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1.03-3.5). This trial is published in abstract form only, with no details on
the randomization being available.

Another recent systematic review by de Silva et al. found seven high-
quality studies on maternal diets and also concluded that “overall, the evi-
dence is not strong enough to recommend changing the diet or supplements
of pregnant or breastfeeding women” to prevent food allergies in infants at
normal or high risk of food allergies (de Silva et al., 2014).

The committee concludes that, to date, study findings provide limited
evidence to support or discourage eliminating allergenic foods from the diet
of pregnant or lactating women at high risk of having a child with allergies.
Because the evidence about the benefits of consuming or eliminating aller-
genic foods during pregnancy and lactation is not clear, additional RCTs
are warranted before providing advice in this regard. Studies exploring the
effect on the development of food allergies in children of intake of allergens
by the mother are in progress.

Breastfeeding

Breastfeeding is an important early life factor that determines an indi-
vidual’s gut microbiota and likely indirectly modulates immune responses.
In addition, breastfeeding transfers bioactive compounds from the mother
to the child that can also influence immune responses. However, the evi-
dence assessing any potential link between breastfeeding and food allergies
risk is not clear. Systematic analysis of observational studies on the protec-
tive effect of breastfeeding have shown conflicting results, and many of
the studies included were conducted decades ago when food allergy was
uncommon and methods of assessment were limited (Grimshaw et al.,
2009). Most systematic reviews have failed to find a specific beneficial effect
of breastfeeding on food allergy or food sensitization (de Silva et al., 2014;
Kramer and Kakuma, 2012). Moreover, two cohort studies reviewed in de
Silva et al. (2014) suggested that exclusive breastfeeding for 8 weeks did not
reduce the risk of cow milk allergy (measured by parents report followed
by SPT and oral food challenge) (Saarinen et al., 1999) and breastfeeding
for 5 months or more may increase the likelihood of sensitization to egg in
infants at high risk of atopy, although food allergy was not assessed (Wetzig
et al., 2000). Importantly, the apparent negative effects of extensive breast-
feeding may relate to the delayed introduction of first complementary foods
rather than the effects of breast milk per se (see the section “Dual Allergen
Exposure Hypotheses” in this chapter). Alternatively, these recent findings
of increased risk of breastfeeding may simply be a misinterpretation of the
data related to the reverse causation phenomenon (see the section “Meth-
odological Limitations” in this chapter). One study found that the effects
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of breastfeeding on food sensitization can be modified by genetic variants
relevant to allergic diseases (Hong et al., 2011).

Lodge et al. undertook a systematic review to assess the role of breast-
feeding in food allergy (Lodge et al., 2015). The review included nine cohort
and four cross-sectional studies. The numbers of participants ranged from
163 to 21,766 (cohort studies) and from 1,278 to 13,110 (cross-sectional
studies). No association with food allergy was found for more versus
less® breastfeeding in the pooled estimate (6 cohort and 6 cross-sectional),
although study heterogeneity was high. Various sub-analyses failed to find
any protective association of breastfeeding for food allergy. The primary
issue concerning the quality of these studies was the poor accuracy of
outcome assessment. Only two studies used OFCs, the recognized gold
standard for food allergy diagnosis; most studies relied on parental report
of symptoms or on physician diagnosis.

The committee’s review of the evidence found eight studies (seven cohort
and one cross-sectional) that explored breastfeeding as a food allergy risk
determinant. Although Ivakhnenko and Nyankovskyy showed that infants
(N=240) who were breastfed had significant risk of developing an allergy
to cow milk protein and had gastrointestinal symptoms of food allergy by
age 18 months compared with those who were fed standard infant formula,
the risk of bias of this trial was high due to unclear definitions and diag-
noses of food allergy outcomes and high dropout rates (Ivakhnenko and
Nyankovskyy, 2013). Two studies performed only unadjusted analyses so
the results (mostly no significant associations) are likely to be confounded
(Grimshaw et al., 2014; McGowan et al., 2015). The other four cohort
studies showed associations between longer duration of breastfeeding (any
or exclusive) and a lower risk of developing cow milk sensitization (Liao et
al., 2014; N=258), food allergy (Stelmach et al., 2014; N=501; aOR: 0.88;
95% CI: 0.82-0.95), or multiple food allergy (predominantly egg) (Peters
et al., 2015; N=5276; aOR: 1.17; 95% CI: 1.09-1.24) after adjusting for
potential confounders. The single cross-sectional study did not find a signifi-
cant association between exclusive breastfeeding (poorly defined) and food
allergies among children (N=386) ages 0 to 18 years with atopic dermatitis.
Luccioli et al. collected data from prospective cohort of children (N=1,363)
who participated in the Infant Feeding Practices Study (IFPS) II and also
found no significant relationship between breastfeeding for various periods
and food allergies (Luccioli et al., 2014). Only some studies used OFC as
an outcome measure (Grimshaw et al., 2014; Peters et al., 2015). The single

 More or Less: The authors included all studies. When multiple odds ratios were available
for a single study, the authors preferentially selected estimates for exclusive breastfeeding, then
longest duration versus shortest. When multiple ages of outcome were available, the authors
chose the oldest up to 18 years.
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cross-sectional study did not find a significant association between exclusive
breastfeeding (poorly defined) and food allergies among children, ages 0 to
18 years, with atopic dermatitis (Mailhol et al., 2014).

As mentioned above, investigation of the role of breastfeeding in aller-
gic disease is particularly prone to confounder bias because families who
are at high risk of allergy are more likely to breastfeed, as recommended
by some guidelines. In addition, the composition of human milk changes
from colostrum to late lactation and throughout the day, and differs from
mother to mother (Ballard and Morrow, 2013) and could therefore affect
health outcomes of the child. Compounding the difficulties in this area is
the inability to randomize to a nonbreastfeeding arm, as this would be
unethical given the many well-established benefits of breastfeeding, such as
protection against some chronic diseases, obesity, and infections.

The committee concludes that due to inconsistencies in results from
prospective studies, the evidence that breastfeeding is protective against
food allergies is limited. Strong evidence is unlikely to be forthcoming
because of the ethical inability to randomize a population to breastfeeding
alternatives. However, additional well-designed prospective research studies
in infants at low and high risk for food allergy are needed.

Types of Infant Formula

Significant interest has been expressed in the use of modified infant
formulas—especially partially hydrolyzed formulas (PHF), which include
longer cow milk peptides, and extensively hydrolyzed cow’s milk formulas
(EHF), which include di- and tri-peptides derived from cow milk protein—
as a way to avoid allergen exposure and prevent early childhood allergic
disease. As a result of demand from families with a history of allergy
seeking readily available primary prevention interventions, industry has
responded with the development of a variety of “allergy prevention” formu-
lae, and expert bodies have provided recommendations regarding their use
for preventing allergies. Some infant feeding guidelines have recommended
that hydrolyzed formula can be considered as primary prevention therapy
for some allergic diseases. In the United States, a policy statement from the
American Academy of Pediatrics indicated that in studies of infants at high
risk of atopy, modest evidence supports the delay or prevention of onset
atopic dermatitis by the use of hydrolyzed, and particularly extensively
hydrolyzed, formulas (Greer et al., 2008). In Australia, the Australasian
Society of Clinical Immunology and Allergy Guidelines: Infant Feeding and
Allergy Prevention no longer recommends hydrolyzed formulas as primary
prevention therapy for allergic diseases. The guidelines now state, “Based
on a recently published review of studies (Boyle et al., 2016), no consistent
convincing evidence supports a protective role for partially hydrolyzed for-
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mulas (usually labelled ‘HA’ or Hypoallergenic) or extensively hydrolyzed
formulas for the prevention of eczema, food allergy, asthma or allergic
rhinitis in infants or children” (ASCIA, 2016Db).

A Cochrane review supports the use of hydrolyzed formula to prevent
allergy in high-risk infants who are unable to be completely breastfed but
not for those infants who can breastfed (Osborn and Sinn, 2006, 2009).
Critics of this Cochrane review have pointed out that it suffers from small-
study publication bias (i.e., scarcity of small negative studies) (Lowe et
al., 2013) and thus the beneficial effect of PHF was likely overestimated.
Due to the methodological concerns and inconsistency of the findings of
the studies included in the review, the authors themselves recommend that
further larger trials be conducted. Subsequently, new evidence from a large
intervention trial of 620 high-risk infants (the Melbourne Atopic Cohort
Study) has emerged. Findings from this trial challenge the effectiveness of
PHF (Lowe et al., 2011).

The German Infant Nutritional Intervention (GINI) study was a trial
aimed at exploring the effect of hydrolyzed formulas (compared to cow
milk formula) in preventing allergic diseases in infants at high risk of atopy.
Infants (N=2,252) were randomly assigned at birth to receive partially or
extensively hydrolyzed whey formula, extensively hydrolyzed casein for-
mula, or cow milk formula as milk substitute for the first 4 months when
breastfeeding was insufficient. In a follow up until the children were age
6 years, hydrolyzed infant formulas prevented eczema and allergic mani-
festation (atopic dermatitis, food allergy, allergic urticaria, asthma, and
hay fever/allergic rhinitis) (von Berg et. al., 2008). However, subsequent
results showed little evidence of an ongoing preventive effect between the
ages of 7 and 10 years (von Berg et al., 2013a). These more recent findings
have not yet been incorporated into the Cochrane review. Likewise, the
European Academy of Allergy & Clinical Immunology (EAACI) system-
atic review included both the Cochrane review and the Melbourne Atopic
Cohort Study as well as the preliminary GINI results but did not include
the latest results from the GINI study. Therefore, their conclusion supported
the protective effect for PHFE. Interestingly, the most recent findings from
the GINI study suggest that casein-predominant EHF might be expected
to have a greater biological effect than PHF because the formula is more
extensively modified (von Berg et al., 2013a,b). However, most infant feed-
ing guideline recommendations are based on the reality that PHF is both
cheaper and more palatable than EHF and therefore should be considered
instead of EHF. Additionally, in some countries EHF is only available with
a prescription, which significantly increases costs to the health care system.

Most recently, Boyle et al. conducted a systematic review and meta-
analysis of studies to determine whether feeding infants with hydrolyzed
formulas reduces their risk of allergic disease (Boyle et al., 2016). Their
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search yielded 37 intervention trials of more than 19,000 participants,
although few studies included in the meta-analysis were published in the
past 10 years. For the majority of studies, infants were considered to be at
high risk of allergy because a first degree relative had a history of allergic
disease. Overall, the pooled data showed no significant reduction in risk of
any food allergy in infants ages 0 to 4 years when they were fed EHF or
PHF compared to standard cow milk formula. On concluding the review,
the authors found that previous studies suffered from unclear or high risk
of bias. The review also showed evidence of conflict of interest and had
inadequate methods of randomization and treatment allocation (selection
bias). The authors recommended that international infant guidelines should
be revised to remove the recommendation that hydrolyzed formula protects
against allergic disease. In addition, a review of systematic reviews also
stated that evidence is insufficient to conclude that the use of hydrolyzed
formulas may reduce food allergy or sensitization when compared with
standard formula in children with high atopy risk, and no evidence sup-
ports hydrolyzed formulas over breast milk for prevention of food sensitiza-
tion or food allergy (Lodge et al., 2013).

The committee concludes that the studies on the effects of PHF or EHF
for preventing food allergies have methodological flaws and their findings
are inconsistent. Therefore, evidence on the effect of PHF or EHF for the
prevention of food allergies is limited. If this area were to be investigated,
high-quality RCT studies on the effects of PHF and EHF to determine
whether hydrolyzed infant formulas influence the onset of food allergies
would be needed before the use of these formulas could be recommended
for prevention.

Dual Allergen Exposure Hypothesis

The “Dual Allergen Exposure” hypothesis proposes that allergic sen-
sitization to foods may occur through exposure to low doses of allergen
through the skin due to food allergens in the environment being absorbed
through a damaged skin barrier (such as in eczema or presence of filag-
grin loss-of-function mutations). This hypothesis also proposes that oral
exposure to these allergens through consumption of allergenic foods early
in infancy, before skin sensitization, leads to lasting oral tolerance and
prevents the development of sensitization and allergy even with subsequent
skin exposure (Du Toit et al., 2016; Lack, 2012; Lack et al., 2003) (see
Figure 5-4).

Mechanistic evidence supporting this hypothesis comes from mouse
models (Strid et al., 2005). Recent studies suggest that the activation of
innate immune pathways in the skin through thymic stromal lymphopoi-
etin, an interleukin (IL)-7-like cytokine associated with atopic dermatitis
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FIGURE 5-4 Dual-allergen exposure hypothesis for the pathogenesis of food al-
lergy. Allergic sensitization can result from cutaneous exposure and tolerance is
favored as a result of oral exposure to food.

NOTE: GI = gastrointestinal, Treg = T regulatory.

SOURCE: Lack, 2012. Reprinted with permission from Elsevier.

and asthma, and basophil activation may play a key role in development of
food allergy secondary to cutaneous sensitization in animal models (Muto
et al., 2014; Noti et al., 2014).

Studies of human populations to date have primarily focused on peanut
allergy. One human study demonstrated that peanut allergens can be found
in the household environment and that higher exposure to environmental
peanut antigens appears to increase the risk of peanut allergy in children
with either filaggrin loss-of-function mutations or atopic dermatitis (Brough
et al., 2014).

Other contextual factors support this hypothesis. Weaning practices in
developed countries, coupled with high eczema rates may contribute to the
high prevalence of food allergy. In the Western world, eczema prevalence is
as high as 25 percent by age 1 year (Martin et al., 2013). (As noted previ-
ously, eczema frequently co-associates with food allergy, with 50 percent of
those with early onset, moderately severe eczema developing food allergy
by age 1 year [Martin et al., 2015].) This, coupled with recommendations
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in the late 1990s and early 2000s to delay allergenic solids (e.g., egg until
age 24 months and peanut until age 3 years) provide the correct temporal
framework for this practice to have had a potential effect on the epidemic
(Koplin and Allen, 2013). The following section presents the evidence on
the main factors related to this hypothesis, namely skin barrier function and
timing of introduction of foods. The section also includes the results from
recent studies on introduction of diet diversity in early life.

Adequate Early Life Skin Barrier Function

It is important to note that mutations leading to filaggrin loss-of-
function appear to be equally common among individuals with asymptom-
atic food sensitization and those with true food allergy (Tan et al., 2012a),
suggesting that filaggrin confers a risk for food sensitization—the first step
to food allergy—but not for food allergy itself. Previous studies reporting
an association with food allergy were not designed to untangle any differ-
ential effect between sensitized tolerant and sensitized allergic individuals
(Brown et al., 2011). Recent data from the Isle of Wight birth cohort used
path analysis to demonstrate that the effect of filaggrin loss-of-function
mutations on food allergy at age 10 years occurred indirectly through an
effect on eczema and food sensitization in early childhood (Venkataraman
et al., 2014). Together, these findings suggest that skin barrier function
plays a role in sensitization status but not in food allergy or tolerance.

Two recent RCTs have investigated the application of daily moistur-
izer from birth in an attempt to reduce infantile eczema. Although the
studies are small in size, the results support the idea that the integrity
of the skin barrier is related to preventing food allergy. One RCT in the
United States and the United Kingdom (N=124) examined the effects of
an intervention that consisted of the use of an emollient at least once per
day on neonates at risk of atopic dermatitis (Simpson et al., 2014). Atopic
dermatitis was measured at 6 months. The results demonstrated a signifi-
cant protective effect against atopic dermatitis (relative risk [RR]: 0.50;
95% CI: 0.28-0.9; P=0.017). The second trial examined the effect of using
a moisturizer from the first week of life on eczema as a primary outcome
and egg sensitization (but not allergy) as a secondary outcome in a group
of 118 neonates at high risk of atopic dermatitis (Horimukai et al., 2014).
At 32 weeks postnatal age, application of moisturizer to neonates was
effective at preventing atopic dermatitis after 32 weeks, but unfortunately
the trial showed no evidence of a reduction in sensitization to egg white
in this relatively small study of 118 infants. However, a higher proportion
of infants with atopic dermatitis showed egg sensitization compared with
infants without atopic dermatitis.
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The committee concludes that limited but consistent evidence on muta-
tions on the filaggrin gene and on preventing eczema at early age suggests
that impairment of skin barrier function plays a role in sensitization status
as the first step on the path to food allergy.

Timing of Introduction of Solids and Infant Feeding

The dual antigen exposure hypothesis states that the second factor in
the two steps to food allergy is the delay in oral allergen exposure. Until
recently, delayed introduction of solids and particularly allergenic solids
into the infant’s diet was a strategy adopted in many countries with the
aim of reducing or preventing food allergies. Although exclusive breastfeed-
ing for the first 6 months of life has been universally recommended in all
countries to promote its health benefits (WHO, 2016), as described above,
no evidence indicates that exclusive breastfeeding prevents the development
of food allergies.

