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About This Book

In December 2019 a novel coronavirus caused a devastating pandemic. Not since the Spanish-flu contagion just over a hundred years ago has a virus caused so much fear. SARS-CoV-2 threatened our lives and our livelihoods, and made us utterly vulnerable. At the time of writing, in April 2021, even though we have several effective vaccines there is no effective treatment. As new variants emerge, the efficacy of the vaccines may be reduced, threatening more waves of infection. We only have our immune system.

When I began writing this book there was no coronavirus pandemic. I wanted to write a book that enabled the general reader without a background in science to understand the immune system. My approach involved presenting the components and functions of this complex system through the lens of history, through the lives and work of the doctors and scientists who unravelled the mysteries of the immune system.

Then Covid-19, the mystery disease, appeared. I was obligated to revise the text to describe the ongoing history of the battle between the virus and the immune system. I wrote three new chapters. In the introduction, we see how the immune system responds to the virus. We return to Covid-19 at the end of the book, considering therapeutic approaches used in the past, vaccines and strategies that involve manipulating the immune system in order to tip the scales in our favour.

The book is aimed at the general reader and undergraduate students interested in learning about the immune system. I have included notes at the end of some chapters that go deeper into the subject matter. These paragraphs are written for the student of medical science who has some background in the subject.




Introduction

THE DOUBLE-EDGED SWORD

Beijing, January 2020. A 50-year-old man returned home after travelling to Wuhan. He had been in Wuhan for four days and was in good health, but two days after arriving back fell ill, developing a dry cough and chills. But he continued to work for another week before deciding to present himself at an outpatient fever clinic at his local district hospital. He complained of feverishness, chills, a persistent cough and shortness of breath. He was found to have a fever – an elevated body temperature of 39°C – and a chest X-ray showed ‘multiple patchy shadows’ in both lungs: the organs were inflamed and the alveoli, the tiny sacs where oxygen is exchanged for carbon dioxide, were full of fluid.1 He tested positive for SARSCoV-2, the strain of coronavirus that led to the worldwide disease of Covid-19.

He was admitted to an isolation ward, put on supplemental oxygen and given interferon alpha and two antiviral drugs. He was also prescribed an antibiotic in case he developed secondary bacterial pneumonia. As he was short of breath he was started on daily steroids to control the inflammation inside his lungs. None of these drugs were proven to be effective in treating Covid-19, but the doctors were keen to try anything to stop the progression of the disease.

Following treatment, the patient’s temperature dropped to 36.4°C. But the cough, shortness of breath and fatigue did not improve. Worryingly, another X-ray taken 12 days after the onset of illness showed worsening lung infiltration. Surprisingly, his blood oxygen levels were 95 per cent. (The normal range is between 95 and 100 per cent.)

Two days later he became extremely short of breath, but his oxygen levels still remained above 95 per cent. The doctors wanted to transfer him to the intensive care unit, but the man refused. He was frightened: he suffered from severe claustrophobia and did not want to be put on a ventilator. The doctors had no choice but to continue with oxygen delivered through a nasal cannula. The patient was steadily getting worse, but he kept refusing invasive ventilation.

Two weeks after his illness his shortness of breath worsened, and his oxygen saturation dropped to 60 per cent. Then he had a sudden cardiac arrest. He was immediately placed on invasive ventilation; doctors started chest compressions and gave him an adrenaline injection, but the man lost his battle with the coronavirus and died at 6.31 p.m. that evening.

Why did this 50-year-old man die? Why did he get severe pneumonia? Was it down to the virus or was the immune system responsible?

Post-mortem biopsies taken from the lung tissue reflected what his chest X-ray had indicated: damaged alveoli full of fluid containing white blood cells. He had suffered from acute respiratory distress syndrome (ARDS). Blood samples showed that the levels of two key cells of the immune system, ‘helper’ and ‘cytotoxic’ T cells, were greatly reduced even though they were activated. These white blood cells are major components of our body’s defences, and a reduction in their numbers makes a person immunodeficient: unable to defend themselves against pathogens and certain cancers. But numbers of another T cell, the Th17 cell, were high. This cell, by secreting certain ‘cytokines’ – small proteins that cause inflammation – was in part responsible for the pathology seen in the lungs. Low levels of certain T cells and elevated levels of inflammation caused by cytokines had caused ARDS, leading to the death of the patient.

We have seen this before, in two other diseases caused by pathogenic coronaviruses: severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS). In 2003, the SARS-CoV virus infected around 8,500 people, with an overall mortality rate of nearly 10 per cent. More recently, in 2017, MERS-CoV, a more lethal coronavirus, infected nearly 2,000 people and had a frightening mortality rate of 36 per cent.2 These three coronavirus diseases, SARS, MERS and Covid-19, caused mortality by unleashing a cytokine storm in the lungs.

*

The cytokine storm had also killed millions a hundred years ago. The last major pandemic that humanity had to endure was the Spanish flu, which claimed the lives of up to 100 million people globally. The American pathologist Jeffery Taubenberger, the man who brought the 1918 virus back to life, calls this ‘arguably the single deadliest event in recorded human history’.3 What happened then was again at the back of our minds: could it be as bad as 1918? Would there be a second wave?

