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ABSTRACT

Food additives are naturally occurring or synthetic substances that are added to food to modify the color, taste, texture, stabil-
ity, or other characteristics of foods. These additives are ubiquitous in the food that we consume on a daily basis and, therefore,
have been the subject of much scrutiny about possible reactions. Despite these concerns, the overall prevalence of food additive
reactions is 1–2%, with a minority of the wide variety of symptoms attributed to food-additive exposure being reproduced by
double-blind placebo controlled challenges. Reactions can be broadly classified into either immunoglobulin E (IgE)- and non–
IgE-mediated reactions, with natural additives accounting for most IgE-mediated reactions, and both natural and synthetic
additives being implicated in the non–IgE-mediated reactions. Reactions that include asthma exacerbations, urticaria and/or
angioedema, or anaphylaxis with ingestion of a food additive are most deserving of further allergy evaluation. In this article,
we discussed the different types of adverse reactions that have been described to various food additives. We also reviewed the
specifics of how to evaluate and diagnose a food additive allergy in a clinic setting.

(J Food Allergy 3:8–23, 2021; doi: 10.2500/jfa.2021.3.210004)

F ood additives are synthetic or naturally occurring
substances that are intentionally added to food to

modify its physical, chemical, biologic, or sensorial char-
acteristics.1 They have been reported as having the poten-
tial to provoke adverse effects in certain individuals.2 The
U.S. Food and Drug Administration (FDA) web site cur-
rently lists;3000 substances on their food additive status
list,3 although it has been estimated that between 2000
and 20,000 agents are added to the foods that we con-
sume.4 Examples of food additives include preservatives,
stabilizers, conditioners, thickening agents, sweetening
agents, food coloring, flavoring agents, and antioxidants.
In this article, we aimed to summarize what is currently
known about adverse effects to common food additives
by focusing primarily on commonly associated reactions.
We also reviewed how to evaluate and diagnose a food-
additive allergy in a clinic setting.

ADVERSE EFFECTS OF FOOD ADDITIVES
Food additives may cause immunoglobulin E

(IgE)- or non–IgE-mediated reactions.1 IgE-mediated

reactions are quite uncommon but, if present, can be
severe and life threatening. Natural additives contain
molecules of sufficient molecular weight to induce an
IgE-mediated response.5 On the contrary, synthetic
additives are more likely to act like haptens because of
their low molecular weight. Haptens can induce an
IgE-mediated response only if they are attached cova-
lently to a large carrier molecule.6 Both natural and
synthetic additives may cause nonimmunologic, non–
IgE-mediated reactions, which are classified as “food
additive intolerances” or “sensitivities.” Certain food
additive sensitivities have been found to occur through
mechanisms that include metabolic, pharmacological,
toxic and direct neural stimulation, and blockade of
coagulation pathways.7,8 Although food additives may
trigger adverse reactions through these mechanisms,
the reactions we reviewed have unclear or unknown
mechanisms except where noted.
A vast range of adverse reactions have been attrib-

uted to the consumption of food additives.7,9 Reactions
to food additives that have been reproduced by rigor-
ous oral food challenges are typically mild and involve
exacerbations of asthma, urticaria, and, rarely, anaphy-
laxis.8,10 There is a wide spectrum of nonspecific symp-
toms that have also been associated with food
additives, including myalgias, paresthesias, headaches,
weakness, etc.5 However, none of these have been con-
firmed via oral challenge, and the cause-and-effect rela-
tionship has not been well demonstrated.5,11–13

Psychological factors may also play an integral role in
both food and food additive reactions and should be
considered on evaluation.14,15

