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Chapter 1

The science of allergies

 

 

 

What is an allergy?

An allergy is a classic case of mistaken identity. The body confuses a harmless foreign substance with a harmful one, and launches an attack as if the body were under threat. The harmless thing that your child is allergic to is called an allergen. The first time that your child is exposed to a particular allergen, their body produces an antibody—a protein that destroys harmful substances. The antibody that is produced to fight an allergen is called IgE, and after the first contact with the allergen, IgE (allergy) antibodies essentially put your child’s body ‘on call’, ready to fight a subsequent exposure to the allergen. Your child’s immune system is now sensitive to the allergen; when they come into contact with it again, the IgE (allergy) antibodies are able to organise an attack very quickly, releasing a chemical called histamine which causes the allergic reaction. It is the histamine that can result in itchiness, wheezing, an accelerated heart rate and a drop in blood pressure—the kind of symptoms you would take ‘anti-histamines’ to treat.

Anaphylaxis

When a rapid release of chemicals in the body results in a profound and life-threatening response, we call this anaphylaxis. Symptoms can start within seconds or minutes, or there can be a delayed response. Lots of the early signs and symptoms are non-specific and you could see them with any allergic reaction, but if you notice the late signs and symptoms, you should seek urgent medical help or an adrenaline auto-injector such as an EpiPen® or Jext®. I’ll be talking more about EpiPen® in this book as I’m quite familiar with it’s use. Jext® is very similar and easy to use.

The EpiPen® (for adults and older children) or EpiPen® Junior (usually for children less than five years old) is a pen-shaped device containing adrenaline. Adrenaline, also known as epinephrine (hence the name EpiPen®), is a natural hormone produced by the body in response to stress—you’ve probably experienced an ‘adrenaline rush’ in your own life during an exciting, threatening or risky situation.

The adult EpiPen® has a yellow label and the EpiPen® Junior has a green label. They work in exactly the same way—delivering a single, premeasured dose of adrenaline into the thigh muscle. Once the adrenaline is in the body it works to improve blood pressure and redirect blood to vital organs; relax the airways, making it easier to breathe, and stimulate heart receptors to enable the heart to beat more quickly. Adrenaline is essential for fighting back against the late stage symptoms of anaphylaxis below.

 




	Anaphylaxis stages


	Signs and symptoms







	Early


		•	nausea


	•	vomiting


	•	dizziness


	•	cough


	•	diarrhoea


	•	itchiness


	•	chest tightness


	•	skin reactions, such as raised red bumps (hives) and itching






	Late


		•	weak and rapid pulse


	•	low blood pressure (hypotension)


	•	constriction of the airways


	•	swelling of the tongue, face or throat that can lead to difficulty breathing


	•	wheezing


	•	confusion


	•	unconsciousness










The rise of allergies

Allergic diseases are increasing on an unprecedented scale in both developed and developing countries around the world. Allergies are a huge public health issue in the United Kingdom. According to Allergy UK at least one in five persons in the United Kingdom is affected by one or more allergic disorders. When using self-reporting data, 1 in 5 children suffer from hay fever (allergic rhinoconjunctivitis), 1 in 3 children have asthma and eczema affects 1 in 6 children. Food allergy is also a problem in the United Kingdom with an estimated one in thirteen children suffering from at least one food allergy.

The leading cause of anaphylaxis in children is from food allergies. There has been a five-fold increase in peanut allergies in the United Kingdom between 1995 and 2016. Hospital admissions for food-induced anaphylaxis have also increased by three-fold from 1998 to 2018. However, the good news is that deaths from anaphylaxis have declined over the last two decades and may in some part be due to greater awareness of the dangers of anaphylaxis and how to better manage attacks. 

Egg, milk and peanuts are the most common food allergies for children in the United Kingdom. A study from Imperial College, London found that cow’s milk is the most common single cause of fatal anaphylaxis in school-aged children in the United Kingdom.