This had been a different virus, H1N1, as opposed to the ones that caused SARS, MERS and Covid-19, but all these viruses have something in common. They jumped species from birds, camels and bats, posing a formidable challenge to the human immune system, which was unprepared to react to a novel pathogen. But the way some people died appeared to be very similar.

One of the mysteries of the Spanish-flu pandemic is its unusual death curve. It was W-shaped, whereby in addition to the very young and the old there was a peak in the middle. Those between 20 and 40 were highly susceptible. Young men coming home after surviving the Great War fell sick and died in their thousands. Often death came swiftly: the victims began coughing up blood and, to the horror of witnesses, their skin turned a dusky blue. Sometimes the discoloration was so profound that doctors treating infected soldiers in army encampments could not tell if they were white or black.4

Exactly why people at the peak of their lives suffered a high level of mortality continues to be debated, but what we do know is how they died. It was by drowning: pathologists who carried out post-mortems noted inflamed lungs, often full of bloody fluid that prevented oxygen getting into their bodies. The culprit was the immune system: a cytokine storm.

Taubenberger, working at the Armed Forces Institute of Pathology in Washington, DC, wanted to find out if there was something different about this influenza virus that had caused its unusual virulence. But first he had to find the Spanish-flu virus. He found lung-tissue samples preserved in paraffin wax taken from a 21-year-old soldier, Roscoe Vaughan, who had died in 1918. But the samples only yielded a few viral genes. He published his findings in 1997.5

A retired pathologist from San Francisco, Johan Hultin, came across Taubenberger’s paper. In 1951, when he was a graduate student at the University of Iowa, Hultin had travelled to Brevig Mission, a small Inuit outpost in Alaska, hoping to find the 1918 virus in the bodies of villagers buried in the permafrost. Hultin hoped that the frozen conditions would have preserved lung tissues, allowing him to isolate the virus.

Brevig Mission had suffered a terrible fate as the contagion visited the tiny fishing village in the autumn of 1918. Out of the 80 Inuit villagers, 72 had perished, all within a period of five days; only eight children and teenagers survived.6 The dead were buried in a mass grave and Hultin, after gaining permission from the village elders, started his dig. He found the bodies, took some samples and returned to Iowa City. But he failed to grow the virus from the samples.

But that was 1951. Techniques of virus gene identification had greatly improved by 1997, so Hultin was hopeful. He wrote to Taubenberger offering to return to Brevig Mission. Taubenberger agreed, and the now 72-year-old virus-hunter set off back to Alaska.

With the help of a few bemused young men, Hultin started his excavation. After finding some skeletal remains, he came across the body of a woman. The woman, whom Hultin later named Lucy, had been in her mid-twenties. She was obese and the layers of body fat had preserved her internal organs. Using a pair of garden clippers borrowed from his wife, Hultin opened her ribcage. The lungs were well preserved and full of frozen blood. He took some samples.

Afterwards Hultin filled in the grave and built two large white crosses as the original ones marking the burial had decomposed. He placed them on top of the grave and hurried back home to post the tissue samples to Taubenberger. His work was done.

Eight years later, in 2005, using lung-tissue samples from ‘Lucy’ and Roscoe Vaughan, Taubenberger finally isolated the eight RNA gene segments of the 1918 virus. He could now resurrect the killer that had caused the Spanish-flu pandemic.7 Taubenberger then took the next, highly controversial step. He wanted to see if the resurrected virus was as lethal as the one that had killed up to 100 million people. So he began animal experiments.

He created two types of virus: one with all eight gene segments from the original Spanish-flu virus, and other hybrid viruses containing combinations of gene segments from the 1918 virus and those taken from a low-pathogenic influenza virus. Taubenberger infected mice, ferrets and finally macaque monkeys with these manufactured viruses. He found that there were high levels of viral multiplication in all animals exposed to the virus, but that all eight gene segments from the 1918 virus were required for maximal lethality.8

The macaques suffered terribly. Within 24 hours they looked depressed, refused food and drink and started coughing. They then developed ARDS and had to be euthanized eight days after infection with the virus. Post-mortems showed highly inflamed lungs, just like those of the people who perished in 1918. The monkeys had mounted immune responses, but they were insufficient to clear the virus. Instead, detrimental immune responses – the cytokine storms – had destroyed their lungs.9

And yet many people do survive these infections. Up to 80 per cent of those who develop Covid-19 have only mild symptoms. Their immune systems have defeated the virus. Another case will illustrate exactly how the immune system achieved this. This case also illustrates the dynamics of these protective responses.10

*

In early 2020, a 47-year-old woman from Wuhan, China, turned up at an emergency department in Melbourne, Australia. One week after arriving in Australia she had started showing symptoms: a sore throat, chest pain, a dry cough and lethargy. She was also feverish and had mild shortness of breath. The doctor taking her history noted that she was a healthy non-smoker who had no ailments and was not on any medication. The woman hadn’t been to the Huanan seafood market, identified as a potential source of the outbreak, or had contact with any known cases of Covid-19. At the clinic, she was noted to have a fever of 38.5°C and was breathing rapidly, but her blood oxygen level was 98 per cent. However, when the examining doctor listened with the stethoscope he heard coarse, rattling sounds at the lung bases. A chest X-ray taken the next day confirmed his suspicions: there were shadows in the lungs indicating airspaces full of fluid. SARS-CoV-2 was detected by swab testing.