Attention deficit hyperactivity disorder (ADHD) is a
concern that has purportedly been associated with
food additives.16 This began in 1973 when Benjamin
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Feingold, M.D., claimed that certain food additives
caused children to be hyperactive. He created a contro-
versial diet low in salicylic acid, artificial colorings,
and artificial flavors. There have since been many stud-
ies that suggest an association between food additives
and hyperactive ADHD, although this association has
not been substantiated with rigorous, placebo con-
trolled, blinded challenges.17 A 2012 meta-analysis
showed that 33% of children with ADHD responded
to a dietary intervention, with as many as 8% of chil-
dren having symptoms to food colorants and/or
dyes.18 However, nearly all studies in this meta-analy-
sis lacked consistency in their mixtures to allow for
testing comparative effect sizes of different mixtures or
individual compounds. Furthermore, the dose, expo-
sure length, and blinding quality also varied. In fact,
only a small change in parental reports of symptoms
and no significant changes in teacher-reported symp-
toms were found.18 This led investigators to a conclu-
sion that renewed investigations that explore food
additives and ADHD would be needed to establish a
relationship.18 The National Institutes of Health Expert
Panel on Food Allergy concluded that clinicians
should not recommend avoidance of food additives,
including artificial colors, in patients with ADHD.19

Several studies2–7, 20,21,22 investigated the prevalence
of adverse reactions to food additives. Contrary to the
general public perception, the prevalence of these reac-
tions is low.7 The prevalence in adults is estimated to
be < 1% and is slightly higher in children (1–2%).20–22

There also seems to be a discrepancy between self-per-
ceived and clinically reproducible reactions.2 For
instance, an estimated 23–67% of individuals with
asthma perceive that food additives exacerbate their
asthma; however, the prevalence rate of food-addi-
tive–induced asthma exacerbations obtained by dou-
ble-blind placebo controlled (DBPC) trials is < 5%.10 It
should be noted that children who are atopic may be at
increased risk of reaction.7 In a large multicenter study
that involved 335 children, the incidence of intolerance
of food additives was 2–7%, and children with atopic
skin symptoms had a statistically increased risk of pos-
itive reaction.23

ADDITIVES KNOWN TO CAUSE ADVERSE
REACTIONS
Although not an exhaustive list, below are some of

the most frequently encountered food additives known
to cause reactions, listed alphabetically.

Annatto
Annatto is a yellow-orange food coloring made from

the seeds of the achiote tree (Bixa orellana) found in
South America. An estimated 70% of natural food col-
ors are derived from annatto.24 Its color comes from

compounds called carotenoids, which are pigments
found in the seed’s outer layer as well as in other fruits
and vegetables. It is used to color candy, butter, mar-
garine, mayonnaise, sauces, mustard, sausage, soup,
juice, ice cream, bakery products, macaroni, and
cheese, among a multitude of other products. Two
studies reported adverse reactions to this additive in
children, which consisted of both urticaria and angio-
edema.25,26 In adults, there have been concerns for pos-
sible annatto-induced anaphylaxis.27

Aspartame
Aspartame is a synthetic dipeptide artificial sweet-

ener approved by the FDA in 1981 that is frequently
used in foods; medications; and beverages, notably car-
bonated and powdered soft drinks.28 Given concerns
that have been raised about aspartame’s potential link
to cancer, cardiovascular disease, and depression, the
European Scientific Committee on Food conducted a
review of >500 reports in 2002 and concluded from bio-
chemical, clinical, and behavioral research that the ac-
ceptable daily intake of 40 mg/kg/day of aspartame
remained entirely safe, except for people with phenyl-
ketonuria.29,30 A multicenter, randomized, placebo con-
trolled cross-over study challenged 21 subjects with a
history of a temporal (minutes to hours) association
between aspartame ingestion and the development of
urticaria and/or angioedema. Only four urticarial reac-
tions were observed, two after aspartame consumption
and two after placebo ingestion.31 Studies in adults have
also shown a correlation between daily aspartame
intake and chronic headache, but thiswas not confirmed
among children.32,33

Butylated Hydroxyanisole and Butylated
Hydroxytoluene
Butylated hydroxyanisole and butylated hydroxyto-

luene are closely related antioxidants that are used in a
variety of foods, including breakfast cereals, cakemixes,
chewing gum, drink mixes, and processed potatoes.
They are also found in non–food products, such as ani-
mal feed, cosmetics, and rubber. There are paradoxical
reports of both carcinogenic and anticarcinogenic prop-
erties.34 In one report, from 1990, which involved two
patients, butylated hydroxyanisole and butylated
hydroxytoluenewere associatedwith chronic spontane-
ous urticaria (CSU).35No further reports have followed.