In 2008 and 2009, specific dietary advice to avoid peanuts in the
United Kingdom and the United States, respectively, was rescinded (Greer
et al., 2008; NHS, 2015a) based largely on the premise that evidence was
insufficient to promote avoidance as a strategy to prevent food allergies.
More recent advice does not state whether infants should actively receive
allergenic foods, and if so at what age. Indeed, a recent nationwide UK
dietary survey showed that only 8 percent of children younger than age 1
year had consumed any foods containing peanut (McAndrew et al., 2012).

The EAACI systematic review includes three cohort studies that found
that the concept of delaying solid foods or cow milk consumption until 4
months of age does not appear to confer any benefit in terms of food aller-
gies (de Silva et al., 2014). Most recently, evidence has been accumulating
about the benefits of introducing allergens early. This section will focus on
the most recent RCTs that evaluate the benefits of introducing allergens
early in life.

In 2008, Du Toit et al. found that the level of peanut allergy in Jewish
children in the United Kingdom was 10-fold higher than that of Jewish chil-
dren in Israel and that median consumption of peanut protein was 0 g per
month in the United Kingdom versus 7.1 g per month in Israel'® (Du Toit
et al., 2008). Based on these results, Du Toit et al. conducted a large RCT
to formally assess whether early introduction of peanut prevented the
development of peanut allergy at age 5 years (Du Toit et al., 2015). The
LEAP (Learning Early about Peanut Allergy) study randomized 640 highly

10 At the time, it was common practice in Israel to introduce a peanut snack (Bamba) as a
weaning food into the diet of infants around the age of 4 to 6 months. In contrast, UK guide-
lines at the time recommended that children avoid peanut until after age 3 years.



POTENTIAL GENETIC AND ENVIRONMENTAL DETERMINANTS 195

atopic children with severe eczema and/or egg allergy to either consump-
tion or avoidance of peanut at ages 4 to 11 months and the intervention
continued until the children were age 5 years. The results showed that early
consumption of peanut reduced the prevalence of peanut allergy (diagnosed
by DBPCOFC) at age 5 years by more than 80 percent. The reduction was
effective in children who were either SPT negative or SPT positive to peanut
(wheals of 1, 2, 3, or 4 mm). As 17 percent of the LEAP cohort had peanut-
specific IgE =0.35 at entry into the study and 27 percent had detectable IgE
(0.1 kU,/L), prevention of peanut allergy was occurring for the majority
of children after IgE sensitization had occurred; this represents secondary
prevention (Du Toit et al., 2013). However, for infants in the group who
were SPT negative at enrollment and who had no detectable IgE, early con-
sumption of peanut also reduced the prevalence of peanut allergy (6 percent
and 1 percent in the peanut avoidance group and in the peanut consuming
group, respectively). This primary prevention strategy also was effective in
a secondary analysis in children of different races.

As reviewed in Chapter 4, at the moment, we do not have definitive
biomarkers to define tolerance. It is of interest that during the LEAP study,
an early rise in peanut-specific IgG4 and peanut-specific IgG4/IgE ratio
occurred in the peanut-consuming group (Du Toit et al., 2015). A high
peanut-specific IgG4/IgE ratio was associated with protection against pea-
nut allergy. Although the peanut-specific IgG4/IgE ratio decreased in the
original peanut-consuming group during the period of peanut avoidance in
the follow-up LEAP-On Study (Du Toit et al., 2016), it remained signifi-
cantly higher than in the original peanut avoidance group. Interestingly in
LEAP, peanut-specific IgE was not significantly different between the origi-
nal peanut consuming and peanut avoidance groups throughout the study.
However, peanut-specific IgE to Ara h 2 started to decline in the original
peanut consuming group after 2.5 years of consumption, and continued to
decline despite 1 year of peanut avoidance in that group between ages 5 and
6 years (Du Toit et al., 2016). This suggests potentially that high production
of allergen-specific I[gG4 may be important in the initiation of tolerance and
that inhibition of IgE synthesis may be important in long-lived tolerance.

In order to determine whether early introduction of peanut was effective
at preventing peanut allergy in the absence of ongoing peanut consumption,
the LEAP-On Study was designed (Du Toit et al., 2016). Children (N=566)
from the original LEAP cohort, irrespective of whether they were in the
original peanut consumer or avoidant group, were asked to completely
avoid peanut consumption for 1 year and then their peanut allergy status
was determined by OFC, SPT, and specific IgE. Despite high adherence
to this protocol of avoidance, the protective effects of early consumption
remained and the original peanut consuming group had a 74 percent reduc-
tion in peanut allergy at age 6 years compared to the original peanut avoid-
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ant group. Another follow-up study, the LEAP Adlib Study, is currently
being designed. In this trial the original LEAP participants will continue to
be followed up for a 4-year period of ad libitum consumption of peanut
to determine whether the effects of early introduction remain protective.

In regard to other foods, observational studies suggest that delayed
introduction of egg (Koplin et al., 2010), cow milk (Katz et al., 2010), and
wheat (Poole et al., 2006) are associated with an increased risk of those
respective food allergies. Various trials are in progress to confirm or refute
these observations (see Table 5-1). Early evidence from Koplin and Allen
(2013, p. 830) “suggests that if a window of opportunity for promoting
tolerance exists, it may be different for each food” (Koplin and Allen, 2013,
p- 830). However, further investigation is required. In the large HealthNuts
study, where egg allergy was determined by challenge (among other food
allergens), it was found that early introduction (age 4 to 6 months) of hen
egg in the infant’s diet protected against the development of egg allergy,
but introduction after 6 months of age was associated with significantly
increased risk of developing egg allergy and even more so if introduced
after age 9 months (Koplin et al., 2010). The results from the LEAP study
(Du Toit et al., 2015) also are supported by data from the Solids Timing for
Allergy Research (STAR) trial, which randomized 86 infants with eczema
to egg avoidance or early regular egg consumption from age 4 months. The
study found a lower, nonsignificant prevalence of egg allergy by 12 months
in the intervention group (33% versus 51%; P=0.11) (Palmer et al., 2013).
In a large birth cohort study conducted in Israel, IgE-mediated cow milk
allergy did not occur in infants (N=13,019) who had received cow milk-
based formula regularly in the first 2 weeks of life. In contrast, children who
had formula milk introduced at age 3 to 4 months had the highest rate of
cow milk allergy (Katz et al., 2010).

The EAT (Enquiring about Tolerance) intervention trial, which has
recently been published, also examined the effects of early introduction of
common allergenic foods. Unfortunately, compliance with intervention in
this trial was low and the intention to treat analysis did not reveal a protec-
tive effect from early introduction of solids. In contrast, the per protocol
analysis did suggest that early introduction of other common allergenic
foods into the diet of infants may protect against the development of food
allergies in general (Perkin et al., 2016). In the EAT study, exclusively
breastfed infants (N=1,303) were recruited in the general population and
randomly assigned at age 3 months to either introduction of six allergenic
foods (cooked egg, peanut, cow milk, sesame, white fish, and wheat) (Early
Introduction Group) or to the current recommended practice of exclusive
breastfeeding until approximately 6 months of age (Standard Introduction
Group). The primary outcome was determined to be food allergy between
1 and 3 years of age determined in nearly all participants by DBPCOFC.
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The study showed a modest and nonsignificant 20 percent overall decrease
in the rate of food allergies in the Early Introduction Group (5.6 percent
compared to 7.1 percent in the Standard Introduction Group). However, in
a per protocol analysis, the prevalence of any food allergy was significantly
lower in the Early Introduction Group compared to the Standard Intro-
duction Group (2.4 percent versus 7.3 percent; P=0.01) representing a 66
percent reduction in the prevalence of overall food allergy. The effects were
most apparent for peanut allergy in the per protocol analysis (0 percent in
the Early Introduction Group versus 2.5 percent in the Standard Introduc-
tion Group; P=0.003) and for egg allergy (1.4 percent versus 5.5 percent;
P=0.009). These changes also were accompanied by decreases in SPT to the
foods in the Early Introduction Group. A dose-response analysis revealed
that 2 g of peanut protein or egg white protein per week appeared to be
most protective against these food allergies. Interestingly 2 g of peanut
protein per week is the dose that was observed in the Du Toit et al. study
in Israel where children appeared to be protected against peanut allergy
(Du Toit et al., 2008).

The EAT study shows that early introduction of foods was safe, as the
intervention group did not experience an increased number of reactions
compared to the controls. However, it is difficult to make any certain
conclusions from the EAT study about the efficacy of early introduction of
foods, given that efficacy was seen only in the per protocol group. Although
careful analysis did not show any evidence of bias that could account for
these results, it is not possible to completely exclude unmeasured bias.

A number of factors appeared to be associated with nonadherence to
early introduction of foods relating to atopic predisposition. These include
ethnicity, family life, readiness to eat solid foods, and parental perception
of possible food allergic reactions (IgE- or non-IgE-mediated). The EAT
study therefore suggests that if early introduction of allergenic foods from 3
months of age is to be adopted as a prevention strategy, numerous potential
obstacles must be overcome with respect to implementation of adherence.
Importantly, early introduction of allergens in the LEAP study or the EAT
study did not reduce duration of breastfeeding (Feeney et al., 2016). It is
noteworthy, however, that the participants in the EAT study are from the
general population rather than a high-risk population and therefore any
effect size may be less pronounced compared to the LEAP study. Further-
more, the intervention was more complex because it involved six foods,
not one.

Diet diversity Two studies have examined the role of diversity of early
life food exposures, which may be one factor that coincides temporally
with the rise in food allergy, in the development of food sensitization and
food allergy. A prospective birth cohort study of 856 children found that
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increased diversity of complementary foods introduced in the first year of
life was associated with a reduced risk of food allergy (Roduit et al., 2014).
In another prospective longitudinal study of 123 participants, the authors
found that dietary patterns in the first year of life consisting of more fresh
fruit and vegetables and home-prepared meals were associated with less
challenge-proven food allergy by the age of 2 years (Grimshaw et al., 2014).

The committee concludes that results of the LEAP trial provide strong
evidence that early introduction of peanut (between 4 and 11 months) is
protective against peanut allergy in infants who are at high risk (as defined
by early onset eczema or coexistent egg allergy). Limited evidence from
observational studies also suggests that delaying the introduction of egg,
cow milk, and wheat to decrease risk of those food allergies has no ben-
efits. Results from one RCT show a not significant decrease in food allergy
if allergenic foods (i.e., cooked egg, peanut, cow milk, sesame, white fish,
and wheat) are introduced starting at 3 months of age. More studies are
necessary to assess whether early introduction of other allergenic foods, in
addition to peanut, affect food allergy.

Nutritional Immunomodulation Hypothesis

Proper functioning of the immune system is crucial to health, and diet
is a major and common exogenous factor modulating immunocompetence.
Thus, nutrition research has focused on the role of foods or specific food
components in enhancing immune system responsiveness to challenges
and thus improving health and reducing disease risks (Albers et al., 2005).
Along these lines, evidence supports the notion that sensitization or expres-
sion of food allergies does not depend exclusively on the food allergens per
se, but on the exposure to other immunomodulatory exposures, such as
other dietary factors, during specific critical periods. This section provides
an overview of the immunomodulatory capacities of selected food compo-
nents, including vitamin D, selected fatty acids, and folate. Better knowl-
edge of these interactions should provide additional avenues for preventing
and/or ameliorating food allergies.

Vitamin D

Vitamin D has become increasingly recognized as an important regu-
lator of immune response (Adams and Hewison, 2008). 1,25(OH),D can
be converted from 25(OH)D locally based on widespread expression of
vitamin D activating enzyme CP27B in a broad spectrum of cells involved
in immune response, such as macrophages, B cells, and T cells. This active
form of vitamin D exerts its function through interaction with the vitamin
D receptor (VDR), which is also present in the above immune cells. Vitamin
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D has been demonstrated to inhibit the differentiation of B lymphocytes to
plasma cells and suppress immunoglobulin production (Chen et al., 2007).
However, the effects of vitamin D on T lymphocytes are more complicated.
Vitamin D has been shown to inhibit T cell proliferation and production
of Th1 cytokines, which induces a shift in the balance between Th1 and
Th2-type cytokines toward Th2 dominance (Cantorna et al., 2004; Tho et
al., 1985; Reichel et al., 1987). In contrast, in CD4+ and CD8+ T-cells from
human cord blood, vitamin D inhibits IL-12-generated interferon (IFN)-y
production and IL-4 production, as well as IL-4-induced expression of
IL-13.

It has been hypothesized that in the presence of vitamin D, T regulatory
cells function normally to suppress inappropriate Th1 and Th2 responses
to environmental exposures leading to disease (Litonjua and Weiss, 2007).
Research suggests that vitamin D deficiency might impair epithelial barrier
integrity, which would in turn result in increased and inappropriate mucosal
exposure to food antigens and also a pro-sensitization immune imbalance
that compromises immunological tolerance (Roider et al., 2013).

Two opposing hypotheses have been proposed regarding the connec-
tion between vitamin D and allergic disease in general. In 1999, Wjst pos-
tulated that excess vitamin D might be associated with an increased risk
of allergic disease based on its effects on the shift in the T-cell phenotype
from a balance on Th1/Th2 to aTh2 dominance, and parallel patterns
of increased oral vitamin D supplementation with a “Western lifestyle”
(Wijst, 2008; Wijst and Dold, 1999). In contrast, Litonjua and Weiss raised
an opposite hypothesis, suggesting that vitamin D might protect against
asthma and allergies (Litonjua and Weiss, 2007, 2008). They believed that
the immune effects of vitamin D are probably found on dendritic cells
and Treg cells, and that these effects may differ depending on the stage of
human development.

Two lines of ecological enquiry support the more recent hypothesis
that low vitamin D may increase the risk of food allergy. First, countries
further from the Equator (and thus receiving lower ambient ultraviolet
radiation) have recorded more pediatric admissions to the hospital for
food allergy-related events, and more prescriptions of hypoallergenic for-
mulas for the treatment of cow milk allergy and adrenaline auto injectors
for the treatment of anaphylaxis in children, compared to countries closer
to the Equator (Camargo et al., 2007; Mullins et al., 2009, 2010; Rud-
ders et al., 2010). These findings appear to be independent of longitude,
socioeconomic status, or physician density. Second, children receiving
care at a large medical center in Boston for food-related acute allergic
reactions were more likely to be born in autumn/winter than in spring/
summer (Vassallo et al., 2010). Similar relationships of food allergy to
birth seasonality have been reported in the Southern hemisphere (Mullins
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et al., 2011). Furthermore, children residing in Australia’s southern states
have twice the odds (95% CI: 1.2-5.0) of peanut allergy at age 4 to 5 years
and three times (95% CI: 1.0-9.0) the odds of egg allergy than children in
the northern states (Osborne et al., 2012). A recent study from Australia
described that infants with vitamin D insufficiency were three times more
likely to have egg allergy than those who had adequate stores of the vita-
min, with the odds increasing to 10-fold among those with two or more
food allergies. Furthermore, among food-sensitized infants, those with
vitamin D insufficiency were six times more likely to be food allergic than
tolerant (Allen et al., 2013). These effects were observed among infants
with Australian-born parents but not those with parents born outside Aus-
tralia. Genetic polymorphisms contribute to variation in vitamin D binding
protein levels, explaining almost 80 percent of variation in levels (Koplin
et al., 2016). Binding protein levels in turn alter the biological availability
of serum vitamin D, with lower levels increasing the availability of serum
vitamin D (250HD;). It was recently described that polymorphisms result-
ing in lower VDR levels appeared to compensate for adverse effects of low
serum vitamin D on food allergy risk (Koplin et al., 2016), presumably
by increasing the ability to use available vitamin D. These findings suggest
that references ranges for optimal levels of serum vitamin D may need to
take into account differences in VDR level.

A few studies have been published on the effect of maternal vitamin D
status during pregnancy and the development of food allergy in offspring.
A follow-up study from an RCT (N=164) reported that Vitamin D supple-
mentation of the mothers during lactation may increase the risk of later
food allergy up to 2 years of age (unadjusted analysis), although the authors
reported high loss in subjects in the follow-up (Norizoe et al., 2014). How-
ever, results from cross-sectional studies (Allen et al., 2013) suggest that
vitamin D sufficiency in infants age 1 year may be an important protective
factor for food allergy at that age. Another cross-sectional study that fol-
lowed a German birth cohort for 10 years reported that specific IgE for
food allergens (OR:1.07; 95% CI: 1.02-1.11) at age 10, as well as lifetime
prevalence were significantly related to the vitamin D status (Wawro et
al., 2014). Conversely, a study in Korea (N=226) showed that vitamin D
deficiency increased the risk of sensitization to food allergens (Baek et al.,
2014). In a longitudinal study (N=231), Jones et al. showed that maternal
intake of supplemental vitamin D was significantly correlated with cord
blood 25(OH)D; concentration (Jones et al., 2012). However, the associa-
tions between cord blood 25(OH)D, concentration and allergen sensitiza-
tion, IgE-mediated food allergy, or eczema severity were not significant.
Another prospective birth cohort study (N=378) in Germany reported
that maternal and cord blood 25(OH)D, was positively associated with
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children’s risk for food allergy within the first 2 years of life (Weisse et al.,
2013).