She was admitted and began improving over the next few days. The virus was undetectable two days after admission and a repeat chest X-ray taken four days later showed significant improvement.

Serial blood sampling revealed that her immune system was starting to fight back. Three days after admission antibody-producing B cells and anti-coronavirus antibodies appeared in her blood. Levels of these antibodies kept rising over the next two weeks. Virus-killing T cells also appeared in the blood around the same time, peaking some five days after admission. Her symptoms began resolving and she was discharged one week after she had been admitted. This patient did not require oxygen and did not go on to develop respiratory failure or ARDS. Two days later all the symptoms resolved.

Two patients, two outcomes. Both patients mounted immune responses against coronavirus: one was effective while the other was detrimental. What caused this disparity? This was one of the most pertinent questions taxing immunologists, virologists and doctors treating Covid-19 patients. And of course, all of us.

What happens when a respiratory virus infects a person? Being a parasite, the virus needs to get inside a host cell and hijack its machinery to make copies of itself. Once progeny viruses are assembled they are released from the cell and infect other nearby cells. Cycles of infection and multiplication cause a lot of cell death.

But the immune system starts to fight back. Deep inside an infected cell, the genetic material of the virus – RNA in the case of influenza and coronaviruses – is sensed by receptors. This causes activation of the cell. Signals cause proteins such as interferon regulatory factor 7 (IRF7) to trigger the expression of several genes that lead to the release of a group of cytokines called ‘type I interferon’. These cytokines are involved in inhibiting viral replication and spread and generating beneficial inflammatory responses. Crucially, this first line of defence can initiate more specific immune responses: antibody and T-cell responses that clear the infection and give rise to immunological memory. Thus type I interferons have been shown to be vital in the clearance of viral infections.

But the virus is a formidable enemy. It fights back by suppressing the type I interferon response. One way it does this is by interrupting the signalling pathways used by a cell to turn on interferon genes.

The importance of type I interferons in controlling influenza was illustrated in 2015. A three-year-old girl with a mutation in the IRF7 gene, and who was consequently unable to produce enough quantities of type I interferon, presented with a severe influenza infection. She developed ARDS, had to go on a ventilator for nine days, but recovered.11

Experiments carried out using the reconstructed 1918 virus in macaque monkeys also showed a similar dysregulated immune response. Animals exposed to the complete 1918 virus activated fewer genes responsible for secretion of protective type I interferons such as interferon alpha (IFN-α), which led to an ineffective antiviral response and a fatal outcome.12 SARS-CoV-2 can also do this: a SARS-CoV-2 protein called ORF3b has been shown to block the type I interferon response.13

Interferons are vital early in the infection. Perhaps giving the patient interferons early on might help the Covid-19 disease process? A type I interferon, interferon beta (IFN-β), has been shown to inhibit coronavirus,14 and trials have taken place to see if could be used therapeutically. But there is a caveat to this strategy.

Once the infection has reached the lungs, possibly in part due to a suboptimal early interferon response, interferons can trigger the exaggerated inflammatory response. Interferon is a double-edged sword, so the timing of administration might be crucial.

The early ‘good’ interferon surge can decrease the viral load and an effective innate response can activate the big guns of the immune system. As we saw in the case of the woman who recovered from Covid-19, once antibody and T cells began to appear the virus was cleared from the system. Elimination of the virus was down to the function of antibodies and helper and cytotoxic T cells. As the levels of these antibodies and T lymphocytes increased, the patient’s symptoms got better. An effective vaccine against SARSCoV-2 must induce the generation of these antibody-producing cells and T cells. This is what happens following vaccination against the seasonal influenza virus.

But, worryingly, coronaviruses have ways of evading these specific responses as well. In a manner reminiscent of HIV, there is evidence that coronaviruses can cause T cells to commit suicide.15 Recall that the first patient who died of Covid-19 had low lymphocyte levels. This pattern has been seen in many patients who had a severe case of the disease. High levels of pro-inflammatory cytokines also add to the depletion of T cells. Interestingly, another cytokine, interleukin 7 (IL-7), one that has been shown to increase levels of T cells, is being considered as a form of treatment to help patients with low T-cell numbers. At the time of writing, this study is ongoing.

Patients who deteriorate, typically after around seven days, may do so because of the second wave of inflammation, which is characterized by high levels of another group of cytokines: interleukins. The main interleukin in the cytokine storm is interleukin 6 (IL-6): IL-6 and other pro-inflammatory cytokines cause ARDS. The role of inflammatory cytokines in the morbidity and mortality of Covid-19 is established. Blood analysis of IL-6 levels of Covid-19 patients shows a clear pattern: those with the mildest disease had the lowest levels; those with a severe bout of the disease had more, and the patients who died had the highest.16 The macaques in the 1918-influenza experiments also showed substantial increases of interleukin 6 when levels in the blood of infected animals were compared with pre-infection levels.17

*

The above account gives us a glimpse of how the immune system functions. But what are antibodies? How are they formed, and how exactly do they neutralize the virus? How do T cells work? How do they clear the infection? What role do cytokines play in the disease process? What are the organs of the immune system? What are vaccines and how do they work? What is immunological memory?