Carmine
Cochineal carmine, or simply carmine (E120), is a

red coloring that is obtained from the dried bodies of
the female insect Dactylopius coccus.36 It is frequently
used in food, drinks, cosmetics, quasi-drugs, and med-
ications.37 Carmine has been implicated in urticaria
and/or angioedema, recurrent intermittent bouts of
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systemic dermatitis,38 asthma,39–41 and urticaria and/
or anaphylaxis42–44 in adults. Special consideration for
carmine are the following: in a study of >3000 patients
with “putative food or food additive–related cutane-
ous or intestinal symptoms,” that examined co-reactiv-
ity among carmine, shrimp, and mite, carmine
sensitization was found in 3% (94 subjects).45 Of the
subjects who were carmine sensitized, 74% also had
sensitization to dust mite, and 22% had sensitization to
shrimp.45 Reactions attributed to carmine ingestion
that occurred independently from dust and/or storage
mite reactivity were found in 42% (39/94).45

Carrageenan
Carrageenan is a natural carbohydrate (polysaccha-

ride) obtained from edible red seaweed. The name car-
rageenan is derived from the Chondrus crispus species
of seaweed (Rhodophyceace) known as carrageen
moss or Irish moss, and carraigin.46 Carrageenan has
gained wide applications in pharmaceutical formula-
tions, cosmetics, and food industries, given its utility
as a thickening agent and stabilizer.46 It can be found
in chocolate milk, in which it mitigates separation. It
also can be used as a binder in processed deli meats
and has been used as a vegan alternative to gelatin.
Additional uses include its role in nonfood products
such as toothpaste or air freshener gels. Reports of IgE-
mediated allergy seem limited to a case report of ana-
phylaxis to carrageenan-containing barium enema,
and a 10-month-old child who developed lip angio-
edema after eating icing on a cake.47,48

Erythritol
Erythritol is a naturally abundant sweetener that is

gaining more importance within the food industry. It
is widely used as sweetener in calorie-reduced food,
candies, or bakery products.49 Several isolated case
reports of urticaria and anaphylaxis have been
reported in response to erythritol ingestion.50–52

Food Dyes
Food dyes are added to different types of commod-

ities to increase their visual attractiveness and to make
food more appealing or to compensate for natural
color variations. The use of these additives is strictly
regulated in the European Union, the United States,
and many other countries worldwide. There is a grow-
ing concern about the safety of some commonly used
legal food colorants, and there is a trend to replace the
synthetic forms with natural products.53 There are
many azo and non-azo dyes approved by the Federal
Food, Drug, and Cosmetic Act (FD&C)53 that are
added to food, drink, and color-coded medicines.
Synthetic colorants include a variety of compounds,
including tartrazine, quinoline yellow, sunset yellow,

azorubine, ponceau 4R, erythrosine, Allura Red, patent
blue, indigo carmine, brilliant blue FCF, green S, bril-
liant black, and brown HT (Table 1).54

Tartrazine (FD&C yellow no. 5) is an approved azo
dye present in many drugs and food products, includ-
ing soft drinks and sports drinks. It is the best known
and one of the most commonly used food additives.55 It
was also the first food additive reported to cause hyper-
sensitivity reactions, going back as far as the 1950s.56,57

Initial concerns were that agents used in artificial color-
ing (i.e., tartrazine)were the cause of asthma in children;
however, no objective data to support these claims was
presented.58 There have since been many attempts to
link tartrazine sensitivity with bronchial reactivity, and
somephysicians have questionedwhether patientswith
aspirin-exacerbated respiratory disease might be at
increased risk.59–61 However, despite these claims, to
our knowledge, there have been no well-designed stud-
ies that corroborate concerns that tartrazine provokes
asthma exacerbations.
In fact, in a study that evaluated 194 patients with as-

pirin-exacerbated respiratory disease for tartrazine sen-
sitivity by oral challenge, no cross-reactivity between
aspirin and tartrazine was demonstrated, and none of
the subjects had positive reactions when DBPC chal-
lenges were performed.62 Nevertheless, the increased
attention to tartrazine62 over the years led to new regu-
lations that required the listing of azo dyes on package
inserts of drugs and on packages of food products. In
older, poorly designed studies, tartrazine was linked to
other illnesses, including CSU and intermittent flares of
atopic eczema; although subsequent investigationswith
more rigorous designs showed that the occurrence of
CSU and angioedema is actually very low (perhaps
1%).63–66 The most recent andmost rigorously designed
studydemonstratedwith 95%confidence that tartrazine
was not associatedwithCSU.67