Liu et al. reported that the combination of persistently low vitamin D
status at birth and in early childhood (ages 1 to 3 years) increased the risk
of food sensitization (defined as specific IgE =0.35 kUA/L to any common
food allergen, that is, egg white, milk, peanut, walnut, soy, shrimp, cod
fish, and wheat) (aOR: 2.03; 95% CI: 1.02-4.04); the risk was particularly
higher among children carrying the C allele of rs2243250 (aOR: 3.23; 95%
CI: 1.37-7.60) (N=460) (Liu et al., 2013).

Multiple genes are known to be involved in 25(OH)D; metabolism
and regulatory pathways: genes encoding the molecules to convert 25(OH)
D, into its bioactive form 1,25(OH)2D (i.e., CYP27B1) and then a water-
soluble metabolite (i.e., calcitroic acid; CYP24A1), as well as the receptor
complex of vitamin D (i.e., VDR, RXRA, RXRB) and vitamin D binding
protein (i.e., GC). Liu et al. evaluated children in the Boston Birth Cohort
(N=649) and did not find an association between vitamin D levels in cord
blood and sensitization to food allergens in early childhood (Liu et al.,
2011). However, when examined with candidate gene single nucleotide
polymorphisms, a significant interaction was identified for an IL-4 gene
polymorphism and three other genes, indicating a risk for sensitization.
In an Australian study, Koplin et al. investigated whether polymorphisms
in a VDR-binding protein gene (low, the GT/TT genotype; high, the GG
genotype) could modify the relationship between serum vitamin D and food
allergy (Koplin et al., 2016). The study (N=5,276) found that low serum
25(OH)D; levels (<50 nM/L) at age 1 year had a modest association with
food allergy, particularly among infants with the GG genotype (aOR: 6.0;
95% CI: 0.9-38.9) but the CI was wide. There was no association with food
allergy in children with those with low serum 25(OH)D; levels and GT/TT
genotypes (aOR: 0.7; 95% CI: 0.2-2.0; P interaction=0.014).

The committee concludes that the quantity of evidence on the role of
vitamin D in the development of food allergy during critical developmental
windows (in utero, infancy, and early childhood) is limited. Further research
is needed to confirm or refute this relationship.

Lipids/Omega-3 Fatty Acids

Dietary fat consumption has been hypothesized to influence atopy
development by modulation of IgE production (Black and Sharpe, 1997).
Among the different dietary fats, the ones that have been studied most
extensively are the omega-3 fatty acids. Omega-3 fatty acids are known
to have anti-inflammatory and immune modulator properties (Wall et al.,
2010). Current evidence suggests that the intake of omega-3 fatty acids has
decreased from ancestral times, whereas the consumption of omega-6 has
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probably increased. Consequently, the dietary ratios of omega-6 to omega-3
fatty acids have changed over time from approximately 1:1 to almost 17:1
in certain industrialized societies (Simopoulos, 2002). The parallel increases
in this ratio and in the prevalence of allergic disease, as well as informa-
tion from experimental models, have elicited the hypothesis that dietary
omega-3 fatty acids in early life may influence immune system development
and immune cell function (Calder, 2013; Shek et al., 2012).

This hypothesis has been tested using a variety of experimental models,
and the results of individual studies have been the focus of several reviews
and meta-analyses that reveal the uncertainties that currently afflict this
area of knowledge. Contributing to the current controversies are (1) the
different experimental designs (observational versus RCTs), (2) the times
of intervention and follow up, (3) the usually small size of the populations
studied, (4) the different approaches to supplying the omega-3 fatty acids
and the doses used, (5) the different periods investigated (fetal life, infancy,
childhood), (6) the different outcomes examined, and (7) the potential
confounder introduced by the wide-ranging presence of pro-allergenic pol-
lutants and contaminants in fish, the major source of dietary omega-3.

The systematic review of Klemens et al., which reviewed the literature
from 1950-2010, is considered to be of medium quality (Klemens et al.,
2011). The review included three RCTs (Dunstan et al., 2003; Furuhjelm
et al., 2009; Lauritzen et al., 20035; total N=264) of omega-3 fatty acids
supplementation compared to olive or soy oil during pregnancy and/or
lactation in a high-risk population for outcomes of food allergy, as defined
by SPT and clinical diagnosis. When supplementation started during preg-
nancy egg sensitization decreased at 12 months of age (OR: 0.33; 95% CI:
0.16-0.70). Receiving the supplementation during pregnancy and/or lacta-
tion and food allergy at age 12 months were not significantly associated.

A recent Cochrane review, which included manuscripts published until
August 2014, assessed the effect of omega-3 supplementation in pregnant
and/or breastfeeding women on allergy outcomes (food allergy, atopic der-
matitis, allergic rhinitis, and asthma/wheeze) in their children (Gunaratne
et al., 2015). Overall, the results showed little reduction of allergic disease
in the children resulting from maternal omega-3 supplementation during
pregnancy and/or breastfeeding. Five trials reported food allergy outcomes
(Dunstan et al., 2003; Furuhjelm et al., 2009; Lauritzen et al., 2005;
Makrides et al., 2009, 2010). There was only one study where omega-3
supplementation reduced the incidence of IgE-mediated food allergies in
children up to 12 months of age (Furuhjelm et al., 2009) (N=117; RR: 0.13;
95% CI: 0.02-0.95). Similarly, another recent review identified three RCTs
(Dunstan et al., 2003; Furuhjelm et al., 2009; Palmer et al., 2012) and two
follow-up studies (Furuhjelm et al., 2011; Palmer et al., 2013) with preg-
nant women whose infants were at high risk of atopy. After adjusting for
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potential confounders or after long-term follow-up only one study showed
an association between maternal omega-3 fatty acid supplementation and
lower risk of food sensitization (Newberry et al., 2016).

The committee concludes that the current evidence does not support a
link between increased maternal omega-3 intake and a protective effect on

childhood food allergy.

Folate

Emerging interest in the role of folate in immune development and
allergic disease has been driven by the recent understanding that folate, a
dietary methyl donor, can affect immune function and alter gene expression
through epigenetic mechanisms (Brown et al., 2014). Concerns have been
raised about whether folic acid supplementation during pregnancy and/
or early childhood is a potential risk factor for the development of atopic
diseases in children. As animal models have demonstrated, maternal supple-
mentation with dietary methyl donors during pregnancy induces hyper-
methylation of key regulatory genes in lung tissue, resulting in subsequent
allergic airway disease in offspring (Hollingsworth et al., 2008). Exposure
to folate in utero can affect DNA methylation during fetal development in
humans (Amarasekera et al., 2014), which can influence transcriptional
activity. For example, hypermethylation can silence the expression of genes.
During polarization of naive T helper cells to Th2 cells, methylation of the
promoter region of the IFN-y gene blocks transcription factor binding and
thus expression of the IFN-y gene (Jones and Chen, 2006). Consequently,
increased folic acid intake could influence the expression of genes that may
be involved in T-cell differentiation during gestation. In turn, this may influ-
ence the allergic predisposition in the neonate.

To date, most human studies on this topic have focused on asthma,
with very limited number of studies specific to food allergy or food sensi-
tization. An Australian study (N=484) assessed maternal folic acid intake
and serum folate levels during the third trimester, and cord blood folate
status at birth (N=285), and allergic outcomes at age 12 months, including
IgE-mediated food allergy, eczema, and asthma, in offspring (Dunstan et
al., 2012, p. 51). In their study, food allergy was defined as “a history of
immediate symptoms following contact and/or ingestion and a positive SPT
to the implicated food.”

However, maternal serum folate status and allergic outcomes were
not associated (Dunstan et al., 2012). In a study of 2,834 Dutch children,
maternal folic acid supplement intake across the whole pregnancy, and
intracellular folate status (measured in the third trimester of pregnancy in
837 [29.5%] participants) was not significantly associated with specific
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IgE against hen egg, cow milk, peanut, and aeroallergens at age 2 years or
eczema until age 6 to 7 years (Magdelijns et al., 2011).

A recent study that measured serum folate (at ages 2, 4, 6, and 8
years) in 138 U.S. children found that increased serum folate levels at or
before age 6 years were significantly associated with increased incidence
of sensitization to both food and aeroallergens, but not with serum total
IgE, asthma, or wheezing at ages 6 or 9 years (Okupa et al., 2013). In the
National Health and Nutrition Examination Survey (NHANES) (which
covers ages 2 to 85 years), a cross-sectional study, serum folate levels
were inversely associated with atopy, wheeze, and elevated total IgE levels
(Matsui and Matsui, 2009).

Of note, the inconsistent results of previous studies are likely due
to many reasons, including differences in sample size, participants’ ages,
clinical characteristics, allergic outcomes, methods used for measurement
of folate status, and statistical methods used in the analysis.

The committee concludes that evidence to assess the causal association
between folate and the development or prevention of food allergy is lacking.
Further research to study this potential association is needed.

Other Nutrients

A prospective cohort study assessed the relationship between maternal
dietary antioxidant intake (B carotene, vitamins C and E, copper, and zinc)
during pregnancy and food allergy of the child at age 12 months among
families at high risk (West et al., 2012). This study of 300 mother-infant
dyads found a protective effect of vitamin C intake on food allergy, with
higher intakes that were limited to one quartile of vitamin C intake. For
copper, intake in the highest quartile also showed a protective effect. How-
ever, as previously noted, observational studies suffer from inherent meth-
odological flaws. Thus, proper RCTs are required to determine the causal
effect of the maternal diet on the etiology of food allergies in offspring.

The committee concludes that evidence to assess the causal association
between other nutrients and the development or prevention of food allergy
is lacking.

Other Hypotheses

Do the Obesity and Diabetes Epidemics Have a Role in the Rise of Food
Allergy?

The parallel increase in the prevalence of obesity and type 2 diabe-
tes and allergic diseases raises the question of whether these conditions
may be linked. Obesity is known to induce systemic inflammation, which
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might adversely influence the immature immune system and atopic out-
comes. Increased adipose tissue also could lead to reduced adiponectin
levels, which in turn down-regulates the secretion of IL-10 and decreases
regulatory T cells (Hersoug and Linneberg, 2007). Although the precise
mechanism underlying the link between obesity and allergic disease includ-
ing food allergies remains to be elucidated, the hypothesis is biologically
plausible.

Very limited data are available on the association between having
overweight or obesity and food allergy. Observational studies have shown
that obesity is associated with a higher risk of atopy (elevated specific IgE
to allergen) (Ouyang et al., 2009; Visness et al., 2009; Xu et al., 2000). For
example, data from the 2005-2006 NHANES demonstrated that children
with overweight or obesity had a higher geometric mean of total IgE levels
and were at a higher risk of atopy than children with normal weight. This
association was driven largely by allergic sensitization to food allergens,
and systemic inflammation (measured as serum c-reactive protein) in chil-
dren with obesity may play a role in the development of allergy (Visness et
al., 2009). In contrast, ample studies show the association between over-
weight and obesity and asthma in both children and adults (Baumann and
Lorentz, 2013; Granell et al., 2014).

The role of maternal overweight and obesity and diabetes on the
developing fetus and the subsequent risk of allergic diseases has not been
well studied but deserve attention. In the prospective Boston Birth cohort,
Kumar et al. reported that in term births, gestational diabetes was sig-
nificantly associated with allergen sensitization in the child, and such
association was also driven by food sensitization (Kumar et al., 2009). In
contrast, others reported no associations between obesity measures and
atopy (Jarvis et al., 2002; Ma et al., 2010), or inverse associations (Van
Gysel et al., 2009).

Other Unsubstantiated Hypothesis for the Rise in Food Allergy

Media interest in food allergies has become significant and sustained
as food allergies have become more common. As such, public conjectures
about potential causes for the rise are widespread. In particular, awareness
about unfortunate cases of food-induced anaphylaxis is high. Added to that
is the increased awareness by various community or commercial organiza-
tions (such as schools, restaurants, airlines, and sporting clubs) of their need
to be careful about how they provide foods for food allergic individuals. As
a result, communities are greatly interested in why the prevalence of food
allergy appears to be rising.

One of the most widely held theories, among the many that abound,
as to why food allergy is on the rise holds that it is due to the increasing



206 FINDING A PATH TO SAFETY IN FOOD ALLERGY

consumption of processed foods and food additives. Unfortunately, to date
no significant research has been conducted on this issue. Websites and blogs
tout the dangers of processed foods and food additives, and evidence from
clinical observation suggests that some parents believe that food additives
aggravate a range of clinical symptoms and signs, from difficult behavior
and autism to gastrointestinal reactions. Clinically, the best way to under-
stand whether a food is aggravating symptoms is to eliminate that food and
later challenge with it—provided the risk of anaphylaxis has been excluded.
However, the role of additives and preservatives in the development of
food allergy in the first place has never been examined at the ecological or
epidemiological level. In addition to understanding whether preservatives
or additives have a direct toxicological effect on the developing immune
system, it would be valuable to assess whether these substances actually
influence the composition of the gastrointestinal microbiome.

Concerns over genetically modified crops (Nordlee et al., 1996) has
resulted in consideration of the role that such foods may play in aggravat-
ing food allergy and in a requirement to assess the potential allergenicity
of genetically modified crops (CAC, 2009; FAO/WHO, 2001). Although
an online tool recently has been developed to help assess the role a novel
protein may play in cross-reactivity (Goodman et al., 2016) based on crite-
ria from the Codex Alimentarius Commission (CAC, 2009), current meth-
odologies are considered inadequate to predict de novo allergenicity. Little
or no research exists on whether the increased use of genetically modified
crops could be linked to the rise in food allergy.

Numerous lay books and review articles argue that the increased con-
sumption of fast food in the Westernized diet may have a significant impact
on immunity (Myles, 2014). Although emerging indirect evidence suggests
that fresh fruit and vegetables and food diversity might be important for
an optimal and healthy start to life, to date little work has been done on
their role specifically in preventing food allergy. Some of the first emerg-
ing evidence of diet diversity and its impact on food allergy development
has been generated by the EuroPrevall study (Grimshaw et al., 2014). In a
nested case-control within-cohort study of 41 infants using gold standard
food challenge outcomes and 82 age-matched controls, the authors found
that an infant diet with high levels of fruits, vegetables, and home-prepared
foods is associated with less food allergy by 2 years of age. As an observa-
tional study, these results are subject to confounding but they generate a
hypothesis worth testing in systematic trials.

The committee concludes that speculation abounds regarding why
food allergy is on the rise. Although some ideas are based in appropriate
theoretical frameworks, the absence of RCTs prevents firm conclusions to
be drawn on their validity.
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OVERALL CONCLUSIONS

The development of food allergies, like other complex diseases, might
be regulated by the epigenome and in that way be caused by a genetic pre-
disposition interacting with environmental exposures. The epigenome can
be altered throughout the lifespan, but is particularly sensitive to environ-
mental factors during early life periods. There appears to be a window of
opportunity in the perinatal and early childhood period that may modulate
the functionality of the immune system and related health conditions, spe-
cifically food allergies.

Many factors have been postulated to contribute to the onset of sensiti-
zation and to food allergies. A few of them have been extensively researched
and sufficient evidence exists to support guidelines or to continue research
to gain more insights (e.g., about the optimal timing and dosing of early
introduction of foods). For other factors, either evidence is lacking about
their association with food allergy but the association is biologically plau-
sible (e.g., folate) or limited evidence exists about their association (e.g.,
vitamin D or fatty acids). For these, a recommendation based on their
association with food allergy development cannot be made at this time
and more research is needed. For other factors, direct or indirect evidence
is lacking, but myths continue to prevail among the public (e.g., food
additives).

For some factors (e.g., breastfeeding or vaginal delivery), although the
evidence is inconsistent, it would be unethical to pursue RCTs; therefore,
the evidence about their contribution to food allergies is derived solely
from epidemiological studies. The review of the evidence by the committee
neither confirmed nor rebutted current hypotheses related to any associa-
tion between these factors and the increase in the prevalence of food aller-
gies. The most recent research on the effects of allergen exposure at early
age, however, strongly supports the dual allergen exposure hypothesis.
The strongest data on potential prevention practices derives from a large
RCT supporting the hypothesis that delaying the introduction of peanuts,
coupled with high eczema rates, may have contributed to the high preva-
lence of peanut allergy in the Western world. Similar trials are being con-
ducted for other allergenic foods and some of them are still being analyzed
and interpreted (see Table 5-1). The LEAP study found that within a very
narrow time range (ages 4 to 11 months), early introduction of peanut is
protective against peanut allergy in infants who are at high risk (as defined
by early onset eczema or coexistent egg allergy). Other studies have found
that delaying introduction of other allergenic foods (cooked egg, cow milk,
and wheat) has no benefits.