As we saw earlier, the immune system is a double-edged sword. Sometimes a response to an infection can be harmful. And in some individuals, antibodies and T cells start attacking self-tissue as if it were a transplant. Why does this happen? When and how did the immune system learn to distinguish ‘self’ from ‘non-self’, and why did that mechanism break down, leading to autoimmune diseases? Why do antibodies form against innocuous substances like grass pollen or peanuts? Can we help the immune system to destroy cancer cells?

Can we find a vaccine that neutralizes all variants causing Covid-19?

One of the best ways to understand the immune system involves revisiting the past. By going back in time, studying the key experiments and trials, we can see how this incredibly complex system was discovered. In Parts One and Two we meet the doctors and scientists and learn how their seminal discoveries unravelled the mysteries of the immune system. They were heroes and the world rewarded them with Nobel Prizes, but now, as we face yet another pandemic, we need others to step up to the mark, to come up with answers.

In the last two chapters we return to Covid-19, the disease that has paralysed the world. We see how cutting-edge discoveries in immunology are used in the ongoing battle, how vaccines were designed, and novel treatment approaches explored. And the world waits for a final victory and the end of the pandemic.

But there is another question we must ask ourselves. While we wait for a vaccine that can completely prevent infection, or effective treatment, is there anything we can do to help our immune systems to protect us from the virus? Perhaps there is. In the 1970s, scientists discovered that the immune system interacted with the brain and the endocrine system. The new field that they established, psychoneuroimmunology, showed that stress and behaviour can modulate immune responses. In the final chapter we will look at how we can translate these findings to help us in our battle with the coronavirus.

As we reach the frontiers of knowledge we are humbled by the huge gaps in our understanding of the immune system. There are many more mysteries to be solved.




PART ONE

BEGINNINGS




Chapter 1

THE SPECKLED MONSTER

Athens, 430 BC. A man sat on the cool marble steps of the Temple of Athena Nike watching the terrible scene that was unfolding in front of him. The contagion had arrived from the Port of Piraeus and was mercilessly laying waste to the defenceless city population. He sat transfixed, observing a group of people carrying the writhing body of a dying soldier. They left the man at the bottom of the steps, like some grotesque offering. His skin was red and raw, covered in small pustules and ulcers. The afflicted man rose to his feet, tore off his clothes and jumped into a drain full of dirty water to ease the pain. ‘Help me!’ he cried. ‘Somebody help me!’

The man who rose to help was Thucydides, a general and historian. He had contracted the disease himself and had survived. He pulled the man out and laid him under a shady tree.

The Spartans had arrived in Attica, and the Peloponnesian War between Athens and Sparta, a conflict that was to last for 27 years, had gathered pace. But it was not just the ruthless Spartan war machine that was threatening Athens. A terrible plague had entered the city.

Historians still debate which pathogen was responsible for this infection, but it is possible that this was an outbreak of smallpox. What is interesting is that Thucydides, who later wrote a famous account of the Peloponnesian War, made the first known reference to immunity:


Yet it was with those who had recovered from the disease that the sick and dying found most compassion. These knew what it was from experience and had now no fear for themselves for the same man was never attacked twice, at least never fatally.1



Thucydides had observed a fundamental principle of immunity. Once a person had suffered and recovered from the illness they became immunis – Latin for ‘exempt’ – and gained the ability to resist a second appearance of the disease. That was why the man with the raw, red skin had been laid at his feet. Thucydides, having been infected, was now immune and would not be in danger from the illness again.i

We next come across a mention of immunity in the works of the ninth-century Persian physician, alchemist and philosopher Rhazes (Muhammad ibn Zakariya al-Razi), who was born in ad 854 in the city of Ray on the route of the Great Silk Road. He had studied medicine in Baghdad and was considered one of the greatest physicians of the Arab world. Students from all over the globe came to learn from Rhazes, who was greatly influenced by the Greek physicians Galen and Hippocrates, even though he had often challenged their views. Rhazes was the first physician to describe smallpox accurately, in written form, and to distinguish it from measles.

In his book, Al-Judari wa al-Hasbah, Rhazes writes:


The eruption of smallpox is preceded by a persistent fever, pain in the back, itching in the nose and terrors in the sleep. These are the more peculiar symptoms to approach, especially a pain in the back with fever; pricking which the patient feels all over his body; a fullness of the face which at times comes and goes; an infectious colour, and vehement redness in both cheeks; redness of both eyes, heaviness of the whole body; great uneasiness, presenting as stretching and yawning; pain in the throat and chest, with slight difficulty in breathing and cough; dryness of breath, thick spittle and hoarseness of the voice; pain and heaviness of the head; inquietude, nausea and anxiety; (with this difference that the inquietude, nausea and anxiety are more frequent in measles than in the smallpox; while the pain in the back is more peculiar to the smallpox than to the measles), heat of the whole body; an inflamed colon, and shining redness, especially an intense redness of the gums.2



Rhazes also wrote in his treatise that survivors of smallpox do not develop the disease for a second time.