Gelatin
Gelatin is a highly purified animal protein of pig, cow,

and/orfish origin, and iswidely used as a coating, bind-
ing, gelling, and glazing agent in food, pharmaceuticals,
and osmotic products, including confectionaries,
creams, lotions, facemasks, capsule shells, and dietary
supplements.68 There are many well-documented cases
of IgE-mediated anaphylactic reactions to gelatin-con-
taining medical products, including capsules, supposi-
tories, and plasma volume expanders.69 There also are a
number of gelatin-containing vaccines, such as intra-
nasal influenza, measels, mumps, rubella (MMR), vari-
cella, and rabies, with documented cases of anaphylaxis
to the gelatin within these vaccines.69 Clinical allergy to
redmeat andmeat-derived gelatin has been observed in
some reports.70 In a prospective review of these
patients, most patients allergic to red meat were
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sensitized to gelatin, and a subset was clinically allergic
to both; however, the pathogenic relationship between
sensitization to red meat, a-gal, and gelatin (with or
without clinical reactivity) remains uncertain.70

Guar Gum
Guar gum is derived from the seeds of the drought-

tolerant plant Cyamopsis tetragonoloba, a member of
Leguminosae family, and is often used as an edible
thickening agent.71 It has widespread applications in
the food industry due to its ability to hydrate without
heating. The demand for guar gum is growing because
it has been found to have potential in lowering serum
cholesterol and glucose levels, and some studies have
found it helpful in weight-loss programs.72 There has
been one case of severe contact urticaria to guar gum
included as a gelling agent in a local anesthetic as well
as a single case report of anaphylaxis to guar gum con-
tained in a meal substitute.73,74

Mannitol
Mannitol is a naturally occurring polyol (sugar alco-

hol) that is widely used in food, pharmaceutical, medi-
cal, and chemical industries.75 It is commercially
produced for use in chocolate coatings, confections,
and chewing gum. Despite its widespread use, allergic
reactions to mannitol are rare, although there is a sin-
gle case report in which oral mannitol used as a drug
excipient induced an immediate type hypersensitivity
reaction characterized by urticaria and angioedema76

MonosodiumGlutamate
Monosodium glutamate (MSG) is a salt form of a

nonessential amino acid commonly used as a food
additive for its unique flavor-enhancing qualities.77 It
provides a savory and/or meaty taste to food, and is
one of the most widely used food additives in commer-
cial foods.78 It is used in canned foods, crackers, meat,
salad dressings, frozen dinners, and a myriad of other
products, and can be found in local supermarkets, res-
taurants, and school cafeterias.78 The cluster of symp-
toms that include headache, skin flushing, and
sweating is now often referred to as “MSG symptom
complex.”79 This was originally described as the now
politically incorrect and offensive term “Chinese res-
taurant syndrome” in 1968.
A physician named Robert Ho Man Kwok wrote a

letter to The New England Journal of Medicine80 describ-
ing symptoms he allegedly developed 15–20 minutes
after eating meals at several Chinese restaurants. These
symptoms included posterior neck numbness that
radiated to both arms and back, along with general
weakness and heart palpitations that lasted up to 2
hours, with no residual effects.80 Despite these early
reports, decades of research have failed to demonstrate

a clear and consistent relationship between MSG inges-
tion and the development of these symptoms.34 MSG
has been described as a trigger for asthma exacerba-
tions, urticaria, and angioedema, but there are no con-
sistent data to support this relationship.79 Although
there have been reports of a MSG-sensitive subset of
the population, this has not been reproduced in pla-
cebo controlled trials.79,81

Nitrates and Nitrites
Nitrate is a natural constituent of the human diet

and an approved food additive.82 Nitrates and nitrites
are used as preservatives, primarily for the purpose of
curing meats; nitrite is recognized for its antimicrobial
effects against pathogenic bacteria, even though the
specific inhibitory mechanisms are not well known.83

