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Abstract

Adverse food reactions occur in human as well as veterinary patients. Systematic

comparison may lead to improved recommendations for prevention and treatment

in both. In this position paper, we summarize the current knowledge on immediate-

type food allergy vs other food adverse reactions in companion animals, and com-

pare this to the human situation. While the prevalence of food allergy in humans

has been well studied for some allergens, this remains to be investigated for animal

patients, where owner-reported as well as veterinarian-diagnosed food adverse

reactions are on the increase. The characteristics of the disease in humans vs dogs,

cats, and horses are most often caused by similar, but sometimes species-dependent

different pathophysiological mechanisms, prompting the specific clinical symptoms,

diagnoses, and treatments. Furthermore, little is known about the allergen molecules

causative for type I food allergy in animals, which, like in human patients, could rep-

resent predictive biomarkers for risk evaluation. The definite diagnosis of food

allergy relies—as in humans—on elimination diet and provocation tests. Besides

allergen avoidance in daily practice, novel treatment options and tolerization strate-

gies are underway. Taken together, numerous knowledge gaps were identified in

veterinary food allergy, which need to be filled by systematic comparative studies.
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1 | INTRODUCTION

Adverse food reactions (AFR) encompass food intolerances as well

as immunologically mediated hypersensitivities, that is, food allergies.

They may occur in human as well as in veterinary patients. As there

is no cure for food allergy today, it is of utmost importance to iden-

tify the causative allergens and pathophysiological mechanisms, and

to develop adequate preventive measures and treatment strategies.

Various animal species have been used to study mechanisms of

food allergy or the allergenic potency of novel foods.1 Most of these

models use rodents, but dogs and pigs have also been successfully

introduced.2,3 However, in these models, food allergy is induced

using adjuvants and often nonphysiological routes of sensitization.

Different breeds of animals, types, dosages, and formulations of anti-

gen or administration protocols impede direct comparison. The spe-

cies-specific immunological mechanisms result in phenotypes

different from real-life patients. Therefore, well-standardized food

allergy animal models have to be defined.

We suggest that companion animals, suffering from AFR, may

serve as well-suited disease cohorts for comparison, as they (i) spon-

taneously develop allergies independent of artificial cofactors, (ii)

share the environment, and (iii) often even eat similar food as their

owners. The present review focuses on immunologically mediated

AFR in human and veterinary patients, and particularly elaborates

the knowledge gaps.

2 | EPIDEMIOLOGY

2.1 | Prevalence, age of onset, and genetic
predisposition

Prevalence of human food allergy is mainly deduced from self-

reports, which show that in the USA 6.53% of children and 9.72% of

adults are affected (overall: 8.96%), presumably also including intol-

erances.4 The prevalence for adults drops to 3.49% when specifically

asked for allergic reactions to peanuts, tree nuts, fish, and shellfish.