The May 1970 Bulletin of the World Health Organization paid special tribute to Rhazes, stating that ‘his writings on smallpox and measles show originality and accuracy, and his essay on infectious diseases was the first scientific treatise on the subject’.

The eruptions of smallpox follow a predictable pattern. The progressive rash initially appears as flat, red sores. After a few days the sores become raised bumps, which then turn into fluid-filled blisters. In the second week of infection, these pus-filled blisters crust over. Scabs form over the blisters and then fall off, around the third week of the disease, resulting in scars that are often disfiguring. Other symptoms of smallpox include fatigue, headache, body ache and occasionally vomiting. The patient can become feverish. Mouth sores and blisters can spread the virus into the throat. Complications during the illness include pneumonia and osteomyelitis (inflammation of the bone or marrow). Following illness scarring, blindness and death may occur.

Smallpox, once known as ‘the speckled monster’, was probably brought to Europe by the returning Crusaders from the eleventh to the thirteenth century and appeared in Britain in the sixteenth. It struck rich and poor alike: even the monarch, Queen Elizabeth I, was struck down by the disease in 1562; she survived but was left bald and with a scarred face. The seventeenth and eighteenth centuries saw deadly smallpox epidemics sweep across Britain.

In Europe some 400,000 people died annually from the speckled monster during the eighteenth century, and over a third of cases of blindness were caused by smallpox.3 Between 20 and 60 per cent of those infected perished, and for infants the death rate was much higher: smallpox killed around 80 per cent of those infected.4

However, there was an age-old method that was being used in many parts of the world to combat the disease. It was called ‘engrafting’, or ‘variolation’, and involved introducing pus from a ripe smallpox pustule by means of a lancet or needle into the skin or veins of a healthy individual. This procedure was used extensively in the Ottoman Empire, and it was there that a young English aristocrat had arrived with her husband, the British ambassador, in 1717.



__________

i Thucydides and the great physicians of antiquity had observed one of the pillars of immunity, the concept of ‘specificity’. The fact that the individual was not struck down by the same disease twice, ‘at least not fatally’, was because the heightened immune response that conquered the infection was specific to that infection – or one caused by a very similar pathogen – only.




Chapter 2

THE GIFT OF THE OTTOMANS

Adrianople, 1717. On a warm September evening Mary made her way through the crowded Exchange, a half-mile-long street covered by an arched roof and lined on either side by more than 300 shops and cafes. Disguised in her Turkish habit, a long pair of drawers and a silk smock, over which she wore a pale-brown caftan, she walked unobtrusively, taking in the exotic sights, sounds and aromas that surrounded her. She noticed the rows of clean shops, the rich Jewish merchants haggling with their customers and the animated conversations of those who preferred to sit in the cafés drinking strong coffee or sherbet.

She arrived at her destination, a grand house belonging to a noblewoman she had befriended at the embassy. A smiling young eunuch opened the door and escorted her into the house. She was asked to wait in the large inner courtyard, where a beautiful fountain was set in the middle of a marble pond. A servant woman appeared and asked Mary to follow her. She followed the woman down a narrow passage leading from the courtyard into a room in which a crowd of women and children were gathered.

Mary Wortley Montagu was born in London in 1689. She was an English aristocrat, the eldest child of Evelyn Pierrepont, the first Duke of Kingston-upon-Hull. Mary was by all accounts a striking beauty, and in later years would become renowned for her literary skills. However, in 1713, at the age of 26, Mary caught smallpox, which left her once-beautiful skin pockmarked. She also lost her eyelashes. Her brother died of the disease in the same year and this terrible affliction would haunt her for the rest of her life. What brought her to Turkey was her marriage to Edward Wortley Montagu, who was appointed ambassador to the Ottoman Empire.

Mary Montagu described what she observed in the Turkish house in a letter written on 1 April 1717 to her friend Sarah Chiswell:


I am going to tell you a thing, that will make you wish yourself here. The small-pox, so fatal, and so general amongst us, is here entirely harmless, by the invention of engrafting, which is the term they give it. There is a set of old women, who make it their business to perform the operation, every autumn, in the month of September, when the great heat is abated. People send to one another to know if any of their family has a mind to have the small-pox; they make parties for this purpose, and when they are met (commonly 15 or 16 together) the old woman comes with a nut-shell full of the matter of the best sort of small-pox, and asks what vein you please to have opened. She immediately rips open that you offer to her, with a large needle (which gives you no more pain than a common scratch) and puts into the vein as much matter as can lie upon the head of her needle, and after that, binds up the little wound with a hollow bit of shell, and in this manner, opens four or five veins. The Grecians have commonly the superstition of opening one in the middle of the forehead, one in each arm, and one on the breast, to mark the sign of the Cross; but this has a very ill effect, all these wounds leaving little scars, and is not done by those that are not superstitious, who choose to have them in the legs, or that part of the arm that is concealed. The children or young patients play together all the rest of the day, and are in perfect health to the eighth. Then the fever begins to seize them, and they keep their beds two days, very seldom three. They have very rarely above twenty or thirty in their faces, which never mark, and in eight days’ time they are as well as before their illness. Where they are wounded, there remain running sores during the distemper, which I don’t doubt is a great relief to it. Every year, thousands undergo this operation, and the French Ambassador says pleasantly, that they take the small-pox here by way of diversion, as they take the waters in other countries. There is no example of any one that has died in it, and you may believe I am well satisfied of the safety of this experiment, since I intend to try it on my dear little son. I am patriot enough to take the pains to bring this useful invention into fashion in England.1



