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What are Food Allergies?

Food allergies are immune reactions to proteins of specific food. They can be immunoglobulin E

(IgE) mediated or non-IgE-mediated. Non-IgE-mediated allergies are inflammatory disorders of

the gut, and can be either subacute or chronic. IgE-mediated food allergies, on the other hand,

are more commonly recognized. They are characterized by the fast onset of symptoms after the

ingestion of a food antigen (Zhang, et al.). Food allergens tend to be water-soluble glycoproteins

resistant to breakdown. They are readily transported across the intestine’s mucosal membrane.

The immune system of patients with food allergy interpret the antigens in these foods as harmful

substances. In response to exposure, IgE antibodies specific for the given food antigen are

released. These bind to basophils, macrophages, mast cells, and dendritic cells. The release of

these mediators induce the contraction of smooth muscle, vasodilation, and mucus secretion.

Eosinophils and lymphocytes are activated by macrophages, which release cytokines along with

mast cells (Figure 1). The result is prolonged inflammation in the skin, the respiratory tract, the

gastrointestinal tract, and the cardiovascular system. If left untreated for long enough, an

allergic reaction can result in anaphylaxis, which entails the constriction of airways, rapid but

weak beating of the pulse, severe blood pressure drops, and loss of consciousness or even

death.
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Fig 1.When a food allergen enters the digestive system and the mucosal membrane,

contact triggers B cells to differentiate into plasma cells, which release IgE-antibodies.

These antibodies bind to white cells, such as the mast cell in the diagram, via IgE

receptors. Subsequent contact with the allergen would trigger the white cells to release

histamine and other chemicals, inducing inflammation in an allergic reaction.

The following are other possible symptoms of an allergic reaction to food:

- Flushing – reddening of the face

- Angioedema – swelling of the body

- Urticaria – a skin reaction causing itchy welts; “Hives”

- Rhinorrhea – the dripping of mucus from the nose

- Sneezing

- Dyspnea – struggled breathing

- Laryngeal edema – abnormal accumulation of fluid in the tissues of the larynx

- Wheezing

- Nausea/vomiting
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- Abdominal pain

- Diarrhea

(Lopez, et al.)

Over 170 foods are recognized as triggers for food allergy. Out of all food allergies, the most

common ones include milk, eggs, fish, shellfish, tree nuts, peanuts, wheat, sesame, and soy

(Canani, et al.). Some allergies such as milk, egg, wheat, or soy, usually recover within the first

few years of life as the patient gains clinical tolerance. Others, such as those to peanuts and

seafood, are more persistent, and tend to last for the rest of one’s life (Lopez, et al.).

Diagnosis and Treatment

Diagnosing food allergy is frequently carried out via skin prick tests and allergy blood tests. In

the skin-prick test, the skin is pricked with a lancet carrying the extract of an allergen. After

fifteen minutes, if the site of the prick is raised and red, the person will be diagnosed with food

allergy. An allergy blood test, on the other hand, measures the level of IgE antibodies in the

bloodstream. Abnormal levels of IgE antibodies indicate an allergy to the specific food or

protein. However, these tests do not always accurately diagnose a food allergy. Oftentimes, the

test result may be a false positive, leading to unnecessary food restrictions being placed upon

the patient, and potentially malnutrition, poor weight gain, and reduced quality of life. Getting

false positives is especially common for individuals with atopic dermatitis, who can often have

high total IgE levels irrespective of food allergy (National Institute of Allergy and Infectious

Diseases). In order to prevent misdiagnosis, an National Institute of Allergy and Infectious

Diseases (NIAID) clinical trial was begun in 2019 to identify threshold IgE levels to peanut and

milk (or a component of these foods) that determine whether an individual has a food allergy.

This would clarify the right time to perform an oral food challenge for a certain diagnosis. Those

taking part in the trial have atopic dermatitis who may have high total IgE levels and allergy to
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milk, peanuts, or both. The study is expected to go on until 2027 (National Institute of Allergy and

Infectious Diseases).

Individuals diagnosed with food allergy must take extensive precautions when eating. Parents

and children must be able to properly read food labels in case the item they would like to

consume contains an allergen. Those at risk for anaphylaxis should carry epinephrine and

antihistamines at all times, be trained to recognize the initial symptoms immediately, and learn

how to self-administer auto-injectables (Lopez, et al.).

Theories as to Why Food Allergy Incidence has Increased

The precise reason for why there has been such a significant rise in food allergies remains

unknown. Over the years, however, there have been many studies pointing to different

hypotheses. One of the most well-known theories is the “Hygiene Hypothesis,” proposed by Dr.

David Strachan in 1989. It states that there may be a link between the rise in allergic diseases

and reduced microbial exposure due to measures implemented as a means of protecting

against infection. The Hygiene Hypothesis has gone through many refinements, leading to the

proposal of the “Old Friends Mechanism,” proposed by Graham Rook in 2003. This theorizes

that instead of humans gaining vital microbial exposures through crowd infections (ie. colds,

measles), that microbes have been present since primate evolution. These microbes include

those inhabiting both indoor and outdoor environments, as well as commensal microbes

acquired from skin, gut, and respiratory tract from other humans. They help shape the human

microbiome, the community of microbiota in the body (Bloomfield et al.) (Figure 2).
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Fig 2. The early stages of life are the most important when it comes to developing the

immune system, and hence determining food allergy risk. Factors such as breast milk

and consumption of antibiotics are key to shaping the microbiome, as these affect the

type of microbiota that will prevail in the gut. Other factors such as mode of delivery and

family size have previously been found to be related to the onset of allergy, but they do

not share a causal relationship.