In a European study, the number of people with food allergy con-

firmed by DBPCFC was even lower (0%-2.2%).5 In the USA, self-

reported food allergy increased from 9.1% (2001) to 13% (2010),

and physician-diagnosed from 5.3% (2001) to 6.5% (2010)6 due to

unclear reasons. In contrast, the numbers for food-specific IgE sensi-

tizations did not change between 1988 and 1994 (24.3%) and 2005

and 2006 (21.6%) in 6- to 19-year-old participants, and even

decreased for shrimp (11.2%-6.1%).7

The true prevalence of food allergy in dogs, cats, and horses is

unknown. In dogs with clinical signs suggestive of allergic dermatitis,

the prevalence of AFR (including immunological and nonimmunologi-

cal conditions) was reported to range between 7.6% and 25%,8-11

and AFR were diagnosed in 1.69% of the total canine population

presented to a veterinary teaching hospital over 12 months.10 The

prevalence of AFR in cats ranged from 0.22% to 6% of animals with

cutaneous and from 17% to 22% with gastrointestinal tract signs.12

In horses, there is only anecdotal evidence with few cases

documented in peer-reviewed literature.13,14 Possibly, the condition

is underdiagnosed or corrected by owners prior to seeking veterinary

attention.15

In humans, prevalence of food allergy is generally higher in

infants (among those younger than 1 year, up to 10% reacted to

one of the common food allergens)16 than in adults and elderly.17 A

genetic predisposition for allergy is particularly relevant for children

with atopic dermatitis (AD), who frequently suffer from coexisting

food allergy (26.13%-35%)18,19 (Figure 1). Differences in allergy

prevalence are also found depending on geographic site (Spain/Ger-

many/Australia: 4.6%/16%/19%),20 and urban vs. rural environ-

ments.21 In dogs, a strong predilection for young (<1 year) or older

dogs (>6 years) was described.8-10 Labrador retrievers, West High-

land White terriers, Boxers, Rhodesian ridgebacks, and Pug breeds

are predisposed to developing AFR. In cats, there seems to be an

onset of AFR with ranges from 3 months to 11 years (mean age: 4-

5 years).22 The risk for AFR in cats was 13% when suffering from

feline atopic dermatitis.23 Siamese or Siamese cross-breeds seem to

be at an increased risk of developing AFR.24

3 | PATHOGENESIS OF FOOD ALLERGY

3.1 | Mechanisms

The best-defined form of food allergy in humans is the IgE-mediated

immediate type.25 Encountering a food allergen leads to a Th2-

immune reaction (IL-4, IL-13, IL-5), which induces B-cell activation,

class-switching to generation of IgE antibodies against food proteins,

and eosinophilic inflammation.26 IgE binds to effector cells such as

mast cells (mucosal tissue) and basophils (blood) via high-affinity IgE

receptors. During a subsequent encounter with the food protein,

cross-linking of IgE on the surface of those cells induces degranula-

tion and release of mediator substances, responsible for the allergic

symptoms. However, besides this immediate-type IgE-mediated food

allergy, in humans there are syndromes mediated by T cells,

immunoglobulins other than IgE, or as of yet unknown mechanisms,

such as dietary protein enterocolitis syndrome,27 dietary protein

proctitis, dietary protein enteropathy and celiac disease, Dermatitis

herpetiformis, food-induced pulmonary hemosiderosis (Heiner’s syn-

drome),28 and potentially eosinophilic esophagitis.29

Mechanisms of AFR in companion animals are largely unknown.

In some canine models, an allergen-specific IgE response can be

measured during sensitization and after oral challenge, suggesting

that IgE might play a role in the pathogenesis of the disease.30-33 In

client-owned dogs with AFR, the duodenal gene expression of Th1-,

Th2-, and Treg-related cytokines was similar to that of normal dogs

and did not change with dietary provocation, suggesting that the

intestinal mucosa is not the primary site of T-cell activation that

finally leads to cutaneous food hypersensitivity.34 The predominant

CD8+ T-cell phenotype and gene expression in lesional skin of cli-

ent-owned dogs with AFR persisted after using a novel protein

home-cooked diet (ostrich, turkey, horse, or goat meat) for at least

8 weeks, while clinical signs resolved.35 In a cat colony, eight cats
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with vomiting, dermatitis, and significant eosinophilia underwent a

limited allergen diet (12 weeks), after which eosinophilia and clinical

signs were reduced.36 Histologically, gastric and duodenal specimens

revealed a moderate infiltration of eosinophils into the duodenum in

only two cats; another two cats had a mild eosinophilic infiltrate in

the stomach. In the horse, the mechanism of food allergy is

unknown.

3.2 | Risk factors

Factors influencing oral tolerance are the integrity of the intestinal

epithelial barrier, tolerance-inducing antigen-presenting cells (APC),

and T-regulatory cells.25 The known risk factors for atopic dermatitis

are the same in humans and in companion animals and are also asso-

ciated with a higher risk for food allergy.37,38

4 | CLINICAL SIGNS

In human patients, type I food allergy typically manifest as follows:

(i) gastrointestinal tract signs (itching and swelling of lips, tongue and

throat, gastric problems, diarrhea, intestinal cramps); (ii) cutaneous

itching, exacerbation of eczema, angioedema, or urticaria (Figure 1);

(iii) problems with the eyes (conjunctivitis); (iv) respiratory distress

(rhinitis, asthma); or (v) systemically (decreased blood pressure,

tachycardia, life-threatening cardiovascular collapse in anaphylactic

shock). Symptoms typically occur within minutes to 2-4 hours after

ingestion. In a recent study among Portuguese adults,39 who mainly

reacted to seafood, various fresh fruits, and fish, the most frequently

reported symptoms were acute urticaria (AU) and/or angioedema

(AE) (48.3% of the cases), oral allergy syndrome (OAS) (16.6%), respi-

ratory (15%), and gastrointestinal tract symptoms (dyspepsia, abdom-

inal pain, diarrhea, and/or vomiting) (6.6%). The main self-reported

symptoms with seafood allergies were AU/AE and respiratory prob-

lems. A comparable number of patients (around 7%) reported onset

of symptoms either immediately (<30 minutes after ingestion) or

delayed (2-24 hours after ingestion). However, when testing

patients, IgE-mediated reactions appeared within 30 minutes, while

delayed reactions were associated with non-IgE-mediated responses.

