grow andmultiply but would not change into the spore stage.

Accordingly he allowed his cultures to grow at 42°C., keeping them in shallow layers where they would haveplenty of contact with the air. After a week or so of thistreatment, the anthrax bacilli became weakened just as thechicken cholera microbes had been.

By more patient experimentation, Pasteur learned how to control the attenuation so that he could produce anthraxbacilli with just the degree of virulence he wanted. For example, if he exposed a virulent culture to the air for tendays, it would give sheep a mild case of anthrax but wouldnot kill them.

He then worked out a system of vaccinating a sheep in two steps. First he inoculated it with a very weak culture.Twelve days later he injected it with more virulent microbes. After these two inoculations, the animal was protected even when it was injected with a very virulent culturethat quickly killed unprotected sheep.

“What will happen,” Pasteur began to wonder, “if I let my attenuated microbes go through the spore stage? Willbacilli grown from these spores be as weak as their parentswere—or will they be virulent?”

He experimented and was encouraged to find that his attenuated microbes kept their initial weakness even whenthey were allowed to go through their normal cycle anddevelop spores. Thus, when he had once attenuated the microbes, he no longer had to keep them at 42°C. He couldlet them develop spores and in this form they could easilybe transported and kept until used.

In February, 1881, Pasteur announced to both academies his method of protecting sheep against anthrax by preventive inoculation. So far, he said, he had tested the methodonly in the laboratory but in the spring he hoped to try itout on a farm.

His announcement brought a quick reply from a veterinary surgeon named Rossignol, who served as an editor of theVeterinary Press. “Monsieur Pasteur’s discovery, if it weregenuine, should not be kept in the laboratory,” Rossignolwrote in his paper. He would be delighted to arrange afield trial, he added, and he started a campaign for contributions to pay for test animals and expenses. Soon moneybegan to roll in from hopeful farmers. Rossignol placed theproject before the agricultural society of Melun, a townsoutheast of Paris. The society agreed to sponsor it.

The scientist accepted Rossignol’s invitation against the advice of all his friends. It was risky to make a big fieldtrial so soon—with so much fanfare and publicity! Thewhole subject of microbes was widely regarded as rather ahumorous matter—dozens of jokes were being circulatedabout them. If the test failed, Louis Pasteur would be thelaughingstock of Europe.

No one knew better than Pasteur himself how much of a risk he was taking. Rossignol was no friend; in fact, hehad written some very unpleasant things about Pasteur andthe germ theory of disease. It seemed plain enough that theeditor expected the test to be a huge failure.

But what a chance to tell the story of anthrax vaccination not just to a few scientists—but to all French farmers and tomillions of other people! Besides, by this time Pasteur wasconfident of winning a victory. “What succeeded in the laboratory on fourteen sheep will succeed just as well at Melunon fifty,” he told his worried friends.

He worked out careful plans for the test program, to be held at a farm called Pouilly le Fort, near Melun. Sixtysheep were to be put at his disposal. Twenty-five sheep wouldbe vaccinated by means of two inoculations, given twelvedays apart. Then these and twenty-five unvaccinated sheepwould be inoculated with a deadly anthrax culture. Theircondition would be compared with that of the final ten sheepwhich would receive no injections at all. Several cows and anox would also be inoculated since cattle sometimes caughtanthrax, too, although they were less apt to die of it.

The first inoculation was scheduled for May 5. When Pasteur reached the farm he found a big crowd waiting—farmers, veterinarians, physicians, scientists, public officials,and curious onlookers. They followed him toward the littleshed where the test animals were waiting. As the crowdwatched, Roux and Chamberland inoculated each animalwith five drops of a culture of weakened germs.

During the following days the young men went regularly to the farm, to take the temperature of their patients andkeep close watch on them. After twelve days they injectedthe second, more virulent culture. The animals did not seemto be disturbed at all by these doses.

May 31 was the day set for the big test—the inoculation of both vaccinated and unvaccinated animals with a veryvirulent culture. By now all France was excited and severalthousand people made the trip to Pouilly le Fort. Amongthem was the Paris correspondent of the London Times,ready to spread news of the great experiment around theworld. Also present was Pasteur’s old enemy, Colin, whoremained as suspicious as ever.

Colin thought he saw the possibility of some cheating by Pasteur. He gave a warning to Biot, a veterinary surgeonwho was supervising the test.

“Watch the broth containing the virulent culture,” Colin advised. “The anthrax germs are heavy and will settle tothe bottom of the broth. Pasteur will inoculate the vaccinatedanimals first; they will get the top part of the broth, whichis harmless. Then he’ll use the bottom part of the culture toinoculate the unvaccinated animals. Of course it will killthem since that is where the germs have settled.

“So, just before he uses the culture, give the bottle a good shaking to distribute the germs evenly.”

Biot did not forget Colin’s warning. He not only shook the bottle; he insisted that the animals be given three timesas big a dose of virulent germs as had originally been agreedupon.

By half past three in the afternoon the injections were finished and Pasteur went back to Paris. There was nothingfor him to do now but wait.

The next day Roux and Chamberland went down to the farm to check on their patients. They reported to Pasteurthat some of the unvaccinated sheep were very sick; theystood with drooping heads and refused to eat. All of the vaccinated sheep, with one exception, were eating normally.Some were running a temperature, however, and the onewith no appetite had a fever of 40°C. (104°F.).

Later that day came still more alarming news in a telegram from Rossignol. “One of the vaccinated sheep is dying,” heannounced.

Suddenly Pasteur’s wonderful self-confidence deserted him. All his hopes and plans seemed to come crashing down; hewas sure the test would be a gigantic failure. In vain didMadame Pasteur try to reassure him. He spent a sleeplessnight.

At nine o’clock the next morning a very different telegram arrived from Rossignol. All the vaccinated sheep were well, including the one that had seemed to be dying. All theunvaccinated animals were either dead or dying. The telegram ended with the words: “Stunning success!”

When Pasteur and his party reached the farm that afternoon, a great cheer went up. Enthusiastic representatives of agricultural, veterinary, and medical societies crowded aboutto shake his hand. Newspapermen sought interviews. Eventhe skeptics, Biot and Rossignol, congratulated him warmly.

In the field the dead bodies of twenty-two unvaccinated sheep lay side by side; when two of these were examined,their blood was found to be full of anthrax bacilli. The restof the unvaccinated sheep were dying. The unvaccinated cattle were very sick, although they eventually recovered. Instartling contrast, all of the vaccinated animals were in perfect health.

Pasteur had scored a complete victory. He had won his big gamble.
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Crowded Years


Appeals for help, in fighting disease were now pouring in on Pasteur from all over the world.The day after his triumph at Pouilly le Fort, he was askedto go to South Africa to study an epidemic raging amonggoats.

Madame Pasteur wrote to Marie Louise, “Your father would like to take that long journey, passing through Senegalon his way to collect some good germs of yellow fever. But Iam trying to moderate his enthusiasm. I consider the studyof rabies enough for the present.”

The scientist had begun his investigation of rabies sixmonths before. But this work was beset by unexpected stumbling blocks and long weeks of waiting for the results of experiments. It would, in fact, take Pasteur four more yearsof work before he mastered all the difficulties.