The lack of strong evidence for a link between most of the potential risk
determinants and food allergy has created inconsistencies in public health
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advice among different guidelines (see Table 5-2) and corresponding con-
fusion among physicians, patients, and their families. Consensus of infant
feeding guidelines to prevent food allergy across different public health
authorities is needed for health care providers to counsel patients and their
caregivers with consistent recommendations. Moreover, future clinical prac-
tice guidelines and public health policy should take into account the way in
which a risk factor may differentially affect the risk of disease as well as the
behavior of individuals with food allergy or their caregivers.

RECOMMENDATIONS

The committee recommends that public health authorities and clin-
ical practice guidelines include consistent, clear, and evidence-based
advice for families and health care providers, including dietitians,
about the potential benefits of introducing allergenic foods (e.g.,
peanut products, egg, dairy, and wheat) in the first year of life to
infants, when an infant is developmentally ready (around 6 months
of age), but not before 4 months of age, particularly to those at
high risk of allergy. Guidelines also should include information
about the circumstances in which health care providers should
advise their patients about the safest way to introduce in their diet
peanut products (and/or other foods, as determined by the results
of ongoing research).

In addition, as mentioned in Chapter 6, the committee recom-
mends that public health authorities regularly update food allergy
guidelines on diagnosis, prevention, and management based on
strong scientific evidence. For example, current evidence is insuffi-
cient to associate any of the following behaviors with prevention of
food allergy: food allergen avoidance diets for pregnant or lactating
women, prolonged allergen avoidance in infancy, vaginal delivery,
breastfeeding, infant formulas containing extensively or partially
hydrolyzed protein, and supplementation with specific nutrients
(e.g., vitamin D, folate, fatty acids) in children or adults.

RESEARCH NEEDS

Considerations for Study Designs

Studies on the etiological factors associated with food allergies fre-
quently present methodological flaws due to various reasons, including
lack of accounting for confounding factors (e.g., breastfeeding), use of
inaccurate food allergy measures (e.g., self-reporting), or disregard for the
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fact that different populations (e.g., those at high risk of developing a food
allergy) might respond differently to the various risk factors. For example,
due to a variety of differential gene-environment factors (e.g., genetics, epi-
genetics, microbiomes, and other pre- and postnatal environmental factors),
populations will respond differently to interventions. Also, the etiology
and early life onset of food allergy seems to be multifactorial, and collect-
ing specimen for future analyses would be advantageous. Future research
design on etiological determinants should consider the following:

® Conduct longitudinal birth cohort studies that explore the effects
of environmental factors during critical developmental windows (in
utero, infancy, and early childhood) on food allergy.

*  Couple relevant prenatal, perinatal, and early childhood epidemio-
logical and clinical data with appropriate biospecimen collections
(e.g., serum, cord blood, breast milk) for current and future bio-
marker analyses.

*  Design studies so that the responses to various exposures of indi-
viduals and populations at high risk and low risk of developing
food allergy can be differentiated.

*  Use the currently accepted gold standard—double-blind, placebo-
controlled oral food challenges (employing standard dosing pro-
tocols and scoring systems, so that the results of various studies
can better be compared)—as the food allergy outcome in research
intervention studies until a simpler reliable method to measure
food allergy is identified and validated.

*  Account for the potential influence of confounding factors, in addi-
tion to age, sex, and geography, such as breastfeeding, composition
of breast milk, dietary intake, other allergic disorders in the patient
or family history (particularly atopic dermatitis), genetic suscepti-
bility, presence of dogs or cats in the household, number of siblings,
history of antibiotic usage, and exposure to agents or practices that
might impair skin barrier function.

* Engage patients or groups representing patients so that research
designs may take into consideration potential socio-psychological,
cultural, and behavioral considerations.

Overall Research Needs

Many genetic and environmental factors could contribute to the onset
of sensitization and to food allergy. For the majority of factors reviewed by
the committee, some, but largely insufficient or inconsistent, evidence exists
at this time about their association with sensitization or food allergy. Nev-
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ertheless, health care providers, patients, and their caregivers still need clear
prevention approaches and authoritative and clear public health guidelines.
Therefore, research needs to continue to support or refute the contribution
of these factors to food sensitization or food allergy. The committee recog-
nizes, though, that for other factors direct or indirect evidence is lacking
and research is not currently warranted (e.g., food additives). Although
some public health guidelines have been developed to guide practices of
health care providers and individuals, efforts have not been undertaken
to assess the impact of such public health guidelines on practices related
to food allergy and on prevalence of food allergy. Prospective studies
and behavioral research should be conducted to accomplish the following
objectives:

*  Examine risk factors for food allergies in all populations (ages,
sex, ethnicities, comorbidities, socioeconomic strata), especially in
those populations that might have been underrepresented in past
research.

*  Gain insights about the behaviors of those with (or at risk of)
food allergy and their caregivers as well as about the impact of
public health guidelines on health care providers and individuals’
practices.

* Examine the etiology of the rising prevalence of food allergy
within the past two decades, which could identify new targets for
allergy prevention and treatment. For example, what changes have
occurred in food preparation and consumption behavior in com-
munities and what is their potential relationship to the increase
in food allergies? What changes may have occurred in the use
of agents (such as detergents) or practices (such as in personal
hygiene) that might contribute to impaired skin barrier function?

* Elucidate, through prospective studies, the role of environmental
factors and gene-environment interactions in the atopic march and
the development of food allergy. For example, do specific factors
increase the risk of an individual progressing from eczema to food
allergy?

* Explore potentially unidentified risk factors that may influence
food allergy. For example, although the data available to date have
not shown evidence of a relationship, it is plausible that maternal
and early childhood adiposity and metabolic disorders could be
risk factors for food allergy development.

*  Using prospective birth cohort studies, evaluate the effects of mul-
tiple early life factors (individually and in combination) and of
possible gene-environmental interactions in the development and
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prevention of food allergy in order to inform the design of specific
RCTs.

Identify best practices to engage patients and their families in the
planning stages of research studies so that patients’ and fami-
lies’ concerns are considered, and assess the value of using these
approaches.

Specific Research Needs

In addition, high-quality prospective studies and RCTs are needed on
specific risk determinants for which some evidence exists about their effect
on food allergy related to the most plausible hypotheses to make mean-
ingful conclusions. These studies should be conducted to accomplish the
following objectives:

The Microbial Hypothesis

Determine, using well-designed prospective studies, the role of
mode of birth delivery (vaginal, emergency versus elective cesarean
section) and early life microbiome composition on the development
of food allergy.

Assess, through well-designed prospective studies, potential links
between food allergy and antibiotic exposure in children (studies
should include information on the type, dose, and frequency of
antibiotic exposure).

Determine whether pet ownership is related to food allergy by
using well-designed prospective studies.

Assess, with RCTs, the potential benefits of prebiotics and probiot-
ics to prevent the onset of food allergy.

Allergen Avoidance and Exposure

Elucidate the relationship, if any, between breastfeeding and the
onset of food allergy (may also influence through microbiome
modulation) with well-designed prospective studies and take
into account the potential effect of differences in breast milk
composition.

Determine, with RCTs, whether consuming or eliminating or avoid-
ing specific allergenic foods during pregnancy and lactation has any
benefits.

Conduct RCTs, similar to the Learning Early About Peanut study,
to determine whether early introduction of peanut products has
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benefit in individuals other than high-risk infants, who were stud-
ied in the original trial.

*  Examine early introduction of allergenic foods in addition to pea-
nut to determine whether this approach is beneficial in preventing
the development of food allergy.

Nutrition Immunomodulation Hypothesis

*  Assess, with RCTs, the potential role of specific nutrients, such as
vitamin D, folate, or fatty acids, in preventing food allergy.
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Management in the Health Care Setting

Proper management in the health care setting begins with an appro-
priate diagnosis of food allergy so that the patient can be instructed on
specifically which foods can trigger allergic symptoms. Once a diagnosis
is established, management relies on educating the patient and family on
avoiding the allergen and preparing to treat allergic symptoms, including
severe allergic reactions (i.e., anaphylaxis) promptly and appropriately.
Additionally, daily management of food allergy carries potential nutritional,
social, and emotional ramifications that should be addressed. Achieving
these goals requires significant patient and family education and counseling.
Emerging approaches for treatment show promise for altering the threshold
of reactivity, making exposure to small amounts of the food less problem-
atic, and future treatments will ideally result in elimination of the allergy.

This chapter covers management of diagnosed food allergy from the
perspective of a health care setting and includes topics such as the impact
of food allergy on affected individuals and families and the current under-
standing of food allergy treatment. Dietary issues with regard to prevention
are discussed in Chapter 5. This chapter also highlights the importance of
educating health care providers about food allergy and management advice
for the home, public environments, and high-risk scenarios. From a devel-
opmental and ecological perspective, the instructions provided at the health
care setting represents only one aspect of successful management because
successful adherence depends on management and sensitivity toward food
allergy from all societal sectors, including families, schools, food service,
and the community. Chapter 7 focuses on management of food allergies in
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other settings such as schools, restaurants, and travel, and on the safety of
manufactured products.

APPROACH TO LITERATURE REVIEW

The topics addressed in this chapter did not undergo individual system-
atic review or meta-analysis. The primary resources for discussion, findings,
conclusions, and recommendations were derived from various guidelines
(see Chapter 1, Table 1-1, for a description of the guidelines): the National
Institute of Allergy and Infectious Diseases/National Institutes of Health
(NTAID/NIH)-supported Guidelines (Boyce et al., 2010) and its associated
literature reviews, the European Academy of Allergy & Clinical Immunol-
ogy (EEACI) Guidelines (Muraro et al., 2014a,b) and associated systematic
reviews (de Silva et al., 2014; Dhami et al., 2014), the American Academy
of Allergy, Asthma & Immunology (AAAAI) Guidelines (Sampson et al.,
2014); the AAAAI Practice parameter (Lieberman et al., 2015), and Ameri-
can Academy of Pediatrics (AAP) Clinical Reports (Sicherer et al., 2007,
2010). Additional PubMed searches were performed to identify items in
the literature to supplement the discussion on specific topics, especially
for papers published after the aforementioned reports. Meta-analyses and
systematic reviews were selected when available.

ALLERGEN AVOIDANCE AND RECOGNITION
OF AND PREPAREDNESS TO TREAT ALLERGIC
REACTIONS AND ANAPHYLAXIS

General Principles of Management, Avoidance, Cross-Contact,
Hidden Ingredients, Routes of Exposure

The primary advice for managing a diagnosed food allergy, whether
immunoglobulin E (IgE)-mediated or non-IgE-mediated, is to avoid ingest-
ing the culprit food allergen(s) (Boyce et al., 2010; Muraro et al., 2014b;
Sampson et al., 2014). Of course, no randomized clinical trials (RCTs) have
been conducted to evaluate this approach, but not ingesting the allergen is
a rational management strategy for a diagnosed food allergy. No evidence
exists that avoidance affects the natural course of atopic dermatitis, asthma,
or eosinophilic esophagitis (Allen et al., 2009; Boyce et al., 2010). Maternal
avoidance of a food allergen may be needed in some cases if the infant,
diagnosed with a food allergy, experiences reactions from the maternally-
ingested allergen while breastfeeding (Jarvinen et al., 1999; Lifschitz et al.,
1988; Monti et al., 2006).

Achieving avoidance of a food allergen entails numerous considerations
involved in obtaining or preparing allergen-safe foods. For example, cross-
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contact is a term describing a situation where an unintended allergen may
be present in an otherwise allergen-free food because of contact between the
unsafe and safe food. Examples of cross-contact include having a knife used
in peanut butter placed into a jar of jelly, using a fryer with oil exposed to
fish and egg ingredients used for potatoes, and placing a spoon used to stir
a milk-containing soup into a milk-free one.

The possibility of hidden ingredients is also a concern (see also
Chapter 7). For example, an individual with food allergy may not have
expected that chili or spaghetti sauce may contain peanut flour, that pea-
nut butter may be used to seal the ends of an egg roll, or that “non-dairy”
creamers contain casein, the major allergenic protein in cow milk.

Avoiding ingestion of a food allergen requires patient education about
obtaining safe foods in numerous settings, for example reading labels on
packaged foods,! asking before ordering in restaurants and food service,
and preparing safe meals at home. Standard cleaning procedures, such as
using wet wipes and washing hands with running water and soap, typically
suffice to remove allergen from surfaces. However, topical antibacterial
hand cleaning agents do not neutralize allergens (Perry et al., 2004). Inges-
tion contact with an allergen occurs from sharing utensils or straws or from
intimate kissing where saliva containing the allergen may transfer to the
allergic individual (Eriksson et al., 2003; Hallett et al., 2002; Maloney et
al., 2006). Young children may need supervision when around food aller-
gens to avoid taking or being fed the allergen, or having hand-to-mouth
transfer of food allergens.

The primary route of exposure that triggers serious reactions—for
example, severe anaphylaxis or fatal reactions—is through ingestion
(Fleischer et al., 2012; Sampson et al., 2014). Modest allergen contact
with intact skin is unlikely to trigger serious reactions (Simonte et al.,
2003; Wainstein et al., 2007), but transfer from hand to the mouth can be a
concern, and the eyelid may swell significantly with direct contact. Aerosol-
izing? food proteins (e.g., from boiling milk, frying egg or fish, cooking with
wheat flours) may trigger reactions, often respiratory symptoms, depend-
ing on proximity, amount aerosolized, and patient-specific factors, such as
asthma and degree of sensitivity (Roberts et al., 2002). Aerosol exposure
can be a concern in occupational settings (e.g., “baker’s asthma”). Peanut
butter, an oily substance, does not aerosolize enough to trigger reactions
(Simonte et al., 2003).

1 The section on packaged foods below describes the current regulatory frameworks for
food labeling of packaged foods that attempt to inform consumers of the presence of an al-
lergen in a food.

2 Aerosolizing is the process or act of converting some physical substance into the form of
particles small and light enough to be carried on the air.
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The complexities of avoidance management requires a proper diagno-
sis followed by a comprehensive approach to educating patients, families,
caregivers, and others on appropriate measures. Mistakes and subsequent
allergic reactions are common. A prospective study of 512 infants with
food allergy followed for a median of 36 months noted 1,171 reactions
among 367 children (Fleischer et al., 2012). Common reasons for reactions
included accidental exposure, label reading errors, and cross-contact, but
the study also noted some exposures were purposeful, suggesting they were
done presumably to test whether the allergy was active. Additionally, the
source of ingested foods during accidental exposure included siblings, rela-
tives, and other caregivers. This study reflects the many potential sources of
error in avoidance management and the need for comprehensive education.
A 2015 systematic review regarding unexpected allergic reactions in those
older than age 12 years (Versluis et al., 2015) identified 18 observational
and 6 qualitative studies. The authors noted that current knowledge about
the frequency of unexpected reactions is limited, that reactions can be
severe and fatal, and that most reactions were noted to have taken place at
home though other locations, such as restaurants and others’ homes, were
common. They also identified various labeling issues and risky behaviors
as problems and concluded that patient education and dietary instruction
are needed.

EDUCATING PATIENTS ABOUT ALLERGEN AVOIDANCE

This section presents several topics where health care providers should
provide advice to their patients with food allergy. Many of the topics relate
to allergen avoidance, the main advice given to patients. They include
strictness of allergen avoidance, avoidance and comorbidities, and concerns
about cross-reactive foods. These topics are covered to various degrees in
Boyce et al. (2010); Muraro et al. (2014b); and Sampson et al. (2014). The
topic of nonstrict avoidance is discussed in more detail in the review by
Kim and Sicherer (2010).

Strictness of Allergen Avoidance

Typically persons with a food allergy are advised to strictly avoid the
trigger food (Boyce et al., 2010; Kim and Sicherer, 2010; Muraro et al.,
2014b; Sampson et al., 2014). However, individuals with a mild allergy,
particularly allergies related to pollen-food allergy syndrome, may not need
to strictly avoid the trigger fruit or vegetable. Similarly, those with food-
associated, exercise-induced anaphylaxis may only need to avoid the identi-
fied trigger only in the hours before exercise. A majority of children with
cow milk or egg allergy are able to ingest extensively heated forms of these



MANAGEMENT IN THE HEALTH CARE SETTING 231

foods, for example when baked into a muffin. Additionally, circumstantial
evidence from observational studies suggests that ingesting these forms does
not impede recovery from these allergies and may speed tolerance induction
(Kim et al., 2011; Leonard et al., 2012; Nowak-Wegrzyn et al., 2008; Tey
et al., 2012). For individuals with a high threshold of reactivity, allowing
ingestion of sub-threshold amounts of the allergen has not been studied.
Limited evidence from a study of young children suggests that an isolated
exposure to egg, milk, or peanut resulting in an allergic reaction does not
increase allergen-specific IgE responses (Sicherer et al., 2016). More studies
are needed to understand circumstances where nonstrict avoidance would
suffice. In some situations, nonstrict avoidance is an option that can be con-
sidered under medical guidance. For example, as presented in Chapter 7,
this committee recommends the implementation of a risk-based approach
for labeling foods with unintended allergens which, under medical consulta-
tion, should improve the ability of individuals with food allergy to decide
whether they can safely consume a specific packaged food.