A single case was reported of recurrent anaphylaxis
that occurred after eating takeout with nitrate- and/or
nitrite-containing food; this was reproduced with
DBPC capsule challenge (in which the placebo was
given first and followed by a number of substances,
one of which was nitrate).84 Other than this isolated
report, in which the patient also reacted to other sub-
stances during challenge (which were not, by history,
problems) and neither skin-prick tests (SPT) nor serum
specific IgE (ssIgE) testing was performed, we found
no convincing evidence in the literature of allergic
hypersensitivity to nitrates and nitrites, and there
should not be concern with regard to the potential risk
of anaphylactic reactions.9

Parabens
Parabens are derivatives of parahydroxybenzoic acid

and have been widely used as preservatives in the cos-
metics, food, and pharmaceutical industries for > 70
years. Their antimicrobial effects and utility as preser-
vatives have increased their prevalence in a variety of
products. In addition, they have minimal toxicity and
low cost, and no perceptible odor or taste. They also
do not discolor or harden, and have a neutral pH.85

Results of some poorly designed studies have sug-
gested the relevance of benzoates in adverse drug and
food reactions, with reactions characterized by eczema,
asthma, urticaria, and other cutaneous manifestations;
however, to our knowledge, there are not any well-
designed DBPC studies to suggest anaphylaxis with
foods that contained parabens and/or benzoates.86–89

Psyllium
Psyllium is a natural dietary soluble viscous fiber

derived from the husk of the blond psyllium seed.90 It
can slow gastric emptying and decrease the speed of
absorption of fat and glucose.91 It has gained attention
as a potential cholesterol-lowering source of fiber. It is
found in high-fiber cereals, ice cream, and baked
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goods. Allergic reactions from handling psyllium have
been reported since 1970, with health professionals
and workers in laxative-manufacturing plants being at
greatest risk.92 Urticaria and anaphylaxis are the most
commonly reported reactions, and tend to occur with
oral ingestion after previous sensitization.92,93

Sulfites
Sulfites are food additives found in a large variety of

food products to help reduce oxidation and brown-
ing.94 They help to limit bacterial contamination and
are generally regarded as safe for consumption by gov-
ernmental regulatory agencies, at concentrations up to
5000 ppm.95 In the 1980s and 1990s, the FDA acted to
reduce the likelihood that individuals who are sulfite
sensitive would unknowingly consume foods that con-
tain sulfites by prohibiting the use of sulfites on fruits
and vegetables (with the exception of potatoes) that
were to be served or presented fresh to the public.96

They also required that the presence of detectable lev-
els of sulfites be declared on food labels, even when
used as a processing aid, a component of another in-
gredient in the food.96 The most commonly used sulfit-
ing agents today include sulfur dioxide and sodium or
potassium sulfite or bisulfite or metabisulfite.
Sulfiting agents have been attributed as the cause of

a range of adverse effects, including anaphylaxis, urti-
caria, gastrointestinal symptoms, and dermatologic
eruptions; however, these effects have not been largely
substantiated by DBPC provocation studies.97 The role
of sulfiting agents that cause severe bronchospasm and
asthma is better established.60,98–100 It is important to
note that, although epinephrine autoinjectors contain
metabisulfite, there are no case reports to suggest that
autoinjectors are unsafe for patients who are sulfite
sensitive.101

Special consideration for sulfites includes the follow-
ing: in individuals with asthma, reactions are often
propagated by the acidification of sulfite and creation
of sulfur dioxide, which is then inhaled.102 This process
occurs in the stomach, and thus solutions, rather than
capsules, that contain sulfite are needed for additive
challenge in these patients. Other mechanisms that
underlie sulfite reactivity include IgE-mediated or
abnormal metabolism (low sulfite oxidase); these indi-
viduals may respond to sulfite in capsules.103–105 There
are protocols published that include skin testing and
challenge with capsules and a solution, which thus
encompasses all types of reactions.103,104 In our prac-
tice, we use an alternative protocol, with skin testing
when there is a history of anaphylaxis, and then oral
food challenge with either capsules or solutions when
the history is consistent with nonallergic reactions
(Table 1).