Meanwhile, since he now had assistants to do the slow, routine part of the research, he certainly had no intention oflimiting himself to rabies alone—which his wife knew verywell. He was “at the boiling point” as he himself put it—fullof ideas and bursting with energy. And why shouldn’t he befeeling elated ? Thirteen years before in the dark days of hisheart attack, he had lamented dying because he wanted todo so much more for his country. Now he found himself thediscoverer of a new technique to outwit disease—not just bycuring it but by preventing it—and he had already demonstrated its possibilities by developing two successful vaccines!

The period between the Pouilly le Fort test and his final victory over rabies was one of the busiest of Pasteur’s busylife. His schedule would have exhausted many a youngerand stronger man—and he was now fifty-eight. He still grewvery tired and his left hand and arm were still so paralyzedhe had to call for help when he wanted to manipulate laboratory apparatus. But he would not stop his work or consentto rest for long; there was too much to do.

Along with his rabies research, he carried on projects to develop two new vaccines for farm animals and did muchsupplementary work on anthrax. Farmers were clamoringfor vaccine to save their flocks and he had to arrange hastilyfor its production on a large scale. He also conducted furtherexperiments to improve his vaccination techniques and mademany more field tests to convince critics who still claimedthe vaccine was a failure.

In addition, he made speeches at international gatherings and at celebrations in his honor. While he naturally enjoyedthe recognition that was coming his way, he had serious reasons for taking precious time from his laboratory for thesepublic appearances. He was shrewd enough to know thathonors could be potent weapons in his crusade against disease—people were much more apt to pay attention to thewords of the famous Louis Pasteur than to those of someobscure scientist in an out-of-the-way laboratory. And whenhe acknowledged an award or a tribute, he always did soin the name of science—for he believed that in cheering him,the public was acquiring new interest in and respect for science and the things scientists could accomplish.

Pasteur also kept the scientific societies up to date on his research. During the week of June 13, 1881, shortly afterthe Pouilly le Fort test, he appeared on three consecutivedays before the Academy of Sciences, the Academy of Medicine, and the Agricultural Society to report on his anthraxvaccine. Most of the members gave him generous applausebut at the Academy of Medicine, an old adversary arose witha question. “I should like to ask Monsieur Pasteur,” said Colinsmoothly, “why he used a culture of bacteria to test the effectiveness of his vaccine, instead of using anthrax blooditself.” Colin made it clear that he thought the vaccine couldnot protect an animal against the blood of a diseased sheep.

Pasteur retorted with disgust, “Very well, if you like, inoculate the sheep and cows at Pouilly le Fort with the mostvirulent anthrax blood you can find. I tell you they will notice nothing!” To prove his point, he made a new test whichshowed conclusively that vaccinated sheep withstood a stronginjection of anthrax blood just as well as they did a cultureof virulent germs.

That same June, he also campaigned to get the red ribbon of the Legion of Honor for Roux and Chamberland. Pasteurhad always been punctilious about giving public credit tothe young men who had worked with him on various projects. Now he himself had been offered the Grand Cross, thehighest of the five decorations of the legion, but he refusedto accept it unless his assistants were honored, too.

All three scientists were in their laboratory when a friend brought word that the young men would indeed get the ribbon. Madame Pasteur wrote her daughter, “Hearty congratulations were exchanged in the midst of the rabbits and guineapigs.”

At the end of the month Pasteur notified the secretary of the French Academy that he was a candidate for membership. Of all organizations in France, this academy was themost famous and important. Founded in 1635, it had fortymembers who were known as France’s “immortals,” including writers, scholars, soldiers, artists, statesmen. A new member could be admitted only on the death of an “immortal.”

Two years earlier several members of the great academy had urged Pasteur to seek the seat of a member who haddied, but the scientist had declined; too many other outstanding sons of France were candidates. Now another seat hadbecome vacant with the recent death of Emile Littre, a distinguished philosopher and editor of a dictionary. SincePasteur’s friends were pressing him to be a candidate andthe whole country was shouting his name in a wave of enthusiasm, he decided to seek admission to the academy—even though he might very possibly be rejected. “What doesa defeat matter?” he wrote cheerfully to his son-in-law, Rene.“On the contrary, I’d find it a good excuse to stop thinkingof that academy and its speeches.”

Once he had made up his mind to be a candidate, he put the same energy into seeking votes that he did into huntinga new microbe. He wrote discreet letters to academy members whom he knew, to find out how much support he couldcount on. Just to be prepared, Madame Pasteur began pastinginto a scrapbook all the articles on Littre that were then appearing in magazines and newspapers. According to custom,if Pasteur won he would be expected to give a speech on thephilosopher’s life and work.

In August Pasteur went to the International Congress of Medicine in London as an official representative of France.When he entered the crowded hall with his son and son-in-law, there was a great burst of handclapping and cheering.

“We should have come earlier,” Pasteur said a bit nervously. “No doubt the Prince of Wales is arriving.”

“Monsieur Pasteur, it is you they are cheering,” replied Sir James Paget, president of the congress.

A reporter for a French newspaper wrote, “Pasteur was the greatest success of the congress.” He dined at the lordmayor’s residence and attended a luncheon where he wascongratulated by the Prince of Wales and the Prussian CrownPrince. Whenever a speaker at a meeting mentioned Pasteur’sname—which was often—the audience applauded vigorously.He accepted an invitation to explain his attenuated vaccineat a general session although, as he told the medical men, hehad come to the congress merely to listen and “to instructmyself.”

While still in London he wrote Marie how proud he was that a Frenchman should have received such acclaim “in thatimmense assemblage of foreigners—especially of Germanswho are here in much greater numbers than the French.”Pasteur had not forgotten his country’s humiliating defeat inthe Franco-Prussian War.

In September he went to Bordeaux in search of the yellow fever microbe. Ships had been arriving from Senegal withvictims of an epidemic, but when he reached the port helearned that the sick people had either died or were recovering. Another ship was due in ten days, however, so Pasteurdecided to wait for it. He made elaborate plans for theexamination of patients with as little risk of contagion aspossible.

“In the meantime, what shall I do in Bordeaux?” the restless scientist wrote to his wife. He explained that he hadmade friends with the keeper of the town library; it wasopen to him at all hours. “I am there now,” he reported,“alone and very comfortably seated, surrounded with morebooks by Littre than I can possibly get through.”

Although the election for the French Academy was not due for several months, Pasteur was now sure he had enoughvotes to win. He had taken the scrapbook about Littre withhim to Bordeaux and was taking advantage of this rarestretch of free time to begin composing his speech.

When the ship from Senegal finally arrived, he found that its only victim of the epidemic had died and been buried atsea. Since his last chance to hunt the yellow fever microbewas now gone, the disappointed investigator went back toParis.

In December Pasteur was elected to the French Academy with twenty votes out of the thirty-three cast, and the following April he was received into membership in a brilliantceremony. Dressed in a green, gold-embroidered uniform,with a sword at his side, he gave his speech on Littre beforea crowd of celebrities and his own happy family.

French towns that had benefited from his research were now vying with each other to stage celebrations in his honor.

The Melun Agricultural Society presented him with not just one medal but three—of gold, silver, and bronze—for hisanthrax vaccine. Aubenas, the town where France’s silk industry had been founded three centuries before, awarded another medal to Pasteur for his silkworm research which hadsaved their industry from ruin. And at Nimes and Montpellier he made still more speeches, went to banquets, and conducted new tests of his anthrax vaccine.