This, then, was the practice of engrafting, or variolation, which was found to confer immunity to smallpox. It was widely practised in the Ottoman Empire: female Circassian slaves, who were legendary for their beauty, were much sought after by the sultans of the Ottoman Empire to populate their harems, and variolation was widely used on these girls to spare their clear, unblemished skin from the ravages of the dreaded pox. The process involved using virus that was contained in dried pus taken from a pustule of a mild case of smallpox from someone who had recovered. The variolated person often developed a mild form of the disease and was usually, though not always, immune thereafter.

Lady Mary wanted to spare her children the fate that had marked her youth and taken her brother, aged just 20. She approached the British embassy surgeon, Dr Charles Maitland, and begged him to engraft her six-year-old son, Edward. Reluctantly Maitland agreed; the boy was variolated and by all accounts he never contracted smallpox. Upon her return to London, Lady Mary tried to introduce the practice of variolation, but encountered fierce resistance from the medical establishment. In April 1721, there was an outbreak of smallpox in England and Lady Mary had her three-year-old daughter Mary inoculated by Maitland, even though the surgeon had recently retired and was living in Hertford village, some 30 miles from London.

During the peak of the epidemic, Princess Alice, the youngest daughter of the prince and princess of Wales, became unwell. At first it was thought that the princess had contracted smallpox, but this was later confirmed not to be the case. However, her illness gave Lady Mary the opportunity she had been waiting for, and together with Maitland, who was by now a convert to the procedure, she approached the royal couple. Their persistent and well-argued plea led the prince and princess of Wales to consent to what was known as the ‘Royal Experiment’, the first trial of variolation.

Charles Maitland was granted a Royal Licence to carry out the trial, which was overseen by Sir Hans Sloane, then president of the Royal College of Physicians as well as the court physician to King George I and Queen Anne.

In August 1721 six prisoners from Newgate prison, three males and three females, all of them condemned to death by hanging, were offered variolation. The prisoners were informed that if they survived their sentences would be commuted and they would be set free. They agreed. Maitland introduced, by incision, tiny amounts of smallpox pus into the arms and right legs of the prisoners. The following day, they each developed mild symptoms, but these disappeared in a few days and all made a full recovery. They were released. So variolation appeared to have worked, and the Royal Experiment had shown that the process was safe. But had the subjects of the trial developed immunity to smallpox?

Sloane arranged for one of the female prisoners, 19-year-old Elizabeth Harrison, who had been variolated and freed, to be deliberately exposed to smallpox. She was dispatched to Hertford village, where the epidemic was raging, and instructed to live with a ten-year-old boy suffering from active smallpox; she was to stay with him for six weeks, tending to his needs and even lying with him in the same bed. Harrison did not contract the disease, and this proved to be the first evidence that immunity to smallpox had been achieved by variolation.

Still not fully satisfied, the royal couple ordered a group of orphans to be variolated, and when these children also did not contract the disease, the prince and princess of Wales had their daughters variolated. This was in 1722, and from then on the practice was widely adopted by the medical profession.

Variolation soon became popular, and Sloane, evaluating the data, concluded that it did indeed protect against smallpox. The death rate from variolation was around one in 50, whereas that from the natural disease was one in six.2




Chapter 3

THE TEMPLE OF VACCINIA

Gloucestershire, England, 1757. An eight-year-old boy sat huddled together with five others in a locked barn. For the past six weeks they had been purged, bled and fed a diet low in vegetables: they were being ‘prepared’. A smallpox outbreak had prompted many people to have their children variolated. The boy’s name was Edward Jenner.

The process made young Jenner quite ill, and he emerged from the barn looking like a ghost: pale, weak and thin. The ‘preparation’, it was believed, was crucial for removing impurities before variolation. The procedure, as it was practised in those days, was expensive and few could afford it. It was also not without risk: some became blind or deaf, or suffered from terrible arthritic pains. Jenner survived. But the experience had left an indelible scar on his psyche: a fear of smallpox.

Edward Jenner was born in Berkeley, Gloucestershire, in 1749. His father was the vicar of the town, and young Edward received a good education. But at the age of five he was orphaned and went to live with his older brother. In eighteenth-century England smallpox was rife and was the biggest killer of adults. Most victims suffered a flu-like illness, developed a rash that turned into blisters and then succumbed to the disease. Those who survived suffered terrible complications, most notably deafness and blindness.

Lady Mary Wortley Montagu died in 1762. Not long after, in 1770, Jenner, now aged 14, embarked on a career in medicine. He was apprenticed for seven years to surgeon Daniel Ludlow. While observing a consultation with a female patient at Ludlow’s surgery, Jenner heard her say, ‘I shall never have smallpox for I have had the cowpox. I shall never have an ugly, pockmarked face.’1

At the age of 21, Jenner entered the next phase of his medical education and became a pupil of the famous surgeon and researcher John Hunter. Jenner lived at Hunter’s house and attended St George’s Hospital in London. He was greatly influenced by Hunter, who, in addition to being a great anatomist and inveterate collector of pathological specimens, was a keen naturalist. Jenner himself had always been interested in ornithology and, encouraged by Hunter, carried out some interesting studies on the breeding habits of cuckoos, research that would later lead to a prestigious fellowship of the Royal Society.

