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A) Definitions:

    Immunology is a science that examines the structure and function of the immune system. It originates from medicine and early studies on the causes of immunity to disease.
The word “immunity” (L: immunis – free of or exempt) was used in the context of being free of the burden of taxes or military conscription.

    Vaccine is a standard manufacture uses a bacterial or viral antigen, e.g. a germ, bacterium or virus, which may be killed, generally with formol or great heat, or may be living but attenuated. The attenuation can be obtained by heat (e.g. the whooping-cough vaccine) or by rapid passage in a culture (BCG by 230 passages in potatoes mixed with beef bile; or measles by 85 passages in chicken fibroblasts – cells derived from eyelid mucus).
Bacterial vaccines can contain all of the bacterium (whooping-cough vaccine) or can be acellular (only antigenic fragments). Diphtheria and tetanus vaccines are “anatoxins” – they contain only the toxin (attenuated) produced by the bacteria and supposed to be responsible for the disease. 
 Cell cultures are required for viral vaccines since viruses lack autonomy – they can exist only in a cell. The prerequisites are often obtained from animals: from monkey kidneys for polio vaccine; from hamster ovaries for hepatitis-B vaccine; from rabbit brain for rabies vaccine; from chicken embryos for mumps vaccine; and from foetuses for rubella vaccine.

B) A historical introduction:
    From early writings, it is clear that primitive man knew about disease and its ravages .  One finds in the Babylonian Epic of Gilgamesh (2000 B.C. – Mesopotamian hero) records of the presence of pestilence and disease.  In other, more recent writings from old dynasties of ancient Egypt, one finds even more descriptions of disease. Further, one can even identify the disease of which they spoke.  Recall that, in those days,  disease and pestilence was punishment rendering as a result of “bad deeds” or “evil thoughts”.  Even the old testament is filled with pestilence that God wrought upon those who “crossed” him.  From these writings, it is equally apparent that man knew that once he had been afflicted with disease, if he survived, he was normally not able to contract it again.

I) In Greece : 

    In 430 B.C., Thucydides
 recorded that while the plague was raging in Athens, “the sick and the dying were tended by the pitying care of those who had recovered, because they knew the course of the disease and were themselves free from apprehensions. For no one was ever attacked a second time, or not with a fatal result”. The term “immunes”, is also found in the epic poem “Pharsalia” written around 60 B.C. by the poet Marcus Annaeus Lucanus to describe a North African tribe’s resistance to snake venom.

    The sick and dying would have received no attention had it not been for those individuals who had already contracted the disease and recovered and recognized their “immune” status.

II) In Islamic civilization :

     The  first clinical description of immunity which arose from a specific disease causing organism is probably Kitab fi al-jadari wa-al-hasbah           (A Treatise on Smallpox and Measles, translated 1848) written by the Islamic physician Al-Razi (Rhazes)
 in the 9th century. In the treatise, Al Razi describes the clinical presentation of smallpox and measles and goes on to indicate that that exposure to these specific agents confers lasting immunity (although he does not use this term),
   and it was the first treatise ever written on smallpox and measles for diagnostic differentiation between these two infections.

III) In China:
    The Chinese were the first to discover and use a primitive form of vaccination called variolation. It was carried out as early as the 10th century, and particularly between the 14th and 17th centuries.                              . 
The aim was to prevent smallpox by exposing healthy people to tissue from the scabs caused by the disease. They did this by either putting it under the skin or, more often, inserting powdered scabs from smallpox pustules up the nose.

    "The origins of inoculation against smallpox in China are somewhat mysterious,  the technique was originated at the southern province of Szechuan. In the south-west of that province there is a famous mountain called O-Mei Shan which is known for its connection with both Buddhism and the native Chinese religion of Taoism. The Taoist alchemists who lived as hermits in the caves of that mountain possessed the secret of smallpox inoculation in the tenth century AD. The technique first came to public attention when the eldest son of the Prime Minister Wang Tan (王旦, 957-1017) died of smallpox. Wang desperately wished to prevent its happening to other members of his family, so he summoned physicians, wise men and magicians from all over the Empire to try to find some remedy. One Taoist hermit came from O-Mei Shan, described variously as a 'holy physician', a 'numinous old woman'. This monk or nun brought the technique of inoculation and introduced it to the capital.... ”
· Song dynasty  (960-1279), Chinese used "Yi Miao": wearing an infected person’s clothes who had just recently died.
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Inoculation against smallpox in China did not become widely known and practiced until the period 1567-72.Vivid descriptions of the practice are recorded by Yu Chang in his book  Miscellaneous Ideas in Medicine,”
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Ming dynasty  (1368-1644), Variolation:  inserting scabs from patients under the skin of healthy individuals or blowing dried scab material up the noses of the individuals with a silver tube ("Gan Miao": dry vaccine) or using water to make a paste from scabs to insert into the nostrils ("Shi Miao": wet vaccine).