When he went to Arbois in August of 1882, he kept up the same energetic pace. Again he was making changes in thelittle tannery building. He needed space for a billiard table—since he enjoyed the game—and more room for the friendsand relatives he liked to have visit him. The nursery Pasteurhad built two years before was now occupied by a granddaughter, Camille.

Besides supervising the remodeling, he mailed a steady stream of directions to Roux on the rabies experiments andto other assistants on a new microbe-hunting project he hadundertaken. The Melun Agricultural Society had appealedto Pasteur to find a safe vaccine for pleuropneumonia, a serious disease of cattle. Experimenters had already tried to protect animals by giving them a mild case of pleuropneumoniabut—as had been true with anthrax—these “mild” doseswere treacherous and often turned virulent.

With ten thousand francs donated by the society, Pasteur bought thirty head of cattle and a dozen horses for experimentation and installed them on a farm in the woods atVincennes. He made some progress but the research provedto be too discouraging and time-consuming and he eventually gave it up to concentrate on rabies. Fifteen years laterRoux and other scientists did develop a successful pleuropneumonia vaccine.

From Arbois Pasteur went to Geneva, Switzerland, where he had been asked to speak before the International Congressof Hygiene. He had taken special pains with his speech because one of his listeners would be Robert Koch, the Germanbacteriologist who had first proved that the rod bacteriawere the cause of anthrax. Koch and his assistants had beenbelittling Pasteur’s research on anthrax and claiming therewas no such thing as an attenuated vaccine. Pasteur’s results,they said, were probably brought about by some adulterationof his cultures or by the deposit of a strange germ on theneedle during the inoculation.

When Pasteur addressed the congress, he invited Koch to discuss the criticisms that the German had made of Pasteur’swork. Koch declined. He would answer later in writing, hestated.

In November Pasteur went to a farming region near Avignon to hunt a vaccine for swine fever, a disease whichhad recently killed many thousands of pigs in France andabroad. The scientist was accompanied by two assistants,Louis Thuillier and Adrien Loir, Pasteur’s nephew, who hadrecently joined the laboratory.

Previously Thuillier had discovered the microbe of swine fever and had learned to grow it in a culture. The next stepwas to find a way of attenuating the culture so a vaccinecould be produced. Pasteur first tried weakening the germsby exposing them to the air, as he had done with chickencholera and anthrax microbes. When this method provedunsatisfactory, he worked out another ingenious way of attenuating the microbes—by growing them in the bodies ofrabbits!

Among his many experiments, he had tried injecting a virulent culture of swine fever microbes into rabbits. Themicrobes grew and multipled in the rabbits’ blood, quicklykilling them. But in some strange way, this cultivation insidethe rabbits seemed to weaken the microbes—to make themless deadly for pigs. And when Pasteur injected a culture ofthese weakened microbes into a second rabbit, he found outthat their descendants were weaker still.

Accordingly he learned to attenuate the microbes by growing them in a series of rabbits, one after another.Through this process the germs became so weak that whenhe injected a culture of them into a pig, it did not get sick.The same pig then easily withstood an injection of virulentmicrobes, showing that it had been successfully immunized.

He worked on swine fever in the Avignon region until early in December and then took some pigs back to Pariswith him for further tests.

That same month Pasteur received Koch’s reply to his Geneva speech, which had been published as a severelycritical pamphlet. Koch now acknowledged that Pasteur had,indeed, developed a vaccine by attenuating cultures of microbes and he declared that the principle of an attenuatedvaccine was an important discovery. But in the case ofanthrax, Koch added, the effect of a vaccine did not last longenough to make it worth while. He also reported that he hadbought some of the vaccine in the open market and found itfull of impurities.

Pasteur’s supporters maintained that Koch, twenty-one years younger than the French scientist, was simply jealousof Pasteur’s success in developing a preventive treatment foranthrax. However, Koch was a brilliant and conscientiousinvestigator and he was doubtless right in saying that therewere foreign microbes in the anthrax vaccine he had purchased. Although Pasteur himself took infinite pains to keephis cultures pure during experiments, the anthrax vaccine on the market was not always a pure culture. Chamberland,who was in charge of producing it, sometimes added a fewhay bacilli in an attempt to stabilize its strength. And in therush to produce enough vaccine to meet the demand, a straymicrobe might have slipped into the bouillon that served asa culture medium. The solid medium which had recentlybeen developed by Koch made it much easier to keep cultures pure.

Pasteur did not claim that his vaccine always prevented death from anthrax and his own tests showed that the immunity of a vaccinated animal did not last indefinitely. Herecommended that, for safety, the vaccination should be repeated each year. But yearly vaccinations were not neededvery long. The vaccine helped farmers to get anthrax undercontrol so their flocks were protected from contagion. Vaccination could be kept as a reserve weapon in case a newepidemic broke out.

During December Pasteur worked on a long reply to Koch, which appeared as an open letter in a French publication. He gave figures comparing deaths from anthrax beforeand after his vaccine discovery. For example, in one districtwhere 79,392 sheep had been vaccinated, an average of lessthan one vaccinated animal in one hundred had died duringthe year. In the same district, the annual death rate for theten years before vaccination had been more than nine sheepper hundred.

The year of 1883 brought Pasteur new recognition—and a tragedy. First, the grateful French government voted toraise his annual pension from 12,000 francs to 25,000, andlater, in July, he attended a ceremony in the little town ofDole, to see its proud citizens dedicate a plaque on thehouse where he had been born. Then with September camethe grim news that one of his assistants, Louis Thuillier, haddied suddenly of cholera in Egypt.

Pasteur was shocked and grieved; it was he who had dispatched the French mission to try to track down the choleramicrobe during the epidemic that was then devastating Egypt. He had been very fond of Thuillier, and although the young man had volunteered for the mission, Pasteur blamed himself bitterly for having sent Thuillier to his death.

[image: ]

Vaccinating a sheep to protect it from anthrax






But he had to keep on with his vital work. By now hehad overcome many of the difficulties in his rabies study and was concentrating more of his time on the search for avaccine. During the twelve months following the Dole celebration, Pasteur seldom left his laboratory for speeches andhe represented France only once at an international gathering—the three hundredth anniversary of the University of Edinburgh in Scotland.

By May, 1884, he had progressed far enough to ask that the Academy of Sciences appoint a commission to investigatehis rabies vaccine and check on his results. As it happened,the same month brought the anniversary of another eventhighly important in Pasteur’s life—although in the excitement of getting the vaccine tests under way, he very possiblynever gave it a thought. His faithful Marie did not forget,however. On May 29 she wrote to Marie Louise and Rene:

“The commission met today and elected Monsieur Bouley as chairman. Nothing is settled as to commencing experiments. Your father is absorbed in his thoughts, talks little,sleeps little, rises at dawn and, in a word, continues the lifeI began with him this day thirty-five years ago.”
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Taming an Invisible Killer—the Rabies Virus


By May 1884, when Pasteur could report his first definite success in developing a rabiesvaccine, he had already been laboring on this problem formore than three years. But his abhorrence of rabies couldbe traced back much further in his life—to the time in hisboyhood when his Arbois neighbors had died in agony fromthe bite of a mad wolf. More than fifty years had passed sincethen—andstill the physicians and scientists had made noreal progress in learning how to save a rabies victim.