EVALUATION AND DIAGNOSIS

Evaluation of Patients with Suspected Food Additive
Allergy
A high index of suspicion is often needed to diag-

nose a food additive allergy. A major problem in diag-
nosing reactions to additives is identification of the
offending agent(s), which is based on taking a careful
dietary history. Reactions to food additives should be
suspected in patients who report symptoms related to
multiple foods or to a specific food when commercially
prepared but not when homemade.83 In patients who
are suspected to have IgE-mediated symptoms in rela-
tion to food additive consumption, further workup is
warranted.67 The goal of the evaluation is to establish
if reactions are due to a particular food additive. The
evaluation should use a stepwise approach, with a
careful history and examination, consideration of test-
ing for sensitization, and, often, an oral additive chal-
lenge if no contraindications exist.
The evaluation of a possible food additive allergy

must always begin with a careful history and physical
examination. A detailed history includes symptom
onset and severity, the spectrum of clinical manifesta-
tions, interventions or treatments required, and reac-
tion duration. Investigating preceding ingestions or
exposures (including food, medications, alcohol, exer-
cise, concurrent illness) is critical.106 Clinicians should
carefully review ingested foods and attempt to identify
possible culprit additive(s) shared among all the inges-
tions, with special attention being paid to those that
have been identified as etiologic agents in anaphylaxis
(annatto, carmine, erythritol, guar gum, psyllium, car-
rageenan, lupine, pectin, gelatin, metabisulfite, yeast,
mannitol). The physical examination should be com-
prehensive, exploring for other possible contributing
etiologies to the patient’s presentation.
Several distinct conditions must be considered on

the differential diagnosis for a food additive allergy.
A food additive allergy is commonly considered in
the differential diagnosis of CSU. If a patient’s pre-
sentation is suggestive of CSU, then food additive
avoidance should not routinely be advised.107 The
clinical history may also suggest a nonimmune-medi-
ated adverse reaction to food additive(s), in which
case, further workup for an IgE-mediated food
allergy would not be warranted. Multiple chemical
sensitivities and/or idiopathic environmental intoler-
ance (IEI) may also masquerade as a food additive
allergy, although patients with IEI generally have a
nonspecific assortment of symptoms in response to
various chemicals. IEI is a highly controversial diag-
nosis, and there is no current consensus on the appro-
priate workup and/or diagnostic criteria. Other
considerations in those who present with gastrointes-
tinal symptoms include carbohydrate malabsorption
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(impaired microvilli monosaccharide uptake, hypo-
lactasia, hypoamylasemia, disaccharidase deficiency),
bacterial overgrowth, or sorbitol-induced osmolar
diarrhea, which are discussed in more detail
elsewhere.108

If the history and physical examination are sugges-
tive of an IgE-mediated food additive allergy, then
identifying the culprit food additive is an imperative
next step. This may pose the most challenging aspect
of evaluating a possible food additive allergy.22 Of the
thousands of chemicals used in the food manufactur-
ing process that are recognized by the FDA as food
additives, only a small number have been associated
with IgE-mediated food allergies, many of which are
detailed in Table 1.7 If a food additive is identified that
results in consistent reactions that occur predictably
and reproducibly after ingestion, further testing may
be considered.109–111

Evaluating for Sensitization
Exploring for sensitization to food additives by using

skin (SPT or intradermal test) or ssIgE values is limited
in most instances.22 The ssIgE and skin testing have not
been validated for any food additives, and the sensitiv-
ity and specificity of these modalities are unknown.
Despite this, ssIgE is available for several substances,
e.g., the natural colorants (e.g., annatto, saffron, carmine,
mannitol, vegetable gum) (Table 1).7 However, the cut-
offs to determine sensitization and thereby inform the
risk of reactivity have not been definitively established.
Data on the validity are impeded by heterogeneity
between studies in the operational definition of reac-
tions, variability between skin test reagents and concen-
trations, and lack of confirmation of allergy by oral food
additive challenge (OFAC). The 2008 allergy diagnostic
testing practice parameters recommend against SPT to
food additives, given these limitations.112

Nonstandardized skin testing may be considered
with food or purified preparations thereof, and positive
and negative controls are imperative in the interpreta-
tion of these results. Ideally, positive test results should
be confirmed to be nonirritating by repeating the tests
by using the same concentrations on allergy control sub-
jects, i.e someone who is not the patient, this could refer
to any staff in the clinic. Similar to commercially avail-
able testing, the positive and negative predictive values
for these tests are not known. Given these numerous
limitations in exploring for sensitization to food addi-
tives, oral food challenges are the criterion standard for
diagnosing a food additive reactivity for both IgE- and
non–IgE-mediated reactions alike.

