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    Cryptococcus fungi (scanning electron micrograph)

    This false-colour image shows several cells of Cryptococcus neoformans, a yeast-like fungus. The cells are covered in a protective casing (here in green), which preserves them until conditions are favourable for their activation. The fungi are deposited in the soil via pigeon droppings, and humans inhale them when the spores become airborne. The disease that they cause, cryptococcosis, is potentially fatal to those with damaged immune systems. It is often an indication of the development of AIDS in patients.
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Introduction


  In the first book in this series, Science Is Beautiful: The Human Body Under The Microscope, we looked in close-up detail at how the body works. We live in bodies which are masterpieces of complex machinery, a network of interacting, finely tuned systems which in normal use work so well that we don’t even have to think about their operation. Our lungs breathe, our hearts beat, our faces crease with sadness or laughter, without any conscious instruction from us, the machines’ owner-occupiers.


  In this book we’re turning our attention to what happens when things go wrong. Specifically we are looking at how bacteria, viruses and other disruptive forces manage to outwit the sophisticated defence mechanisms of our immune system. We look too at how science fights back, counter-attacking the invading diseases with ingenious medicines to prevent or cure disease. Remarkably, disease itself can sometimes be harnessed in the service of health. Doctors may deploy a so-called Trojan virus, which invades cells but prevents the spread of a more virulent infection. Vesicular stomatitis virus, for example, is used in this way to treat sufferers of HIV, cancer and ebola. Vaccination is another approach which actually gives us a small dose of a disease; this triggers the body’s defence against a larger dose. The first vaccine, devised in 1796, has been so successful that the disease it protected us from, smallpox, has been completely eradicated from the world.


  Finding a Cure


  Medicine is big business. It takes a long time for a new drug to be approved for public use, a process which requires significant investment long before any prospect of a financial return. Suppose there’s a disease that you’d like to find a cure for: first you have to understand the science of the disease. What does it affect? Where is it acquired? How is it transmitted? Only then can you begin your search for treatment. Once you’ve found something you think might work, you may start laboratory tests on cultured, infected cells. Only if the data from those tests looks promising can you start to do clinical trials on actual patients.


  If after all that the drug seems to be effective, with side effects which are acceptable when compared to the medical benefits, you can start to produce and advertise your new miracle. Even then, everything has to be tested from the means of production and safety of packaging to the clarity of the leaflet telling you how to take the drug. And at every stage you are regulated by your country’s medical authority – for example the Food and Drug Administration (FDA) in the US and the National Institute for Health and Care Excellence (NICE) in the UK.


  It all costs a fortune, which is why pharmaceutical companies seek to protect their investment with patents giving them exclusive rights to manufacture and market new drugs. What seems like a high price for a medicine has to cover the costs not just of the pills and the bottle they come in but of years of research and development. But such high prices naturally discriminate against poor people and poor countries who may need the drugs most of all.


  Fighting the Cure


  Successful medicines bring their own challenges. The increasing resistance of bacteria to the antibiotics used to treat them has been a problem since the 1950s. Bacteria evolve to develop their resistance; but sometimes the medicine itself is to blame. Antibiotics may kill off the weaker strains of a bacterium, allowing the stronger, more resistant ones to thrive. And indiscriminate antibiotic medicines may destroy not only the bad bacteria but the good – bacteria that helps our digestive system for example. The general public still thinks of antibiotics as almost miraculous cure-alls, and reaches out for them to deal with any illness. But no amount of antibiotics will successfully treat a virus-borne disease; and our misuse of antibiotics for such infections is another factor in their decreasing effectiveness.


  Sometimes our own immune system turns on us. Autoimmune illnesses such as rheumatoid arthritis, multiple sclerosis, Crohn’s disease and ulcerative colitis begin when the body’s defences mistakenly act against healthy cells. Transplanted organs may also trigger this response, if the immune system decides to reject them. These unwelcome immune responses are countered with medicines that suppress them – immunosuppressant drugs. The trouble is, they suppress the immune system, leaving us vulnerable to diseases which we would normally be able to repel.


  Acquired immune deficiency syndrome, AIDS, has the same effect. It’s not a disease itself but a condition that develops from prolonged infection by human immunodeficiency virus, HIV. Patients with AIDS are prone to infections against which a healthy immune system would easily defend. The increasing incidence of AIDS, and the growing use of immunosuppressant drugs, are being blamed in some quarters for the spread of some diseases such as MRSA that were previously unable to get much of a hold on the human population.


  Cat and Mouse


  There is a constant game of cat and mouse between science and nature. Viruses are simpler, less intelligent organisms than us; but just like us they are programmed to survive, and will adapt to do so. Vaccination against influenza is a running battle because of the disease’s ability to mutate into strains against which existing vaccines are ineffective. You may draw some comfort from the fact that it is not usually in the virus’s interest to kill its host: to do so would eliminate its means of reproduction and continuation as a species.


  Instead, many viruses simply give us a bad cough or dose of diarrhoea which sends them on through the air or the sewage system to infect someone else. If meanwhile science finds a way to defeat them through vaccination or medication, many viruses will evolve, requiring science to find new vaccines, forcing the virus to evolve… and so on.


  Some diseases are more serious. Some remain fatal until, we hope, science finds a cure. But thanks to constant progress in medical care, even without cures, it is now possible for the patients of many once-fatal diseases to live with their illness instead of dying of it. AIDS is the obvious example.