Companion animals may spontaneously develop skin (dogs, cats,

horses), respiratory (cats, horses), and gastrointestinal tract reactions

due to allergies (dogs, cats), like human patients.40,41 However, there

is no clear evidence of an association between AFR and respiratory

symptoms in companion animals, where AFR generally manifest as

cutaneous or gastrointestinal tract abnormalities. In dogs, cutaneous

symptoms are commonly reported (Figure 1) and are frequently

indistinguishable from those of atopic dermatitis due to environmen-

tal allergens.42,43 Generalized or localized nonseasonal pruritus (face,

ears, paws, axillae, inguinal, and perineal regions) is the most fre-

quently described dermatological sign.8-10,30,43-45 Otitis externa and

recurrent pyoderma with or without pruritus have also been associ-

ated with AFR in canines.9,30,44 Clinical signs reportedly develop

between 4 hours and 14 days after eating the offending food10,45

and suggest that more than one pathophysiological mechanism is

(A) (B)

(C) (D)

F IGURE 1 Comparing symptoms associated with food adverse reactions in atopic humans, dogs, cats, and horses. (A) An atopic toddler
may suffer from food allergy, especially to milk and egg, resulting in inflammatory eruptions at food contact sites in particular, as illustrated
here. From Fotolia.com©Garevskaya Elina. (B) In dogs, adverse food reactions (AFR) may clinically manifest as cutaneous abnormalities,
indistinguishable from those of atopic dermatitis. A West Highland White Terrier is shown with itchy atopic eczematous lesions subaxillary and
in the face. Kindly provided by ©Lucia Panakova, Division of Veterinary Dermatology, University of Veterinary Medicine Vienna, Austria. (C)
Cats with food allergy may show cutaneous symptoms. An Abyssinian cat suffers from allergic pruritus of the head and neck, leading to
scratching, excoriations, and possibly superinfections. Picture kindly provided by ©Lucia Panakova, Division of Veterinary Dermatology,
University of Veterinary Medicine Vienna, Austria. (D) Food allergy in horses is less defined, but atopy is an important risk factor also in equine
AFR. In this horse, a periorbital lichenoid atopic lesion is shown. Picture kindly provided by ©Jan Rybn�ı�cek, Veterinary Dermatology &
Dermatopathology Service, Oslavany-Ivancice, Czech Republic
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involved. Gastrointestinal tract signs may include vomiting, diarrhea,

weight loss, and abdominal discomfort.9,30,44,45 In a prospective

study, food was reported as the trigger of urticaria in five dogs,

three of them also exhibiting vomiting and diarrhea. Offending foods

were potatoes, rice, and beef in dogs with only urticaria, and cheese,

walnuts, and nuts in dogs with both urticaria and gastrointestinal

tract signs. However, in this study, the causal relationship with food

was established using a nonvalidated scale.46 Another dog devel-

oped urticaria after ingesting peanuts.47 Food allergy was also impli-

cated in three dogs with urticarial vasculitis, and in two of them, a

relapse of clinical signs was seen after oral beef challenge.48,49 Oral

allergy syndrome has been reported in one dog. Clinical signs

included salivation, lip swelling, quivering of tongue, flushing, and

pruritus of the abdomen and ears 15-30 minutes after provocation

with tomato.50

Between 10% and 30% of cats with AFR show cutaneous (Fig-

ure 1) and gastrointestinal tract symptoms.22,51 Earlier reports indi-

cated pruritus at the head and neck in 30%-65% of cases.22,52,53

However, although more often involved in dietary-related than other

allergic diseases, this criterion was not of significant value for the

clinical setting.12 Cats with AFR may also present with symmetrical

self-induced alopecia, miliary dermatitis, chronic vomiting, and

diarrhea,12,54,55 eosinophilic granulomas, plaques, and indolent

ulcers.56

There are very little data about AFR in horses. Anecdotal reports

describe pruritus and urticaria (Figure 1) as possible clinical signs of

food allergy. Gastrointestinal tract symptoms may also be pre-

sent.13,15 Sensitization and food-specific IgE in serum are not neces-

sarily clinically relevant.57

5 | ALLERGEN SOURCES AND MOLECULES

The most common foods evoking AFR in Americans are milk, eggs,

peanuts, tree nuts, soy, wheat, fish, and shellfish, whereas Europeans

are also affected by reactions to sesame, lupine, mustard, and cel-

ery.4,58 Some of these food allergies (peanut,59 tree nuts, fish, shell-

fish) persist over the patient’s lifetime, whereas others (soy, wheat,

egg, milk) are often outgrown.60

The most common food allergen sources for dogs are beef

(34%), chicken (17%), milk and dairy products (15%), lamb (15%), and

wheat (14%).61 For cats, important food sources evoking AFR are

beef, chicken, and fish.31,61 Foods associated with AFR in horses

anecdotally include potatoes, malt, beet pulp, buckwheat, fish meal,

wheat, alfalfa, red and white clover, St. John’s wort, chicory, barley,

and oats.62 Food allergen sources with known allergenic molecules

relevant for human and veterinary patients are listed in Table 1.

