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Abstract

Diagnosis of food allergy can be challenging. Given the limited specificity of available allergy
tests, these need to be interpreted in light of pre-test probability that is determined by a careful
history. Using likelihood ratios calculated from previous publication may allow a more
individualized assessment. This approach is likely to be most useful in patients with low to
moderate results, below the 95% positive predictive value for that food. This review covers the
diagnostic approach of immunoglobulin E-mediated food allergy. We first focus on the pre-test
clinical assessment of a patient with a suspected food allergy. We then compare currently
available diagnostic tests and discuss their performance for frequent food allergens. Finally, we
conclude with the interpretation of allergy tests in light of the pre-test assessment to determine
final probability of food allergy and indications for referral to an allergy specialist for food
challenge.
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Diagnosis of food allergy is an imprecise science. Patient history is often unreliable and
allergy test results can be difficult to interpret. Some patients will tolerate a food despite
high levels of specific immunoglobulin E (IgE) against that food, whereas others will react
with barely positive tests. In clinical practice, the physician needs to juggle with test
probabilities and try to apply what has been reported in published cohorts to a patient sitting
in his office. Positive predictive values (PPV) that have been published for different foods
can be useful but are also fraught with inconveniences.! For one, they are of limited value
when evaluating a patient with low to moderate test results below the 95% PPV. Also, PPV
for a given test will vary according to disease prevalence in the studied population and thus
cannot easily be applied to an individual patient.

This review covers the diagnostic approach of IgE-mediated food allergy. We will first
discuss the pre-test clinical assessment of a patient with a suspected food allergy. We will
then review and compare the available diagnostic tests and discuss their performance for
frequent food allergens. We conclude with the interpretation of allergy tests in light of the
pre-test assessment to determine final probability of food allergy and indications for referral
to an allergy specialist for food challenge. Specifically, we will focus on the use of
likelihood ratios to better individualize probability of clinical reaction to the suspected food.

CLINICAL ASSESSMENT

Clinical history is more important than allergy testing when evaluating a patient with
suspected food allergy. Tests should only be used to confirm clinical suspicions. The goal of
the history is twofold: first, to evaluate the IgE-mediated nature of the reaction; and, second,
to establish a relationship between the reaction and the suspected food.

IgE-mediated reactions can sometimes be difficult to differentiate from food intolerances,
which do not involve an immune response to the food.2 IgE-mediated reactions are
characterized by degranulation of mast cells upon IgE-mediated contact with the food
allergen. Symptoms can occur with local contact and/or systemic distribution of the allergen
after ingestion (anaphylaxis). Local symptoms include pruritus, erythema, swelling, and
angioedema of the mouth and throat with potential airway compromise.

When the allergen reaches the stomach, it can produce severe abdominal pain and trigger
protracted vomiting. If the allergen reaches the intestines, it may cause severe diarrhea.
Once the allergen is absorbed, skin reactions can appear in areas that have not been in
contact with the food, ranging from hives to severe erythrodermia. Concomitant
rhinoconjunctivitis frequently occurs. Bronchospasm can also occur even in nonasthmatic
individuals. Hypotension, loss of consciousness, and shock result from systemic vasodilation
and cardiovascular collapse.

In most cases, intolerances can be easily differentiated from IgE-mediated allergy based on
presentation (eg, reflux with spicy food). Some conditions, however, can mimic food allergy
convincingly. Acute urticaria in children for example is caused by viral infection rather than
allergy in more than 80% of cases.3
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When an IgE-mediated reaction is suspected from symptoms, timing is often key to establish
the relationship with food. Local symptoms can occur immediately upon contact with the
food. Systemic symptoms can occur as soon as 5 minutes and up to 2 hours after ingestion.
Reactions are systematic, occurring with each contact and usually with small amounts.
Although the allergen may have been tolerated prior to the initial reaction, each subsequent
contact should trigger a reaction. Useful questions for the diagnosis of food allergy are listed
in Table 1.

