Protective vaccination (1796)





Edward Jenner (1749 – 1823) proved the effectiveness of a protective vaccination. The principle: after being vaccinated with weakened or inactive variants of a pathogen, the body forms defensive substances and cells which protect it from becoming seriously ill if infected with the more dangerous, active variants of the pathogen.





In the 18th century, smallpox, a disease which often ended fatally, was wide-spread. The vaccination method common at the time, called variolation, was performed by scratching secretions from the sores of an infected person into the skin of the person being vaccinated. If the person was lucky, he recovered from this risky therapy and was then immune to smallpox. 


The English country doctor Edward Jenner took a different approach. He found that an old observation was confirmed time and again: anyone who had survived an infection with the harmless cowpox was also immune to the dangerous smallpox.


He took secretion from the sores of a maid who was suffering from cowpox and vaccinated a healthy boy with it. Weeks later, he repeated the procedure with the feared human smallpox. The boy stayed healthy; Jenner’s daring experiment was a success. So vaccination with the harmless cowpox virus protected from the dangerous human variety. The principle of active immunization had been discovered (see also “Defence in Action”).





Malaria (1880)





Charles Louis Alphonse Laveran (1845 – 1922) and Ronald Ross (1857 – 1932) searched for the cause of malaria for years. The disease, also known as “swamp fever,” caused an alarming number of deaths among soldiers in the tropics, but among civilians as well, of course. We have the detective abilities of the two physicians to thank for the discovery that certain parasites transmitted to human beings by the anopheles mosquito are the cause of malaria.





Originally it was believed that toxic swamp gases were the cause of the dreaded malaria. The French military doctor Laveran was not satisfied with this explanation. He systematically examined the blood of malaria sufferers and found striking changes: the red blood cells had been damaged by parasites – one-celled organisms, so-called protozoans. Laveran received the Nobel Prize for medicine in 1907 for this discovery. 


The cause of the disease was now known, but the transmission path remained a mystery for the time being. It was the British military doctor Ronald Ross who found the malaria pathogen in the anopheles mosquito. He described the development cycle of the dangerous malaria parasite Plasmodium falciparum. The organism goes through several development stages in the mosquito and in humans. Ross received the Nobel Prize for medicine in 1902 (see also “Defence in Action”).








Tuberculosis (1882)





Robert Koch (1843 – 1910) is considered the founder of bacteriology. He used special dye methods to make previously unknown bacteria visible under the microscope. By conducting animal experiments, he was also able to prove which diseases are caused by bacteria. Koch became word-famous in 1882 when he discovered the tuberculosis pathogen. 





In Koch’s lifetime, tuberculosis was widespread. Neither the rich nor the poor were spared from so-called consumption. The doctors were helpless when confronted by the disease, which usually ended in death. Using dyes which worked selectively, Koch was able to detect for the first time the bacteria in the blood. 


This method had already been successful in discovering the anthrax pathogen. It allowed him to isolate the bacteria in cattle blood, reproduce them and prove that they caused the illness. He infected healthy mice with the pathogen; the rodents became ill and died. This way he was able to prove that the anthrax bacteria he had found really did cause the animal plague. 


He applied this pioneering method to the case of tuberculosis as well. Since this time, it has been relatively easy to diagnose the disease. Robert Koch was honoured with the Nobel Prize for medicine in 1905. 











Phagocytes (1884)





Ilya Ilyitsch Metschnikov (1845 – 1916) is regarded as one of the pioneers in the field of immunology. He made a surprising discovery in 1884: certain white blood cells can devour and digest foreign objects. He had found an important defence mechanism which protects human beings from pathogens. 





Metschnikov had long been conducting research involving simple marine organisms. One experiment put him on the right path. He inserted a rose thorn into the larva of a starfish and observed that cells moved to the thorn. The Russian scholar believed this process to be a defence strategy of the organism. The cells were even capable of swallowing and breaking down dye particles. This process is known as phagocytosis. Of decisive importance was Metschnikov’s proof that such phagocytes are also active in the human body. They are an essential element of the non-specific defence. 


Metschnikov’s ideas initially met with rejection, but were then recognized by the professional world. He was awarded the Nobel Prize for medicine, together with Paul Ehrlich, in 1908. 