5.1 | Peanut

In humans, Ara h 1, Ara h 2, and Ara h 3 have been confirmed as

markers for peanut sensitization,63 and Ara h 2 and -6 as predictors

for severe clinical reactions.64 In contrast, IgE to Ara h 8, -9, and

cross-reactive carbohydrate determinants (CCDs) have been associ-

ated with tolerance to peanuts.65,66 A single client-owned dog

showed urticaria after ingestion of peanuts; however, investigation

of the causative protein was not pursued.47 Peanut is not a common

food ingested by dogs.

5.2 | Soy

In humans, Gly m 4, -5, and -6 are considered predictors of severe

hyperreactivity.67 Epitopes of the b-subunit of the soybean seed stor-

age protein b-conglycinin (anaphylactogenic allergen in humans)68

were shown to be antigenic (but not allergenic) in pigs, dogs, rabbits,

and fish,69 indicating possible cross-species reactivity. Soy is present

in many pet foods and is a known food allergen in the dog.70 Positive

skin tests to soybean meal were seen in equines,71 proposing a possi-

ble role of soy in chronic obstructive pulmonary disease. In pigs, tran-

sient food allergy to soy may occur after weaning, but can be

prevented by soy in the maternal diet before this time point.72

5.3 | Tree nuts: hazelnut & walnut

In humans, IgE to the PR-10 molecule Cor a 1 dominated in northern

Europe,73 whereas sensitization to nsLTP Cor a 8 and to 2S albumin

Cor a 14 was observed in the eastern Mediterranean.74 Among

hazelnut allergens, Cor a 14 and the 7S globulin Cor a 9 were sug-

gested as predictors of severe reactions.75 In walnuts, Jug r 3,

another nsLTP, indicated an increased risk for systemic reactions.76

For pets, few reports of nut allergy exist. Walnut was detected

as a possible trigger for urticaria in dogs,46 and one individual dog

with suspected walnut-induced anaphylaxis had positive prick and

intradermal tests to hazelnut and walnut, with western blot analysis

identifying a 22-kDa protein as IgE target.77 For tree nut allergy, a

dog model has been developed based on subcutaneous alum-precipi-

tated allergen injections.78

5.4 | Wheat

The major human-relevant allergens in wheat are a-, b-, c-, x-glia-

dins, and low molecular weight (LMW) glutenin.79 The LTP Tri a 14

and the dimeric alpha-amylase inhibitor (AAI) 0.19 (Tris a 28) are

predictive for clinical reactivity,80 whereas Tri a 27 (thiol reductase)

and Tri a 28 have the highest diagnostic value in occupational set-

tings, such as baker’s allergy.81 Wheat was among the most frequent

elicitors of cutaneous AFR, particularly in dogs.3,61 Assessing sensiti-

zation based on positive skin tests, 15% of canine patients were

hyperreactive to wheat.82

5.5 | Bet v 1 and cross-reactive molecules from
Rosaceae fruits

PR-10 molecules are paradigmatic as strong respiratory sensitizers

with IgE cross-reactivity to other PR-10 allergens in food. In north-

ern Europe, the major birch pollen allergen Bet v 1 cross-reacts with
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TABLE 1 Summary of most important allergenic molecules from food relevant for humans, and documentation of their relevance for
veterinary patients

Food source
Molecule name(s) or
molecular weight (kDa) Human relevance Ref

Veterinary
relevance Ref

Peanut Dog (experimental model) 47,167

Pig (experimental model) 72

Ara h 1 + 63

Ara h 2 Severe reactions 63,64

Ara h 3 + 63

Ara h 6 Severe reactions 64

Ara h 8 Tolerance 65,66

Ara h 9 Tolerance 65,66

Soy Dog 70

Dog (experimental model) 125

Horse (mill dust for

pulmonary disease)

71

Gly m 4 Severe hyperreactivity 67

Gly m 5 Severe 67

Gly m 6 67

75/50 kDa + 168

31/20 kDa + 168

b-Conglycinin Anaphylactogenic 68 Antigenic in pigs, dogs,

rabbits, and fish

69

Tree nuts

Hazelnut Cor a 1 Dominant in Northern

Europe

74

Cor a 8 Dominant in Athens 74

Cor a 9 Severe reactions 75

Cor a 14 Eastern Mediterranean;

severe reactions

74,75

Walnut Dog 46

Dog (experimental model) 78

Jug r 3 Risk for systemic reactions 76

Wheat a-Gliadins + 79

b�Gliadins + 79

c�Gliadins + 79

x�Gliadins + 79

LMW Glutenin + 79

Tri a 14 Predicts clinical reactivity 80

Tri a 27 Diagnosis of occupational allergy 81

Tri a 28 Predicts clinical reactivity,

diagnosis of occupational allergy

80,81

PR-10 family

Birch pollen Dog 40

Bet v 1 Responsible for cross-reactions to

other PR-10 food allergens

169 Sensitization in atopic

dogs without clinical

reactions

84

Peach Pru p 1 Northern Europe 83

Pru p 3 Southern Europe 83

(Continues)
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Pru p 1 in peaches, whereas the stable nsLTP Pru p 3 is a sensitizer