ESTABLISHING PRE-TEST PROBABILITY

There is no algorithm to determine pre-test probability. It depends on the physician’s
assessment of how likely the reaction was caused by food allergy. For example, in a patient
with 2 subsequent anaphylaxis episodes following the isolated ingestion of peanut, the
diagnosis is almost obvious and history alone would confer a 98% pre-test probability.*
However, a less convincing history with a more probable alternative diagnosis would result
in a lower pre-test probability. For example, the pre-test probability of allergy for a non-
atopic child who presented with urticaria 1 hour after a meal during a viral infection could
reasonably be estimated less than 20%. If the child had eaten and tolerated the same food
since that episode, then food allergy would be unlikely, with pre-test probability of less than
1%.4

Establishing pre-test probability is more challenging when dealing with a patient who has
never eaten the food and for which there is no reaction to assess. In some cases, the
physician can rely on epidemiological data to determine pre-test probability.

Specific Populations

No History of Immediate Clinical Reaction—There are a number of situations that can
motivate a parent to seek allergy evaluation for a food to which the child has never ingested
or reacted. This is often the case with siblings of a first child with confirmed food allergy
who has been avoiding the food either because it is banned from the house or for primary
prevention. The actual risk of reaction upon introduction of a food in the sibling of food
allergic child is unknown. However, the prevalence of food allergies in children who have a
food-allergic sibling has been estimated at 17%.° For the child with a peanut allergy, the risk
of the sibling also developing peanut allergy is 7%.46

In children with a first food allergy, parents may inquire about the risk of allergy to other
food that has not yet been introduced. A first food allergy is a risk factor for having multiple
food allergies. The risk is more significant for closely related foods that may contain cross-
reactive allergens (ie, 30% of patients allergic to cashew are also allergic to pistachio).” Risk
of cross-reaction for common food allergens is presented in Table 2.

In some children, food allergy does not manifest as an acute reaction upon exposure to the
food but rather contributes to exacerbate chronic atopic dermatitis.2 This is a very tricky
situation because the patient is presently tolerating regular intake of the food, which is
probably offering some kind of protection against anaphylaxis. Therefore, in mild eczema
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that is controlled by topical medication, screening for underlying food allergy is
inappropriate because stopping the food may lead to the loss of this protection.

However, in severe cases resistant to standard treatment, testing for food allergy may be
warranted, as avoidance of the food may result in improvement of the dermatitis.2 In such
cases, a positive result to allergy tests needs to be confirmed by exclusion diet of 6 weeks
followed by oral food challenge and reintroduction, as the manifestations of the allergy may
only be through the dermatitis. The prevalence of food allergy in individuals with moderate-
to-severe atopic dermatitis is 30% to 40%.8:9

Infants and Young Children—Assessment also needs to be adjusted for the age of the
patient. Infants and young children have an immature immune system and less reactive skin
and usually have lower test results. This is reflected by different PPV in younger children
(when available). For example, the 95% PPV for reacting to egg is 2 kU/L egg-specific IgE
before age 2 years, whereas it is much higher (7 ku/L) after that age.! The same is true with
skin tests, which usually yield smaller wheals in young infants.1% The working parameters of
an allergy test cannot be applied to young children unless they have been specifically
calculated for that age.

Allergens can also be transmitted through maternal breast milk. More than 60% of mothers
will excrete food allergens in their breast milk at variable concentrations that can trigger
reactions or exacerbate atopic dermatitis in highly sensitized infants.1112 Peak excretion
usually occurs in the first 2 hours and is proportionate to the amount ingested. The physician
thus must inquire about links between the reaction, breast-feeding, and maternal diet in the
younger population.