IV)  In the Islamic Ottoman Empire:

    Variolation was known and practiced frequently in the Ottoman Empire, where it had been introduced by Circassian traders around 1670. Unfortunately, because there was no standardization of the inoculum, the variolation occasionally resulted in death or disfigurement from smallpox, thus limiting its acceptance. 

V) Transference of vaccination from Orient to Europe:
    Variolation later became popular in England, mainly due to the efforts of Lady Mary Wortley Montague who survived smallpox but who lost a brother to it. Lady Montague was married to Lord Edward Wortley Montague, the ambassador to the Sublime Porte of the Ottomans in Istanbul.
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     Lady Mary Wortley Montague (1689-1762) was a famous poet and herself a smallpox victim. In December 1715 smallpox ruined her good looks and left her without eyelashes and with deeply  pitted skin.
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[image: image6.emf]       While in Istanbul, Lady Montague observed the practice of variolation. Determined not to have her family suffer as she had, she directed the surgeon of the Embassy to learn the technique and, in March 1718, to variolate her five year-old son. After her return to England, she promoted the technique, and had her surgeon variolate her four-year old daughter in the presence of the king’s physician in 1721.
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    Although there was much resistance to the acceptance of this vaccination method and Lady Mary was heavily criticized by the higher society in England,. 
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    The surgeon, Charles Maitland, was given leave to perform what came to be known as the Royal Experiment, in which he variolated six condemned prisoners who later survived. By these and other experiments, the safety of the procedure was established, and two of the king’s grandchildren were variolated on April 17, 1722. After this, the practice of variolation spread rapidly throughout England in the 1740s and then to the American colonies.
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    In 1774 Benjamin Jesty, a farmer who inoculated his wife with the vaccinia virus obtained from “farmer Elford of Chittenhall, near Yetminster”.  First record of anyone using vaccinia virus to "protect" against smallpox.

C) Immunology as a science:
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    The idea that a pathogenic organism caused disease was not fully realized until certain technological advances had occurred. Initially, Antoni van Leeuwenhoek's development of the microscope and the subsequent realization that entities existed that were not visible to the human eye, allowed the concept of germs to be appreciated. That these organisms were the causative agent of disease was not recognized until Louis Pasteur developed his germ theory of disease.
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I) The pioneer: Edward Jenner.

    Edward Jenner, Born on May 17, 1749, in Berkeley, Gloucestershire, England, Died Jan. 26, 1823. While learning to be a physician, he heard a young farm girl tell a doctor that she could not contract smallpox because she had once had cowpox (a very mild disease).  This started him thinking about a vaccine.
    After years of experimenting, on May 14, 1796, Edward Jenner carried out a famous experiment on a healthy 8-year-old boy, James Phipps, with cowpox.  He took material from a burst pustule on the arm of Sarah Nelmes who had apparently contracted cowpox.  He then deliberately exposed the boy to virulent variola virus two months later and found that the child was protected, showing only a mild inflammation around the site where the variola was injected. 
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    Some record shows that in 1789 he had already experimented vaccination on his own son, aged one-and-a-half, with the swine pox, followed by conventional smallpox inoculation.
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    Jenner wrote a paper in 1798 explaining his experiments, and wanted to report his first case study in the “Transactions of the Royal Society of London”  His study was rejected.  He then went to London to demonstrate his theory.  No one would submit to his vaccination.  Discouraged, Jenner returned to Berkeley.
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    In 1801, Jenner published “The Origin of the Vaccine Inoculation” describing how cowpox virus was prepared and used to protect ("vaccinate") healthy persons against smallpox.  Material used as the vaccine was prepared from the arm of a vaccinated child, thus the distribution of vaccine involved the transportation of vaccinated children all over Europe.  Orphans were often used for this purpose.  Eventually, material from infected cows was used directly as vaccine.
     “Vaccination,” the word Jenner invented for his treatment (from the Latin, vacca, a cow), was adopted by Louis Pasteur for immunization against any disease.

    The results were conclusive but were met with great resistance by the Church Jenner received a cash prize of 30,000 pounds. The acceptance of Jenner’s thesis was strengthened when 70 of the principal physicians and surgeons of London threw their weight behind him.  He was elected to membership to all of the learned societies throughout Europe with the exception of the College of Physicians. They required that he pass an examination in Classics which Jenner refused.

In 1853 the English Government passed an act making vaccination compulsory across the United Kingdom, however, not everyone liked the idea of exposing oneself to 'such filth' , In 1898 another act was produced which recognised the right of the 'conscientious objector', meaning vaccination was encouraged but not compulsory.