Rabies (1885)





Louis Pasteur (1822 – 1895) found the first vaccine for the dangerous rabies virus in 1885. The vaccine is made from viruses which (using a process new at the time) have been weakened in their ability to cause illness. With this accomplishment, the French chemist laid the foundation for the specific production of vaccines which immunize actively. 





Pasteur’s initial successes were realized in the fight against chicken cholera. For rabies, he followed this procedure: he took saliva containing the virus from an infected animal and injected it into the spinal cord of a rabbit. The viruses multiplied in the spinal cord cells. Over the course of times, the virus variants became weaker and weaker, and Pasteur was able to use them as vaccine viruses which were not dangerous. Pasteur dared to try the vaccine on a human for the first time in 1885. A boy had been bitten by a rabid dog, which would have meant certain death. Since rabies viruses develop very slowly, the vaccination was in time to save the boy’s life. 





Diphtheria (1890)





In 1890, Emil von Behring (1854 – 1917) found a means to combat diphtheria, at that time a common disease which affected mainly children. He isolated substances, which he called antitoxins, from the blood of animals infected with diphtheria. The immunization with these animal antibodies was successful because it strengthened the body’s defences in a phase during which the patient’s own immune system had not yet formed its own antibodies. Behring had introduced passive immunization into medicine. 





Diphtheria bacteria form a powerful toxin called diphtheria toxin. It damages the central nervous system and other organs. Behring was convinced that there must be an antidote – an antitoxin – which would render the toxin harmless. 


The physician injected the bacterial toxin in steadily increasing doses into horses. As a defensive reaction, the animals developed the desired antitoxins which could then be derived from their blood. Using this serum, Behring was able, for the first time, to stop a diphtheria epidemic and save many children’s lives. 


Behring’s research provided the first indications that there were substances in the blood which could make a decisive contribution to immune defence. Besides the cellular components, there is also a humoral, non-cellular component of the immune system. Emil von Behring was awarded the Nobel Prize for medicine in 1901 in recognition of his serum therapy.





Antibodies (1895)





Paul Ehrlich (1854 – 1915) published the lateral chain theory, also known as the receptor theory, in 1897. His revolutionary approach was far ahead of his time. Even at this early date, he had an idea of how the antigens of pathogens could be bonded by the appropriately shaped antibodies, rendering them harmless. Antibodies are a part of the specific immune defence.





In his earlier immunization success against diphtheria, Emil von Behring had postulated the formation of antibodies, which he called antitoxins. Paul Ehrlich went one step further. He believed that certain immune cells formed antitoxic receptors on their membrane surface, the so-called lateral chains. These receptors were released, circulated in the blood and attached themselves to the harmful toxins. This is how Ehrlich explained the neutralizing effect of the lateral chains. Today, we speak of the antigen-antibody bond as a key element of the immune defence. Paul Ehrlich was honoured, together with Ilya Metschnikov, with the Nobel Prize for medicine in 1908. 








Complement (1898)





In 1898, Jules Baptiste Vincent Bordet (1870 – 1961) discovered a further important component of the immune system. He found a group of substances in blood serum which, alone or in combination with antibodies, contributed to the defences.


This group of substances, known today as the complementary system, belongs to the non-specific defence. 





The French bacteriologist heated blood serum to 55° C. He observed that the antibodies continued to bond with the corresponding antigens, but that the serum lost its bactericidal effect in the process. He concluded that there must be additional substances in the blood which play a role in the immune reaction and which are destroyed by heat. He called these substances, at that time still unknown, alexines. This group of proteins was later given the general name of complementary system. Whenever antigen-antibody complexes form, the complement contributes to activation of the defence against the bacteria. Bordet received the Nobel Prize for medicine in 1919.








Blood types (1901)





In 1901, Karl Landsteiner (1868 – 1943) discovered that there could be incompatibilities when blood was transfused from one person to another. The blood formed clumps. Finally, he was able to determine four elementary blood types. If the blood types were compatible with one another, no complications arose. 





In the course of his experiments, the Austrian doctor discovered that every human being has one of four blood types. He called them A, B, AB and O. There are four types of antigens which are found on the surface of red blood cells. The blood types A and B are incompatible with one another. People with the blood type O are universal donors. All other blood types are compatible with theirs. People with blood type AB, on the other hand, are universal recipients who can tolerate all blood types. Landsteiner’s discovery is of great significance, even today, for transfusion medicine. Since his discovery, it has been possible to compensate for a lack of blood in patients without endangering their health. Blood types also play a major role during organ transplants, because organs will be rejected immediately if the blood types are incompatible. Landsteiner was awarded the Nobel Prize for medicine in 1930. 