Allergen Avoidance and Relationship to Comorbid
Asthma, Atopic Dermatitis, and Allergic Rhinitis

Food allergen avoidance is generally not recommended as a primary
means to address treatment of asthma, atopic dermatitis, or allergic rhi-
nitis. However, avoidance is warranted when a specific food allergy is
diagnosed in a patient with those diagnoses (Boyce et al., 2010; Sampson
et al., 2014). If a food allergy is diagnosed, limited evidence suggests that
avoiding the allergen may improve atopic dermatitis (Agata et al., 1993;
Bath-Hextall et al., 2009; Boyce et al., 2010; Lever et al., 1998). Studies
have suggested that following extended elimination of a food that had
not previously caused serious reactions, for example only flare of atopic
dermatitis, re-exposure to the food could result in acute systemic allergic
reactions (Chang et al., 2016; David, 1984; Flinterman et al., 2006).
Although this observation raises caution, no RCTs have been performed
to confirm this association.

Concerns About Cross-Reactive Foods

Food with proteins that are homologous?® to a food protein to which
an individual is allergic may present a reaction risk (Boyce et al., 2010;
Sampson et al., 2014). For example, an individual with a peanut allergy
may be at higher risk for allergy to beans (e.g., soy) because both foods

3 Homology between proteins is defined in terms of shared ancestry and is typically inferred
from the similarity of their amino acid sequence.
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are legumes. However, clinical cross-reactivity varies among families of
foods and also among individuals depending upon their allergy profile.
Unfortunately, testing has limited value because sensitization to foods with
homologous proteins, evidenced by positive skin prick tests (SPTs) or the
presence of food-specific IgE antibodies, is much more common than is clin-
ical allergy (Boyce et al., 2010; Sampson et al., 2014; Sicherer, 2001) (see
Chapter 4 for a detailed discussion of testing). Foods with high likelihood
of clinically relevant cross-reactivity include milk from cows and goats; tree
nuts, specifically cashew with pistachio and walnut with pecan; various
fish with each other; and between crustacean shellfish, such as shrimp and
lobster. In contrast, grains and legumes have less co-allergy. Decisions about
avoiding related foods may rely also on factors such as concerns about
accidental exposure from misidentification or cross contact. For example,
an individual with food allergy who tolerates walnut but not cashew may
decide to avoid all tree nuts to avoid cross-contact or misidentification.
Therefore, advice about the need to avoid potentially cross-reactive foods is
individualized and may require extensive testing with oral food challenges
(OFCs). Adherence is, obviously, more difficult. Education of patients and
families about these concerns is required for proper management.

ADVICE ON ALLERGEN AVOIDANCE IN
VARIOUS SETTINGS OF CONCERN

Packaged Foods

Laws governing the labeling of allergens in packaged foods vary
by country (Akiyama et al., 2011; Gendel, 2012) and are described in
Chapter 7. Health care providers should discuss current labeling laws
in counseling those who have a diagnosed food allergy. The current U.S.
labeling law, the Food Allergen Labeling and Consumer Protection Act of
2004, requires manufacturers to use plain English terms to identify milk,
egg, wheat, soy, peanut, tree nuts, fish, and crustacean shellfish ingredients.
These may be included in the ingredient list and/or in a separate “contains”
statement. Highly refined oils are exempt based on removal of protein by
the process. The individual name of the food is required for categorical
foods (e.g., walnut, cashew, shrimp, tuna, cod). Noncrustacean seafood,
such as clam, oyster, scallop, is not included in the laws. Foods that are
known to cause serious allergic reactions are not necessarily included on
the label, for example, sesame and mustard (Caballero et al., 2002; Dalal et
al., 2012) because they are not included in the U.S. list of priority allergens
(see Chapter 7).

In the United States and some other countries, when manufacturers
perceive the possibility of allergens being unintentionally included in the
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product, they may voluntarily use precautionary or advisory terminology,
such as “may contain X,” “in a facility with X,” and other such terms.
Studies suggest varied risks with such products (Crotty and Taylor, 2010;
Decastelli et al., 2012; Ford et al., 2010; Hefle et al., 2007; Robertson et
al., 2013; Zurzolo et al., 2013) and consumers should be counseled that
the terms do not reflect degree of risk. As Chapter 7 concludes, labeling
laws help consumers to identify most, but not all, allergens, and advisory
labeling has resulted in an unregulated proliferation of warnings that are
not well understood by consumers or health care providers, and appears to
result in risk-taking behavior. For example, findings from a recent survey
administered in 16 countries suggest limited understanding among individu-
als with food allergy about food allergen thresholds (Marchisotto et al.,
2016). In addition to managing the risks from packaged foods by replac-
ing the current food allergen precautionary advisory labeling system, as
recommended in Chapter 7, risks from consuming packaged foods should
be communicated to individuals with food allergy and their caregivers by
effective counseling in the health care setting.

Management at Home

Management of food allergen avoidance in the home requires constant
vigilance regarding cross contact, label reading, and hidden ingredients.
Typical cleaning methods should remove allergens from utensils, dishes,
and surfaces. Depending on age and developmental ability, different safe-
guards may be needed to protect a child from ingesting the avoided aller-
gen. For example, allergens may need to be kept out of reach of younger
children who are not aware of the danger. Families may need to consider
keeping the food-allergic individual away from the allergen during food
preparation areas if aerosolization is likely (e.g., frying fish or eggs, boil-
ing milk, steaming lobster, preparing food with wheat flours or powdered
milk). Maintaining a continuous safe environment is challenging and time
consuming. Health care providers should review these issues with patients
and families.

Management in Food Service Settings and During Travel

People who are food allergic must navigate multiple issues when dining
away from home, including avoiding cross-contact and hidden ingredients
in foods served at food service establishments such as restaurants, ice
cream parlors, bakeries, grocery stores with prepared foods, and food carts
(see also Chapter 8). Informing the establishment about the allergy is the
patient’s or family’s responsibility, but the establishment also must be able
to take precautions to provide safe food to the public. Factors contributing
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to risk could be the presence of allergens in the source ingredients or cross-
contact with allergens at the buffets and food preparation areas.

It may be beneficial for the health care provider to understand and
review with patients that a variety of errors can occur in the restaurant set-
ting, whether from the consumer or the establishment’s personnel (Ahuja
and Sicherer, 2007; Furlong et al., 2001). Errors from the consumer could
be due to poor communication of the allergy, assumptions made by the
consumer about the safety of the foods, and selection of restaurants that
may pose additional challenges depending on their allergy (e.g., seafood
restaurant for an individual with shellfish allergy). Among 5,149 persons
in a self-report registry for peanut and tree nut allergy, composed mostly of
children, 13.7 percent reported reactions in food establishments (Furlong
et al., 2001). Following a survey of a random subgroup of 129, lack of
communication of the allergy was reported for 45 percent of the reactions.
Reported rationales included assuming visual inspection would suffice,
thinking the allergy was not too severe, and presuming the food should be
safe. These findings suggest a benefit for health care personnel in advising
patients with food allergy to openly and specifically discuss their allergy
with staff of food establishments.

Errors on the part of the restaurant personnel can include misunder-
standing of an allergy diagnosis compared with a less dangerous intolerance
or preference, poor communication within the establishment, staff failure to
prevent cross-contact or to know about hidden ingredients, among others
(Ahuja and Sicherer, 2007). Surveys of restaurant personnel in Brighton,
United Kingdom (Bailey et al., 2011) and New York City (Ahuja and
Sicherer, 2007) showed that restaurant personnel, including chefs, may
indicate confidence in providing a safe meal for a food-allergic consumer,
but have knowledge deficits about allergy, cross-contact, and general food
allergy management. These findings suggest that health care providers
should discuss strategies such as encouraging patients with food allergy
to review cross contact and hidden ingredients with staff when obtaining
restaurant meals (i.e., educate or confirm knowledge of staff).

Travel presents additional potential obstacles for persons with food
allergy (Barnett et al., 2012). A lack of global uniform guidelines requires
consumers with food allergy to navigate different regulations, or regions
with no regulations, internationally. Language barriers may prevent safe
communication. Travel to remote regions raises concerns about obtaining
safe food and managing a reaction. Several studies have reported aller-
gic reactions on airplanes based on self-report of having unintentionally
ingested or been exposed to allergens (Comstock et al., 2008; Greenhawt
et al., 2013; Sicherer et al., 1999). These issues, highlighted further in
Chapter 8, suggest that individuals and families with food allergy be coun-
seled to consider their allergies when traveling and to call ahead to notify
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transportation services, carry medications, ensure safe food is available,
and, for younger children, inspect and wipe seating areas for residual food
before the child has contact with the space.

Management in Schools and Child Care Centers

Supervision of children and procedures to provide safe foods in early
care and education settings, schools, and summer camp settings is required
to avoid allergen exposure and to recognize and promptly treat allergic or
anaphylactic reactions. A number of recommendations and guidelines have
been developed that focus on advice to school personnel, health care pro-
viders, patients, and families (CDC, 2013; Eldredge and Schellhase, 2012;
Ford et al., 2014; Leo and Clark, 2012; Muraro et al., 2014d; Robinson
and Ficca, 2012; Sheetz et al., 2004; Sicherer et al., 2010; Vale et al., 2015;
Young et al., 2009). A discussion about approaches to providing a safe
experience for children with food allergies when away from home, includ-
ing the responsibilities of the school staff, is provided in Chapter 8. This
chapter focuses on the responsibilities and challenges of the health care
provider, parents, and students. These issues also can extend to additional
settings away from home, such as religious events, sports, afterschool clubs
and camps, among other supervised settings for children (Sampson et al.,
2014).

For the child with possible food allergy who attends a school set-
ting, the responsibilities of the child’s physician or health care provider
may include confirming the diagnosis, providing a written emergency care
plan, providing advice about general management to the family and school
personnel, and giving necessary medication prescriptions. As reviewed in
Chapter 4, ascertaining a diagnosis and whether a child has a potentially
life-threatening food allergy can be difficult. Briefly, these elements for
diagnosis include deciphering a true allergy, judging its potential severity,
and considering comorbid conditions such as asthma.

The physician or health care provider may work with the patient and
family to notify the school about a potentially life-threatening food allergy,
including providing a written plan, often referred to as an Emergency
Action or Emergency Care Plan for Anaphylaxis or Allergy and Anaphy-
laxis. Unfortunately, no standard, evidence-based plans have been devel-
oped and so numerous forms with many different approaches are used.
This may represent a significant gap in providing standard care. Survey
studies suggest that an insufficient number of students with food allergy
have a management plan, or that the plan may not be followed (Ewan and
Clark, 2001; Gupta et al., 2014). No comprehensive studies have been
conducted that provide evidence for a validated, brief written emergency
plan for individual or general use. Various organizations or schools have
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developed plans. Studies have identified key factors that might be included
on standardized written plans, or compared plans for determination of
preferences, or identified variations in using these plans, but systematic
studies are lacking (Banerjee et al., 2007; Ewan and Clark, 2001; Powers
et al., 2007; Weiss et al., 2004; Worth et al., 2010). Key features typically
include the date, the child’s name, recent weight, identifying information
(child’s picture, if provided), specifics about the food allergy or allergies,
emergency medications and doses, descriptions of possible symptoms and
related treatment instructions, advice to activate emergency services, and
family contact information. Development of evidence-based, universal plans
could potentially improve understanding and emergency care.

A number of factors must be considered when developing emergency
plans for medical management of anaphylaxis and, more specifically, for
treatment in a school setting. For example, regarding management in gen-
eral, no diagnostic test exists to predict or confirm anaphylaxis, and specific
symptoms may vary, resulting in treatment quandaries. Although diagnostic
features of anaphylaxis have been published, (Sampson et al., 2006b), it
is prudent to inject epinephrine (adrenaline) before observing symptoms
diagnostic of anaphylaxis. Therefore, the decision to inject epinephrine
may vary based on the patient’s history, foods involved, and likelihood of
an ingestion of the avoided food at the onset of mild symptoms that could
be attributed to other causes and are not (yet) anaphylaxis (i.e., throat
discomfort may be an early symptom of a viral infection or an initial
symptoms of food allergy). For example, if an allergen was ingested that
previously caused anaphylaxis, it may be advisable to inject epinephrine
at the time of first symptoms, or if an allergen was definitely ingested and
previously known to have caused severe anaphylaxis, it may be advisable
to inject epinephrine before symptoms occur (AAAAI BOD, 1998; Sicherer
et al., 2010). The supervising adult may need to differentiate a mild aller-
gic symptom from anaphylaxis, deciding when to administer epinephrine.
This can be difficult, even for experienced professionals. Current advice
emphasizes educating parents and school personnel that (1) antihistamines
cannot be depended on to treat anaphylaxis but are adjunctive therapies to
treat an allergic reaction, (2) inhaled bronchodilators must not be depended
on to treat anaphylaxis but may be given for respiratory reactions, and (3)
intramuscular epinephrine is safe and, if a possibility of a severe allergic
reaction exists, should be administered (side effects are mild and may
include temporary fast heart rate, jitteriness, flushing, or paleness) (Sicherer
et al., 2007, 2010). Administration of medications in U.S. schools has
been addressed in general guidance documents (Council on School Health,
2009). However, no studies provide sufficient evidence for validation of the
options discussed above.

Given the complexity of food allergy diagnosis and emergency treat-
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ment, the physician may need to consider whether a licensed health care
professional is available to assist the child. When one is not available, a
plan that is different from one when a professional is involved must be
developed. For example, a licensed health professional may administer an
antihistamine for mild allergic symptoms and observe for progression of
symptoms before administering epinephrine, whereas a nonlicensed, not
medically trained individual may not be expected to make this kind of med-
ical or nursing assessment. In this case, the advice may be to promptly give
the epinephrine by auto-injector and call for activation of emergency medi-
cal services immediately. No studies have addressed the various approaches
upon which to develop best practices in this regard.

In addition to the above issues of medical management, the physi-
cian or health care professional should address age-specific concerns (for
example, the inability of preschool age children to self-monitor taking
unsafe foods or the potential risk-taking activities of adolescents), potential
risks, bullying, and general management. Medical identification jewelry is
encouraged. Avoidance measures should be discussed and are reviewed in
the CDC Voluntary Guidelines for Managing Food Allergies in Schools and
Early Care and Education Programs (CDC, 2013). Avoidance advice may
vary by age, allergy, developmental abilities, nutritional status, socioeco-
nomic status, and other factors, and counseling may be adjusted according
to the needs of the child and the circumstances of the school. However, little
information is available to inform best practices on avoidance (Banejee et
al., 2007; Cicutto et al., 2012; Vale et al., 2015; Worth et al., 2010). Fami-
lies and patients should be educated about how and when to administer
self-injectable epinephrine, the importance of avoidance strategies (e.g., no
food sharing), when to have children notify an adult of any symptoms or
if they may have eaten an unsafe food. The diagnosis, treatment plan, and
prescriptions should be reviewed periodically and updated at least yearly.
Families and schools also need to be alert to the expiration dates on epi-
nephrine auto-injectors.

Finally, the physician and family will need to provide the school with
a list of foods to be avoided and possible substitutions. Some school food
programs may require physician-recommended substitutions. Additional
issues from the community perspective are discussed in Chapter 8 of this
report.

Educational Needs

Although it is incumbent upon health care providers to educate patients
and families, these providers have noted deficits in understanding food
allergy and anaphylaxis management, as described in Chapter 2. Manag-
ing food allergy requires educating all those who are involved in measures



238 FINDING A PATH TO SAFETY IN FOOD ALLERGY

associated with avoiding and treating allergic reactions. However, numer-
ous studies suggest that many different stakeholders, including physicians,
have deficits in their understanding of these basic concepts (Desjardins et
al., 2013; Morawetz et al., 2014). For example, in an Internet survey of
medical professionals, only 23 percent recognized risk factors for anaphy-
laxis and only 55 percent identified a case of anaphylaxis that had no hives
(Wang et al., 2014). Another Web-based study of 407 primary care physi-
cians noted a fair allergy and anaphylaxis knowledge base but specific defi-
cits were noted, such as only 23 percent recognizing that cheese is unsafe
for those with milk allergy and fewer than 30 percent indicating comfort
with laboratory tests or caring for children with food allergies (Gupta et
al., 2010Db). Surveys of emergency department management of anaphylaxis
suggest serious undertreatment of anaphylaxis and lack of referral (Clark et
al., 2004). When allergy referral is achieved, previously unknown triggers
are often identified (Campbell et al., 2015b).