II) The development by Louis Pasteur and others.
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    In 1878, Louis Pasteur was most concerned with the prevention of diseases that bacteria caused and how the human body was changed subsequent to infection so as to resist further insults.  Louis Pasteur became the first experimental immunologist. His first quest was with the disease chicken cholera.  It was known that chicken cholera was due to infection with the "chicken cholera bacillus".  Pasteur had a flask of the organism which he inadvertently left on the bench over the summer.  When Pasteur again turned his attention to the organism, he found that the culture had lost its ability to cause disease in the chicken. Briefly, this is what Pasteur did.  Desiring to infect several chickens, he took his "old but viable" culture of chicken cholera bacillus and injected 8 chickens with it.  Surprising, the chickens did NOT die in the usual period of time.  In fact, they did not even get sick!  he prepared a new stock of bacteria and re-injected the original 8 AND 10 new fresh chickens. After 48 hours, the 10 newly injected chickens were "sick and dying" while the original 8 were the "picture of health".  Pasteur envisioned that somehow the original 8 chickens had been "changed" by the old culture and were no longer susceptible (he tried three more times to kill those stupid 8 chickens but they never got sick). 

    As a result of his work, Pasteur said that the virulent chicken cholera bacillus had become attenuated by sitting on the bench over the summer months.  The similarity between this situation and Jenner’s variolation with the vaccinia virus was immediately apparent to him and in honor of Jenner, Pasteur called his treatment vaccination.
 Pasteur proceeded to do the same with anthrax. On May 5, 1881 Pasteur vaccinated 24 sheep, 1 goat, and 6 cows with five drops of the living attenuated anthrax bacillus.  On May 17, he inoculated all of the animals with a less attenuated strain.  On May 31, all of the animals received viable virulent  anthrax bacilli.  Additionally, 24 more sheet, 1 goat and 3 cows received the virulent microorganism without the protection of the vaccination.  On June 2, 1881 all of the non vaccinated animals had died while only two sheep of the protected group had succumbed.  One of the sheep had died due to pregnancy complications.
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    The most dramatic demonstration of a vaccine's effectiveness was with rabies.  Isolating the virus from a fox, Pasteur passed the virus in an "unnatural host" the rabbit.  By infecting one rabbit, allowing it to become ill, and then re-isolating the virus and injecting a new rabbit, Pasteur "selected" for variants of the virus that were less pathogenic for the fox.  Pasteur dried the spinal cord taken from an infected rabbit and prepared a vaccine from it.  To test it however, he needed a human subject who was undoubtedly going to come down with rabies.
     The first human trial was on July 6, 1885.  A nine-year old lad named Joseph Meister had been severely bitten by a rabid dog two days earlier.  His parents knew that he "was a goner" and were desperate for any ray of hope.  They heard of Pasteur's work and traveled to Paris, France in hopes that Pasteur  would "work a miracle".  Pasteur injected the attenuated virus into him, and after receiving the immunization he was survived rabies.  This was the first known case of an individual being bit and surviving rabies. Within a year, over 350 people bitten by rabid animals had been treated with no fatalities.
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    In 1886, Theobold Smith (an American microbiologist) demonstrated that heat killed cultures of chicken cholera bacillus were also effective in protection from cholera.  This demonstrated that the microorganisms did not have to be viable to induce the protection.

In 1888  Emile Roux and Alexander Yersin discovered the diphtheria toxin.    Two years later, in 1890, Von Behring and Kitasato demonstrated the presence of anti-toxin in the blood of individuals recovering from diphtheria.  Von Behring was the first to use this antiserum in treating active disease.  Forerunner to what we call “serotherapy” today. 
  Von Behring was awarded first Nobel Prize in physiology in 1901.



    In 1875, Robert Koch (1843-1910)  inoculated the ear of a rabbit with the blood of an animal that had died of anthrax. The rabbit died the next day. He isolated infected lymph nodes from the rabbit and was able to show that the bacteria contained within them could transfer disease to other animals. He developed and refined techniques necessary for the cultivation of bacteria, including the development of agar growth medium.

Then in 1882, Koch was able to demonstrate that the germ theory of disease applied to human ailments as well as animals, when he isolated the microbe that caused tuberculosis,
 and he  tuberculin and detailed tuberculin skin test (DTH). He Awarded 1905 Nobel Prize.

III) Modern discoveries in immunology.   

a. The emerging distinction between cellular and humoral immunity:
   Elie Metchnikoff was the first to recognize the contribution of phagocytosis to the generation of immunity. In Italy, while studying the origin of digestive organs in starfish larvae, he observed that certain cells unconnected with digestion surrounded and engulfed carmine dye particles and splinters that he had introduced into the bodies of the larvae. He called these cells phagocytes (from Greek words meaning “devouring cells”). Working first at the Bacteriological Institute in Odessa (1886-87), and later at the Pasteur Institute in Paris, Metchnikoff established that the phagocyte is the first line of defense against infection. He became a leading proponent of the “Cellularists” who believed that phagocytes, rather than antibodies, played the leading role in immunity.

    Supporters of the alternative theory, the “Humoralists,” believed that a soluble substance in the body was mainly responsible for mediating immunity. Building upon the demonstration by Von Behring and Kitasato of the transfer of immunity against Diphtheria by a soluble “anti-toxin” in the blood, Paul Ehrlich predicted the existence of immune bodies (antibodies) and side-chains from which they arise (receptors). 
    Ehrlich suggested that antigens interact with receptors borne by cells, resulting in the secretion of excess receptors (antibodies). Ehrlich surmised that erythrocytes would not have this capacity.