Allergy (1906)





Clemens von Pirquet (1874 – 1929) established the study of allergies in 1907. He discovered that the immune system of some people reacted to substances foreign to the body, even though they were actually harmless, with the formation of antibodies. According to Pirquet, the allergic symptoms suffered by these people were caused by an excessive defence reaction of the immune system. 





The Austrian paediatrician was the first to discover that reactions initiated by antibodies, which are normally aimed at pathogens, could also damage the person’s own body. Gradually it was determined that IgE antibodies cover thickly the surface of mastocytes. After a phase of sensitization, renewed contact with an allergen results in the release of inflammatory substances. The consequences are the typical allergic symptoms (see also “Defence in Action”).





Penicillin (1928)





In 1928, Alexander Fleming found a mould which inhibited growth in a bacteria culture. He called the mould toxin penicillin. It was the first of a series of antibiotics which made the effective combating of many bacteria at all possible. Even today, it has not been possible to develop vaccines to stop many pathogens. 





The English bacteriologist’s attention was awakened when he saw a transparent area in a Petri dish in which he had grown a colony of pus bacteria. The bacteria in this area had evidently been killed. Fleming assumed that a mould had begun to grow in the bacteria culture from air-borne spores that had settled on the culture medium. It was the fungus Penicillium notatum, so he gave the toxin from the fungus the name penicillin. It dissolves the cell wall of bacteria. Ernst Boris Chain and Sir Howard Walter Florey continued Fleming’s work. They were able to isolate penicillin and secured a significant position in medicine for the antibiotic. The three scientists were jointly awarded the Nobel Prize for medicine in 1945. 





Antihistamines (1937)





In 1937, Daniel Bovet (1907 – 1992) found a means for treating anaphylactic shock, the most serious, life-threatening form of an allergic reaction. The substance antihistamine blocks the inflammatory histamine, which is released in the event of allergic reactions. 





The Swiss physiologist determined that enormous quantities of histamine are released by the mastocytes as part of the allergic reaction. In extreme cases, this leads to a sudden expansion of the blood vessels and a rapid fall in blood pressure. Death can occur within minutes. Bovet found a substance which blocks the histamine receptors in tissue, the antihistamine. The substance could be used to prevent the fatal effects of anaphylactic shock. Antihistamines are still used today for severe allergies. Bovet was awarded the Nobel Prize for medicine in 1957.








Foreign and own (1949)





Frank Macfarlane Burnet (1899 – 1985) laid the cornerstone for an all-encompassing concept of the immune system in 1949. He postulated that the immune defence could distinguish between “foreign” and “own,” but first had to acquire this ability. His theory explains how pathogens are fought and why the organs from foreign donors are normally rejected. 





Burnet’s immune theory is based on experience from transplant medicine. With the exception of twins, every individual has unique tissue properties which deviate from those of all other people. The recipient’s immune system reacts to a transplanted, foreign organ. Pathogens, which are also not a part of the patient’s own body, are fought on the same principle. The Australian immunologist and virologist concluded that the immune system was able to distinguish between “foreign” and “own.” This ability is not hereditary, but is acquired in the course of the development of the embryo. During this process, the body “learns” to tolerate its own tissue and to reject foreign tissue. Burnet, together with Peter Brian Medawar, was awarded the Nobel Prize for medicine in 1960 for his work. 











Immunological tolerance (1953)





Peter Brian Medawar (1915 – 1987) confirmed the validity of Burnet’s immune theory by conducting animal experiments in 1951. He was able to show that the greater the similarity of tissue properties between donor and recipient, the more likely a foreign organ is to be tolerated by the recipient. This opened up new possibilities in transplant medicine.





In order to find how Immunological tolerance develops, the English biologist Medawar conducted a sophisticated experiment. He injected mouse embryos with the cells of mice whose tissue properties were completely different. Once the mouse embryos had developed into grown animals, there was a second experiment. The mice which had been manipulated during the embryonic phase received a skin transplant from the mice which had donated their cells before. The result: the foreign skin was tolerated, there was no rejection reaction. Medawar proved with this experiment that Immunological tolerance is acquired and is not hereditary. 