Food allergies are a serious problem and Australia where I live has the highest rate of confirmed food allergy in the world. The HealthNuts study based in Melbourne assessed over 5000 infants and in 2011 found that 9 per cent of one-year-old Australian babies had an egg allergy. The good news is that 80 per cent of babies will outgrow their egg allergy within a few years. Even those who suffer from severe reactions are still likely to outgrow an egg allergy, with only a very small proportion keeping the allergy for life. A peanut allergy, on the other hand, is almost the opposite—only 20 per cent of children grow out of their allergy.

The allergy problem is only going to get worse. The number of people living with allergies in the United Kingdom continues to rise by 5% per year. The World Health Organisation predicts that by 2050 an astounding half of the world’s population will have had an allergic disease. 

From my own experience on the ground, I know that the situation is bad. Waiting times for allergy clinics at public hospitals in Australia have blown out to many months, and even in the private sector there are huge waiting lists for testing, diagnosis and treatment. Many of my immunology colleagues have told me that they already have enough work to keep them going until retirement, as there is no shortage of children needing testing and ongoing management. Many of these children will become adults with chronic allergies.

My colleagues from the United Kingdom assure me that they deal with the very same issues. The waiting lists for allergy clinics in England, Scotland, Wales and Northern Ireland can stretch out to many months if not years.

What causes allergies?

Are we just not dirty enough anymore?

I feel pretty lucky to have had no allergies or major medical issues in my life so far. My mum often reminds me that when I was a toddler I was always playing around in the dirt in our backyard. Apparently I even used to eat ants. Mum believes that contact with ‘dirt and bugs made you strong’, and I’ve always wondered if there might be some truth to that.

Scientists have proposed the hygiene hypothesis as a way to explain the rising prevalence of allergic diseases. This is the theory that early-childhood exposure to particular microbes (germs) protects kids against the development of allergic diseases. Lifestyle changes in industrialised countries—more sterile urban environments; more time spent indoors—have resulted in less exposure to microbes, especially for children. This has meant fewer infections, but it is also associated with a rise in allergies. In other words, we’re not being exposed to the kind of bacteria that we once were, so our bodies aren’t learning how to fight certain diseases. It seems like my mum was right—playing in the dirt as a kid is good for you.

The story of the hygiene hypothesis is a fascinating one. In 1989, Professor David Strachan, a London epidemiologist (a scientist who studies diseases within specific populations of people), published the results of a survey of more than 17,000 British children exploring the increased incidence of hay fever in post-war Britain. A curious pattern emerged in the data: the more elder siblings a child had, the less likely he or she was to develop eczema by the age of one and hay fever by the age of 23.

Professor Strachan believed the older children were passing some protective effect on to their younger siblings, and that this special protective effect was exposure to microbes. This early-childhood exposure to particular microbes affected the development of the younger siblings’ immune systems, which protected them against allergies.

The catchy title of Professor Strachan’s paper was ‘Hay fever, hygiene, and household size’. Funnily enough, the word ‘hygiene’ was only used in the title of the paper and nowhere else in the text. Despite this, the media and scientific community zeroed in on the idea that we’re simply not dirty enough anymore. But how exactly does this work? And why are some microbes ‘good’ for us but not others?

How does the hygiene hypothesis work?

The body contains special cells that are activated when we are exposed to a microbe. These highly specialised defender cells are tailored to different microbes. If your body is infected with a particular microbe, only the cells that recognise it will respond. These specific cells then rapidly multiply to fight the infection. Some cells can remember the microbe that previously caused an infection and are able to fight it off very aggressively and quickly, which means that you’re unlikely to get sick from that microbe again—you’re immune to it now.

Th1 and Th2 immune responses

In the face of an attack by a microbe, the immune system kicks into gear. To combat the infection, immune cells called T helper cells step up to the mark, producing hormonal messages to coordinate the body’s immune responses.

There are two types of T helper cells—Th1 and Th2—and they have different functions. Th1 cells are pro-inflammatory and are specially designed to kill off viruses and foreign bacteria that can get inside our cells. But an excessive pro-inflammatory response is going to cause a lot of tissue damage, so there has to be a way to counteract it.