Older Children and Adolescents—As atopic children grow up and become
adolescents, most will develop inhalant allergen sensitizations as part of the atopic march.?
This can be relevant to the evaluation of a food allergy, as many pollen allergens cross-react
with related food proteins in plant food (nuts, seeds, fruits, and vegetable). Inhalant
sensitization needs to be evaluated so it can be taken into account when interpreting
symptoms and allergy tests. Most cross-reactive plant-food allergens have conformational
epitopes, meaning that with digestion the sites recognised by the specific IgE antibody will
be denatured. The consequence for the clinician is that despite the presence of specific IgE
to the food at high levels, it can be tolerated with minimal or no symptoms. For example,
with birch pollen allergy, many patients will report local pruritis limited to the oral sphere
with fresh fruits or nuts, referred to as oral allergy syndrome.13 These patients will generally
tolerate baked food because the allergen is also denatured by cooking. Pollen sensitization
must be taken into account when evaluating a patient with such a history.

Diagnostic Tests

Once pre-test probability has been determined, diagnostic tests can be a useful adjunct in the
evaluation of a patient with suspected food allergy. The 2 currently validated and available
methods are epicutaneaous testing and analysis of food-specific IgE.
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Epicutaneous Testing—The principle of epicutanuous testing is to bring the allergen in
contact with the patient’s mast cells in the skin by applying a drop of food extract on the
skin and very lightly pricking or puncturing the skin. Mast cell degranulation will then
produce a small wheal that can be measured. A wheal of 3 mm greater than the negative
control is considered a positive response. Skin testing is usually considered highly sensitive
(at least 90%) but less specific.1# A larger wheal size carries a higher specificity for
diagnosis, but does not correlate with greater reaction severity.10

The test can be performed with either needles or lancets. Both devices are valid and highly
reliable when used by an experienced technician.1> The main advantage of skin testing is
that it gives a rapid result (15 minutes) with minimal discomfort. However, the test can be
affected by various variables. Children often have dermographism or atopic dermatitis,
which may lead to false positives. An inexperienced technician may traumatize the skin and
also cause false positives. Recent anaphylaxis, administration of antihistamine medication,
or young age may lead to false negatives.

Skin testing can be valuable in the setting of oral allergy syndrome in which skin tests will
be positive to fresh food but negative to food extracts, which have been heated and in which
conformational epitopes have been denatured.

Specific IgE Testing—Specific IgE testing consists of dosing circulating IgE antibodies
directed against the suspected food in vitro.! It is not affected by skin conditions or by
antihistamine administration. It is widely available without the need for a specialized
technician. Specific IgE testing can be difficult to interpret, especially with low range
values. The assay is also considered very sensitive but lacking specificity. Some patients
with high levels of IgE directed against a food will tolerate it, probably due to sensitization
to thermolabile allergens.18 This is why it is never appropriate to perform allergy tests to a
food that is tolerated by the patient.

There is no cutoff value at which point the patient can be sure to react or not. Studies have
shown that the positive predictive value increases with higher test results.! Many studies
refer to the 95% predictive value for a given food. Although useful in research, this concept
has its limits in clinic because the predictive value of a test is bound to vary based on pre-
test probability. Also, in the clinical setting, the cases that are the hardest to interpret are
those with low to moderate test results that are below the 95% PPV. In these cases, using the
positive (or negative) likelihood ratio may be found more useful, as discussed below.

Component-Resolved Diagnosis—Specific IgE antibodies can be produced against
many different proteins contained in a single food. Component-resolved diagnosis consists
of dosing specific IgE response to these proteins separately, in order to establish the
reactivity profile against that food.1” This is particularly useful to differentiate sensitization
to thermo-labile conformational allergens such as those seen with oral allergy syndrome,
from sensitization to allergens with sequential epitopes that are resistant to digestion and can
cause systemic anaphylaxis. For example, ovalbumin is the major allergen contained in egg
white but it is denatured by cooking. Ovomucoid, however, is very stable. Thus, a patient
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with positive-specific IgE to ovalbumin but negative to ovomucoid is more likely to tolerate
a challenge to egg in baked goods.18

Component-resolved diagnosis is a useful new tool that adds precision to the food allergy
assessment and could help better select patients for food challenge. However, it carries some
of the same caveats as regular specific IgE testing with specific cut-off values being hard to
individualize in the clinical setting.1” It is not widely available and component testing for
some major food allergens are still lacking. The test also lacks sensitivity, so a negative
result is insufficient to rule out an allergy.1” Food challenge therefore remains the gold
standard and must be performed to exclude a food allergy.