Medawar and Burnet were awarded the Nobel Prize for medicine in 1960 for their insights into the function of the immune system. 

















Transplant (1954)





Joseph Edward Murray (born in 1919) conducted the first successful kidney transplant between identical twins in 1954. Later, he and Edward Donnall Thomas worked together to perform organ transplants for which the donor and the recipient were not genetically identical. They were able to suppress the rejection reactions which occurred in these cases with immunosuppressive substances.





When the Boston surgeon Murray, together with the internist Merill, performed the first successful kidney transplant in 1954, the age of transplant medicine began. Even though an organ transplant between identical twins with identical tissue properties does not cause a rejection reaction, the work of the two physicians is still regarded as a pioneering accomplishment. They had proven that a transplanted organ functions just as well as the body’s own. 


Later, Murray and his colleague Thomas searched for ways to mute the immune reaction when the donor and recipient were genetically different, i.e., when the tissue properties were not completely identical. They had success using the immunosuppressive methotrexat. Since that time, immunosuppressives have held a firmly established position in transplant medicine. Murray and Thomas were awarded the Nobel Prize for medicine in 1990.





Infantile paralysis (1954)





Jonas Edward Salk (1914 – 1995)  developed the first vaccine for infantile paralysis (poliomyelitis) in 1954. He produced the vaccine from dead polio viruses. Thanks to his pioneer work, the disease now occurs very rarely. 





As early as 1949, the American scientists Enders, Robbins and Weller had found a way to cultivate the polio virus. Salk found a method to make the dangerous virus inactive. He killed it using the chemical formol. He first tested the vaccine he had developed on himself, then on his family. Only then did the comprehensive vaccine tests, in which more than 600,000 children took part, begin in the USA. The Salk vaccine was officially approved in 1955. Although the Salk vaccine provides good, relatively long-lasting protection from the polio virus, the disease was not virtually conquered until more effective vaccines made from living, i.e., weakened, viruses, became available. 





HLA system (1958)





Jean Dausset (born in 1916) discovered in 1958 that all cells of a human being bear the same characteristic surface features. With the exception of identical twins, this “fingerprint” varies from individual to individual. Dausset’s discovery is of great significance for transplant medicine. The less the tissue properties of donor and recipient deviate from each other, the lower the risk that a transplanted organ will be rejected. 





Jean Dausset demonstrated the surface structures on white blood cells. He therefore called them human leukocyte antigens, abbreviated HLA. The more common abbreviation today is MHC antigens (MHC = major histocompatibility complex). 


The discovery of these individual “fingerprints” also made it possible to explain how the immune system was able to distinguish between “own” and “foreign.” The body’s own tissue is tolerated, foreign tissue rejected, in order to maintain the individuality of the organism. If the donor and recipient have differing tissue properties, the HLA of the donor is classified as foreign and triggers a rejection reaction in the recipient. The intensity of the undesirable rejection can be drastically reduced if the best possible agreement of tissue properties between donor and recipient is found. Jean Dausset was awarded the Nobel Prize for medicine, along with the Americans Baruj Benacerraf and George D. Snell, in 1980 for his research work.








Heart transplant (1967)





Christiaan Neethling Barnard (1922 – 2001) crossed into uncharted surgical territory with the first heart transplant on 3 December, 1967. He transplanted a heart from a 25-year-old woman, who had died only a few hours before, into the 55-year-old patient Louis Washkansky. Washkansky survived for 18 days with the foreign heart. 





Years before performing the operation on a human being, the surgeon from South Africa had already carried out heart transplants on dogs. When Louis Washkansky was admitted to the Groote Schuur Hospital in Cape Town in serious condition, Barnard saw only one possibility to save his life. Barnard and his team of 30 performed the complicated transplant and made headlines in newspapers and magazines around the world. Washkansky died 18 days after the operation from pneumonia. In January 1968, Barnard performed his second heart transplant. The patient, Philip Blaiberg, lived 563 days with the heart of another person. Since that time, the success rate has risen steadily. Heart transplants today are almost routine operations. 





Cyclosporin (1970)





Jean Francois Borel (born in 1933) is regarded by most scientific publications as the discoverer of cyclosporin. In reality, it was an entire team of Swiss researchers who studied the fungal substance and revolutionized transplant medicine. The immunosuppressive Cyclosporin A successfully suppresses the rejection of foreign organs. 