    Ehrlich hypothesized that these antibodies were specialized molecular structures with specific receptor sites that fit each pathogen like a lock and key. Thus, the first realization that the body had a specific defense system was introduced. In addition, sometime later, he realized that this powerful effector mechanism, used in host defense would, if turned against the host, cause severe tissue damage. Ehrlich termed this horror autotoxicus. Although extremely valuable, his work still left a large gap in understanding.
   Ehrlich Shared Nobel Prize with Metchnikoff in 1908.
 
    Jules Bordet had identified antibodies in the blood serum. The mechanisms of antibody activity were used to devise diagnostic tests for a number of diseases. In 1906 August von Wassermann gave his name to the blood test for syphilis, and in 1908 the tuberculin test -the skin test for tuberculosis- came into use.

b. The early dominance of humoral theories of immunity and later emergence of theories of cellular immunity
    Between the years 1900 and 1942 the “Humoralists” played a dominant role in immunology. There were several reasons for this, not the least of which was the demonstration that transfer of immunity could be accomplished by soluble factors later shown to be antibodies (Von Behring, Roux) and complement (Bordet). Indeed, no other basis for immunological specificity was recognized. The case for antibodies as the fundamental unit of immunity was strengthened by the ascendancy of immunochemistry. The chemistry of antigen-antibody reactions was uncovered largely by the development of the quantitative precipitin reactions by Michael Heidelberger and Elvin Kabat. These studies paved the way for a more fundamental understanding of the immunoglobulin molecule, which culminated in the elucidation of antibody structure by Rodney Porter and Gerard Edelman in the late 1950s,
   and they awarded 1972 Nobel Prize.

c.   A major paradigm shift: the clonal selection theory as an explanation for the diversity of the antibody repertoire

    Prior to the 1950s, it was not known how antibody diversity was generated. Because the variability of antibodies was so great, early theories assumed that antibodies could not be preformed; rather, they would be synthesized on demand following exposure. It was therefore suggested that antigen instructs the cell about the specificity of the antibody. Indeed, in 1956, Burnet himself published a book maintaining the position that an antigen directs, rather than selects, the formation of specific antibody. In the late 1950s, three scientists (Jerne, Talmage, Burnet), working independently, developed what is widely referred to as the clonal selection theory. In 1955, Jerne published a paper (The natural-selection theory of antibody formation. Proc. Nat. Acad. Sci. 41: 849- 857, 1955) that described a “selective” hypothesis, which held that every animal had a large set of natural globulins that had become diversified in some unknown fashion According to Jerne, the function of an antigen was to combine with those globulins with which it made a chance fit. The antigen would serve to transport the selected globulins to antibody producing cells, which would then make many identical copies of the globulin presented to them. This was a seminal paper in the history of immunology, which presaged the key 1957 publications of Talmage (Allergy and immunology. Annu. Rev. Med. 8, 239-256, 1957) and Burnet (A modification of Jerne’s theory of antibody production using the concept of clonal selection. Aust. J. Sci. 20, 67-69, 1957). In 1957, Talmage wrote: “...it is tempting to consider that one of the multiplying units in the antibody response is the cell itself. According to this hypothesis, only those cells are selected for multiplication whose synthesized product has affinity for the antigen injected. This would have the disadvantage of requiring a different species of cell for each species of protein produced, but would not increase the total amount of configurational information required on the hereditary process.”
    The evidence he cited to support his theory included the kinetics of the antibody response, the existence of “immunological memory” and the ability of myeloma tumors to secrete massive amounts of “one globulin randomly selected from the family of normal globulins.”
    Jerne would later win the Nobel prize in 1984 “for theories concerning the specificity in development and control of the immune system.” Although Talmage received numerous awards, he did not receive the Nobel prize.

d.  The complementary roles played by cellular and molecular immunology
    Since 1974, much progress has been made in uncovering precisely how antigens are recognized by the immune system. These insights have come from two complementary approaches: a molecular one, involving the cloning of the genes for the T-cell antigen receptor (1984-87) and solving the crystal structure of peptide bound to the MHC molecule (1987), and a cellular one, delineating the cellular mechanisms of antigen presentation, leukocyte trafficking, and signal transduction. In 1978, Ralph Steinman identified the dendritic cell, a phagocytic cell, as the principal antigenpresenting cell of the immune system. This constituted a major revision to the role of the phagocyte assigned by Metchnikoff in the 19th century! Other advances included the identification of adhesion molecules (Butcher, 1979) and chemokines (Leonard, Yoshimura, and Baggiolini, 1989) together which provide the cellular basis for leukocyte trafficking. Since 1986, a major effort has been directed towards identifying markers of individual T-cell subsets (“phenotyping”) and characterizing their function. In 1986, Tim Mossmann and Bob Coffman discovered a major dichotomy in T helper subsets: TH1 cells, which are responsible for the production of interferon-γ and the activation of macrophages (as well as the principal lymphocyte effector of delayed-type hypersensitivity), and TH2 cells, which are required for the production of certain types of immunoglobulins and are implicated in the pathogenesis of allergic diseases and immediate hypersensitivity. These specific T cell subsets elaborate a distinct array of soluble substances that influence the behavior of other cells (“cytokines”). The search for cytokines began in 1957 with the discovery of interferon (Issacs and Lindemann), but the characterization of the properties of various cytokines is an ongoing enterprise.