Surveys of the general public (Gupta et al., 2009) and parents of
children with food allergy (Gupta et al., 2010a) also show a variety of
knowledge deficits. Studies have identified errors in using epinephrine auto-
injectors among patients and health care providers (Arga et al., 2011;
Brown et al., 2013; Guerlain et al., 2010; Sicherer et al., 2000). A Canadian
survey of 184 respondents of caregivers of children who had experienced
a first allergic reaction within the past year identified gaps in the caregiv-
ers having received food allergy and anaphylaxis education and coping
strategies for fear and anxiety (Abdurrahman et al., 2013). In a qualitative
manner, they found three primary areas of deficit: lack of receiving informa-
tion on recognizing and managing food allergy-related reactions, long wait
times to see an allergist, and significant family anxiety. Surveys of school
nurses revealed the need for better understanding of emergency plan devel-
opment, staff education, and delegation and avoidance measures (Carlisle
et al., 2010). Surveys of pediatric dietitians (Groetch et al., 2010; Maslin
et al., 2014) revealed that they considered they had moderate knowledge
for educating families and evaluating safe foods and low knowledge for
creating diagnostic food challenges. Knowledge deficits about food allergy
also have been noted among child care providers (Greiwe et al., 2015),
emergency response providers (Jacobsen et al., 2012), restaurant personnel
(Ahuja and Sicherer, 2007; Bailey et al., 2011), and teachers (Ercan et al.,
2012; Polloni et al., 2013). Overall, stakeholders are currently insufficiently
educated and seek more information on food allergy.

Studies suggest that educating health care providers is valuable and
that patients and their families may benefit from being directed to various
educational resources. A number of studies report successful educational
materials or programs for various stakeholders, including in-person and
online programs, many of which have not been validated (Bailey et al.,
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2014; Bansal et al., 2005; Camargo et al., 2007; Cavanaugh and Strickland,
2011; Chokshi et al., 2015; Desai et al., 2015; Hernandez-Trujillo and
Simons, 2013; Reeves et al., 2015; Rosen et al., 2014; Sasaki et al., 2015;
Shah et al., 2013; van Os-Medendorp et al., 2015; Wahl et al., 2015;
White et al., 2015; Yu et al., 2008). One study found that providing simple
guidelines improved anaphylaxis management in the emergency department
(Desai et al., 2015). In one program that health care professionals can use
with parents of children with food allergy (Sicherer et al., 2012), significant
improvements were seen in the correct number of auto-injector activation
steps, comfort with using the auto-injector, knowledge test scores, and the
annualized rate of allergic reactions fell on average from 1.77 (historical)
the year prior, to 0.42 (P<0.001) after the program. A number of smart-
phone and tablet applications are also emerging for managing food allergy
(Cuervo-Pardo et al., 2015).

Food anaphylaxis can occur in any setting but proper emergency man-
agement can resolve a life-threatening occurrence. Therefore, the public,
particularly first responders and aiders, need to be prepared to assist in such
food-related severe reactions. There is not, however, a national standard-
ized curriculum that includes required elements for emergency care train-
ing. Overall, food allergy anaphylaxis is not included in training curricula
of organizations that offer various certifications on emergency training or
specialized training for professionals such as pediatric specialization for
child care providers or training for Emergency Medical Service personnel.

In summary, education of stakeholders is key for food allergy man-
agement because knowledge deficits are significant. There is a clear unmet
need for education. Evidence indicates that adopting a multidisciplinary
clinical approach and providing educational materials may improve
knowledge, correct use of epinephrine, and reduce reactions. Although
various educational programs are available or in development, most have
not been extensively studied. Studies on widespread implementation also
are lacking.

High-Risk Groups

Several guidelines (e.g., Muraro et al., 2014b; Sampson et al., 2014)
emphasize that certain factors may increase the risk for anaphylaxis.
Examples of factors that may increase risks include coexisting asthma,
allergies to specific foods (e.g., peanut, tree nuts), degree of sensitivity
and extent of eliciting factors (e.g., illness, exercise, medications, alcohol).
The relative contributions of all of these are not established. Risk factors
identified in case series of fatal food allergic reactions include adolescence
or young adult age group, comorbid asthma, ingestion of peanut or tree
nuts (although fatal reactions can occur from other allergens, such as
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milk), delayed treatment with epinephrine, lack of skin symptoms (perhaps
resulting in delayed recognition and treatment), and previously diagnosed
food allergy (Bock et al., 2001, 2007; Pumphrey, 2000; Pumphrey and
Gowland, 2007; Sampson et al., 1992). The AAAAI Guidelines (Sampson
et al., 2014) suggests discussing self-care management techniques espe-
cially with high-risk patients, described as adolescents, young adults, and
patients with asthma.

Adolescents and young adults, including those in college, may be at
higher risk of fatal food-induced anaphylaxis for a variety of reasons
(Akeson et al., 2007; Greenhawt et al., 2009; Macadam et al., 2012;
Marrs and Lack, 2013; Monks et al., 2010; Mullins, 2003; Noimark et
al., 2012; Sampson et al., 2006a). They may not understand or recognize,
or may deny symptoms indicating anaphylaxis. For example, in a survey
of 174 adolescents with food allergy, 61 percent did not report having
anaphylaxis but described symptoms such as throat swelling, trouble
breathing, and loss of consciousness (Sampson et al., 2006a). In this same
study, risk-taking behaviors included not always carrying epinephrine (39
percent), purposefully ingesting unsafe food (54 percent), and ingesting
foods with advisory labeling for their allergen (42 percent). The motiva-
tion behind risk-taking behaviors may include poor understanding of risk,
convenience, not wanting to feel different from peers, bullying, lack of
recollection of allergic reactions, success having survived self-resolving
reactions without the need for treatment, fear of injections, overreli-
ance on emergency medications on hand to justify unsafe eating behav-
iors, and other behavioral and psychosocial factors (Akeson et al., 2007;
Greenhawt et al., 2009; Macadam et al., 2012; MacKenzie et al., 2010;
Marrs and Lack, 2013; Monks et al., 2010; Noimark et al., 2012; Samp-
son et al., 2006a). Potential for interventions also are noted in several
studies. In one study, 68 percent of adolescents with food allergy indicated
a belief that educating their friends would make living with food allergy
easier (Sampson et al., 2006a). In another study of adolescents with food
allergy, adherence to self-care was reported by 16 percent of participants,
and was more likely if the adolescents belonged to an allergy support
group (odds ratio [OR]: 2.54; 95% confidence interval [CI]: 1.04-6.20),
had a written management plan (OR: 3.22; 95% CI: 1.18-8.81), per-
ceived having a more severe allergy (OR: 1.24; 95% CI: 1.01-1.52), and
perceived fewer management barriers (OR: 0.87; 95% CI: 0.79-0.96)
(Jones et al., 2015). Approaches for providing care and better educa-
tion have not been systematically studied, but suggestions have included
targeting knowledge, preparedness, empowerment, and beliefs (Marrs
and Lack, 2013).
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Advice on Allergens in Nonfood Items and Alcoholic Beverages

Allergens in Pet Foods, Cosmetics, and Topical Products

A variety of noningested products include allergens, which requires
caution on the part of consumers when allergen disclosures may not be
included. Examples include pet foods containing milk, soy, fish, or nut
ingredients, and lotions with nut ingredients. Most of these products are
not ingested, so the risk of anaphylaxis would be relatively low but studies
have not delineated the risks. These products have no labeling requirements
relating to food allergens. Physicians may discuss these potential risks with
patients who have food allergy, especially with toddlers who may otherwise
have access to these products and could ingest them accidentally.

Allergens in Vaccines, Medications, and Dietary Supplements

Physicians and patients with food allergy must consider potential food
allergen exposures in vaccines, medications, and dietary supplement prod-
ucts (e.g., vitamins, probiotics), which are not regulated by labeling laws.
Also, excipients (i.e., substances added to medications to improve various
characteristics) may be food or derived from foods (Kelso, 2014). These
include milk proteins; soy derivatives; oils from sesame, peanut, fish or
soy; and beef or fish gelatin. The medications involved include vaccines;
anesthetics; and oral, topical, and injected medications. With perhaps the
exception of gelatin, reactions appear to be rare overall, likely because
little residual protein is included in the final preparation of these items. The
specific risk for each medication is not known.

Vaccines also may contain food allergens, such as egg protein or gela-
tin. Expert opinion based on many studies suggests that the yearly influenza
vaccination and the measles, mumps, and rubella vaccines should not be
deferred based on egg allergy (e.g., Turner et al., 2015). In contrast, the
yellow fever and rabies vaccines should not be given to persons with severe
egg allergy unless testing with the vaccine is undertaken first (Kelso et al.,
2012, 2013).

Allergens in Alcoholic Beverages

Allergic or allergic-like reactions can occur from alcoholic beverages.
These products are not included in allergen labeling laws and counseling
of patients may be warranted. However, the literature on the allergenicity
of alcoholic beverages is sparse. Persons with alcohol dehydrogenase defi-
ciency may experience dose-related symptoms that mimic allergy, including
flushing, nausea, vomiting, and sometimes wheezing. Sulfites, often found
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in wine, may induce asthma symptoms. Wines may be clarified by processes
that use allergens such as egg, but the final product may not likely contain
residual protein (Rolland et al., 2008). Beer may have residual proteins
from barley or other grains that can trigger reactions (Quercia et al., 2012).
Distilled alcohol should be free from protein. Many alcoholic beverages
are made from potential allergens, for example amaretto from almonds,
frangelico from hazelnuts, and Irish cream from milk, but the residual
allergenicity of these products has not been studied.

EMERGENCY MANAGEMENT OF ALLERGIC REACTIONS

The physician must counsel patients with food allergy, and their fami-
lies, on recognizing and treating food-induced anaphylaxis. The following
discusses some of the challenges involved in diagnosis and treatment of
anaphylaxis at the level of first aid and physician care. The previous sec-
tion “Management in Schools and Child Care Centers” includes additional
information regarding written emergency plans and emergency medical
identification jewelry.

Definition of Anaphylaxis, Diagnosis, and Differential Diagnosis

Anaphylaxis has been described as a severe, life-threatening, general-
ized or systemic hypersensitivity reaction (Muraro et al., 2014a). Life-
threatening breathing, airway, or circulatory problems may occur and skin
and mucosal changes usually, although not always, occur. A consensus
definition was proposed in 2006, describing anaphylaxis as “a serious
allergic reaction that is rapid in onset and may cause death” (Sampson et
al., 2006b, p. 392). Diagnostic criteria based on consensus were published
in 2006 (Sampson et al., 2006b) and some validation has been performed
(Campbell et al., 2012; Harduar-Morano et al., 2010). Diagnosis may need
to differentiate anaphylaxis from fainting, cardiac events, mild allergic reac-
tions, asthma, choking, panic attacks, and many other ailments. However,
no simple tests exist to confirm anaphylaxis or to predict those at risk.
Serum tryptase, a mediator released from mast cells, may not be increased
with food-induced anaphylaxis, although severity of the episode and dif-
ferences from baseline may be relevant (De Schryver et al., 2016; Lin et al.,
2000a; Sahiner et al., 2014; Sala-Cunill et al., 2013; Wongkaewpothong
et al., 2014). Histamine measurements are difficult to obtain. As reviewed
previously, allergy tests are not good predictors of severity of reactions.
Overall, anaphylaxis is a clinical diagnosis and no rapid diagnostic test is
available.
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Nature of Anaphylaxis

Anaphylaxis involves more than one organ system (e.g., skin, respira-
tory tract, and/or gastrointestinal [GI] tract) (Boyce et al., 2010). The
skin is involved in 80 to 90 percent of episodes, respiratory symptoms in
up to 70 percent, GI in up to 40 percent, and cardiovascular symptoms
in up to 35 percent (Boyce et al., 2010; Dhami et al., 2014; Lieberman
et al., 2015; Muraro et al., 2014a; Sampson et al., 2014). Symptoms
include flushing, pruritus, hives (urticaria), nasal congestion and rhinor-
rhea, throat itching and swelling (edema), choking, wheezing, coughing,
trouble breathing, altered breathing sounds or trouble speaking, cramp-
ing abdominal pain, nausea, vomiting, diarrhea, dizziness, high or slow
heart rate, sleepiness, confusion, loss of consciousness, anxiety, feeling
of doom, seizure, and uterine cramps.

Food-induced anaphylaxis typically occurs within minutes to several
hours of ingestion of the food (but may be longer for mammalian meat,
alpha-gal-related reactions (Boyce et al., 2010; Sampson et al., 2014;
Tripathi et al., 2015). The reaction usually develops and resolves completely
within hours, but a biphasic course has been described where symptoms
resolve but recur hours later, a phenomenon that is described for 1 to
20 percent of cases (Alqurashi et al., 2015; Ellis and Day, 2007; Lee and
Greenes, 2000; Lee et al., 2015b; Lieberman, 2005; Mehr et al., 2009;
Sampson et al., 1992). Biphasic reactions may be more likely with severe
or undertreated reactions, but are unpredictable, and observation in an
emergency department for at least 4 to 6 hours is recommended (Boyce et
al., 2010). Rarely, symptoms can last for many hours or days (Sampson
et al., 1992). Deaths have been reported from 30 minutes to 2 hours after
exposure (Bock et al., 2001, 2007; Sampson et al., 1992). No biomarkers
are available that adequately predict severity or whether a biphasic reaction
will develop. Reactions could be worse, milder, or similar from time to time,
presumably because of many variables including overall sensitivity, amount
of allergen ingested, and other factors.

Risk Factors (Asthma, Certain Foods, Cofactors) and Risk Assessment

A number of comorbid diseases may affect the severity and treatment
response of anaphylaxis (Boyce et al., 2010; Dhami et al., 2014; Lieberman
et al., 2015; Muraro et al., 2014a; Sampson et al., 2014). Asthma is a
significant risk factor for death, especially in adolescents and young adults
(Bock et al., 2001, 2007; Pumphrey, 2000; Pumphrey and Gowland, 2007;
Sampson et al., 1992). Cardiac disease is a risk factor for middle-aged or
older adults (Pumphrey, 2000; Pumphrey and Gowland, 2007). Allergies
to some foods are associated with more severe reactions (e.g., peanut, tree
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nuts, milk, fish, shellfish, seeds, and egg) than others (fruits and vegetables).
Additional risks for more severe reactions include underlying mastocytosis
and lung disease diagnosis. Various medications may affect response to
treatment, including beta-adrenergic antagonists, angiotensin-converting
enzyme inhibitors, and alpha adrenergic blockers. No simple means exist to
predict the severity of reactions or to clearly identify an individual at risk.

Medical Treatment of Anaphylaxis

Epinephrine, typically prescribed as auto-injectors for self-injection for
first aid management, is first-line therapy for food-induced anaphylaxis and
is recommended to be injected intramuscularly (anterolateral thigh into the
vastus lateralis muscle) (Boyce et al., 2010; Lieberman et al., 2015; Muraro
et al., 2014a; Sampson et al., 2014). Epinephrine should be administered
promptly for anaphylaxis and when clinical features are likely to evolve
into anaphylaxis (AAAAI BOD, 1994; Muraro et al., 2014a). Delay in
providing therapy with epinephrine is associated with increased risk of
death and morbidity. Epinephrine has a variety of actions that improve
breathing and circulation and may reduce the release of additional inflam-
matory mediators. Treating anaphylaxis with epinephrine has no absolute
contraindications.

A Cochrane Systematic Review (Sheikh et al., 2012a) of the effective-
ness of epinephrine auto-injectors in relieving respiratory, cardiovascular,
and other symptoms during anaphylaxis in the community setting sought
randomized or quasi-randomized trials comparing auto-injectors to no
intervention or other interventions and found no qualifying studies out of
1,328 references that were reviewed. Nonetheless, the conclusion was to
recommend epinephrine auto-injectors as the most effective first-line treat-
ment for anaphylaxis in the community, with a recommendation for trials
comparing different doses and devices as well as syringe and ampule.

According to the NTAID/NIH-supported Guidelines, a prescription for
an epinephrine auto-injector, typically two doses, should be given to those
who have experienced anaphylaxis as well as patients with diagnosed food
allergy who have asthma and those with allergy to foods that typically
cause severe reactions (e.g., peanut, tree nuts, fish, shellfish). A prescription
for anyone with a diagnosed food allergy may be considered because subse-
quent reaction severity is hard to predict (Boyce et al., 2010). The EAACI
Anaphylaxis Guidelines (Muraro et al., 2014b) additionally comment upon
a prescription being indicated when a person has had previous mild to mod-
erate symptoms from trace food exposure, mild to moderate symptoms to a
food and travel to areas remote from medical care is planned, and for teen-
agers or young adults with food allergy (excluding oral allergy syndrome).
The AAAAI Practice Parameter on anaphylaxis discusses additional con-
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siderations, such as allergy to mustard, peach, or apple, for those patients
in Mediterranean regions (who tend to have more severe reactions to these
fruits), and people having past reactions with throat tightness, those hav-
ing food allergy and airway anatomy that predisposes to obstruction, or
those having contact allergic reactions to specific foods. This document
also concluded that physician discretion is needed (Lieberman et al., 2015).