The course of the disease was confusing and unpredictable.

The only treatment which seemed to have any value was the painful one that young Louis had witnessed at Arbois—the cauterizing of a bite by burning away the flesh in thearea of the wound—but even this drastic remedy often failed.Victims might not develop rabies until many weeks or evenmonths after they had been bitten. On the other hand, peoplewho received no treatment at all after a bite from a mad dogoften stayed perfectly healthy.

One fact was certain—no one ever recovered from an attack of rabies. After the acute symptoms began to appear, death was sure to follow. Sometimes it came more speedilybecause the unfortunate victim was smothered between mattresses by his terrified family who believed his breath mightbe contagious.  

This strange illness had been feared by ancient peoples, too—it was the Romans who gave it the name rabies, a Latinword meaning “rage” or “madness.” In English it has beenpopularly known as hydrophobia, meaning “fear of water,”because human victims often have gone into convulsionswhen they tried to take a drink. But since mad animals donot have this same fear of water, rabies is the more accurateterm for the disease of both animals and human beings.

In the Paris of Pasteur’s day, one man who had been searching for a remedy was an army veterinary surgeon named Bourrel. He had even tried the impractical idea of filingdown the teeth of dogs so they could not bite into the skin.In December, 1880, with the hope that the famous LouisPasteur could throw some light on the subject, Bourrel senttwo mad dogs to the scientist’s laboratory at the EcoleNormale.

Pasteur began the study in his usual way—trying to track down a guilty microbe. He searched particularly in theanimal’s saliva. Investigators had already suspected that thecause of rabies might be hidden there, since the disease wastransmitted by bites.

In a hospital Pasteur gathered some mucus from the mouth of a little girl who had just died of rabies. Diluting this withwater, he injected the mixture into some rabbits, which diedwithin thirty-six hours. Saliva from the dead rabbits wasthen injected into healthy rabbits, and these died almost asquickly.

Under his microscope Pasteur examined the blood and saliva of his dead rabbits, as well as saliva from persons whohad died after being bitten by a mad dog. In these specimens he thought he detected the killer—a tiny microbe thatwas new to him, shaped like a figure 8. Through long experimentation he learned to grow this microbe in veal broth.When he injected a culture of it into rabbits, they diedquickly and the same tiny microbe could be found in theirblood.

But the fact that he had killed rabbits with his new microbe did not prove it was the cause of rabies. Had his animals truly died of rabies—or of some other disease? In an attempt to find out, Pasteur examined samples of salivafrom healthy people and from patients with other diseases.There was the same little figure-8 microbe! At that earlystage in the science of microbiology, Pasteur did not knowwhat it was—but from his detailed description, scientiststoday are sure that he had spotted the germ causing lobarpneumonia. It is often present in the mouth and ordinarilycauses no trouble in a healthy person.

Of course Pasteur was disappointed at having wasted so much time and labor on a false trail, but he was not discouraged. Again he took up the hunt for the rabies microbe.

He searched in the saliva, the blood, and the tissues without success. After several more months of fruitless work, hevery sensibly decided to give up this line of study. “Perhapsrabies is caused by a virus that cannot be seen in my microscope,” he speculated.

Then Louis Pasteur took another great pioneering step in microbiology. Instead of giving up the fight against rabies,he went right ahead trying to defeat a virus that he could notsee—that he could not even be sure existed! At that time,the term “virus” had not acquired the meaning it most commonly has today—that is, a microbe so tiny it is ordinarilyinvisible under the lens of a regular microscope. Virus isa Latin word for a “slimy liquid” or “poison,” and the scientists of Pasteur’s day thought of a virus in just that way—as a vague poisonous “something” in the fluids or tissuesof the body, which could carry disease from one human beingor animal to another.

Pasteur himself suspected that the “poisonous” effect in a disease such as rabies might be caused by microorganismsinfinitely smaller than the bacteria he was familiar with.But he never saw the microbes we call viruses—and neitherdid anyone else until some years later. With a very few exceptions, viruses are so small they can be seen only throughthe powerful electron microscope.

In pursuit of this unknown, invisible virus, he went back to the slow, uncertain process of trying to give his test animals rabies with injections of saliva or by means of the biteof a mad dog from Bourrel’s kennels. Pasteur risked deathhimself in these experiments. Once he drew saliva from themouth of a mad bulldog through a glass tube held betweenhis lips, while two of Bourrel’s attendants held the raging,struggling beast down on a table.

Sometimes his bitten or injected animals developed rabies; often they did not. Pasteur might have to wait several monthsbefore he knew whether or not he had a new rabies subjectfor study, since there was such a wide variation in the lengthof time before the disease showed up (called the period ofincubation). Naturally this long waiting period slowed uphis research.

He racked his brains trying to figure out a surer way to give rabies to dogs and rabbits. Like other observers, he hadnoticed that the disease seemed to affect an animal’s nervoussystem. “Perhaps,” he thought hopefully, “the virus concentrates in the brain and I can find it there more easily.”Accordingly he removed some of the matter from the brainof dogs that had died of rabies—taking care to avoid contamination of it—and injected it under the skin of severalrabbits. In almost every case the animals became rabid.

Although this was encouraging progress, Pasteur still frequently had to wait many weeks before his animals developed the disease. Why—he pondered—should the period of incubation be so long? He theorized, “Perhaps the virusdoes not find a good place to grow and multiply until itreaches the central nervous system. When a bite is on an armor a leg, then the virus has an especially long distance totravel. I might be able to speed up the appearance of thedisease if I could inject rabid matter directly into the brain.”

But how could this be done ? His assistant, Roux, drew on his medical training to suggest a method.

“It is called trepanning,” Roux explained. “We will give a dog an anesthetic so it won’t feel any pain. Then we cancut a small hole in its skull with a surgical saw. We’ll injectthe rabid matter directly into its brain and close up the holein its skull again.”

[image: ]

Pasteur makes notes on the condition of rabbits used in his rabies experiments.

He wore a little skull cap when working in hislaboratory.




Pasteur shook his head. Although he claimed not to be fond of animals, his assistants knew how tenderhearted hewas. He never let an animal suffer unnecessarily, but alwaysused anesthetics for operations and always put his rabid animals to sleep permanently as soon as he had finished his observations of them. The very thought of cutting a hole in adog’s skull repelled him—why, it could not help but be painful! He would not allow it.

There the problem rested until one day when Pasteur was absent from the laboratory. Roux, convinced that his methodwas the only solution, chloroformed a dog and trepanned it.Into its brain he injected some matter from the brain of adog that had died of rabies. When Pasteur returned, Rouxtold him about the operation.

“Oh, the poor animal!” cried Pasteur. “Where is it? Its brain is certainly wounded; it must be paralyzed.” In answer, Roux brought up a lively little dog that was waggingits tail, obviously not at all bothered by the hole in its head.Yet two weeks later the little dog showed the first signs ofthe fatal rabies.

Pasteur was relieved and reassured to learn that trepanning was not painful, and from that time on it became a regularpractice in his laboratory. Producing rabies in a test animalonly two weeks after inoculation proved to be a big advance,for it speeded up the research program.