    In 1905, a Frenchman by the name of Von Pirquet shocked the world when he provided evidence that immune responses can be deleterious. He was studying serum sickness, a form of hypersensitivity or allergy.

D) Some Antibacterial vaccines
· Typhoid
    In 1897 the English bacteriologist Almroth Wright introduced a vaccine prepared from killed typhoid bacilli as a preventive of typhoid. Preliminary trials in the Indian army produced excellent results, and typhoid vaccination was adopted for the use of British troops serving in the South African War. Unfortunately, the method of administration was inadequately controlled, and the government sanctioned inoculations only for soldiers that “voluntarily presented themselves for this purpose prior to their embarkation for the seat of war.”

· Tetanus
    The other great hazard of war that was brought under control in World War I was tetanus. This was achieved by the prophylactic injection of tetanus antitoxin into all wounded men. The serum was originally prepared by the bacteriologists Emil von Behring and Shibasaburo Kitasato in 1890–92, and the results of this first large-scale trial amply confirmed its efficacy. (Tetanus antitoxin is a sterile solution of antibody globulins—a type of blood protein—from immunized horses or cattle.)
    It was not until the 1930s, however, that an efficient vaccine, or toxoid, as it is known in the cases of tetanus and diphtheria, was produced against tetanus. (Tetanus toxoid is a preparation of the toxin—or poison—produced by the microorganism; injected into humans, it stimulates the body's own defenses against the disease, thus bringing about immunity.) Again, a war was to provide the opportunity for testing on a large scale, and experience with tetanus toxoid in World War II indicated that it gave a high degree of protection.

 

· Diphtheria
    The story of diphtheria is comparable to that of tetanus, though even more dramatic. First, as with tetanus antitoxin, came the preparation of diphtheria antitoxin by Behring and Kitasato in 1890. As the antitoxin came into general use for the treatment of cases, the death rate began to decline. There was no significant fall in the number of cases, however, until a toxin–antitoxin mixture, introduced by Behring in 1913, was used to immunize children. A more effective toxoid was introduced by the French bacteriologist Gaston Ramon in 1923, and with subsequent improvements this became one of the most effective vaccines available in medicine. Where mass immunization of children with the toxoid was practiced, as in the United States and Canada beginning in the late 1930s and in England and Wales in the early 1940s, cases of diphtheria and deaths from the disease became almost nonexistent. In England and Wales, for instance, the number of deaths fell from an annual average of 1,830 in 1940–44 to zero in 1969. Administration of a combined vaccine against diphtheria, pertussis (whooping cough), and tetanus (DPT) is recommended for young children. Although an increasing number of dangerous side effects from the DPT vaccine have been reported, it continues to be used in most countries because of the protection it affords.

 

· BCG vaccine for tuberculosis
    In 1908 Albert Calmette, a pupil of Pasteur, and Camille Guérin produced an avirulent (weakened) strain of the tubercle bacillus. About 13 years later, vaccination of children against tuberculosis was introduced, with a vaccine made from this avirulent strain and known as BCG (bacillus Calmette-Guérin) vaccine. Although it was adopted in France, Scandinavia, and elsewhere, British and U.S. authorities frowned upon its use on the grounds that it was not safe and that the statistical evidence in its favour was not convincing.

    One of the stumbling blocks in the way of its widespread adoption was what came to be known as the Lübeck disaster. In the spring of 1930, 249 infants were vaccinated with BCG vaccine in Lübeck, Ger.; by autumn, 73 of the 249 were dead. Criminal proceedings were instituted against those responsible for giving the vaccine. The final verdict was that the vaccine had been contaminated, and the BCG vaccine itself was exonerated from any responsibility for the deaths. A bitter controversy followed, but in the end the protagonists of the vaccine won when a further trial showed that the vaccine was safe and that it protected four out of five of those vaccinated.