After qualifying as a surgeon-apothecary in 1733, Edward Jenner returned to Berkeley and established a country practice. Smallpox was still a significant problem, with 60 per cent of the population contracting the disease and 15–20 per cent succumbing to it.2 Patients often asked Jenner to variolate them or their children against the pox, and the doctor complied. Variolation had been improved since his own childhood experience; Jenner followed the method introduced by Dr Robert Sutton, who carried out the procedure by injecting a small amount of pus taken from a smallpox pustule into the skin. This was a relatively painless method and did not usually draw blood.

Jenner’s practice regularly brought him into contact with farm workers. He observed that, as Ludlow’s patient had said, milkmaids and milkmen did not appear to contract smallpox if they had previously become infected with cowpox, although this did not apply in every case. Jenner also noted that only some types of cowpox conferred resistance – he called this ‘true cowpox’. The thought of using cowpox material for variolation, which would be a lot safer, crossed his mind and he consulted his former mentor, Hunter, for advice. Hunter’s response to his young former pupil characterized his approach to all such enquiries. ‘Interesting observation, Jenner,’ Hunter said. ‘But why think; why not do the experiment?’3

On 14 May 1796, Edward Jenner did just that. After obtaining parental permission, he inoculated an eight-year-old boy, James Phipps, with pus taken from a cowpox pustule on the arm of Sarah Nelmes, a milkmaid who had contracted the disease from her cow, Blossom. Phipps subsequently had a low-grade fever but recovered in a few days, and on 1 July 1796 Edward Jenner inoculated the boy with live smallpox. But James did not contract smallpox. In fact, over the next few years young Phipps would be variolated some 20 times and demonstrated a persistent immunity to the disease.

Jenner repeated this experiment on 23 other patients, and in 1798 published his findings.4 He paid for the publication out of his own pocket. This was the first demonstration that cowpox, a similar but different microorganism, had conferred immunity to smallpox. He decided to call the method ‘vaccination’, derived from the Latin word for cow, vacca. There was initial resistance from the medical establishment, however. Variolation, as it was practised at the time, was financially lucrative, although many physicians eventually began carrying out the new procedure. But many patients were fearful of the effects of cowpox, some even believing that using this material would give them bovine features. Jenner was parodied in cartoons that showed a throng of vaccinated people surrounding the doctor, many of them sprouting horns and udders.

But Edward Jenner had friends in the aristocracy, and the fifth Earl of Berkeley used his influence to help him get vaccination off the ground. Once its efficacy and safety were appreciated, the practice began to spread throughout the country, and in 1853 Jenner’s vaccination was made compulsory in England. Jenner, however, did not seek to enrich himself and continued to practise at Berkeley, where his summer house, now named the ‘Temple of Vaccinia’, was used to vaccinate the poor without charge.

As vaccination was adopted throughout Europe and America, Jenner’s fame soon spread. When England went to war with France, Jenner was asked to write to Napoleon to secure the release of some English prisoners. The emperor agreed, stating that he ‘could not refuse a request from such a great benefactor of mankind’.5 But around the rest of the world there were many who could not afford vaccination and, even in the 1950s, some 50 million cases of smallpox appeared annually.6

Edward Jenner died in Berkeley in 1823, aged 74. He had discovered a relatively safe and effective method that could protect against the speckled monster that killed millions. He had given the world immunization. Eventually, Jennerian vaccination spread throughout the word and the World Health Organization, following a global eradication programme, declared the eradication of smallpox in 1979.i Interestingly the vaccine used was essentially the same as that used by Jenner. His house in Berkeley is now a museum and visitors can wander through his study, walk in the manicured garden and gaze at the odd-looking summer house where he vaccinated the poor for free.



__________

i Vaccines have had a profound impact in reducing the incidence of several diseases. These include diphtheria, measles, mumps, pertussis (whooping cough), rubella, poliomyelitis, tetanus and smallpox. What gives protection in these vaccines is a heightened response generated by a population of cells called ‘memory cells’. The nature of the memory-cell response is discussed in Chapter 24.



  
   
    Chapter 4
   

   
    THE PREPARED MIND
   

   
    The wolf entered the village from the mountains of Jura. The boy saw the creature with his own eyes as it ran through the village biting dogs, chickens and even the men who desperately tried to kill it. The wolf was mad, driven insane by rabies, the destroyer of dogs and men. Finally, they killed it and burned its body.
   

   
    But the dogs that had been bitten then also began to show signs of the disease. First their barks changed in tone; they developed fever, lost their appetite. Then some entered the mad phase, viciously savaging any animal or person that crossed their path. Some of these dogs were caught and put into cages, but they immediately began chewing the wire. They appeared to have an insatiable appetite and were constantly barking. These dogs feared no one. But then that phase passed, and dejection set in: their jaws dropped, they began to drool and foam around the mouth, and finally they died.
   