and elicitor of allergies in the south.83 Sensitization to recombinant

Bet v 1 in an atopic dog model occurred, but did not lead to clini-

cally apparent allergy.84 Naturally, 10%-35% of pollen-allergic dogs

react to birch (reviewed in40). For instance, among 1000 canine ato-

pic dermatitis patients in southeast Australia, around 10% showed

positive IDT to birch pollen mix.82 However, sensitization explicitly

to the Bet v 1-molecule was not investigated. Besides respiratory

allergy, cross-reactive food most often only causes oral allergy syn-

drome (OAS), as most PR-10 molecules are digestion labile. This syn-

drome was reported in one dog in which sensitization to Japanese

cedar (Cryptomeria japonica) led to clinical cross-reactivity to fresh

tomato.50

5.6 | Milk

In human milk allergy, high IgE levels to Bos d 4 (a-lactalbumin),

Bos d 5 (b-lactoglobulin), and Bos d 8 (casein) are clinically predic-

tive for a lower success rate of oral allergen immunotherapy to

milk.85 Most animal studies refer to allergens present in milk as

well as in meat. Meat has a stronger implication in adult pets’ diet.

Canine IgE reactivities have been found to beef, pork, lamb and

cow’s milk, IgG antibodies to beef, pork, lamb, cow’s milk, chicken

and turkey,86 with unclear clinical relevance. In dogs with AFR,

responding to elimination diet, IgE against bovine milk compounds

between 51 and 58 kDa (phosphoglucomutase and IgG heavy

chain Bos d 7), and in some patients to unidentified 27-, 31-, 33-,

TABLE 1 (Continued)

Food source
Molecule name(s) or
molecular weight (kDa) Human relevance Ref

Veterinary
relevance Ref

Milk Bos d 4 Clinically predictive for low

success in OIT

85

Bos d 5 Clinically predictive for low

success in OIT

85

Bos d 6 Beef-allergic

canines

88

Bos d 7 + Dogs 87

Bos d 8 Clinically predictive for

low success in OIT

85

Phosphoglucomutase + Dogs 87

27, 31 33, 37, and 42 kDa + Dogs 87

Bovine serum albumin 88

Egg Gal d 1 Diagnostic marker 90 Dog 95

Pig (experimental

model)

72,92,93

Gal d 2 + 90 Dog 95

Gal d 3 + 90

Meat Alpha-gal + 96

Porcine peptidases + 96

Angiotensin-I-converting enzyme (ACE I) + 96

Aminopeptidase N (AP-N) + 96

Bovine serum albumin Beef-allergic dogs 88

Fish Parvalbumin +

Cross-reactive with

chicken meat

99,100

b�Enolase +

Cross-reactive with

chicken meat

99,100

Fructose bisphosphate aldolase +

Cross-reactive with

chicken meat

99,100

Shellfish Sarcoplasmic calcium-binding proteins + 103

Arginine kinase + 103

Hemocyanin + 103

Tropomyosin + 103

+, IgE reactivity/IgE binding shown.

1648 | PALI-SCH €OLL ET AL.