Soon afterward the scientist discovered how to make the period of incubation still shorter. He took some matter fromthe brain of a trepanned dog that had died of rabies andinjected this into the brain of a second dog, which becamerabid in less than two weeks. Then he transferred a bit ofmatter from the brain of the second dog to the brain of athird dog, thus shortening the period of incubation stillmore.

Finally he was able to produce rabies in an animal only six days after its inoculation. This seemed to be the limit,however. No matter how many times he made the transferfrom one brain to the next, he could not shorten the periodof incubation to less than six days.

With these experiments Pasteur had done more than speed up his research—he had opened a new chapter in the historyof microbiology. He had demonstrated that an invisiblevirus could be tamed and grown in a culture for study anduse—just as he had once shown how to “domesticate” yeastcells and bacteria. But viruses are much more difficult toraise than bacteria and not only because they are so small.Viruses refuse to grow in ordinary liquid or solid culturemedia; they demand a nutrient medium that is still alive—such as the cells of a living animal.

Pasteur, of course, had no way of knowing that his rabies virus needed living cells to flourish—he simply found outthrough many futile experiments that it would not grow inflasks containing blood, fresh nerve tissue, or any other nutrient medium he could think of. So—he discarded his flasksand used the brains of live rabbits as his culture medium!Not only did the rabies virus grow and reproduce itself inthis favorable medium, but its “children” proved to be evenmore virulent than the “parent”—they could produce rabiesmore quickly. Thus—by growing his culture in the brainsof a series of trepanned rabbits—Pasteur could increase itsvirulence to the point where it would almost certainly produce rabies in an injected animal within six days. He calleda rabies culture of this fixed, stabilized strength a fixed virus—a term used by microbiologists today.

But the most difficult job still lay ahead. How was Pasteur to attenuate this invisible virus so that he could make a vaccine of it ?

Many more months of work went into solving this new problem. The most successful method of attenuation wasdeveloped from an idea advanced by Roux. Since the rabiesvirus seemed to lodge in the nervous system, Pasteur experimented with the spinal cord of a rabbit that had died afterbeing injected with a fixed virus.

He suspended the spinal cord in a flask plugged with cotton, taking care that both the flask and the air in it were sterile. Air could filter in through the cotton, but germs werekept out. In the bottom of the flask was a layer of potashto keep the air dry, because moisture would have caused thecord to putrefy. In this dry air, the rabies virus in the spinalcord gradually weakened and became less and less virulent.

Pasteur learned by much experimentation that if he let the spinal cord dry for fourteen days, the virus in it still remained alive but was too weak to give rabies even to rabbitsor other small animals. It was this greatly weakened culturewhich he used as the first step in his method of vaccination.

After the cord had been drying fourteen days, he cut off a short section of it. He crushed it, mixed it with pure waterand injected it under the skin of several dogs. The next dayPasteur inoculated the same animals with a bit of cord thathad been drying only thirteen days. The following day heused a cord that had dried just twelve days.

This process he continued daily—each day inoculating the dogs with a cord that was slightly more virulent because ithad been drying for a shorter period of time. At the end oftwo weeks, Pasteur used the cord of a rabbit that had diedthe same day. He knew from experience that this veryvirulent material would almost certainly kill an unprotectedanimal within a week. Yet when he inoculated his vaccinateddogs with it, they showed not the slightest sign of rabies.

Then Pasteur tried putting several of these vaccinated dogs in cages with mad dogs. Even when his treated animalswere badly bitten, they did not develop rabies. He also triedinjecting the deadly virus directly into the brain of his vaccinated animals. They withstood this extremely virulentinjection just as easily as they did the bite of a rabid dog.

At last Louis Pasteur had found what he was seeking—a vaccine against rabies!

By the summer of 1884 the news of his discovery was starting to spread throughout the world. Articles on his rabiesresearch were being published in many foreign lands as wellas in France. In August Pasteur himself reported on hisvaccine before the International Scientific Congress at Copenhagen. And that same month the commission that had beenappointed by the Academy of Sciences to test the vaccineissued an enthusiastic report on it and recommended thatPasteur be given new, larger kennels where he could conductfurther experiments.

For Pasteur had not finished his rabies research—there was another important problem he wanted to investigate. Couldan animal be saved after it had been bitten? Certainly theexperiment was worth trying. Since the period of incubationafter a bite was so long, it might be possible to build up ananimal’s immunity before the virus could reach the centralnervous system and kill it.

This theory Pasteur tested by allowing a pair of healthy dogs to be bitten by a mad dog. One of the pair then receivedthe series of protective inoculations; the other received notreatment. The scientist tried this experiment repeatedlyand found that while the untreated dog in a pair often developed rabies, the vaccinated animal did not.

He had made another tremendous advance. Now Pasteur knew that if he started his series of vaccine inoculations soonenough after a dog had been bitten, he could save its life.

One great question remained—could the lives of human victims of mad dogs be saved, too? Pasteur did not lackopportunities to find out, for he was now receiving desperateletters from people who had been bitten by rabid animalsand who begged the scientist to treat them with his inoculations.

Reluctantly he refused all such pleas. He explained the reason in a letter written toward the end of September tothe Emperor of Brazil. Pedro II and Pasteur had met morethan ten years earlier and had been corresponding sincethen. The Emperor was much interested in science; in fact,he had visited Pasteur’s laboratory during a trip to Parisand had presented the Frenchman with Brazil’s highestdecoration.

Pasteur wrote, “Until now I have not dared to attempt anything on men, in spite of many opportunities and myconfidence in the result. I am too much afraid that a failurenow would endanger the future. First, I want to pile upmore successful cases on animals. . . . But even then I thinkmy hand will tremble when I go on to mankind.”

Yet he had a suggestion for His Majesty. “If I were a king, an emperor, or even the president of a republic,” hewrote, “this is how I would exercise my right of pardoningcriminals condemned to death.” He would give the prisonera chance to save his life by volunteering for a test of therabies vaccine. Pasteur added, “I attach so much importanceto these measures that, if Your Majesty shared my views, Iwould willingly come to Rio de Janeiro in spite of my ageand the state of my health, in order to undertake suchstudies.”

Emperor Pedro politely refused the offer. The death sentence had not been employed in Brazil for several years, he explained.

In the spring of 1885 Pasteur arranged to move some of his test animals into larger kennels at Villeneuve l’Etang,near Paris. A small room was furnished for him in one ofthe buildings, since he wanted to keep a close check on theexperiments. By this time, so many successful inoculationshad been completed that he wrote to his friend, Jules Vercel,I have a great desire to start with myself—that is, to inoculate myself with rabies and then to stop the consequences, forI am beginning to be very sure of my results.”

Still, he hesitated. In June the mayor of Levier, a town near Arbois, wrote asking him to treat a father and his boywho had been bitten by a rabid dog. “I very much regretthat I cannot tell you to send these persons to me,” Pasteurreplied. “My research is not yet at the point which wouldpermit me to act on man.”

Within a month he would be forced to act in spite of his misgivings.
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How Pasteur Saved the Life of Joseph Meister


On July 6, 1885, the bell rang at the door of Pasteur’s laboratory. A man and woman witha frightened nine-year-old boy asked to see the scientist.When he learned why they had come, he went to them atonce.