Consensus has emerged on the use of premeasured auto-injector doses
of 0.15 mg for those weighing 16.5 (7.5 kg) up to 55 pounds (25 kg),
and a dose of 0.3 mg for those 55 pounds and greater (Boyce et al., 2010;
Muraro et al., 2014a; Sampson et al., 2014). Controversy exists regarding
the auto-injectors use for infants weighing less than 7.5 kg (or less than
10 kg in some guidelines [Boyce et al., 2010, Sampson et al., 2014]) and
for individuals with obesity (Sicherer et al., 2007; Simons et al., 2014,
2015). Although dosing at 0.01 mg/kg epinephrine intramuscularly has
been recommended, the ideal dose has not been determined through studies
(Lieberman et al., 2015). Additional studies and potentially a wider range
of fixed-dose auto-injectors may be beneficial.

First aid management also includes activating emergency services (call-
ing for help, dialing 911 or equivalent), evaluating airway breathing and
circulation, and providing cardiorespiratory resuscitation, if needed. It
may be beneficial to place the patient in a recumbent position with the legs
elevated if tolerated (although bringing a patient to a standing position may
result in death, and caution is needed during transport (Pumphrey, 2003).
The patient may require more than one dose of intramuscular epinephrine,
as studies suggest this may occur in 10 to 20 percent of cases (Jarvinen
et al., 2008; Oren et al., 2007). The intramuscular epinephrine dose can
be repeated (e.g., in approximately 5 minutes from the last dose), as war-
ranted by symptoms (Muraro et al., 2014a). Side effects of epinephrine may
include restlessness, headache, dizziness, palpitations, pallor, flushing, and
tremor. Rarely, epinephrine can lead to severe side effects, such as myo-
cardial infarction or intracranial hemorrhage, but these severe side effects
almost exclusively occur from overdose, which is more likely if errors in
intravenous administration occur, rather than intramuscular injection from
auto-injectors (Campbell et al., 2015a).

Additional treatment of anaphylaxis is considered adjunctive to epi-
nephrine and may include bronchodilator medications, H1 and H2 anti-
histamines, corticosteroids, vasopressors, glucagon, atropine, supplemental
oxygen, intravenous fluids, and patient positioning (Boyce et al., 2010;
Lieberman et al., 2015; Muraro et al., 2014a; Sampson et al., 2014). Most
of these adjunctive therapies would be available following first aid manage-
ment and would be administered by emergency personnel or by emergency
department staff.

Systemic antihistamines are often used during anaphylaxis. Systematic
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reviews to assess the benefit or harm of H1 antihistamines for the treatment
of anaphylaxis have been conducted. Randomized and quasi-randomized
controlled trials to compare this therapy with placebo or no intervention
have been sought. However, no studies have satisfied inclusion criteria
(Nurmatov et al., 2014b; Sheikh et al., 2007). The medications presum-
ably help to relieve cutaneous symptoms but no studies regarding effect
on other symptoms of anaphylaxes or progression of reactions have been
conducted. Combination treatment with H1 and H2 antihistamines may
have additional efficacy compared to H1 antihistamines alone for cutane-
ous symptoms (Lin et al., 2000b; Runge et al., 1992). Oral (in preference
to intravenous) administration is recommended for relief of cutaneous
symptoms (Ellis and Brown, 2013; Muraro et al., 2014a) to avoid hypo-
tension related to rapid intravenous administration. The onset of action of
antihistamines (e.g., liquids, rapid disintegrating tablets) is approximately
30 minutes. Studies to determine the benefit or harm of antihistamines in
anaphylaxis would be useful.

Oral or intravenous glucocorticoids are often used in anaphylaxis to
theoretically prevent protracted symptoms or late onset of symptoms and
also to address concomitant asthma. A systematic review was undertaken
with the intention to perform a meta-analysis to assess benefits and harms
of glucocorticoid treatment during anaphylaxis, but no randomized or
quasi-randomized controlled trials comparing glucocorticoids to any con-
trol were identified and so no meta-analysis could be undertaken (Choo
et al., 2012). Therefore, therapy with glucocorticoids, which have a slow
onset of action, are used in anaphylaxis without clear evidence and are
based on expert opinion (Boyce et al., 2010; Muraro et al., 2014a; Sampson
et al., 2014). Studies on the utility of glucocorticoids in anaphylaxis could
inform therapeutic approaches.

No consensus in the literature exists on the optimal time for observa-
tion of the patient who has experienced anaphylaxis, although 4 to 6 hours
has been suggested, or longer if the patient experienced hypotension (Boyce
et al., 2010; Muraro et al., 2014a; Sampson et al., 2014).

Post-Anaphylaxis Long-Term Management

Based on current guidelines, discharge planning or long-term manage-
ment should include a written anaphylaxis emergency action plan, encour-
aging medical identification jewelry, and having epinephrine auto-injectors
(typically two) always available, a plan for monitoring auto-injector expira-
tion, a plan for arranging further evaluation as needed, printed information
about anaphylaxis and its treatment, and consideration for referral to spe-
cialist for further evaluation. It also is recommended to have instructions on
the proper use of epinephrine auto-injectors and indications for use, advice



MANAGEMENT IN THE HEALTH CARE SETTING 247

about allergen avoidance, and additional information regarding a dietitian
consult and support groups (Boyce et al., 2010; Lieberman et al., 2015;
Muraro et al., 2014a; Sampson et al., 2014). As reviewed above, discharge
and long-term management of patients with food allergy who are at risk
for anaphylaxis has some potential pitfalls. Nutritional and psychological
concerns are described below.

NUTRITIONAL CONSIDERATIONS

Adequate nutrition is important for normal child development and
growth. When allergen avoidance is the one recommendation to minimize
the risk of an allergic reaction, children could end up deficient on specific
nutrients or calories if attention to their nutrition is not considered.

The NIAID/NIH-supported Guidelines suggest nutritional counseling
and regular growth monitoring for all children with food allergies (Boyce
et al., 2010) and the EAACI Guideline suggested that, ideally, the patient
would receive proper counseling by a dietitian with specific competence
in food allergy, recognizing this is particularly important for infants and
children and may vary by age and foods avoided (Muraro et al., 2014b).

The most common allergenic foods contain nutrients whose removal
may reduce diet quality (i.e., lead to nutrient deficiencies) and, therefore,
may be detrimental to health, particularly for an infant or child. For
example, cow milk has protein, fat, calcium, vitamin D, and riboflavin;
wheat in fortified cereals contains carbohydrates, iron, thymine, niacin,
riboflavin, and folate; egg includes protein, fat, iron, and riboflavin; and
fish and shellfish are sources of protein, fat, and omega-3 fatty acids. When
cow milk is avoided, substitutions are typically needed to account for lost
nutrients (Fiocchi et al., 2010). For example, an infant or toddler who does
not use cow milk may require breast milk or a human milk substitute, and
older toddlers may require a calcium supplement and/or fortified alterna-
tive beverages, such as soy milk or rice, almond, oat, or coconut beverages,
depending on other components of the diet and as tolerated. However, these
beverages are not equivalent to cow milk in terms of fat, protein, calories,
and other essential nutrients (Groetch et al., 2013). Specifically, an infant
with a diagnosed cow milk allergy will typically tolerate formulas approved
for use in these circumstances, such as extensively hydrolyzed casein—based
or amino acid-based formula, or soy formula, as medically necessary fol-
lowing a diagnostic evaluation. However, partially hydrolyzed milk—based
formula is not typically appropriate for an infant with a diagnosed cow
milk allergy (Lee et al., 2015a). Infants with food allergy may have nutri-
tional concerns related to their elimination diets or to underlying chronic
illness. For example atopic dermatitis or GI inflammation can interfere
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with nutrient absorption or result in increased caloric needs (Jarvinen et
al., 2013).

No RCTs have addressed whether food allergen avoidance affects
growth and nutritional status of infants and children. Multiple studies,
primarily observational and cross-sectional, suggest that food allergy may
be associated with impaired growth (Cho et al., 2011; Christie et al., 2002;
Flammarion et al., 2011; Hobbs et al., 2015; Isolauri et al., 1998; Mehta
et al., 2014; Meyer et al., 2012, 2014; Mori et al., 2015; Mukaida et al.,
2010; Nachshon et al., 2014; Vieira et al., 2010). It has particularly been
noted that growth may be impaired in those avoiding cow milk (Hobbs et
al., 2015; Isolauri et al., 1998; Mehta et al., 2014; Mukaida et al., 2010;
Tiainen et al., 1995). For example, Tiainen et al. (1995) compared 18 chil-
dren (mean age 2 years, range 1 to 3.5 years) with cow milk allergy and 20
healthy controls and found that although total energy intake between the
two groups did not differ, the children with milk allergy had lower protein
and higher fat intake compared to controls, and the allergic children also
had a lower height for age percentile (-0.6 versus 0.2 SD units; P<0.05).
Long-term outcomes for those on a childhood milk avoidance diet can
include increased risk of reduced bone mineral density and increased risk
of early osteoporosis (Nachshon et al., 2014). A small (N=39) prospective
study from the United Kingdom found that milk avoidance in early life can
have a long-term effect on food intake and preferences (Maslin et al., 2016).

Having multiple food allergies appears to put children at increased
risk of decreased growth, due to the reduced food and total energy intake
(Cho et al., 2011; Christie et al., 2002; Flammarion et al., 2011; Hobbs
et al., 2015; Meyer et al., 2012, 2014; Mukaida et al., 2010; Vieira et al.,
2010). For example, Christie et al. compared children with food allergy to
healthy controls and found that children with two or more food allergies
were shorter than those with one, and children with cow milk or mul-
tiple food allergies were less likely to consume sufficient dietary calcium
(Christie et al., 2002). Meyer et al. noted that children with food allergies
were more underweight than the general UK population, which was linked
to the number of foods excluded (Meyer et al., 2014). However, they also
noted cases of obesity despite dietary elimination. A systematic review of
nutrient intake and growth in children with multiple IgE-mediated food
allergies identified six studies and concluded that “children with multiple
food allergies have a higher risk of impaired growth and may have a higher
risk of inadequate nutrient intake than children without food allergies”
(Sova et al., 2013, p. 669). Although data are limited (Berni Canani et al.,
2014; Christie et al., 2002), dietary counseling can potentially improve
macro and micro nutrient intake and growth outcomes without evidence
of inducing overweight status. Evidence-based specific dietary guidance for
children with food allergy is lacking (Groetch et al., 2013; Meyer et al.,
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2012). However, the data suggest that by individualizing dietary counseling,
dietary intakes and nutritional status can be improved and growth impair-
ment may be prevented.

QUALITY OF LIFE AND MENTAL HEALTH CONSIDERATIONS

Daily management of food allergy is focused on avoiding trigger foods
and recognizing and managing allergic reactions, some of which are life-
threatening. These considerations practically affect the routine of daily
living and also carry psychological burdens that can result in anxiety and
stress. Measurement of health-related quality of life (HRQL) helps deter-
mine the impact of disease on an individual, which may vary among indi-
viduals even if disease severity is similar. Tools to measure HRQL may be
generic or disease specific. Generic instruments allow comparison between
disorders, while disease-specific instruments are more sensitive for measur-
ing the burden of disease and identifying changes caused by interventions.

A systematic review was undertaken to identify validated instruments
specific to food allergy disease (Salvilla et al., 2014). Seventeen eligible
studies were retrieved and seven disease specific HRQL instruments were
subjected to detail quality appraisal. These seven were found to have robust
psychometric properties (Cohen et al., 2004; DunnGalvin et al., 2008;
Flokstra-de Blok et al., 2008, 2009a,b; MacKenzie et al., 2012; Resnick et
al., 2010) and to be suitable for use in children, adolescents, parents and
caregivers, and adults. The authors also concluded that further work is
required to understand clinically important differences in score appraisal
of patients with food allergy. Using this systematic review, guidelines were
developed for using specific instruments based on the type of food allergy,
research or clinical applications, inclusion or exclusion of comorbidities,
patient age, language and cultural issues, the preferred respondent, and
target population (Muraro et al., 2014c¢). This review pointed out that the
instruments have been used in research settings only to provide quantita-
tive information on the HRQL of patients with IgE-mediated food allergy
and to assess the effect of interventions and determine outcomes. Studies to
recommend use of these instruments at the individual patient level are insuf-
ficient. Additionally, the review offered a number of research recommenda-
tions, including a need to: determine optimum methods of administration,
frequency, and interpretation; identify which instruments, if any, are valid
to guide clinical practice of individual patients; determine efficacy of the
instruments for evaluating medical and technological advances, patient sat-
isfaction and quality of care, and health and regulatory policy; include these
instruments to explain different pathways in the development, expression,
and impact of chronic diseases; articulate norms for age, sex, and country
or culture; explain the relationship between responses to both proxy and
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self-report measures; develop optimum methods for evaluating measures in
patients with comorbid conditions; and, determine how quality-adjusted
life years for food allergy can be developed to help inform policy.

Aside from validated HRQL instruments, the practical emotional con-
cerns of daily management of food allergies can result in distress. Indeed,
the NTAID/NIH-supported Guidelines recommends that patients with food
allergy and their caregivers be given information on food allergen avoid-
ance and emergency management that is age and culturally appropriate
because management can have substantial daily consequences, including
anxiety and diminished quality of life (Boyce et al., 2010). Food-specific
HRQL instruments generally query on issues such as holiday plans, res-
taurants, social activities, time for preparing meals or other meal-related
events, taking precautions, troubles in having to carry medications, worry
about health issues, not being able to get help for a reaction, other’s lack
of understanding about the allergy, attending school or work activities
safely, having a normal life, anxiety, and worry about the allergy or reac-
tions (Cohen et al., 2004; DunnGalvin et al., 2008; Flokstra-de Blok et al.,
2008, 2009a,b; MacKenzie et al., 2012; Resnick et al., 2010). The degree
of impact on HRQL can vary based on knowledge of food allergies, age,
having had experiences such as emergency room visit for anaphylaxis, an
injection of epinephrine, or multiple food allergies, or allergies to specific
foods (e.g., milk or egg compared to peanut or tree nut), and the impact
can be complex due to interactions among various factors (Springston et
al., 2010; Ward and Greenhawt, 2015; Wassenberg et al., 2012).

Various factors may affect the distress, anxiety, and psychological
aspects of a food allergy diagnosis and management. Additionally, the
impact may vary based on age, role, and time living with a diagnosis. Com-
pared to mothers of children without chronic illness, mothers of children
with food allergy have increased anxiety and stress (Lau et al., 2014). For
example, a study of families with a child having peanut allergy revealed that
mothers compared to fathers reported lower psychological and physical
quality of life and more stress and anxiety (King et al., 2009). This study
also found that children with food allergy had greater separation anxiety
than their siblings. Another study noted that mothers of children with food
allergy were more empowered than fathers of children with food allergy,
but empowerment was not associated with higher HRQL (Warren et al.,
2015). One study found that maternal anxiety and a child’s attitude toward
food allergy were associated with child distress for children ages 8 to 17
years (Lebovidge et al., 2009). Another study found that child anxiety and
parental stress significantly predicted parental report of their child’s HRQL,
and that child anxiety, parenting stress, length of diagnosis, and receiving
epinephrine predicted self-reported HRQL (Roy and Roberts, 2011). A
study using various scales to determine anxiety and depression found that
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among parents being evaluated for a first-time allergy clinic appointment
for suspected food allergy in their child, 33 percent reported mild to severe
anxiety and 18 percent reported depression, with no significant change 1
month after the visit (Knibb and Semper, 2013).

Studies have focused on teens and young adults as well. A small quali-
tative study of adolescents and their parents found that having a child
with anaphylaxis can have a significant long-term psychological impact
on the parents, and in some cases, this anxiety may be transferred to
the adolescents (Akeson et al., 2007). In a large study of adolescents
(N=1,420) followed longitudinally, having food allergy was associated with
more symptoms of separation and generalized anxiety, attention deficit
and hyperactivity disorder, and anorexia nervosa. Over time, adolescents
with food allergy experienced increases in generalized anxiety disorder and
depression, but having food allergy was not associated with a higher likeli-
hood of having a diagnosed psychiatric disorder (Shanahan et al., 2014).
An online study of 86 food-allergic and 344 healthy adults ages 18 to 22
years evaluated autonomy, anxiety, depression, and perception of parental
behavior. The study indicated that, although food allergic young adults did
not differ from healthy ones, those who experienced anaphylaxis described
their disease as more severe, were more worried, and indicated their par-
ents as more protective then those who had not experienced anaphylaxis
(Herbert and Dahlquist, 2008). Additionally, for adolescents and young
adults, having a food allergy may be associated with dating anxiety, inter-
ference with physical intimacy, and fear of a negative evaluation by peers
(Hullmann et al., 2012).