ESTABLISHING POST-TEST PROBABILITY

Likelihood ratios (LRs) are a reflection of a test sensitivity and specificity and are thus
inherent to the test itself and, unlike positive predictive values, do not vary with sample
prevalence. A positive or negative LR can be applied to the pre-test probability to determine
an individual’s post-test probability of reacting upon exposure to the food. Figure 1
describes how this can be calculated manually. Free-to-use post-test probability calculators
are also available online or as apps. The more traditional normogram can also be printed and
used to calculate post-test probability rapidly (see Figure 2).

Tables 3 through 8 indicate LRs inferred from studies for frequent allergens. The 95% PPV
is also indicated, if available.

Food Challenge

The food challenge is the final step in the diagnosis of a food allergy. It consists of
administering the food under supervision, starting at a very low dose followed by
progressive increments.! It needs to be performed by a specialist in a setting where
anaphylaxis can be treated, no matter how small the probability of reacting has been
assessed to be.

The gold standard for food allergy diagnosis is the double-blind placebo-controlled food
challenge (DBPCFC).2 This is performed on 2 separate visits in which neither the patient
nor the physician knows whether the patient is receiving the food or placebo. The idea is to
avoid subjective interpretation of symptoms either unrelated or triggered by anxiety, which
could lead to a false positive.

In the clinic, the open food challenge is usually performed because it is much more
convenient.2 However, when a patient is very anxious and symptoms are hard to
differentiate, a single-blind placebo-controlled food challenge can also be done in which
only the patient is masked.

WHEN TO REFER FOR FOOD CHALLENGE

Food challenge is the ultimate tool to confirm diagnosis. Depending on the parents’ and the
treating physician’s preferences, the cutoff below which a challenge may be offered can
vary between post-test probabilities of 50% to 95%. The reason for challenging patients with
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a moderate probability of reacting is to avoid putting them on an unnecessary avoidance
diet, and giving an erroneous diagnosis of food allergy with all the psychosocial
consequences it carries.? In the right setting, food challenge is very safe. In research,
challenges are also performed to confirm diagnosis in patients at high risk of reacting for
inclusion in a study (generally DBPCFC). Threshold amounts of food triggering a reaction
are also sometimes determined. However, this is inappropriate for clinical practice, as these
thresholds may change over time, and thus may offer a false sense of safety.

A patient with a high post-test probability should also be referred to an allergist for follow-
up. Depending on the evolution of allergy tests over the years, the patient may be offered a
challenge to confirm resolution. In some foods, such as cow’s milk and hen’s eggs, a large
proportion of children will tolerate a baked products challenge despite positive allergy
tests.19:20 Although component-resolved diagnosis can help better identify candidates for
baked food challenge, it is not a surrogate to a challenge. Determining tolerance to baked
good is very important as it will have a major impact on the child’s diet and could even
hasten resolution of allergy to the raw food.19:20

Unvalidated Methods

In addition to what has been discussed so far in this review, a number of new diagnostic
tests are being developed and promoted. None of these have been validated and they should
not be used in the clinical setting. While some are at a research stage and may yet be found
to have a role in clinics, others are complete hoaxes and prey on the patients’ trust and their
desire to help their child to make a profit. The only way to discuss these with patients is by
knowing about them. Table 9 provides a non-extensive list of unvalidated allergy tests that
may be encountered in practice.