The visitors came from a little town in Alsace. The boy, Joseph Meister, had been attacked by a mad dog two daysearlier on his way to school. Before he was rescued, he hadbeen bitten fourteen times on his arms, legs and body.

With Joseph were his mother and the dog’s owner, Theodore Vone, who himself had been bitten on the arm. Thetravelers had come to Paris on the advice of their doctor in Alsace, who had read about the discovery of a rabies vaccine.But since the doctor had not known Pasteur’s address, theweary little party had gone to several hospitals before theyfound someone who could direct them to the laboratory atthe Ecole Normale.

Pasteur examined the bites of the man and the boy. Vone’s wound was very slight—his shirt sleeve had not even beentorn—so the scientist felt reasonably sure that the deadlyvirus had not entered his body. “Go back home. You will beall right,” Pasteur assured him.

Joseph s condition, however, was much more serious—he had very deep, slashing wounds from the dog’s teeth. Hisdoctor had used carbolic acid on the bites, a treatment thathad not proved very effective in the past. Moreover, thisdoubtful treatment had not been given until twelve hoursafter the dog’s attack—twelve important hours during whichthe deadly virus could gain a foothold in the boy’s body.

Louis Pasteur faced a terrible responsibility. If he should treat Joseph with his vaccine—still untried on human beings—and the boy later died, many people would call him “Murderer!” This same thought had deterred him only threeweeks before, when he had refused to treat the father andson who lived in Levier. But in that case he had not seen thevictims; they were still far away in the Jura Mountains. Nowa child’s mother was standing right in front of him, askingfor help. He felt he could not tell her, “I am sorry but Iwill not even try to save your son.”

Instead he said, Come back to the laboratory at five o’clock.” He wanted time to consult Alfred Vulpian, aspecialist on the physiology of the nervous system who hadserved on the commission investigating the rabies research.

Vulpian consented to come to the laboratory to see the boy. After examining Joseph’s many deep bites, he gave ashis opinion that, without treatment, young Meister wasalmost certain to die of rabies. The specialist advised Pasteurto try his vaccine but he refused to give the inoculationshimself.

“I am a physiologist, not a practicing physician,” he said.

Pasteur hurriedly sent for Jacques Joseph Grancher, a young doctor who had recently joined his staff. Vulpian andGrancher together decided that no more time should belost—the first inoculation must be given that night. For therabies vaccine, they would use a bit of spinal cord from arabbit that had died after being injected with a fixed virus.The cord had been drying for fifteen days and thus was nolonger virulent.

At the sight of these preparations, young Joseph Meister became more frightened than ever and burst into loud sobs.While Pasteur tried to comfort him, Grancher filled a hypodermic needle with a few drops of vaccine and quicklyslipped it under the skin of the boy’s abdomen. In a momentit was over—Joseph dried his tears and smiled. After allthat fuss, he had felt only one little pinprick! But for thethree men, the ordeal had just begun.

Since the Meisters had no place to stay in Paris, Pasteur took a carriage to a store where he bought two iron beds,bedding, and other things they would need. The beds heordered set up in a building where some of his assistantswere living. And he arranged for a woman to cook mealsfor Joseph and his mother.

Adrien Loir, Pasteur’s nephew who occupied the adjoining room, was assigned to keep a constant watch. Take the boy s temperature four times a day and report to me theslightest change in his condition,” Pasteur told him.

The next morning Grancher gave Joseph the second inoculation, this time with spinal cord that had dried only fourteen days. That same day and the next the boy receivedtwo inoculations—then the treatment was cut down to oneinoculation a day. Each vaccine was more virulent than theone before.

Pasteur tried to work as usual but he could not keep his mind off his young patient. He went to see the boy at allhours of the day—and even in the middle of the night. Whenhe went to bed he had frightening dreams and often he couldnot sleep at all. Then he would get up in the dark and go toJoseph’s room. When the child woke up in the morning, hewould find Pasteur sitting by his bed, watching him closely.

Joseph himself was having a wonderful time. His bites soon healed and the inoculations did not bother him. Heloved to go to the Luxembourg Gardens, with Adrien Loirfollowing at a distance. He played with the rabbits andguinea pigs that were to be used for experiments. His goodfriend, whom he called “Dear Monsieur Pasteur,” gave hima rabbit for a pet.

Finally Joseph received his thirteenth and last inoculation, with a bit of spinal cord that had been attenuated only oneday. Experiments had shown that such a strong vaccinewould give rabies to an unprotected animal within a week.Yet the only signs of these last and most virulent injectionswere several red marks on Joseph’s skin that graduallywidened but were not sore.

Pasteur, worn out from the anxiety and suspense, went to stay with Marie Louise and Rene in a quiet house in Burgundy. Every day a telegram arrived from Grancher withthe same good news—Joseph was well. The scientist wouldcheer up for a while. Then he would start worrying aboutwhat the next day’s telegram might say.

Eleven days after the final inoculation young Meister and his mother returned to Alsace. Although the boy seemed tobe in fine health, Pasteur was still uneasy and anxious abouthim. Joseph’s physician had promised to report frequentlybut this did not satisfy Pasteur—he wanted daily bulletins.So he hit on the idea of having Joseph himself send reportson his health. He mailed the physician a package of self-addressed envelopes and money for stamps and asked himto have Joseph write at least every other day. “Just a singleword to tell me he’s well, so it won’t interfere with hisstudies,” Pasteur requested humbly.

And so began a steady correspondence between the famous scientist and the nine-year-old boy. When the mail camePasteur would seize Joseph’s envelope first, leaving until laterall his other important letters from scientists, governmentofficials, or the Emperor of Brazil. Usually Joseph wrote onlyone sentence: “ I am well.” Once his letter said simply “I’dlike to have a rabbit.” That made Pasteur smile. He knewthe boy was remembering the fun he’d had with the animalsin the laboratory.

A month after the date of the final inoculation, Pasteur wrote, “I am very happy with the good news you give meof your health. You can put a little more interval betweenyour letters, if you wish. Write to me every week or tendays.” And even after all danger of rabies had passed, hekept on sending letters full of fatherly advice and praise. “Ireceived your last letter with great pleasure,” he once wrote,“because I could see that you are making fine progress inwriting, spelling, and reasoning.”

From Burgundy Pasteur went to Arbois for the summer. He did not make a public announcement of his successfultreatment of young Meister but he did tell a few peopleabout it. One of these was the mayor of Villers-Farlay,near Arbois, who came to call on him.

Soon after the scientist had returned to Paris, the mayor wrote him asking help for another rabies victim, a fourteen-year-old shepherd boy named Jean Baptiste Jupille. He andfive younger shepherds had been watching their sheep whena mad dog attacked them. Jupille had faced the fierce animalarmed only with a whip in order to give the younger childrena chance to escape. The shepherd fought bravely with thefinally managing to kneel on it and tie its jaws togetherwith the whip. But in the struggle he was badly bitten onboth hands.

Again Pasteur had a difficult decision to make. In Joseph’s case he had been able to start treatment only sixty hours afterthe boy was bitten. But Jupille was still in Villers-Farlay andbefore he could reach Pasteur’s laboratory, the rabies poisonwould have been in his body almost a week. Could the vaccine fight a virus that had had so much time to spreadthrough the human system ?

Pasteur decided to take the risk. He wrote the mayor that he would treat Jupille if the boy came to Paris and his parentsgave their consent.