  Prevention, as the saying goes, is better than cure. Preventative medicine can be anything from vaccination to vitamin supplements. Maintaining the body’s defences involves good diet, regular exercise and restorative sleep as much as anything else. Just washing your hands is the single most important preventative act. Coughs and sneezes are not the only things that spread diseases. Infections are transmitted and acquired via bodily fluids of all kinds – vapour in the breath, blood, sweat and other waste products. Poor hygiene is the great enabler of disease, whether its personal care or the safe communal disposal of human waste. Safe sex, with barrier contraception, or no sex at all, plays its part in disease prevention. So too does drinking a tall glass of clean water; the body is more than 50 per cent water by weight, and it’s vital to its efficient working to keep it properly hydrated.


  This may not be the book to present to your hypochondriac friends – friends who are liable, having read about symptoms one day, to convince themselves that they have them the next. Of one thing we can be reasonably sure: you don’t catch diseases by looking at extraordinary photographs of them. If nothing else, this book allows you to study disease and medicine in fascinating detail and from a safe distance. Scientists have captured these images so that you don’t have to. On that subject, a brief note about how these pictures were made may be helpful. You’ll see alongside each one a note of what sort of micrograph it is. A micrograph is simply a graphic image of microscopic detail, and there are several different ways of producing one. Most of the pictures in this book were acquired by one of two technological marvels.


  
Light micrographs


  A light micrograph is produced by a light microscope. This is the traditional microscope, the one invented in the sixteenth century which uses lenses to magnify a specimen visible under natural or artificial light. When light strikes an object, it is reflected by the surfaces of that object according to the colour, texture and angle of those surfaces. That reflected light reaches the eye, either directly or (in this case) through the lenses of a light microscope. The light is gathered on light-sensitive cells inside the eyeball. The brain processes the information gathered by these cells, information about shape and size as well as colour and texture, in an activity better known to us as Sight. The light microscope sees more or less what the human eye sees, but simply magnifies it.


  The microscope became a tool for scientific study in the late seventeenth century, and remains the simplest, low-tech, low-cost way to look at small things. It has changed little in essence in the four hundred years since its invention. The greatest innovations have been in the kind of light used to view specimens. For example, shining polarized light through a sample can reveal particular patterns of colour and structure in the same way that polarized sunglasses can. You can see this to great effect in the images of medicines in this book.


  Electron micrographs


  At the start of the twentieth century scientists began to develop a high-tech alternative to the light microscope. The first electron microscopes appeared in the 1930s. Instead of beams of light, they use a stream of electrons fired from an electron gun. Instead of lenses they use electromagnets, which can bend beams of electrons in the same way that glass lenses bend light. If the electron beam is dense enough, it becomes possible for the first time to see things in greater detail than with mere light – in other words, to see things that are not visible to the naked eye.


  There are two kinds: the transmission electron microscope (TEM) and the scanning electron microscope (SEM). As its name suggests, the electrons from a TEM are transmitted – that is, they pass right through the material being studied. Because they pass through it, they are affected by it, just as light passing through stained glass is affected. It is the way in which the electrons are affected that builds up an image of the material, just as sunlight streaming through a stained-glass window lets us see the full colourful work of the window’s designer. The TEM’s image is collected on the far side of the material, either by camera or by a fluorescent screen.


  By contrast the electrons from an SEM do not pass through the specimen. The SEM fires electrons which scan the specimen in a grid pattern. They interact with the atoms in the material, which then emit other electrons in response. These secondary electrons may be emitted in many directions depending on the shape and composition of the surface. They are detected; and by combining information from these secondary electrons with details of the original electron scan, a scanning electron micrograph is built up.


  Because their electrons have to pass through the material, TEMs can only work with very thin samples of material. SEMs can deal with much bulkier material and the resulting images can convey depth of field. TEMs are however capable of greater resolution and magnification. The numbers are unimaginable, but TEMs can reveal details less than 50 picometres (50 trillionths of a metre) in width and magnify them over 50 million times. SEMs can ‘see’ details one nanometre (1000 picometres) in size and magnify them by up to half a million times. By comparison, an ordinary light microscope only shows detail larger than around 200 nanometres (4000 times larger than the TEM) and provides useful, undistorted magnification only up to two thousand times.


  Most of the micrographs you will see in this book are enhanced with additional colour, sometimes called false colour. This makes it easier to see what is being illustrated, and prettier too. Our bodies are not the multi-coloured works of art you see here. But they are works of extraordinary complexity, marvels of biological engineering with impressive defence capabilities. If from time to time those defences are breached by some new infection, medical science works with the body to defeat it. And science, as we know, is beautiful.


  Now please wash your hands.


  
Chronic Disease
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    Lung cancer desmoplasia (fluorescence light micrograph)

    Cancerous lung cells (here red, with blue nuclei) can cause desmoplasia, a fibrous growth in the stroma (connective tissue, here in green) of the lungs, akin to scar tissue. The purple marks are caused by the stroma-specific dye used in this fluorescent light micrograph. The result of desmoplasia is pulmonary fibrosis, a chronic lung condition which makes breathing difficult and therefore severely restricts the activities of sufferers.

    (Magnification unknown)
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