 
E) Immunization against viral diseases:
   One of the paradoxes of medicine is that the first large-scale immunization against a viral disease was instituted and established long before viruses were discovered. When Edward Jenner introduced vaccination against the virus that causes smallpox, the identification of viruses was still 100 years in the future. It took almost another half century to discover an effective method of producing antiviral vaccines that were both safe and effective.
    With the exception of smallpox, it was not until well into the 20th century that efficient viral vaccines became available. In fact, it was not until the 1930s that much began to be known about viruses. The two developments that contributed most to the rapid growth in knowledge after that time were the introduction of tissue culture as a means of growing viruses in the laboratory and the availability of the electron microscope. Once the virus could be cultivated with comparative ease in the laboratory, the research worker could study it with care and evolve methods for producing one of the two requirements for a safe and effective vaccine: either a virus that was so attenuated, or weakened, that it could not produce the disease for which it was responsible in its normally virulent form; or a killed virus that retained the faculty of inducing a protective antibody response in the vaccinated individual.

    The first of the viral vaccines to result from these advances was for yellow fever, developed by the microbiologist Max Theiler in the late 1930s. About 1945 the first relatively effective vaccine was produced for influenza; in 1954 the American physician Jonas E. Salk introduced a vaccine for poliomyelitis; and in 1960 an oral poliomyelitis vaccine, developed by the virologist Albert B. Sabin, came into wide use.

    During the 1960s effective vaccines came into use for measles and rubella (German measles). Both evoked a certain amount of controversy. In the case of measles in the Western world it was contended that, if acquired in childhood, it is not a particularly hazardous malady, and the naturally acquired disease evokes permanent immunity in the vast majority of cases. Conversely, the vaccine induces a certain number of adverse reactions, and the duration of the immunity it produces is problematical. In the end the official view was that universal measles vaccination is to be commended.
 

F) Various events in history:
· The Franco-Prussian War (1870-71):  
        Smallpox epidemic

· French army was not vaccinated; 23,400 died.
· German army was vaccinated; only 278 died.
· Some people believe that Lord Jeffrey Amherst, Commander-in-Chief for America, may  have used Smallpox Blankets against the Indians during the French-Indian war (1754-1763). First use of biological warfare.

· The last reported case of smallpox, Ali Maakin, in the world was in Somalia, on October 26, 1977.

· A document about eradicating the smallpox from world signed by Global Commission for the Certification in 1979.


G) Timeline of immunology:

·   1718 – Lady Mary Wortley Montagu observed the positive effects of variolation on the native population and had the technique performed on her own children. 

· 1798 – First demonstration of smallpox vaccination (Edward Jenner) 

· 1840 – First "modern" proposal of the germ theory of disease (Jakob Henle) 

· 1857-1870 – Confirmation of the role of microbes in fermentation (Louis Pasteur) 

· 1876 – First demonstration that microbes can cause disease-anthrax (Robert Koch) 

· 1877 – Mast cells (Paul Ehrlich) 

· 1878 – Confirmation and popularization of the germ theory of disease (Louis Pasteur) 

· 1880 – 1881 -Theory that bacterial virulence could be attenuated by culture in vitro and used as vaccines. Proposed that live attenuated microbes produced immunity by depleting host of vital trace nutrients. Used to make chicken cholera and anthrax "vaccines" (Louis Pasteur) 

· 1883 – 1905 – Cellular theory of immunity via phagocytosis by macrophages and microphages (polymorhonuclear leukocytes) (Elie Metchnikoff) 

· 1885 – Introduction of concept of a "therapeutic vaccination". First report of a live "attenuated" vaccine for rabies (Louis Pasteur). 

· 1888 – Identification of bacterial toxins (diphtheria bacillus) (Pierre Roux and Alexandre Yersin) 

· 1890 – Demonstration of antibody activity against diphtheria and tetanus toxins. Beginning of humoral theory of immunity. (Emil von Behring) and (Kitasato Shibasaburō) 

· 1891 – Demonstration of cutaneous (delayed type) hypersensitivity (Robert Koch) 

· 1896 – An antibacterial, heat-labile serum component (complement) is described (Jules Bordet) 

· 1900 – Antibody formation theory (Paul Ehrlich) 

· 1903 – Opsonization 

· 1905 – "Serum sickness" allergy (Clemens von Pirquet and (Bela Schick) 

· 1906 Clemens von Pirquet coined the word allergy

· 1909 – Paul Ehrlich proposes "immune surveillance" hypothesis of tumor recognition and eradication 

· 1921 – Cutaneous allergic reactions (Otto Prausnitz and Heinz Küstner) 

· 1938 – Antigen-Antibody binding hypothesis (John Marrack) 

· 1942 – Anaphylaxis (Karl Landsteiner and Merill Chase) 

· 1942 – Adjuvants (Jules Freund and Katherine McDermott) 

· 1944 – hypothesis of allograft rejection 

· 1945 – Coombs Test aka antiglobulin test (AGT) 

· 1948 – antibody production in plasma B cells 

· 1949 – growth of polio virus in tissue culture, neutralization with immune sera, and demonstration of attenuation of neurovirulence with repetitive passage John Enders, Thomas Weller) and (Frederick Robbins) 

· 1949 – immunological tolerance hypothesis 

· 1951 – vaccine against yellow fever 

· 1953 – Graft-versus-host disease 

· 1953 – immunological tolerance hypothesis 

· 1957 – Clonal selection theory (Frank Macfarlane Burnet) 