Th2 cells balance the Th1 response by being anti-inflammatory—makes sense, right? But unfortunately, a strong Th2 response can also activate the production of IgE antibodies (remember those?) and cause an allergic reaction.

There is an incredibly delicate balance between Th1 and Th2 activity in our bodies. So if we have reduced contact with microbes, then we’ll have less Th1 activity in the body—because Th1 fights foreign bugs. This reduced Th1 activity means that the balance is off kilter, and there will be too much Th2 activity—and therefore, too much allergic reaction-causing IgE in the body. And with this comes a higher risk of allergies.

Many scientists believe allergies are a result of our immune system having overactive Th2 activity. Researchers are looking at ways to bring back the balance—in other words, to encourage the immune system back towards a Th1 response in the hope that this helps to reduce the incidence of allergies. But there is still quite a bit of research to do before these sort of interventions are trialled in humans.

Problems with the hygiene hypothesis

While the hygiene hypothesis explains a lot of things quite neatly, there are a few things that just don’t add up, and it has been criticised for providing an incomplete account for the rise in allergy worldwide. Th2 overactivity will settle in time for the majority of children, but some kids continue to have elevated Th2 activity into adulthood. Consequently, the reasons for the rise of allergies worldwide are more complex than just lack of exposure to microbes in early life, or problems with Th1/Th2 balance.

The hygiene hypothesis has been further challenged by results from large studies from Denmark, Finland and the United Kingdom that found no association between the number of viral infections during childhood and allergic disease. Exposure to disease-causing microbes does not appear to prevent allergies. In fact, exposure to childhood viral infections can increase the risk of developing asthma for children with a family history of the condition.

Most microbiologists and researchers would agree that the term ‘hygiene’ is a misleading one for the public. The hygiene hypothesis doesn’t mean that you should reduce personal cleanliness—it is not an excuse to stop showering or washing your hands! But it is important to know where our microbes come from, how they’re spread and how they might help or hinder us.

The ‘old friends’ theory

In 2003, Professor Graham Rook and his colleagues from University College London posed a new theory which has become popular within scientific circles. Essentially, he restated the hygiene hypothesis to suggest that early and regular exposure to harmless microbes—those that have been with us throughout human evolution, which Professor Rook labels affectionately as ‘old friends’—trains the immune system to respond to threats. In other words, for our kids to have a healthy immune system, they need to be exposed to a diverse range of bacteria, fungi and other microbes (that don’t make us sick) in the natural environment. Through our exposure to ‘old friends’, the immune system learns to function normally and to correctly identify which microbes are friends and which are foes.

In developed countries, exposure to the natural microbial world is much more limited than it once was. We have cleaner sanitation, food and water than ever before. But the rise of allergies has been generated by more than just our sterile living conditions. Widespread use of antibiotics, an increase in caesarean sections (C-sections) worldwide, a reduction in breastfeeding and less time spent outdoors in green spaces also mean less exposure to our ‘old friend’ microbes.

Are allergies genetic?

There is unlikely to be a single gene responsible for all allergies. That being said, genetic inheritance is extremely important when it comes to allergies. A recently published study in the Journal of Allergy and Clinical Immunology: In Practice looked at risk factors for food allergy in 80 pairs of twins. The study found pre-existing eczema to be a significant risk factor, but it also concluded that genetic factors played a major role in the development of food allergies. This genetic tendency towards developing an allergy is called atopy.

Researchers have discovered that if you have an older sibling who already has an allergy, then you have a one in three chance of developing an allergy too. If one of your parents is allergic, then you have a one in two chance. If both of your parents have allergies, then your future risk of developing an allergy rises to an astounding 80 per cent chance.

Th2 activity, newborns and atopy

The Th1 inflammatory response carries with it a risk of miscarriage. In order to reduce this risk during pregnancy, a pregnant woman’s body has an elevated Th2 state to counteract the Th1. So babies are born with the balance between Th1 and Th2 ‘skewed’ towards the Th2 immune response, an imbalance inherited from their mothers. But it is thought that exposure to good microbes in early life can switch off this Th2-heavy immune response.