   
    The boy remembered a school friend who was bitten by one of these dogs. He was without symptoms for around a month, but then a profound exhaustion set in and he developed a fever. After that he became highly anxious. After a week he suddenly became confused, hyperactive, agitated. He greatly feared water and began salivating. Then he suffered convulsions. There were, however, periods during which he regained his orientation and realized what was happening to him. Mercifully he slipped into a coma and died a few days later.
   

   
    The young boy who witnessed these events in the Jura would later become one of the greatest scientists of all time. Edward
    Jenner’s observational studies on smallpox had given the world vaccination against the disease. But no one knew of the existence of the disease-causing microorganisms, now called pathogens, which were the cause of many devastating diseases in animals and humans.
   

   
    This young Frenchman would take the research much further, creating vaccines for several of the most important diseases that affect both livestock and humans. He would also carry out the first controlled clinical trial of a vaccine, and justifiably come to be called the father of the new science of immunology. He was also in part responsible for formulating the germ theory of disease. For the first time the enemies of mankind, which laid waste to millions every year, were shown to be an army of living, reproducing microorganisms whose lethal grip could be tempered by harnessing the power of the immune system. His name was Louis Pasteur.
   

   
   

   
    Pasteur was born in 1822 in Dole, France, just one year before the death of Edward Jenner. His father, an ardent nationalist, was a sergeant major in Napoleon’s army, and young Pasteur was from an early age imbued with the glory and majesty of the French Empire. The family moved to Arbois in 1827, where Pasteur was enrolled in the local school. After completing his secondary education, Pasteur entered the Royal College of Besançon, where he obtained his Bachelor of Arts and Bachelor of Science degrees. Further studies led to a doctorate from the École Normale Supérieure in Paris in 1847.
   

   
    Pasteur trained as a chemist, and, in 1854, aged 32, became a professor and dean of the Faculty of Science at Lille University. In 1856, he was asked to solve a problem at a local distillery. The beer was going sour and the owners had no idea why. The production of beer involves adding yeast into a solution of sugar
    beet, and at the time the ensuing fermentation was thought to be a purely chemical process despite a living viable organism – yeast – being present in the brew. Pasteur believed that fermentation was in fact biological and that the living yeast somehow caused fermentation to occur. The souring, he supposed, was caused by another microorganism that had somehow got into the vats. He found rod-shaped microorganisms in the scum that had formed at the edges of the vats. He isolated and grew them, observing how they multiplied. After careful experimentation, Pasteur found the cause of the souring: lactic-acid bacteria. He was intrigued by these minute organisms that were found in the spoiled beer. But he wasn’t the first person to observe microscopic organisms: Antonie van Leeuwenhoek had first described them back in 1677 using his hand-crafted microscopes. He had called them ‘animalcules’: tiny animals.
    
     
      1
     
    
   

   
    But where did they come from? At the time the prevailing view was that these germs were spontaneously synthesized from decaying matter: the theory of spontaneous generation. Pasteur was determined to demolish this theory.
   

   
    In October 1857 Pasteur was appointed director at the École Normale Supérieure and, along with his wife Marie and three children, left Lille and moved to Paris.
   

   
    In 1859, the year of the publication of Darwin’s revolutionary
    
     On the Origin of Species
    , Pasteur’s first-born daughter Jeanne contracted typhoid. At that time, when the average life expectancy at birth in Europe was just 40, typhoid was rampant and often deadly. The disease now claimed Pasteur’s daughter, and nine-year-old Jeanne died in September that year.
   

   
    Pasteur threw himself into his work. He was convinced that microbes in the air could contaminate any liquid they came into contact with – for example, milk, wine or vinegar. But the medical establishment, still entrenched in the idea of spontaneous generation, disagreed, and Pasteur was ridiculed, often in public.
    Undeterred, he carried out a series of ingenious experiments using swan-necked flasks to show conclusively that the microorganisms from the air could contaminate sterile liquids. In one such experiment Pasteur boiled and thus sterilized an infusion of broth in a swan-necked flask. Even though the flask was exposed to the air the infusion remained sterile: dust particles containing microorganisms from the air were trapped in the swan-neck curve of the flask and could not enter the broth (
    
     Fig. 1
    
   

   
    In April 1864, Pasteur described this experiment to a spellbound audience at the Sorbonne:
   

   
    
     By boiling, I destroyed any germs contained in the liquid or against the glass; but that infusion being again in contact with air it becomes altered, as all infusions do. Now suppose I repeat this experiment, but that, before boiling the liquid, I draw the neck of the flask into a point, leaving, however, its extremity open. This being done, I boil the liquid in the flask, and leave it to cool. Now the liquid of this second flask will remain pure not only two days, a month, a year, but three or four years – for the experiment I am telling you is already four years old, and the liquid remains as limpid as distilled water.
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    When he tipped the flask, allowing the infusion to enter the swan neck, the broth became infected, proving that the microorganisms, rather than being generated spontaneously in the broth, were in fact trapped in dust particles carried
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    Vážení čtenáři, právě jste dočetli ukázku z knihy At the Edge of Mysteries.

    Pokud se Vám ukázka líbila, na našem webu si můžete zakoupit celou knihu.
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