· 1957 – Discovery of interferon by Alick Isaacs and Jean Lindenmann 

· 1958–1962 – Discovery of human leukocyte antigens (Jean Dausset and others) 

· 1959–1962 – Discovery of antibody structure (independently elucidated by Gerald Edelman and Rodney Porter) 

· 1959 – Discovery of lymphocyte circulation (James Gowans) 

· 1960 – Discovery of lymphocyte "blastogenic transformation" and proliferation in response to mitogenic lectins-phytohemagglutinin (PHA) (Peter Nowell) 

· 1961-1962 Discovery of thymus involvement in cellular immunity (Jacques Miller) 

· 1961- Demonstration that glucocorticoids inhibit PHA-induced lymphocyte proliferation (Peter Nowell) 

· 1963 – Development of the plaque assay for the enumeration of antibody-forming cells in vitro (Niels Jerne) (Albert Nordin) 

· 1964-1968 T and B cell cooperation in immune response 

· 1965 – Discovery of the first lymphocyte mitogenic activity, "blastogenic factor" (Shinpei Kamakura) and (Louis Lowenstein) (J. Gordon) and (L.D. MacLean) 

· 1965 – Discovery of "immune interferon" (gamma interferon) (E.F. Wheelock) 

· 1965 – Secretory immunoglobulins 

· 1967 – Identification of IgE as the reaginic antibody (Kimishige Ishizaka) 

· 1968 – Passenger leukocytes identified as significant immunogens in allograft rejection (William L. Elkins and Ronald D. Guttmann) 

· 1969 – The lymphocyte cytolysis Cr51 release assay (Theodore Brunner) and (Jean-Charles Cerottini) 

· 1971 – Peter Perlmann and Eva Engvall at Stockholm University invented ELISA 

· 1972 – Structure of the antibody molecule 

· 1973 – Dendritic Cells first described by Ralph M. Steinman 

· 1974 – T-cell restriction to major histocompatibility complex (Rolf Zinkernagel and (Peter C. Doherty) 

· 1975 – Generation of the first monoclonal antibodies (Georges Köhler) and (César Milstein) 

· 1976 – Identification of somatic recombination of immunoglobulin genes (Susumu Tonegawa) 

· 1979 – Generation of the first monoclonal T cells (Kendall A. Smith) 

· 1980-1983 – Discovery and characterization of the first interleukins, 1 and 2 IL-1 IL-2 (Kendall A. Smith) 

· 1981 – Discovery of the IL-2 receptor IL2R (Kendall A. Smith) 

· 1983 – Discovery of the T cell antigen receptor TCR (Ellis Reinherz) (Philippa Marrack) and (John Kappler) (James Allison) 

· 1983 – Discovery of HIV (Luc Montagnier) 

· 1984 – The first single cell analysis of lymphocyte proliferation (Doreen Cantrell) and (Kendall A. Smith) 

· 1985-1987 – Identification of genes for the T cell receptor 

· 1986 – Hepatitis B vaccine produced by genetic engineering 

· 1986 – Th1 vs Th2 model of T helper cell function (Timothy Mosmann) 

· 1988 – Discovery of biochemical initiators of T-cell activation: CD4- and CD8-p56lck complexes (Christopher E. Rudd) 

· 1990 – Gene therapy for SCID 

· 1991 – Role of peptide for MHC Class II structure ([Scheherazade Sadegh-Nasseri] & [Ronald N. Germain]) 

· 1992- Discovery of transitional B cells (David Allman & Michael Cancro) 

· 1994 – 'Danger' model of immunological tolerance (Polly Matzinger) 

· 1995 – Regulatory T cells (Shimon Sakaguchi) 

· 1995 – First dendritic cell vaccine trial reported by Mukherji et al. 

· 1996-1998 – Identification of Toll-like receptors 

· 2001 –Discovery of FOXP3 –the gene directing regulatory T cell development 

· 2005 – Development of human papillomavirus vaccine (Ian Frazer)
H) Timeline of preparation of  Vaccines:

1798
Smallpox

1885
Rabies

1897
Plague

1917
Cholera

1917
Typhoid vaccine (parenteral)

1923
Diphtheria

1926
Pertussis

1927
Tuberculosis (BCG)

1927
Tetanus

1935
Yellow Fever

1940s
DTP

1945
The first influenza vaccines (flu) began being used.

1955 
Inactivated polio vaccine licensed (IPV).

1955
Tetanus and diphtheria toxoids adsorbed (adult use, Td)

1961 
Monovalent oral polio vaccine licensed.

1963 
Trivalent oral polio vaccine licensed (OPV).

1963 
The first measles vaccine licensed.

1967 
Mumps vaccine licensed.

1971 
Routine smallpox vaccination ceases in the United States.

1971 
Measles, Mumps, Rubella vaccine licensed (MMR).

1976 
Swine Flu: largest public vaccination program in the United States to date; halted by association with Guillain-Barré syndrome.