37-, and 42-kDa compounds87 were found. Bovine serum albumin

was identified as possible allergen for beef-allergic canines by

immunoblotting and intradermal testing.88 Furthermore, strong sero-

logical cross-reactivity of dogs sensitized to beef, lamb, and milk

was observed, although not correlated with confirmed clinical

hypersensitivity.11,89

5.7 | Egg

In human egg allergy, IgE reactivities change during childhood from

Gal d 2 (ovalbumin) to Gal d 1 (ovomucoid) to Gal d 3 (ovotransfer-

rin).90 Gal d 1 is an established diagnostic marker in humans.91 In

pigs, IgE-mediated allergy and anaphylaxis can be induced experi-

mentally with egg proteins,72 and most often Gal d 1 was used as

antigen.92,93 In dogs, no significant differences were found between

normal and atopic dogs for anti-egg IgG. However, dogs with skin

disease had significantly more IgE antibodies to egg and many other

antigens than normal dogs.94 In dogs allergic to egg, ovomucoid and

ovalbumin are major allergens.95

5.8 | Meat

IgE-mediated meat allergy in humans may present as both immedi-

ate- and delayed-type reactions. Nonprotein allergens like galactose-

a-1,3-galactose (alpha-gal) have recently gained attention. Alpha-gal

epitopes have also been found on porcine peptidases, angiotensin-I-

converting enzyme (ACE I), and aminopeptidase N (AP-N).96 In

affected humans, tick bites were associated with red meat allergy.97

In dogs, this antigen is a self-antigen; whether other antigens

from tick bites play a role in canine allergies has so far not been

investigated. There are documented cutaneous AFR of dogs to beef,

dairy products, and chicken,61 the latter obviously conferring cross-

sensitization to other poultry meats and feathers.98 Cross-reactive

meat allergens are phosphoglucomutase and Bos d 7,87 Bos d 6 and

bovine serum albumin in blot and intradermal test.88

5.9 | Fish

In human fish allergy, beta-enolase and fructose bisphosphate aldo-

lase represent important allergens besides cross-reactive parvalbu-

min.99 They play a role in clinical cross-reactivity with white meat

from chicken100 and, although not further characterized, likely repre-

sent the molecular allergens relevant for fish allergy, especially in

cats.101

5.10 | Shellfish

Molecular cross-reactivity of shellfish antigens with cockroach, house

dust mites, mollusks, or novel food insect antigens102 is due to IgE

against sarcoplasmic calcium-binding proteins, arginine kinase, hemo-

cyanin, and especially to tropomyosin.103 No direct evidence points

to shellfish as important allergen for veterinary patients. However,

as canines and other animals are often sensitized to cockroach and

house dust mites,104,105 cross-reactivity with shellfish antigens might

be also relevant for domestic animals.

6 | DIAGNOSIS

First, a thorough diagnostic work-up is indispensable for human and

veterinary patients to distinguish type I allergy from other AFR, and

to choose the appropriate food allergen avoidance diet, which is the

only cure for food allergy (Figure 2). A detailed interview is pivotal

in human patients. A food diary may be helpful, including documen-

tation of ancillary factors like consumption of alcohol or medications,

exercise performed, or diseases with accompanying fever (review106).

Second, if IgE-mediated food allergy is likely based on the patient’s

history, a skin prick test or prick-to-prick test with native food is

performed. These detect food allergy with high sensitivity, although

specificity is rather low at 50%. It should be acknowledged that the

risk of false-positive results may result in unjustified dietary restric-

tions.107 The third cornerstone of diagnosis is food antigen-specific

IgE in serum. The newer singleplex or multiplex testing with molecu-

lar allergens improves the diagnostic precision in humans, allows a

risk evaluation in a component-specific manner,108 and switches the

conservative diagnostic concept “from symptoms to molecules” to

the novel concept “from molecules to clinic”.109

Importantly, skin test reactivity and serum IgE in humans do not

necessarily correlate with severity of clinical reactions. In addition to

specific IgE, the only accepted biomarker in humans, diagnosis has

to be confirmed clinically in both human and animal patients.40 Aller-

gic children (≤5 years) are likely to outgrow their food allergy. There-

fore, serum IgE and skin tests should be performed every

12 months, and once they normalize, an open OFC helps to decide

whether foods could be reintroduced to improve quality of life and

provide important nutrients.106

If diagnosis cannot be confirmed with the previously mentioned

measures, there are other options. One possibility is using an elimi-

nation diet to further assess AFR. During an allergen-free dietary

period, symptoms should subside over several weeks. Another

option, considered the gold standard in food allergy diagnosis for

humans, is the double-blind placebo-controlled provocation test.107

However, this procedure is associated with a risk of systemic reac-

tions and is time-, cost-, and labor-intensive and thus rarely done.

Finally, late-phase type IV reactions during food allergy can be veri-

fied by atopy patch testing (APT). To guarantee sensitivity, speci-

ficity, and reproducibility, only the standardized APT technique

developed by the European Task Force on Atopic Dermatitis should

be used. Due to limited availability, high costs of standardized test

substances, and restricted reimbursement, APT is not used routinely

for AFR testing.110

In dogs and cats with suspected AFR, IDT reactivity to food anti-

gens and food-specific IgE are not reliable and therefore not recom-

mended. Repeatability, sensitivity, and specificity of food-specific IgE

have been unsatisfactory.111-113 Low performance may relate to the

test methodology, allergens employed, lack of IgE involvement in
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canine AFR, or heterogeneity of the study population.113,114 In dogs,

patch testing with food antigens has a high negative predictive value

(99.3%) 112 and may be helpful for the choice of an elimination diet.

Antigen-specific lymphocyte proliferation was increased in dogs with

AFR, AD, and atopic-like dermatitis,115 which declined after

>6 weeks on elimination diet. This supports a role of these immune

cells in the pathogenesis of canine AFR.116 The mast cell activation

marker tryptase was determined in skin biopsies of dogs with AD
117,118 and of cats,119 but is not used as a serum marker for anaphy-

lactic reactions as it is in humans.