OFACs
OFACs are critical in accurately diagnosing a food addi-

tive allergy. The contraindications toOFACs are similar to

other oral challenges in allergy (Table 2).111,113,114

Determining which type of oral challenge to perform
requires consideration of multiple factors. Open OFAC
canbe considered if the suspicion for bias is lowandobjec-
tive symptoms are likely.111,113,115 Single- or double-blind
food additive challenge, ideally with placebo control,
should be performed if there is a suspicion for bias, antici-
pation of subjective symptoms, or inconclusive open
OFAC.111,113 Placebo doses can be administered in a sepa-
rate session from the active food additive for a total of two
sessions, either a morning and afternoon session or on
two separate days.111 Another approach is to administer
placebo doses in the same session as the active food addi-
tive111; we favor this approach because timing (need for
multiple sessions) can be problematic and medications
wear off and confound interpretation of results of serial
challenges, especially if placebo is administeredfirst.116

For those in whom IgE-mediated reactions are con-
sidered, the initial additive dose should be 0.1–1% of
the total challenge dose (serving size).111 Dosing has
not been well established, but, consistent with food
challenges, should be the most that an individual
would receive in a given meal. For many additives,
this is not well established and the acceptable daily
intake can be used as a guide.117 Obtaining the food
additive for challenge can be difficult because hospitals
or compounding pharmacies, along with life sciences
companies, may contain certain additives, although
these are pharmaceutical- rather than food-grade
reagents. Food service supply companies are an alter-
native. We recommend these commercial companies in
preference to ordering on the Internet for safety and
validity reasons, although a lack of availability may ne-
cessitate obtaining reagents online.
Demonstrating the importance of double-blind

OFAC is a study in subjects with asthma, in which all
who had a positive open OFAC result underwent dou-
ble-blind challenge (except for one subject who had
positive open challenge to non-azo dye).118 In this
study, 15.9% (7/44) were positive on tartrazine open
challenge but none (0) were positive on double-blind
challenge; 9.3% (4/43) were positive to azo dyes on
open challenge and 2.3% (1) were positive on double-
blind challenge; 7.1% (3/42) were positive to non-azo
dyes on open challenge and 2.4% (1) were positive on
double-blind challenge; and 4.6% (2/43) were positive
to sodium benzoate on open challenge and 2.3% (1)
were positive on double-blind challenge.118 In a study
of various food additives, only 32.1% of the subjects
(9/28) who had positive SPT results demonstrated
reactivity on open challenge.119

In a double-blind OFAC, placebos are important to
include, given the propensity for false-positive reac-
tions and the phenomenon of classically conditioned
allergic responses.120,121 Placebos should be unable to
be differentiated from doses that contain the suspected
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food. When selecting a placebo, clinicians need to con-
sider odor, texture, taste, and other unique qualities
that could serve to distinguish the suspected allergen.
For example, lemon juice and sugar, or sulfite-free lem-
onade powder can be used to mask a potassium meta-
bisulfite solution. Patients are told that placebo will be
intermixed with the additive as part of a routine proce-
dure, but clinicians do not give further details so
to minimize bias. Sucrose-containing placebos are
included as the first and last steps of the challenge, and
the final active dose should be greater than the likely
exposure from any one meal.
There are multitudes of different materials that can

be used to mask challenge foods.111 We prefer to use
capsules for food additive challenges because a full
dose can be achieved with just a few capsules without
adulteration, which thus limits the possible destruction
or interference of absorption of relevant allergens.114

Most of the patients who are seen for concern of food
additive allergy are adults who are able to swallow
capsules, although, in children or adults with dyspha-
gia, this may not be possible. One disadvantage of cap-
sules is that early oral symptoms are circumvented,
and, also, there may be delayed absorption due to the
time taken for capsule degradation; these factors neces-
sitate longer dosing intervals (30–60 minutes, observa-
tion �2 hours).114 However, the overall convenience
and efficacy of capsules in placebo controlled challenge
often justifies the few drawbacks.
At our institution, for reactions that are thought not

to be IgE mediated, we perform a mixed additive chal-
lenge in the subjects who claim to have non-anaphylac-
tic reactions to multiple different foods, primarily with
the goal of ruling out food additive allergy in those
with a low pretest probability for a positive reaction.
Less commonly, this can be used in those who have a