The new series of inoculations proved to be just as successful as Joseph Meister’s had been. On October 26, even before Jupille’s treatment was completed, Pasteur appeared beforethe Academy of Sciences to report his use of the rabiesvaccine on human beings. After he had described his methodof inoculation he told the story of the shepherd boy whohad saved his companions by his “brave act and his presenceof mind.” And as a result, when the members congratulatedPasteur on his achievement they also paid tribute to theyoung shepherd. One member moved that the Academy ofSciences recommend the award of a prize for heroism toJupille.

With the news of Pasteur’s discovery, panicky victims of the bites of mad dogs began flocking to his laboratory. Heturned none of them away. If they were poor and had nofriends in Paris, he found a place for them to stay whilebeing treated.

He quickly set up a clinic for inoculating the patients efficiently. The job of preparing the vaccine was turned overto Eugene Viala, one of his assistants.

Eugene worked in a little room which was always kept at a temperature of 20° to 23°C. (68° to 73°F.). In front ofhim were rows of flasks plugged with cotton. In each flask,the spinal cord of a rabbit that had died from a fixed virushung by a thread attached to the cotton plug.

When a spinal cord had dried for the proper number of days, Viala cut it into small pieces with sterilized scissors.Then he put each piece into a small sterilized glass, added afew drops of veal broth, and pounded the mixture with aglass rod. The vaccine was covered and marked with a date.Each patient had his own row of these little dated glasseswhich contained a series of inoculations ranging in strengthfrom a very weak vaccine to a very virulent one.

Several weeks after Pasteur publicly announced his rabies treatment, a ten-year-old girl was brought to him. LittleLouise Pelletier had been slashed on the head by a mad dogwhich meant that the virus had only a short distance totravel to reach the brain. The wound was still festering. Andshe had been bitten thirty-seven days before!

Pasteur shook his head. “It is too late. I can do nothing,” he told her parents gently. But he could not resist their pleasand he agreed to treat Louise. When she died in spite of allhis efforts, he felt as though he had lost one of his ownchildren.

The death of Louise Pelletier was just what Pasteur’s enemies had been waiting for. As he had foreseen, they accused him of killing her, but Louise’s father did not join intheir accusations. Years later he wrote to Pasteur’s son-in-law,Rene, “Among the great men whose lives I have been acquainted with, Pasteur seems to me the greatest of all. Iknow of no one else who would have done what he did forour little girl—sacrifice long years of work as a scientist,endanger a great reputation, and deliberately accept a painful failure, simply for the sake of humanity.”

The attacks did not prevent hopeful victims of mad dogs from arriving in increasing numbers, from foreign countriesas well as the different parts of France. A New York newspaper asked for contributions to send four little Americanchildren who had been bitten by a rabid dog to Pasteur fortreatment. When the children returned to New York, safeand well, a crowd of cheering citizens met their boat to givethem a great welcome.

By March 1, 1886, Pasteur could report to the Academy of Sciences that a total of 350 people bitten by mad dogs hadbeen treated at his clinic and only one of these had died—Louise Pelletier. In Pasteur’s report he urged the setting upof a special service for rabies vaccinations, since the flood ofpatients seeking treatment was growing much too large forhis laboratory to handle.

Accordingly temporary quarters for a clinic were provided and the Academy of Sciences began plans for a permanentbuilding to be called the Pasteur Institute. In addition to alarge rabies treatment center, it would contain research laboratories and classrooms where physicians and scientistsfrom other parts of France and foreign lands could learnhow to establish antirabies clinics in their own communities.

March also brought him a new challenge with the arrival of nineteen Russians who had been terribly bitten by a rabidwolf. One man had had his upper lip and right cheek tornaway by the great beast’s teeth. Some of the victims were sobadly wounded they had to be carried to a hospital.

The bite of a mad wolf was known to be even more deadly than that of a dog; it was claimed that eighty-two outof every hundred victims would die. Two weeks had passedsince the Russians had been bitten, a dangerously long period. Nevertheless Pasteur undertook to save them. He decidedto speed up the inoculations, giving two each day to get thevaccine into their bodies as soon as possible.

Three of the Russians died but all the rest recovered. In gratitude the Czar sent his brother the Grand Duke Vladimirto Paris to bestow on Pasteur the Cross of the Order of SaintAnne, sparkling with diamonds. And the grand duke alsobrought a still more precious gift—a contribution of 100,000francs for the proposed new institute that was to bear Pasteur’s name.
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The Building of the Pasteur Institute



When the word spread that contributions were being sought to build a great PasteurInstitute in Paris, the response was overwhelming. Newspapers in foreign lands as well as in France began campaignsfor funds. Rich people, poor peasants and workers, studentsand children sent in their offerings. So did the Czar ofRussia, the Emperor of Brazil and the Sultan of Turkey.And when Pasteur read the list of contributors from Alsace,he found the name of his first patient, Joseph Meister.

A mammoth benefit performance was staged in Paris, with France’s greatest musicians, actors and other artists volunteering their services. Charles Gounod, the noted composerof Faust and other operas, conducted the orchestra as itplayed his famous Ave Maria.

After the benefit, a banquet was held for the performers and the committee planning the institute. Pasteur spoke,thanking them for donating their talents and for the pleasurethey had given him. He added a little shyly, “Dare I confessthat I was hearing most of you for the first time? I do notbelieve I have spent more than ten evenings in the theater inmy whole life.”

Even while contributions were pouring in, the attacks against Pasteur did not cease. True, by this time most of theprominent physicians and scientists of France accepted thegerm theory of disease. But to the few remaining defendersof the “old medicine” were now added a host of other criticswho opposed Pasteur and his work for various reasons.

Some of these were horrified at the idea of injecting a virulent rabies virus into human beings; they believed itcould kill patients with a disease they called “laboratoryrabies.” Furthermore, they claimed, Pasteur’s treatment wasuseless because people bitten by mad dogs very seldom diedof rabies. Pasteur was also a target for the antivivisectionists,who declared that animals should never be killed or causedpain in experiments—even when they were well cared forand their use resulted in discoveries that saved human lives.

On some occasions the public was invited to anti-Pasteur meetings, called to organize opposition to his work. He wasaccused of concealing his failures in order to improve hisrecord. Certain newspapers went so far as to charge that hisdiscoveries were a “hoax” and that he had lied in his scientificreports. Pasteur himself received hundreds of savage anonymous letters, and anonymous pamphlets denouncing himwere distributed in the streets.

“I never knew I had so many enemies,” he said sadly.

As one means of answering his critics, he decided to run a complete list of the names and results for all the personshe had ever treated for rabies—failures as well as successes—in a new monthly publication called Annals of the PasteurInstitute. Actually, Pasteur had always been frank about reporting his failures and he had never claimed that his methodwould save every victim. He also agreed with those whosaid that many people bitten by mad dogs would probablyescape rabies even without his vaccine. Nevertheless he hadfigures indicating that the vaccine was far from “useless.”

A report of the Paris health department, for example, showed that before his vaccine discovery, an average of sixteen persons died out of each hundred bitten by mad dogs.Another study of 320 persons bitten by rabid animals showeda death rate of forty per hundred. In contrast, Pasteur’srecords showed a rate of about one death for each two hundred victims of rabid bites who had received his treatment.

