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A 









n allergy is an inappropriate immune 









response to a substance that is harmless 









in most people. In people with an 









allergy, immune cells respond to 









harmless substances as if they are harmful, normally 









producing antibodies and releasing chemicals that 









attack them. These chemicals can have different 









effects on the body, ranging from relatively mild 









symptoms, such as a rash or sneezing, to highly 









damaging responses, such as 



chronic inflammation 









and 



anaphylactic shock. 



The substances that cause 









allergic reactions are known as allergens. Common 









allergens are found in pollen, dust, animal dander 









(microscopic flakes of skin shed by animals with fur 









or feathers) and certain types of food. 









Could allergies be caused by being too 









clean? 









The incidence of allergy in developed countries 









increased dramatically in the second half of the 









twentieth century. For example, between 1971 









and 1991, GP consultation rates in the UK rose by 









150% for eczema and 260% for hay fever. Similarly, 









hospital admissions for food allergies increased by 









500% from 1990 to 2007. Scientists did not know 









what could be causing these increases. 









One suggested explanation was that we 









were keeping ourselves cleaner than previous 









generations, and that this was making us more 









susceptible to allergies. Improvements in sanitation 









and decontamination of food and water meant 









that developed-world immune systems were not 









exposed to as many infections as our predecessors, 









and so weren’t as well ‘trained’ in telling what was a 









threat and what wasn’t. Late in the 1980s, this idea 









became known as the hygiene hypothesis. 









This hypothesis has since been refined. It is now 









suggested that increases in allergy could instead 









be due to a decrease in our exposure to 



microbes 









overall, and not necessarily to the ones that cause 









infection. Changes in lifestyle, such as spending 









less time outdoors, having a higher fat diet and 









doing less exercise, coupled with the widespread 









use of 



antimicrobial 



products, such as antibacterial 









hand wash and cleaning products, could be 









changing the range of microbes to which we are 









exposed. This could be affecting the populations 









of microorganisms that live within us — our 









microbiota (see 



BIOLOGICAL SCIENCES REVIEW, 



Vol. 32, No. 1, pp. 2–5). This is 









called the ‘old friends’ hypothesis. 









What is our microbiota? 









Your body is home to trillions of microorganisms — bacteria, viruses, 









fungi, yeast, including some parasites — that together are referred to as your 









microbiota. Every surface in your body that comes into contact with the external 









environment bears its own community. These so-called ‘external’ surfaces of 









the body are lined with layers of cells called epithelial cells, and can be found 









in areas including the skin, vagina, respiratory tract and 



gastrointestinal tract. 









Areas in the body with no microbiota, such as healthy blood, the heart and 









brain, are referred to as ‘sterile’. 









Some research supports the idea that the diversity within the microbiota 









at these external surfaces can influence your risk of developing an allergy. 









Children who grow up with pets, multiple siblings, or in rural countryside have 









a wider variety of species in their microbiota and a lower incidence of allergy. 









This could explain why there is a higher incidence of allergy in today’s society 









when compared with previous generations — our ancestors were more likely to 









work outdoors and often kept animals, while we now live in urban areas with 









much lower exposure to our ‘old friends’. 









Old friends 









We have evolved alongside our microbiota and we depend on it for many 









things, which is why the hypothesis refers to the organisms that make it up as 









‘old friends.’ Our microbiota protects us from invading 



pathogens 



by competing 









with them for nutrients and adhesion sites at the surfaces that line the external 









surfaces, forming a microbiological barrier. They also provide us with nutrients 









that we need from our food, including vitamin K and folic acid. In return, we 









provide the microbiota with a habitat in which they can obtain energy from 









non-digested food. 









It is thought that as well as competing with pathogens, thus preventing 









invasion, our microbiota stimulates the cells in our body to produce low-level 









defence responses that help keep invading pathogens at bay. For example, 









commensal bacteria 



in the gut stimulate epithelial cells to produce small 









microbe-killing proteins called antimicrobial peptides, and sugar-coated 









proteins called mucins. Mucins gel together to make mucus, which flows along 









the epithelial cells, trapping pathogens and clearing them from the epithelial 









surface. Antimicrobial peptides and mucus ensure that neither the 



mutualistic 









or commensal bacteria nor the pathogens can penetrate the epithelial surface 









and cause an infection within the tissue (see Figure 1). 
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Figure 1 



Commensal and mutualistic bacteria are found in high numbers in 









the gut. They stimulate the cells in the epithelial layer to produce mucins and 









antimicrobial peptides, which protect the body from infection 
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Keeping control 









The immune response is tightly controlled, enabling appropriate responses 









to the microbiota and threat-posing pathogens. When there are pathogens 









present, the immune system launches an immune response specifically 









targeted to kill those pathogens and remove the threat of infection. In contrast, 









the immune system is ‘tolerant’ towards the microbiota, meaning it avoids 









attacking and killing it. 









The microbiota actively promotes this tolerance. Specifically, the microbiota 









can stimulate the body to produce special tolerance-promoting immune cells. 









These cells are called T regulatory cells (Tregs). Tregs are a subset of immune 









cells that promote tolerance in the body. They produce chemical messengers 









called 



cytokines 



that stop other cells in the immune system from launching an 









inflammatory response. They are important for ensuring our body does not 









launch an inflammatory immune response to harmless things such as food 









and commensal bacteria. 









How can the microbiota affect allergy? 









Research suggests that people with allergies lack specific strains of bacteria in 









their gut. To explore the potential link between the microbiota and allergy, 









scientists performed experiments using mice raised in sterile environments. 









This meant they had no commensal microorganisms in their gut. These ‘germ- 









free’ mice were much more at risk of developing allergic asthma. Studies suggest 









that lacking certain commensal microorganisms leads to a reduction in the 









production of Tregs in the gut, which normally dampen the immune response 









(see Figure 2). When these commensal microorganisms are missing or are not 









present in high enough numbers, there are fewer Tregs to keep the immune 









system in check, and so it overreacts to harmless allergens. 









Figure 2 



Commensal and mutualistic bacteria and parasitic worms promote 









tolerance by inducing T regulatory (Treg) cells, which secrete anti-inflammatory 









cytokines 
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Anaphylactic shock 



A potentially life-threatening reaction to an allergen caused 









by the immune system releasing large amounts of chemicals into the blood. Blood 









pressure drops and airways narrow, sometimes leading to suffocation. 









Antimicrobial 



An agent that can kill microorganisms. 









Chronic inflammation 



When inflammation (the increased flow of blood and immune 









cells to a localised site) is persistent and sustained for a long time, causing damage 









to tissues. 









Commensal bacteria 



Bacteria that benefit from living on or in another organism 









without causing it harm. 









Cytokines 



Small proteins produced by many cell types to signal to other cells to alter 









their activity. 









Gastrointestinal tract 



System that takes in and digests food. It includes the mouth, 









oesophagus, and small and large intestines. 









Microbes 



Microscopic organisms, also known as microorganisms. 









Mutualistic 



Relationship where both organisms benefit. 









Pathogen 



An organism that can cause disease. 









Placebo 



A medicine that has no therapeutic effect. 
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