1981
Meningococcal polysaccharide vaccine, groups A, C, Y, W135 combined (Menomune) 

1982 
Hepatitis B vaccine becomes available.

1983
Pneumococcal vaccine, 23 valent

1990 
Haemophilus influenzae type B (Hib) polysaccharide conjugate vaccine licensed for infants.

1990
Typhoid vaccine (oral)

1991 
Hepatitis B vaccine recommended for all infants.

1991
Acellular pertussis vaccine (DTaP) licensed for use in older children aged 15 months to six years old.

1993
Japanese encephalitis vaccine

1994 
Polio elimination certified in the Americas.

1995 
Varicella vaccine licensed.
1995 
Hepatitis A vaccine licensed.

1996 
Acellular pertussis vaccine (DTaP) licensed for use in young infants.

1998 
First rotavirus vaccine licensed.

1999 
Rotavirus vaccine withdrawn from the market.

1999
Lyme disease vaccine approved by the FDA.

1999 
FDA recommends removing mercury from all products, including vaccines. Efforts are begun to remove thimerosal.
2000 
Pneumococcal conjugate vaccine (Prevnar) recommended for all young children.

2003 
First live attenuated influenza vaccine licensed (FluMist) for use in.

2003 
First Adult Immunization Schedule introduced.

2004
Pediarix,a vaccine that combines the DTaP, IPV, and Hep B vaccines, into one shot, is approved.

2005 
Rubella declared no longer endemic in the United States.

2005
Menactra, a new meningococcal vaccine is approved for people between the ages of 11 to 55 years of age.

2006
RotaTeq is a new rotavirus vaccine from Merck.

2006
ProQuad is a new vaccine that combines the MMR and Varivax vaccines for measles, mumps, rubella, and chicken pox into a single shot.

2006
Gardasil, the first HPV vaccine is approved.

2008
Rotarix, a two dose rotavirus vaccine is approved
I) Summary of research: 
Human has been wrestling the diseases, and he struggled for keeping his life and health. At the beginning he account the diseases to devil souls and unknown reasons, then he recognized the actual reasons for them.

    Regarding to immunity, during plaque in 430 B.C Greeks noticed that some people who were in touch with sicks became immune against the disease.

    And in the Islamic civilization, Rhazes in his book “Kitab fi al-jadari wa-al-hasbah” was the first one who said that infection with smallpox one time protects the body from re-infection rest of live.
    In China variolation was so common there for ages , where monks did that by inserting scabs in the noses. 

   And this method became common too in orient and Ottoman Empire by the Circassian, then transformed to Europe by Lady Mary Wortley Montague, the English ambassador’s wife in Istanbul. She variolated her children, and after  getting back to England she and her surgeon variolated the children of the Prince and Princess of Wales in 1722 dramatically promoted the adaptation of this method in England and in other part of Europe. But this way had obsession.

   But in 1789, an English physician called Edward Jenner that milk-girls who infected with cowpox  were protected for smallpox so he vaccinated a boy with material of pustule existed on arm of girl infected with cowpox, and he succeed and called this method “vaccination” 

    Then Louis Pasteur discover vaccines against cholera, anthrax and rabies, Yersin and Roux discovered the toxins, after that discoveries sequenced.

    So two theories appeared in immunology, the humoral and cellular, and immunology is still in continuous progress till this days.    

J) Comments:
Fig1: variolation by Chinese 





Fig2: Mary Wortley Montague





Fig3: Mary’s book “letter from the Levant.





Fig4: Benjamin Jesty





Fig5: patient with smallpox





Fig7: Edward Jenner’s book





Fig6: Edward Jenner





Fig8: Jenner’s drawing of cowpox lesion 








Fig9: Jenner vaccinating a boy with smallpox





Fig10: Louis Pasteur





Fig11: Joseph Meister immunizing rabies





Fig12: Louis Pasteur with his team in 1894











Fig13: Emile Roux.





Fig14: Alexander Yersin





Fig15: Shibasaburo Kitasato





Fig16: Emil Adolf von Behring





Fig17: Robert Koch





Fig18: Elie Metchnikoff





Fig18: Paul Ehrlich





Fig20: Gerald M. Edelman





Fig 19: Rodney R. Porter.





Fig21: Sir Frank Macfarlane


Burnet (1899-1985)





Fig22: The document of Global Commission for the Certification.


 








Fig23: Jenner's handwritten draft of the first vaccination





Fig24: Poster for vaccination against smallpox
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Comment on Fig12:


 Louis Pasteur with his team in 1894:  Back row from left to right: Eugène Viala, Paul Reboud, Marcel Mérieux, Auguste Chaillou, Amédée Borrel, Louis Marmier, Auguste Marie, Andrien Veillon, Ernest Fernbach, Auguste Fernbach. Front row from left to right: Albert Calmette, Louis Martin, Emile Roux, Louis Pasteur, Edmond Nocard, Henri Pottevin, Félix Mesni
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