The violent outbursts of criticism, the continual charges and counter charges took their toll on Pasteur’s health. Heworried constantly that rabies victims who might be savedwould now stay away from his treatment because of thescare stories. Nor could he help worrying about the healthof the patients who were under his care.

His doctors, detecting new signs of heart trouble, advised him to get away from Paris. A rich patron of science, RaphaelBischoffsheim, offered Pasteur the use of a beautiful villa atBordighera on the Italian Riviera. Pasteur accepted the invitation and in November he left Paris for the South, accompanied by his wife, their daughter and son-in-law, andtwo grandchildren.

The most savage and serious of the attacks on Pasteur came while he was in Italy. A child who had been treated inthe Paris clinic died of rabies and his father charged that theboy had been killed by the treatment, not by the disease.Pasteur’s critics seized this opportunity to launch new accusations against him in the Academy of Medicine.

In Pasteur’s absence, his friends and collaborators in Paris fought the battle for him. They collected statistics indicatingthe success of his rabies treatment, and persuaded leadingscientists to testify to his great skill and ability. They also hadthe dead child examined and made tests which showed thathe had died from street rabies—that is, from the bite of amad dog loose in the streets. The investigation proved thatthe boy could not possibly have died from the effects of thevaccination. Once again Pasteur and his laboratory won thesupport of the academy.

A bright spot in the midst of these latest attacks was the report of a commission appointed by the English government to study the antirabies vaccine. The Englishmen hadspent fourteen months in a thorough investigation whichincluded interviewing ninety persons whom Pasteur hadtreated. In July, 1887, this commission concluded: “It maytherefore be considered as certain that Monsieur Pasteur hasdiscovered a prophylactic method against hydrophobia whichmay be compared with that of vaccination against smallpox.It would be difficult to overestimate the utility of this discovery.” Pasteur’s treatment not only gave protection againstrabies, they pointed out, but “similar means might be employed to protect man and domestic animals against othervirus as active as that of hydrophobia.”

In November of the following year, the handsome new Pasteur Institute was dedicated by the President of theRepublic. It soon became a busy place where rabies victimsby the thousands sought treatment. The institute also developed into a leading center for research on virulent and contagious diseases. Pasteur’s pupils and followers, often called“Pasteurians,” were responsible for scores of important discoveries.

Emile Roux, his loyal assistant, later became a celebrated scientist in his own right. His research resulted in the development of a diphtheria antitoxin.

Elie Metchnikoff, a Russian who came to Paris to work with Pasteur, discovered the role of the white corpuscles inprotecting the body against disease and eventually won aNobel Prize for his research.

Alexander Yersin, another Russian scientist, collaborated with Roux on diphtheria research. Later in China, he discovered the microbe of bubonic plague and led the way toconquering it.

Albert Calmette, a French physician and bacteriologist, discovered a serum for treating snakebites.

Moreover, among the later employees at the institute were two men whose names Pasteur had made famous. JosephMeister became the concierge of one of the buildings. Jupille,his second rabies patient, worked in a laboratory there.

New Pasteur Institutes were soon springing up in other cities of Europe and on far-off continents. These helped toperpetuate Pasteur’s influence throughout the world.

With the opening of the institute in Paris, the Pasteurs moved from their old home at the Ecole Normale to a comfortable apartment that had been prepared for them in thenew building. They still lived simply and unpretentiously,much as they had thirty years earlier when Louis became thenew director of scientific studies at the Ecole and was justbeginning his fermentation studies.
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Statue of Fupille struggling with the mad dog, on the grounds of the Pasteur Institute. It honors the bravery of the young shepherdwho saved his companions from the dog's attach and became Pasteur s second patient for the anti-rabies vaccine.




Pasteur was now no longer able to carry on research; he had suffered another attack of paralysis and his health waspoor. But he liked to visit the laboratories of the instituteand keep track of the work in progress.

Every morning he would go to the rabies clinic before the patients arrived. He kept a sharp eye on the preparation ofthe vaccine and watched as the doctor gave each patient aninjection. As the needle entered the skin he would wince—just as he had done twenty years before when Roux wascollecting samples for him from patients in the hospitals.

It was also Pasteur’s habit to question the rabies victims about themselves. When they were poor and friendless hesaw that they got money and other help. He was especiallygentle with children who were badly bitten or frightenedby the injections. Comforting them and drying their tears,he would give them bright new coins which he kept onhand for just that purpose.

On December 27, 1892, the great Jubilee celebration was held in honor of Pasteur’s seventieth birthday. Plans for ithad been started six months before by scientists in Denmark,Sweden, and Norway—then France and other countriesjoined in the preparations.

The vast hall of the Sorbonne was packed with delegates from French and foreign scientific societies, professors, andhundreds of students. On the stage were seated ambassadors,high public officials, and the presidents of the French Senateand Chamber. Five delegates in splendid uniforms represented the five famous academies that made up the FrenchInstitute.

As the band played a triumphal march, Louis Pasteur entered and the great audience rose to greet him. Leaningon the arm of the President of the Republic, he walked veryslowly to the center of the stage.

In addition to Sir Joseph Lister and other renowned visitors from abroad, the speakers included the Minister ofPublic Education and the president of the students’ organization. Even the life secretary of the Academy of Medicine,the scene of so many of Pasteur’s stormiest battles, offeredthe tribute of his organization.

Since Pasteur’s voice was too weak from illness to be heard by the crowd, his reply had to be read by his son. Thegreat scientist thanked the French and foreign delegates fortheir tributes, then he gave a special message to the students.

“Young men,” he counseled them, “say to yourselves first: ‘What have I done for my education?’ and as you advance,‘What have I done for my country?’ until the time comeswhen you have the great happiness of knowing that youhave contributed in some way to the progress and to the goodof mankind.”

This seventieth birthday celebration was Pasteur’s last appearance before the public. His days were now spent quietly. He continued to enjoy visits with his friends and formerstudents, his children, and especially his two grandchildren.One of his favorite visitors was Charles Chappuis, his friendfor fifty years and now honorary rector of the Academy ofDijon. With Chappuis and his other friends, Pasteur particularly liked to talk about his crystal experiments. Crystalshad never lost their fascination for him and he regrettedthat because of all his other research he had been forced togive up his explorations into their mysteries.

In November of 1894 he had a third severe stroke and although he made a partial recovery, he remained an invalid.When the hot summer came, Pasteur asked to be taken tostay in his old room at Villeneuve l’Etang, just outside Paris.The dogs and rabbits he had needed for his rabies researchwere gone now. Instead, the stables were filled with horses used by Roux in the preparation of diphtheria antitoxin.

The afternoons Pasteur spent sitting under the pines and beech trees while Madame Pasteur or Marie Louise read tohim and his grandchildren played on the grass. But hisparalysis was gradually increasing and it became more andmore difficult for him to move and speak.

By the last week of September he was too weak to leave his bed. And it was on September 28, 1895, that he died verypeacefully in his room at Villeneuve I’Etang, with his family and a group of his Pasteurians around him.

France arranged an impressive state funeral for her famous son. A beautiful marble chapel was built at the Pasteur Institute and here he was buried.

Today, in the busy laboratories above the chapel, researchers are still making new discoveries along the trails that Louis Pasteur pioneered in the science of microbiology.
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