After birth, Th2 activity quickly dampens down in most babies, and they typically go on to show no evidence of allergy. Elevated Th2 activity can persist for a few years in some babies, but it eventually calms down. However, research has shown that babies with a high genetic risk of allergy also have higher Th2 activity. This increased level tends to persist throughout their childhood and can result in these children producing more IgE antibodies when they do have an allergic reaction—which means that they’re more likely to get severe allergic reactions, such as anaphylaxis.

We also know that when children with a family history are exposed to a low level of the allergen, their bodies don’t develop immune tolerance (a state of non-responsiveness to the allergen) the way that other kids do. Without this tolerance, they’re at a much greater risk of developing allergies.

However, DNA is not destiny. Just because there is an increased genetic risk does not mean that a child is doomed to a life of allergies. If you or the other biological parent of your child have an identified allergy, then statistically your child has a greater risk of also having an allergy. But if you know that your child has an increased risk, there are things you can do to manage and mitigate those risks.

 




	Known high-risk factors for allergies in your child







	A biological parent or sibling with an existing case or history of hay fever, asthma, eczema or food allergies





	Your baby has had severe eczema









Environmental factors

Our environment may have more to do with the rise in allergies than we realised. We have more exposure to noxious substances—such as pesticides, solvents and air pollutants—in the modern urban world than ever before. Many of these pollutants are known to decrease the Th1 response and enhance the Th2 (allergic reaction) immune response.

The body needs the Th1 and Th2 cells to be in balance. Cigarette smoke decreases Th1 activity and is linked to higher rates of allergy in children, including—unsurprisingly—asthma. Humans who have been exposed to diesel exhaust particles produced more Th2 hormonal messaging cells, supporting a switch towards a Th2 immune response and increased allergies.

Many plastics contain phthalates and bisphenol-A (BPA)—compounds that make plastic more flexible—which can be released into the environment. Phthalates have been shown to induce Th2 cell activity as well as increase IgE (allergy) antibodies, and increased exposure to BPA is linked to a higher risk of developing wheeze and asthma. You might have noticed that the use of BPA-free water bottles has become more popular in recent times; although we’re awaiting more data on BPA, I’d say that it’s probably better for your baby to drink from BPA-free bottles.

Organic solvents are found in many of the things we use every day, including paint, cleaning products, glue, cosmetics, furniture polishes, tyres and construction materials. A group of researchers from Leipzig University and the Helmholtz Centre for Environmental Research in Leipzig looked at whether these organic solvents were risk factors for allergy in early childhood. They found that children exposed to higher amounts of indoor solvents had an enhanced Th2 immune response, and were much more likely to react to milk and egg whites.

Herbicides and pesticides have strong links to allergies. A large population-based study of over 4000 school-aged children in southern California revealed that exposure to either pesticides or herbicides, beginning in the first year of life, was associated with a noticeably elevated risk of early-onset and persistent asthma. In the case of exposure to herbicides, the risk increased 4.5-fold.

What you can do as a parent

	•	Be aware of the hygiene hypothesis—the idea that early-childhood exposure to particular microbes protects against the development of allergic diseases—but know that this is not the full picture.


	•	The hygiene hypothesis does NOT mean that we should neglect personal hygiene. Keep washing those hands!


	•	Be aware of environmental agents that can increase allergy risk, such as herbicides/pesticides, BPA and organic solvents.


	•	Understand the hereditary factors that influence the likelihood of your baby developing an allergy.






Chapter 10

All about ‘biotics’

 

 

 

The impact of antibiotics on the gut

It’s well known that antibiotic use during the first year of a baby’s life increases their risk of allergic diseases. A good study to illustrate this was carried out by the National Center for Child Health and Development in Tokyo, Japan, a city where there has been widespread use of antibiotics. The study found that exposure to antibiotics in the first two years of life increased the risk of children developing asthma, eczema and hay fever at five years of age.