Actually, the Swiss physicians in Norway were searching for earth fungi in order to find new antibiotics. The samples contained a strain called Tolypocladium inflatum. It contained substances with amazing properties. They inhibit the activities of T-helper cells. These T-lymphocytes initiate the defence reactions of the immune system, including those against transplanted organs. Cyclosporin A gave doctors the first selectively active immunosuppressive which did not shut down the entire immune system. 





Programmed cell death (1972)





John F. Kerr (born in 1934) coined the term apoptosis. This programmed cell death causes cells which are no longer needed to commit suicide and die for the benefit of the total organism. In contrast to necrosis, which causes inflammation, apoptosis does not leave behind any residues. In many diseases, e.g., cancer, the apoptosis has been disrupted.





The Australian pathologist had been doing research on the active self-destruction of cells since the 1960s. He observed that during apoptosis the cells shrank and finally disintegrated into particles surrounded by a membrane. These particles are then draw into neighbouring cells or phagocytes and dissolved. Unlike necrosis, the contents of the cell are not released and cannot cause inflammation. Apoptosis contributes to maintaining the organism’s health. The organism remains healthy when cell growth and elimination are in balance. In many diseases, this balance has been disrupted. A lack of apoptosis in the case of cancer causes the tumour cells to grow out of control. Excessive apoptosis, e.g., in the case of multiple sclerosis, causes nerve cells in the brain to die prematurely. 





Immune defence (1974)





Peter Doherty (born in 1940) and Rolf Zinkernagel (born in 1944) described a fundamental mechanism of the immune system in 1974. The immune system intervenes and destroys an infected cell only when a cell infected with a virus makes itself known as one of the body’s own cells and, at the same time, presents information describing the pathogen. 


The recognition of an antigen alone does not lead to an immune reaction.





The Australian Doherty and the Swiss Zinkernagel gained their insights from the conduct of animal experiments. They infected mice with viruses which caused encephalitis. As expected, the mice produced certain T-lymphocytes which could destroy the cells infected with the viruses. They were astounded to observe that in a test tube the T-lymphocytes of a certain mouse could kill only the virus-infected cells from its own body, but not the cells from another mouse which were infected with the same virus. This was the proof that T-lymphocytes attack only if a cell which presents virus antigens can also identify itself as one of the body’s own cells. Doherty and Zinkernagel were awarded the Nobel Prize for medicine in 1996 for their work.








Prions (1982)





Stanley B. Prusiner (born in 1942) went public with a daring theory in 1982. He claimed that a previously unknown pathogen was responsible for the new variant of the Creutzfeld-Jakob disease and for the cattle epidemic BSE. It was clear to him that the brains of humans and animals were destroyed by prions which had undergone pathological changes. 





After being rejected initially, Prusiner’s hypothesis is generally accepted today. Prions are natural proteins which occur in every brain. But apparently there are variants, differing in their spatial structure, which can cause disease. If infections prions come into contact with the harmless variety, the latter are changed into the dangerous form. This is current explanation for the spread and reproduction of the dangerous prions. Surprisingly, no one has been able to demonstrate that prions contain any genetic material. This is how they differ from pathogens such as viruses or bacteria. Prusiner received the Nobel Prize for medicine in 1997.





AIDS (1983)





Luc Montagnier (born in 1932) and Robert Gallo (born in 1937) discovered the cause of the immunodeficiency disease AIDS (acquired immune deficiency syndrome) in 1983. It is triggered by retroviruses of the type HIV. The virus destroys important defence cells of the immune system. The system is gradually weakened until the patient is no longer able to defend himself against other pathogens.





In 1981, a mysterious pathogen began appearing in the gay subculture of San Francisco and spread like wildfire in the following years. We have the virus hunters Montagnier and Gallo to thank that the HI virus was unmasked. While checking blood supplies, the researchers independently came across suspicious retroviruses. In 1984, they were able to prove definitively that HI viruses cause the immunodeficiency disease AIDS. Gallo developed the first AIDS test with which he was able to detect antibodies against the HI virus. Both Montagnier and Gallo claimed to have been the first to discover the virus. After an undignified dispute between the two scientists, they came to an agreement. Montagnier is considered the discoverer, Gallo the co-discoverer.