CONCLUSION

Clinical assessment remains the most important element of food allergy diagnosis and
should be completed before ordering allergy tests. Given the limited specificity of available
allergy tests, the results should be interpreted in light of clinical probability. Using
likelihood ratios calculated from previous publication may allow a more individualized
assessment. They are likely to be most useful in patients with low to moderate results, below
the 95% PPV . Patients should be referred to an allergy specialist for food challenge when
post-test probability of allergic reaction is low to moderate. Those with higher post-test
probability should also see an allergist for follow-up. Appropriate diagnosis of food allergy
can sometimes be challenging, but it is worth the effort because it will have a major impact
on patient safety and quality of life.
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1t STEP : Determine pre-test probability

- Based on clinical assessment

Example: 9 y-o with urticaria 1 hours after eating peanut in the course of a viral infection
Pre-test probability established at 15%

2"d STEP : Transform to pre-test odds

oAl probability

1 - probability

Example: Pre-test probability of 15%

85% chance of not
3rd STEP : Apply appropriatelikelihood ratio
pre-test odds X LR = post-test odds

Example: PN-IgE > 10.4kU/L (Positive LR = 7.2) post-test odds =0.18 X 7.2 = 1.29

4th STEP : Transform to post-test probability

probability = _odds
1+ odds
Example:  Post-test probability = — =0.56

2.29

Post-test probability of reacting is estimated at 56%.

Odds = 15% chance of reacting -0.18

Figure 1.
Calculating post-test probability.
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Figure2.
Diagnostic normogram. The red line corresponds to the case described in Figure 1. (Blank

normograms are available for download at: www.cebm.net/?0=1043.)
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TABLE 1

Useful Questions for Assessment of Food Allergy

Question

Rationale

What was the timing of the
reaction?

An IgE-mediated reaction occurs rapidly after food ingestion. Symptoms occurring more than 2 hours
after ingestion are unlikely to be related to the food, except in the case of diarrhea, which can occur up to
6 hours later.

Immediate symptoms may, however, be followed by a delayed phase reaction that occurs hours to
several days later. It usually involves the skin, bronchi or Gl tract. 2

Were there reactions to this food
in the past?

Although a reaction can present with a food that was previously tolerated, patients will often report
previous minor symptoms with the food, such as mild pruritis, local hives or nausea.

Has your child eaten the food
since?

Once sensitized, reaction should be systematic with every contact with the food. If the food was ingested
and tolerated after the initial reaction, allergy to that food is basically ruled out.

How much food is needed to
trigger the reaction?

Allergies usually require only a very small amount of the food to trigger a reaction. A patient reporting
symptoms only to large quantities of a food suggests intolerance rather than allergy.

Does the reaction occur without
exposure the food?

Children with chronic urticaria or dermographism often present local hives with spicy or acidic food
(tomatoes, strawberries) that induce non-specific degranulation of mast cells.

Was the food cooked?

Symptoms to fresh food only suggest sensitization to a thermolabile allergen.

Did your child have fever (or other
signs of viral infection)?

Viral infection is an important differential diagnosis of food allergy and should be sought.

Did anyone else have symptoms?

If others present with similar symptoms to the food, intoxication becomes more probable.

Does your child suffer from other
allergies?

Atopic children are more likely to become sensitized to a food. 30% to 40% of children with atopic
dermatitis will eventually develop a food allergy. If the patient has other food allergies, possibility of
contamination or cross-reactivity should be considered.82

Was there a concurrent use of
alcohol, NSAIDs or exercise?

Alcohol intake, NSAIDs or exercise decrease reaction threshold. Some patients with oral allergy
syndrome or wheat allergy will only present symptoms if they exercise before or after eating the food. 2

IgE = immunoglobulin E; GI = gastrointestinal; NSAID = nonsteroidal anti-inflammatory drug.