This makes sense, because antibiotics affect the microbiota of young children. Researchers from the University of Helsinki studied the stool samples of 142 children between the age of two and seven attending day care at the time of the study. They found that the use of a particular type of antibiotic called a macrolide (often taken for respiratory infections) led to less stable and less diverse gut bacterial communities. This is not really surprising given what we know about antibiotics. What is a surprise is that these changes appear to last quite a long time. The helpful bacteria from certain groups, as well as the overall richness and maturity of the gut microbiota, remained reduced for up to two years after receiving the macrolide antibiotic.

Of course, it’s not always possible to avoid antibiotics in early life, and it’s extremely important to remember that good gut health is one thing and safe medical practices are another. Often there is no choice—for example, antibiotic use during pregnancy is standard in most Western countries for women planning to have a C-section. Before the procedure, the mother is given an intrapartum antibiotic prophylaxis (IAP) to help reduce the risk of C-section–related infections, such as endometritis, urinary-tract infection and surgical-site infection.

Certainly, if there is a good medical reason for your baby to be exposed to antibiotics early in life, then this should absolutely be supported. But given what we know about the effects of antibiotics on gut microbiota and the risk of childhood allergy, we should be cautious about inappropriate antibiotic use. Does your baby really need an antibiotic for the common cold? A discussion with your family doctor about this issue is a great place to start.

Probiotics

Probiotics are live bacteria; when you take the right amount of them, they provide a health benefit. Many yoghurts and other fermented foods claim to contain probiotics, but usually this isn’t the case—this label is reserved for products that have proven in clinical studies that they have an adequate number of microbes which can confer health benefits.

Probiotics come in many different forms. The most common type is a tablet or capsule. Probiotics can be added to yoghurt, fermented milk and even cheese. Freeze-dried forms of probiotics can be packaged without the need for refrigeration. Probiotics can be made as a gel for vaginal use or as a cream to be applied to the skin.

I’d recommend probiotics be used by pregnant women at high risk of having children with allergies, breastfeeding mothers with a baby at high risk of allergies, and by infants with a high risk of developing allergies.

As a gastroenterologist, I am asked about probiotics all the time by patients. One of the most common questions is: ‘How long should I take the probiotic?’ The answer to this really depends on the clinical reason for why you’re taking the probiotic. If probiotics are being used to treat antibiotic-associated diarrhoea, then you would only take them for a short period (for the duration of symptoms and a couple of days afterwards). For a chronic condition, such as ulcerative colitis or irritable bowel syndrome, probiotics can be used for a longer timeframe. The effects of probiotics on the gut appear to be temporary, and they disappear when you stop taking the probiotic. We can detect the presence of probiotic bacteria in stools; once a probiotic is stopped, the bacterial presence reduces fairly quickly.

The other question I get asked a lot is: ‘Which probiotic should I use?’ The sheer range of probiotics out there makes it a daunting task to choose the right one, so it’s a good question to ask but a difficult one to answer. There are differences between the strains of bacteria used in clinical studies, and drastic differences between the duration and dosage of probiotic use in these studies. Quite often, probiotic strains are mixed together





















	•	Probiotics should be used by pregnant women at high risk of allergies in their children, with the most benefit gained if they start taking probiotics at 35 weeks’ gestation.


	•	Breastfeeding mothers with a baby at high risk of developing allergies should consider taking a daily probiotic until they finish breastfeeding or their baby is six months old, whichever happens first.


	•	Infants at high risk of developing an allergy should also be given probiotics, and this can be continued safely until two years of age (the end of the first 1000 days of life).


	•	Advice regarding probiotic choice should be based on the appropriate research data for the particular condition. Dietitians and medical professionals can help provide relevant advice.











	•	It’s worthwhile to give prebiotic supplements to non-exclusively breastfed infants.


	•	If your baby is on infant formula, check whether the formula contains prebiotics.


	•	If your baby is around six months old, they should be receiving their prebiotics mainly through dietary fibre.


	•	Prebiotic supplements offer no benefit to exclusively breastfed infants.
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