Consequently, AFR in cats and dogs are diagnosed by feeding an

elimination diet with a novel protein +/- carbohydrate source for

≤8 weeks.120 In improved situations, rechallenge with the original

diet should lead to clinical deterioration. Patients should subse-

quently improve again during elimination diet,112 with gastrointesti-

nal tract signs often subsiding before concurrent dermatological

problems. Owners can feed a homemade diet, a commercial diet

with hydrolyzed protein, or a commercial diet with proteins unusual

for the affected dog. Commercial diets often contain larger protein

molecules capable of inducing clinical deterioration in some

animals121,122 or protein sources not declared on the label.123,124

However, they remain a practical, workable option.125,126 A home-

cooked diet is thus regarded as the most reliable diagnostic option.

During the elimination diet, the pet must not receive any other food,

treats, medications, vitamins, or supplements with any protein other

than the one chosen for the diet.

Food-specific IgE has been found in horses with allergic skin dis-

ease,127 and positive IDT reactions to food occur in allergic

horses.128,129 However, both IDT and serum IgE frequently give

false-positive reactions in clinically healthy horses57,127 and do not

correlate well with symptoms.128 Thus, a definitive diagnosis of food

allergy in horses can only be confirmed by elimination trial.130

7 | PROPHYLAXIS, MANAGEMENT, AND
THERAPY OF FOOD ALLERGY

7.1 | Prophylaxis

According to the hygiene hypothesis, modern environment and

life style (review131) decrease contact with pathogens and

F IGURE 2 Diagnostic work-up of food allergy in human and veterinary patients. *) In allergic diseases of humans, dogs, cats, and horses, a
careful anamnesis (including a food diary and consideration of ancillary factors) in context with the clinical picture is of utmost importance. A
differential diagnosis to rule out other reasons for symptoms besides allergy has to be performed in all species. **) An atopy patch test in
humans could reveal information on late-phase (type IV) reactions, when skin prick test and specific serum IgE test render no positive results.
***) The correlation of intradermal testing (IDT) and serum IgE with clinical reactivity is poor. Diagnosis of food allergy in dogs and cats by
default is made via elimination diet. ****) A patch test in dogs can help with the choice of ingredients for the elimination diet. *****) In
healthy horses, false-positive results are often obtained from IDT and measurement of specific IgE. Figure modified from40
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increase allergy risk, including food allergy. People living on a farm

with traditional animal husbandry132 and consuming raw milk

develop asthma less frequently.133 Although there are only limited

supporting data in veterinary allergology, similar mechanisms

seem to be relevant. Dogs in rural areas develop atopic dermatitis

less frequently than those in urban areas, and the same goes

for dogs kept mostly outdoors compared to dogs kept in an

apartment.134

The time window for food introduction into the diet of children

seems to play a critical role for allergy prevention, as early intro-

duction (≤6 months)—including allergenic foods—supports toler-

ance induction.135 In canines, a small study suggested that feeding

homemade food during pregnancy protects against atopic dermati-

tis.136 In humans, the gut microbiome together with ingested food

influences the intestinal immune response.137-139 Probiotics pre-

scribed to pregnant women reduced atopic dermatitis in children

during the first 2 years of life, but had no effect on food allergy,

asthma, or atopic sensitization.140 There is currently active

research into the canine cutaneous and gastrointestinal tract

microbiome and its relationship with inflammatory and allergic

disease.141,142

7.2 | Management

Once food allergy is established, strict avoidance of the allergen is

the gold standard in humans. A dietician’s advice may help to

avoid unnecessary diets and nutritional deficiency, especially in

children. For babies with food allergy or at high allergy risk, who

are not breastfed, hydrolyzed formula food should be given for the

first 4 months.143,144 To facilitate allergen avoidance, current

European law requires (potential) content of the 14 most impor-

tant food allergens to be listed in prepacked food,145 and informa-

tion has to be provided in restaurants and for non-prepackaged

food. In case avoidance fails and a life-threatening situation

occurs, treatment is possible with epinephrine self-injection, pre-

scribed by a physician.

In animals, anaphylactic episodes are rarely observed. Manage-

ment of AFR in dogs, cats, and horses currently also relies on avoid-

ance of the offending food. Either a home-cooked diet, a commercial

veterinary prescription diet, or a novel protein over-the-counter

(OTC) diet can be selected for the long-term management of AFR in

dogs and cats.122,146 The latter two offer the advantage of enhanced

owner compliance compared to home-cooked diets.147 In addition,

particularly in young, large breed, rapidly growing dogs, home-

cooked diets can be unbalanced and inadequate.148 However, one

reason for failure to respond to a commercial novel protein diet is

contamination with food ingredients not declared on the label.123,149

Also flavored medications, treats, or supplements may contain soy,

pork, and beef.150 Finally, taxonomic relationship between meat

sources should be considered to avoid the risk of cross-reactivity.89

Formulas available for hypersensitive dogs120,126 should be exten-

sively hydrolyzed to avoid recurrence of clinical signs, especially if

the proteins were previously fed.126

7.3 | Treatment trials

Subcutaneous immunotherapy (SCIT) for food allergies bears a signif-

icant risk of serious adverse events in human patients151; however,

it is routine treatment for environmental (pollen, dust mite, animal

dander) and insect venom (bee, wasp) allergies.152 Recent studies

therefore focus on different routes of administration (review106). In

oral allergen immunotherapy (OIT), the offending food allergen is

ingested with a carrier food. OIT is performed in three steps: (i)