Pediatr Ann. Author manuscript; available in PMC 2014 September 11.



yduasnuel Joyny Yd-HIN

1duasnuely Joyny vd-HIN

1duasnuely Joyny vd-HIN

Bégin and Nadeau

TABLE 2

Clinical cross-reactivity of common food allergens

If allergicto: | Clinical reactionto: Risk
Peanut Another legume (soy) 5%

A tree nut Another tree nut 12%-37%
A tree nut Peanut or another legume 33%

A fish Another fish 50%
Shrimp Another crustacea 38%

A mollusca Another mollusca 49%

A crustacea A mollusca 14%
Cow’s milk Beef 10%
Cow’s milk Goat’s milk 92%
Cow’s milk Mare’s milk 4%
Wheat Another cereal 22%
Hen’s egg Chicken meat 22%-32%
Peach Another rosaceae (cherry, apple, plum) | 55%
Cantaloupe Avocado, banana or melon 92%
Latex Kiwi, banana or avocado 35%
Cashew Pistachio 30%

Source: Adapted from Sicherer2! and Boyce et al2

Pediatr Ann. Author manuscript; available in PMC 2014 September 11.

Page 13



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Bégin and Nadeau

TABLE 3
Milk
Test | Value LR
SPT | <3 mm#-2% 0.17
> 3 mm?22-26 2.61
> 5 mm?2 2.78

IgE* | <0.35 kU/L242628 [ 0.14

>0.35 kU/L2426-28 | 4.42

> 4.18 kU/LL23.26 4.47

*

CAP-FEIA system (Pharmacia/Pfizer, New York, NY).
95% PPV = 15 kU/LL
95% PPV =5 kU/L (before age 2 years)1

IgE = immunoglobulin E; LR = likelihood ratio; PPV = positive predictive value; SPT = skin prick test.
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Peanut
Test | Value LR
SPT | <3 mm2225.2631.32 0.09
> 3 mm?22.25.26,31,32 243
IgE* | <0.35ku/L26283132 | 0.06
> (,35%6,2831,32 2.46
> 10.4 kU/L%6:33 7.2

*
CAP-FEIA system (Pharmacia/Pfizer, New York, NY).

95% PPV = 8 mm10

95% PPV =4 mm (before age 2 years)10

95% PPV = 14 ku/LL

IgE = immunoglobulin E; LR = likelihood ratio; PPV = positive predictive value; SPT = skin prick test.
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TABLE 5

Egg
Test | Value LR
SPT | <3 mm?2224-26,29 0.11
>3 mm22,2L26,29 2.17
Ige* | <0.35ku/L242620 | 0.14
>0.35 kU/L242%6:29 | 1.68
> 3.4 kU/L?® 5.13

*
CAP-FEIA system (Pharmacia/Pfizer, New York, NY).

95% PPV = 7 ku/LL

95% PPV = 2 kU/L (before age 2 years)1

IgE = immunoglobulin E; LR = likelihood ratio; PPV = positive predictive value; SPT = skin prick test.
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TABLE 6

Soy
Test | Value LR
SPT <3 mm22,24—26,30 0.66
>3 mm2224-2630 | 1.71
Ige* | <0.35ku/L2428 | 0.57
>0.35 kU/L24%6 | 1.25
> 5 kU/L% 1.83

*
CAP-FEIA system (Pharmacia/Pfizer, New York, NY).

IgE = immunoglobulin E; LR = likelihood ratio; SPT = skin prick test.
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Wheat
Test | Value LR
SPT <3 mm22,24—26,30 0.37
> 3 mm?22:24-26,30 272
Ige* | <0.35ku/L 2426.27.30 | 0.55
>0.35 kU/L 2426.27.30 | 117
> 8.1 kU/L26 2.63

*
CAP-FEIA system (Pharmacia/Pfizer, New York, NY).

TABLE 7

IgE = immunoglobulin E; LR = likelihood ratio; SPT = skin prick test.
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TABLE 8

Fish
Test | Value LR
SPT | <3mm®2 | 0.16
>3 mm22 211
IgE* | <0.35kU/L? | 0.10
>0.35% 2.69
> 1.8 kU/L%6 7.08

*
CAP-FEIA system (Pharmacia/Pfizer, New York, NY).

95% PPV = 20 kU/L

IgE = immunoglobulin E; LR = likelihood ratio; PPV = positive predictive value; SPT = skin prick test.
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