In 2011, the “Biodiversity Hypothesis” was introduced. It states that contact with natural

environments enriches the human microbiome. This in turn promotes immune balance. In the

rapidly urbanizing world experiencing global warming, biodiversity is being lost, and this is said

to be connected with the increase in inflammatory disorders, including allergies (Haahtela).

Accumulating evidence over the years has shown the Hygiene Hypothesis to be inaccurate, and

epidemiological studies now confirm that childhood infections do not protect against allergic

disorders (Bloomfield et al.). Research has instead provided more support for the Old Friends
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Mechanism and the Biodiversity Hypothesis. The early stages of a newborn’s life are the most

impactful for the shaping of the immune system and the microbiome, particularly the microbiome

of the gut (Haahtela).

Role of the Microbiome

The microbiome’s composition affects the function, development, and differentiation of

regulatory T (Treg) cells, which regulate adaptive immune responses. Recently, there has been

increasing interest in how dysbiosis, or dysregulation of resident microbial communities, may be

associated with allergy risk.

Many studies have directly measured microbial diversity and composition in subjects with and

without food allergy, and they find that gut microbiota differs in subjects with food allergy

(Bunyavanich, Berin). One study on 141 children either with or without egg allergy from the

multi-center, US-based Consortium for Food Allergy Research, found that genera from

Lachnospiraceae, Streptococcaceae, and Leuconostocaceae were differentially abundant in the

gut microbiome of egg allergic children compared to the controls (Fazlollahi, et al.).

Another study examined 226 infants with milk allergy for 8 years, and found that taxa from the

Firmicutes phylum were enriched in the gut microbiome of milk-allergic infants 3-6 months old.

These infants’ allergy resolved by the end of 8 years. These bacterial trends were not present in

3-6 month old infants who exhibited persistent milk allergy after 8 years, nor in infants at more

than 6 months old (Bunyanich, et al.). The findings of this study and many more indicate that

certain types of microbiota are associated with the development of food allergy, as well as

further emphasize the importance of timing in the shaping of the microbiota.
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There are also some species of bacteria which have been discovered to be protective against

food allergy through the production of peripheral antigen-experienced regulatory T cells,

particularly the strains of the Clostridia species (Bunyavanich, Berin). In some studies, Clostridia

has been observed to be enriched in allergen-sensitized subjects, which may seem

counter-intuitive (Han, et.al). However, many studies, such as one mice study on gnotobiotic

mice from 2014, have found that Clostridia enrichment plays a role in regulating lymphoid cell

function in the immune system as well as intestinal epithelial permeability (Stefka, et al.).

Regulation of these actions may prevent food allergy.

Future Directions and Preventative Treatments

There is ongoing research on microbiome therapy, which may provide a means of food allergy

prevention and treatment. One aspect of this entails the use of prebiotics. Prebiotics are

typically high-fiber foods that act as food for the human microflora, aiming to improve the

balance of microorganisms (Sestito, et al.). Regarding food allergy, there is evidence to suggest

that consumption of prebiotics provides more favorable microbial colonization patterns. This

could potentially prevent allergy through the acquisition of tolerance (Bunyavanich, Berin).

Currently, there are limited studies on the role of prebiotic supplementation in food allergy

prevention, and more research is needed to evaluate the benefits.

Another aspect of microbiome therapy involves probiotics, which are live organisms possessing

health benefits when administered into the body (Sestito, et al.) (Figure 3).
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Fig 3. Probiotics aim to restore balanced diversity in the microbiota of the gut. If an

individual has a food allergic disorder, this may be because of the imbalance of the

microbiome. Taking probiotics may therefore result in reduction or prevention of food

allergies.

There have been few clinical trials investigating the beneficial effects of probiotics on the

development of food sensitization. However, when it comes to fully developed food allergy,

research implies that probiotics may accelerate tolerance to foods. In a study on 55 infants with

cow’s milk allergy, either an extensively hydrolyzed casein formula (EHCF) or an EHCF

supplemented with Lactobacillus GG (LGG) was given to the subjects. Those fed the EHCF

supplemented with LGG exhibited augmented development of tolerance to cow’s milk protein

compared to the control group (Canani). There was another study looking at probiotics’ effects

on individuals with peanut allergy. Children with the allergy were given daily peanut oral

immunotherapy (POIT), in addition to being given either a supplement of the probiotic
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Lactobacillus rhamnosus CGMCC 1.3724 or with a placebo (control). The majority of those

given POIT and the probiotic eventually became desensitized compared to those receiving

POIT plus the placebo (Hsiao, et al.). There still needs to be further investigation into probiotics’

role as a preventative or therapeutic agent for food allergies, and their use is currently only

recommended for treatment of eczema.

New methods and approaches are being implemented in the field of the microbiome to better

understand its role in food allergy. This involves analysis of diseased and healthy microbial

populations to investigate commensal microbes and their influence on disease pathology, gut

homeostasis, and immune response. There have been advances particularly in metabolomics,

the study of metabolites in biofluids, tissues, or organisms. A method called untargeted

metabolomic profiling has proved to be a powerful technique for dissecting altered pathways

contributing to complex diseases. It is useful in that it reveals the genetic-environment-health

relationship, as it can identify beneficial bacteria associated with a disease using their

metabolomic “fingerprint.” The bacteria can then be cultured and administered to the patient as

treatment (Bunyavanich, Berin). The development of therapeutics for food allergy is still

undergoing research, but areas such as targeted bacterial therapies so far look promising as

treatments or preventatives.
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