Small amounts of allergen in increasing dosage are administered over

a single day under supervision, (ii) increasing dosage of allergen

every 2 weeks, and (iii) maintenance phase with target dose of aller-

gen ingested daily at home for months or years. OIT is currently

being evaluated for peanut, egg, and milk allergy, and even trials

treating multifood allergies are ongoing.153 Combination therapies

with anti-IgE antibody omalizumab have proven successful in a first

peanut OIT trial154 by reducing adverse effects and increasing the

tolerated allergen dose.

During sublingual immunotherapy (SLIT), allergen extracts in

aqueous solutions or as lyotablets are solubilized under the tongue

for at least 2 minutes. Lower allergen doses are administered, and

therefore, this treatment may be safer than OIT. SLIT has previously

been trialed for peanut allergy; however, most patients discontinued

the therapy by the end of year 3. At that time, only four of 37 SLIT-

treated subjects (10.8%) were fully desensitized to 10 g of peanut

powder.155

For epicutaneous immunotherapy (EPIT), allergens in a round disk

chamber are applied onto the healthy skin of patients. This reduces

the risk of unwanted systemic reactions. In a clinical trial of children

allergic to milk, EPIT for 30 days increased the maximally tolerated

amount of milk from 1.77 mL to 23.61 mL. The main adverse effects

were mild cutaneous reactions.156 Mechanistically, T-regulatory cells

may be attracted to the patch site.157,158

There are minimal data on allergen-specific food immunotherapy

of AFR for dogs, and none for cats or horses. Immunotherapy utiliz-

ing Listeria monocytogenes as adjuvant was tested in an atopic canine

model,159 where dogs were experimentally sensitized to peanut and

other allergens. A single subcutaneous treatment diminished or abol-

ished allergic symptoms (vomiting, diarrhea) after oral challenge and

was associated with reduced Ara h 1-specific IgE in serum of pea-

nut-sensitive dogs.

The safety and efficacy of food allergen-specific sublingual

immunotherapy was recently investigated in a small group of client-

owned dogs with AFR.160 Food allergen extracts (crude defatted

pork meat, chicken meat, beef, fish, cow’s milk, crude defatted rice,

wheat, and corn) were administered for 6 months to dogs (n=7)

based on the results of restriction provocation trials. Sporadic and

self-limiting adverse effects of the immunotherapy were reported

(vomiting, erythema, pruritus). A reduction ≥50% of baseline Canine

Atopic Dermatitis Extent and Severity Index (CADESI-04)161 and

35% reduction of pruritus were observed in treated dogs.

Novel delivery routes of immunotherapy for food allergy, including

epicutaneous desensitization,162 are reaching clinics for human

PALI-SCH €OLL ET AL. | 1651



patients163 and are discussed as future concepts in veterinary medi-

cine.164 Intralymphatic allergy vaccines were proposed for the treat-

ment of canine atopic dermatitis 164,165 and insect bite hypersensitivity

in horses,166 but not for food allergy so far. Larger clinical trials are

needed before considering allergen-specific immunotherapy as safe

and effective treatment to manage dogs with AFR.

8 | SYNOPSIS

Systematic comparison of food allergies in human and veterinary

patients provides insights into the influence of genetics, allergen

exposure, and the shared environment on development of food

allergy. This may lead to improved recommendations for prevention

and treatment of food allergy. However, currently there are numer-

ous gaps in the knowledge:

• The true prevalence of food allergy in humans is only known for

sporadic allergens and from restricted studies, and is not known

in dogs, cats, and horses. A global map needs to be established

allowing prevalence determinations over time.

• The reasons for the increase in self-reported and physician-diag-

nosed food adverse reaction are not well understood and need to

be objectified.

• A definite diagnosis relies on risky provocation tests; a reliable

biomarker for food allergy is lacking and would be tremendously

useful.

• Although several foods have been accepted as allergen sources

for animals, little is known about the causative allergenic mole-

cules. Molecular allergen diagnosis in humans has been helpful in

selected patients and could also improve diagnosis and treatment

in animals.

• Changes in the immunogenic potency of food by processing

should be understood and applicable in daily veterinary practice,

similar with what is known in humans.

• There are several novel treatment options underway. However,

more studies are needed to understand the mechanisms and to

develop practical and relevant biomarkers to evaluate safety and

efficacy.
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