Table 2

Steps During Oral Additive Challenge Additional Considerations

1. Preprocedure medication management Inhaled bronchodilators and cromolyn: hold the morning of
the procedure; anti-histamines: discontinue based on the
half-life of the drug; b -blockers and ACEI: weigh risks and
benefits of stopping 24 hr before challenge

2. Informed consent Written informed consent, document in chart
3. Standard precautions As would be undertaken for other oral challenges
4. Risk stratify the patient History of severe reactions: intravenous access should be con-

sidered; underlying cardiopulmonary disease: intravenous
access should be considered; asthma: assess control; rule
out exacerbation and/or frequent SABA use; if indicated,
FEV1 should be � 70% of patient’s best results and � 1.5 L;
for the patient who is ill: reschedule challenge, patients
should not be ill

5. Monitor patient closely during procedure Baseline and recurrent vital signs; physical examination; spi-
rometry; observe for signs or symptoms of IgE-mediated
reaction; if there are only subjective symptoms, prolonging
the period between doses and waiting for symptoms to
resolve is reasonable before administering the next dose

6. Managing a reaction to placebo Inform the patient that the reaction was to a placebo; reassure
that this is not uncommon and discuss implications

7. Managing an allergic reaction to food additive Stop challenge if there are signs of an allergic reaction, even if
no treatment needs to be given; based on symptoms con-
sider treatment with antihistamines, inhalers, IM epineph-
rine. IVF, positioning (supine or Trendelenburg), etc.;
observe 2 hr after symptoms subside

8. Discharging a patient who experienced an aller-
gic reaction to food additive during challenge

Avoidance is recommended; the patient should be instructed
on how to read labels and identify the chemical and alter-
native names for the implicated food additive; they should
also be given a prescription for injectable epinephrine and
instructed on indications for use and technique

ACEI = ; SABA = ; FEV1 = forced expiratory volume in the first second of expiration; IgE = immunoglobulin E; IM = intra-
muscular; IVF = Intravenous fluids.
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history of a possible or probable reaction in which a
culprit food additive cannot be identified; if the chal-
lenge result is positive, then pursuit of the causative
agent should be undertaken with single additive
challenges. This is not recommended for those who
are “chemically sensitive” or in which IEI is sus-
pected.101 We give all 15 capsules at the same time
with water, with the observation period to be deter-
mined by the patient’s history (doubling the histori-
cally reported time between ingestion and symptom
recurrence). We do not give placebo doses nor do
graded challenge for this procedure (Table 3).
Additional steps to consider during food additive
challenge are detailed in Table 2.

MANAGEMENT ONCE DIAGNOSIS IS
ESTABLISHED
If it is established that a food additive is causing

adverse reactions, then avoidance of the specific addi-
tive of concern is imperative. Education plays a critical
role, and the clinician should provide information
about in which foods the additive is commonly found.
The provider should give recommendations for
patients to carefully read the ingredient lists on all
food labels. It is also important that the patient learns
alternative nomenclature for the relevant additive. In
the rare event that an adverse reaction is found to be
consistent with an IgE-mediated food additive allergy,
an epinephrine autoinjector should be prescribed and
instruction provided on symptoms that necessitate use
as well as proper technique.

SUMMARY

• Of the thousands of food additives in use today,
only a handful are associated with immunologic or
nonimmunologic reactions.

• There are a variety of additional symptoms that
have been attributed to food additives, although
these have not been confirmed with DBPC trials.

• An allergy evaluation should be considered for
patients who report asthma exacerbations, urticaria
and/or angioedema, or anaphylaxis with ingestion
of a food additive.

• Although IgE immunoassays are currently available
for certain food additives and skin testing can be
performed, the sensitivity and specificity in deter-
mining sensitization are not well defined, and, there-
fore, OFACs are the criterion standard for a
diagnosis.

• Food additive challenges can be used to prove or
disprove a food additive as the cause of a patient's
reaction, and the use of placebo is important in these
procedures.
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