Bullying has been another focus of study among psychosocial aspects
of food allergy. Episodes of bullying appear to be more common among
children with food allergy compared to peers and can take the form of
verbal and physical events (Lieberman et al., 2010). Bullying is significantly
associated with decreased quality of life and increased distress in parents
and children. Parents often may not know about their child being bullied
(Shemesh et al., 2013). When parents were aware of bullying, the child’s
quality of life was better and distress was reduced. Food-related bullying
often persists over time, although it is less likely to continue if parents
intervene (Annunziato et al., 2014). The AAAAI Guidelines specifically
suggests that physicians inquire about behavioral changes because of food
allergy—related bullying (Sampson et al., 2014).

Overall, the relationship of a chronic disease such as food allergy and
psychosocial problems is complex. A systematic review and meta-analysis
of 43 studies suggested a positive association between psychosocial factors
and future atopic disorders and current atopic disorders and future poor
mental health, but studies of food allergy were insufficient to comment on
this disease separately (Chida et al., 2008). Determinants of food allergy—
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related cognition, emotion, and behavior are complex and understudied
(DunnGalvin et al., 2009).

Interventions pertaining to reducing the psychosocial impact of food
allergy are few. It appears that food allergy interventions themselves can
result in improvement. For example, measures of food-specific HRQOL
showed improvement for those on desensitization therapy in small or
uncontrolled studies (Arasi et al., 2014; Carraro et al., 2012; Factor et
al., 2012; Otani et al., 2014). Also, anxiety may decrease and HRQL may
improve following a diagnostic OFC, whether the outcome confirms an
allergy or not (Franxman et al., 2015; Knibb et al., 2012; Soller et al., 2014;
van der Velde et al., 2012; Zijlstra et al., 2010). However, no comprehen-
sive, evidence-based protocols exist for the clinical management of psy-
chosocial concerns related to food allergy, and studies are few. Availability
of a 24-hour helpline for expert management improved quality of life for
participants randomized to this intervention (Kelleher et al., 2013). A pilot
study of a telephone-based intervention teaching parents self-regulation for
chronic disease management resulted in improvement in some components
of HRQL (Baptist et al., 2012). Data to understand the value of support
groups for food allergy are limited (Sharma et al., 2012).

Referral to a mental health professional would presumably be of value,
if indicated, to improve psychosocial health concerns. Unfortunately, one
study of mental health screening of families with food allergy failed to result
in a greater consultation rate with a mental health professional compared
to a referral by the patient’s allergist (Shemesh et al., 2015). An expert
review on the topic of addressing the psychosocial aspect of food allergy
on a patient-level basis suggested that medical providers can validate feel-
ings, normalize the challenge of balancing management with participation
in daily activities, and provide education about food allergy and its psy-
chosocial impact, with referral to a mental health expert when indicated
(Herbert et al., 2016).

In conclusion, food allergy may affect different aspects of mental health
and HRQL. Health professionals should address these issues. However,
more information is needed to refine understanding about identification,
prevention, and management of these issues.

TREATMENT MODALITIES UNDER INVESTIGATION

The following summarizes approaches under investigation to treat food
allergy. This is not meant to be a comprehensive review of risks and benefits
of these approaches, nor a compendium of all approaches under study, but
rather an overview with summaries of expert reports and suggested addi-
tional references. The committee did not make an assessment in regard to
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which treatment modalities have more promise in the future nor where the
research gaps exist.

A number of food allergy treatment strategies are under investigation.
Examples that are furthest along in study and are allergen-specific include
oral, sublingual, and epicutaneous immunotherapy.

Oral immunotherapy (OIT) involves ingesting the food allergen in
gradually increasing amounts. Protocols typically begin with ingestion of
trace amounts, building up to a small dose on a first day and then increasing
the dose, which is taken daily, on a biweekly basis toward a daily “main-
tenance” dose. Sublingual immunotherapy (SLIT) takes a similar approach
but the allergen is retained for a period under the tongue and much lower
doses are used compared to OIT. Epicutaneous immunotherapy (EPIT)
involves placement of a membrane impregnated with allergen on the skin.
These therapies are often evaluated in context of promoting “desensitiza-
tion” to the targeted food allergen. That is, these treatment approaches
may raise the threshold of reactivity while the therapy is in progress, while
cessation of therapy may result in loss of protection. A curative therapy
would not depend upon daily treatments to maintain a threshold where the
food can be ingested without concerns for dose ingested or other factors
that may alter the safe ingestion of the food (e.g., concomitant exercise,
illness). Approaches that are not allergen-specific also have been suggested.
For example, omalizumab is a humanized monoclonal antibody against
IgE that is approved for use in recalcitrant allergic asthma and for chronic
hives. It may increase the threshold of reactivity to allergens and may, in
co-administration with OIT, allow more rapid dosing with fewer symptoms
(Begin et al., 2014; Schneider et al., 2013; Wood et al., 2015). Studies with
a similar agent suggested an increased threshold to peanut during oral food
challenges (Leung et al., 2003).

The 2010 NIAID/NIH-supported Guidelines concluded that allergen-
specific immunotherapy is not recommended, and also did not recommend
immunotherapy with cross-reactive allergens (i.e., pollen allergens to treat
oral allergy syndrome) (Boyce et al., 2010). The 2014 EAACI Guidelines
concluded that allergen-specific immunotherapy is promising, but is associ-
ated with risks, including anaphylaxis and is not recommended for routine
clinical use (Muraro et al., 2014b). These Guidelines (p. 1019) also stated
that “the use of anti-IgE alone or in combination with specific immuno-
therapy is currently not recommended . . . although it represents a prom-
ising treatment modality.” In addition, the 2010 NIAID/NIH-supported
Guidelines and the EACCI Guidelines both recommend not using pollen
immunotherapy to primarily treat food allergy. The AAAAI Guidelines
similarly concluded that immunotherapeutic approaches such as OIT show
promise, but are not ready for implementation in clinical practice because
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of inadequate evidence of therapeutic benefit over risks (Sampson et al.,
2014).

The field of allergen-specific immunotherapy is rapidly progressing. A
number of systematic reviews and meta-analyses have addressed the utility
of immunotherapy (primarily OIT and SLIT) for food allergy. A 2012 meta-
analysis of milk OIT identified five trials. The authors noted the poor qual-
ity of the trials and concluded that treatment could lead to desensitization
in a majority of individuals. Although most were mild, a major drawback
was the frequency of side effects (Yeung et al., 2012). A 2014 systematic
review and meta-analysis of milk oral OIT identified six qualifying articles
and concluded that it was effective for treating IgE-mediated cow milk
allergy because significantly more patients were desensitized on treatment
compared to those on an avoidance diet. The treatment was considered rea-
sonably safe because side effects were mild to moderate and intramuscular
epinephrine was rarely required (Martorell Calatayud et al., 2014). A 2012
review and meta-analysis of peanut OIT (Sheikh et al., 2012b) identified six
qualifying studies with 85 participants, but given the case series design of
all the studies, they were considered to have high risk of bias.* The authors
noted suggestive evidence that treatment could increase the threshold for
many participants but that adverse reactions were common. Although most
were minor, some were potentially life-threatening. They concluded that the
treatment was promising for short- or medium-term management of care-
fully selected patients, but that more robust studies were needed and that
OIT should not be administered outside of carefully designed clinical trials.
A 2014 meta-analysis (Sun et al., 2014) of RCTs of peanut OIT and SLIT
identified three studies with a total of 86 participants. These immunothera-
pies were determined to have a positive effect on peanut allergy (OR: 38.44;
95% CI: 6-246). The authors cautioned that the findings were based on a
small number of trials and larger, well-designed and double-blind RCTs are
needed. A 2013 review of pediatric SLIT (Larenas-Linnemann et al., 2013)
concluded that food OIT was more promising than SLIT, but few studies
were included. A 2014 meta-analysis (Nurmatov et al., 2014a) identified 21
eligible trials of OIT or SLIT to foods. The meta-analysis revealed a lower
risk of reactions on treatment (risk ratio [RR]: 0.21; 95% CI: 0.12-0.38).
Additionally, SPT responses significantly decreased (mean difference: -2.96
millimeters [mm]; 95% CI: —-4.48 to —1.45), and allergen-specific IgG4
concentrations increased by an average of 19.9 (95% CI: 17.1-22.6) pg/ml.
Safety data showed an increased risk of local oral-pharyngeal and gastro-
intestinal adverse reactions with treatment (RR: 1.47; 95% CI: 1.11-1.95).

4 Case series design studies are considered to be vulnerable to selection bias because they,
for example, might draw their patients from a particular population and might not represent
the wider population.
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Also, a non-significant increased average risk of systemic adverse reactions
occurred with treatment (RR: 1.08; 95% CI: 0.97-1.19). The authors
concluded that OIT can induce immunomodulatory changes and thereby
promote desensitization. However, based on limited evidence on long-term
efficacy and safety, as well as cost-effectiveness, they concluded that the
treatment should not currently be used outside of experimental conditions.
Overall, these reviews and meta-analyses are in agreement with the
guidelines noted above. However, OIT is being used clinically by a num-
ber of practice settings with various motivations (Greenhawt and Vickery,
2015; Pajno et al., 2014). Phase 3 studies are currently under way for OIT
and EPIT. Numerous other approaches have been tried or are in develop-
ment, such as a panoply of biologics, immune adjuvants, modified protein
vaccines, traditional Chinese medicine practices, probiotics, and many oth-
ers (Bauer et al., 2015; Keet and Wood, 2014; Kumar et al., 2013; Le and
Burks, 2014; Nermes et al., 2013; Nowak-Wegrzyn and Sampson, 2011;
Opyoshi et al., 2014; Sato et al., 2014; Senti and Kundig, 2016). Clearly,
many strategies can be pursued to address treatment of food allergy.

OVERALL CONCLUSIONS

Management in the health care setting involves education about the
daily strategies that patients need to follow to avoid allergen ingestion and
to recognize and treat reactions promptly. Although these management
approaches begin in the health care setting, success often requires involve-
ment at the community level (see Chapter 8). Allergen avoidance, usually
strict avoidance even of trace amounts of allergen, is the primary means of
management. This requires significant education and caution throughout
the day. In addition, it relies upon others in the community to provide
safety, seriously affects quality of life, and increases anxiety. Counseling
about avoidance involves emphasizing key concerns, such as cross-contact
and hidden ingredients and discussing foods related to the diagnosed aller-
gens, which may need to be avoided upon a full food allergy evaluation.
Counseling is directed to managing food allergies at home, reading labels
(and knowing about products that are not included in mandatory label-
ing laws), asking questions when eating in restaurants and during travel,
and, for children, avoiding food allergens when away from home (e.g., at
schools, camp, or when with friends and relatives). Such counseling should
address common pitfalls that have been identified in a variety of studies.
However, data to be able to provide individualized risk assessments upon
which to base instructions regarding avoidance and emergency management
are limited. Also, limited programs exist for educating patients, caregivers,
and other stakeholders, with few evidence-based programs to ensure effec-
tiveness, and limited information exists on implementation. Adolescents
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and young adults appear to be at increased risk for fatal anaphylaxis, and
their risk-taking behavior has been identified as a possible cause.

Emergency management depends upon recognizing a reaction and
promptly instituting therapy. Epinephrine is the primary treatment for
anaphylaxis, with auto-injectors having fixed doses used for first-aid care.
However, dosing of epinephrine has not been extensively studied and
current auto-injectors may not provide appropriate doses for infants or
individuals with obesity. Anaphylaxis is often underrecognized and under-
treated. A number of risk factors have been identified for anaphylaxis, but
there are no means to reliably predict severity of anaphylaxis. Medications
used as primary and adjunctive therapy for anaphylaxis have not been
studied. Post-anaphylaxis care includes observation in the medical setting
to ensure resolution of symptoms, prescription of medications, education
on avoidance and management, and possibly referral for additional testing
and management. However, numerous pitfalls to these strategies have been
identified.

Avoidance diets, particularly ones involving milk or multiple foods,
can affect nutrition and growth and dietitian intervention is warranted.
However, data on best practices are limited. Considering the significant
impact of food allergy on quality of life and emotional status, information
on how best to approach these issues is severely lacking. In addition, data
on aspects of management for adults are sparse.

Emerging studies show promising results for desensitizing specific aller-
gens but more information is needed about the safest and most effective
approaches and how they may be individualized based on patients allergies
and needs.

The committee did not wish to repeat all reasonable management
recommendations that are already noted in professional guidelines, com-
mittee reports, and practice parameters. However, the committee empha-
sizes some key research recommendations in alignment with such reports
where the study findings suggest areas of high need and frequent deficits
in management.

RECOMMENDATIONS

Numerous clinical guidelines and parameters provide advice for health
care providers and patients and their caregivers on diagnosing, prevent-
ing, and managing food allergy. The committee generally supports current
guidelines and U.S. practice parameters for food allergy management and
the committee emphasizes those areas where improvements would lead to
significant changes in the quality of life of patients and their caregivers,
such as training and education of the general public and all stakeholders.



MANAGEMENT IN THE HEALTH CARE SETTING 257

Public Health Authorities, Health Care Providers,
and Their Patients and Caregivers

The committee recommends that the Centers for Disease Control
and Prevention work with other public health authorities to plan
and initiate a public health campaign for the general public, indi-
viduals with food allergy, and all relevant stakeholders to increase
awareness and empathy as well as to dispel misconceptions about
food allergy and its management.

For example, as part of that campaign and taking advantage
of the popularity of digital media among the public, particularly
children and adolescents, public health authorities could develop
effective media engagement programs. To plan for this campaign
and develop media programs, public health authorities could con-
duct formative research with all potential audiences.

The committee recommends that public health authorities, such
as the National Institutes of Health and the World Health Orga-
nization, and professional organizations, such as the American
Academy of Pediatrics; the American Academy of Allergy, Asthma
& Immunology; American Academy of Family Physicians; and the
Academy of Nutrition and Dietetics, regularly update guidelines
on diagnosis, prevention, and management of food allergy based
on strong scientific evidence, as emerging scientific data become
available.

For example, current evidence is insufficient to associate any of
the following behaviors with prevention of food allergy: food aller-
gen avoidance diets for pregnant or lactating women, prolonged
allergen avoidance in infancy, vaginal delivery, breastfeeding, infant
formulas containing extensively or partially hydrolyzed protein,
and supplementation with specific nutrients (e.g., vitamin D, folate,
fatty acids) in children or adults.

The committee recommends that medical schools as well as resi-
dency and fellowship programs and other relevant schools include
training for health care providers in the management of food
allergy and anaphylaxis. Health care providers, including dietitians
and mental health professionals, also should receive training on
approaches to counseling patients and their caregivers. Counsel-
ing training is envisioned to be provided, in part, by professional
organizations through various means, including the Internet.
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The following elements of food allergy training are appropriate
for all health care providers, including emergency medical techni-
cians, emergency room staff, nurses, dietitians, and others:

*  Emergency management. This includes training to recog-
nize and manage an anaphylaxis emergency, such as the use
of intramuscular epinephrine as a first line of emergency
management for episodes of anaphylaxis.

*  Counseling on food allergy management and anaphylaxis.
This includes identifying food allergies as well as man-
aging and treating them in various settings (e.g., home,
school, restaurants), as well as emergency management of
anaphylaxis.

As appropriate, physicians and other health care providers also
may receive training to provide the following:

*  Nutrition counseling. This includes discussion of safe and
nutritionally adequate avoidance diets to individuals with
food allergies, particularly children and their caregivers.
The training also could include offering referral to a dieti-
tian when needed and as part of reimbursable care. In
addition, dietitians may receive training in providing indi-
vidualized dietary advice to people with food allergies and
their caregivers.

* Psychosocial counseling. This includes identifying and dis-
cussing with patients and caregivers psychosocial concerns
(e.g., bullying), validation of feelings, and balancing man-
agement with participation in daily activities. Training also
could include offering referral to a mental health profes-
sional when needed and as part of reimbursable care. In
addition, mental health professionals may receive train-
ing in counseling individuals with food allergy and their
caregivers.

The committee recommends that health care providers counsel
patients and their caregivers on food allergies following the most
recent food allergy guidelines and emphasizing the need to take
age-appropriate responsibility for managing their food allergy.
Counseling is particularly important for those at high risk of food
allergy and severe food allergy reactions, such as adolescents,
young adults, and those with both food allergy and asthma.
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The committee recommends that health care providers and others
use intramuscular epinephrine (adrenaline) in all infants, children,
and adults as a first line of emergency management for episodes
of food allergy anaphylaxis. The Food and Drug Administration
should evaluate the need for, and, if indicated, industry should
develop an auto-injector with 0.075 mg epinephrine specifically
designed for use in infants.

Current auto-injectors have 0.15 mg or 0.30 mg epinephrine,
which is not suitable for infants. Consensus is currently lacking on
first aid management using available auto-injectors when managing
infants. A dose of 0.075 mg from an auto-injector could fill this
gap. Labeling the auto-injectors in a standard manner to differenti-
ate doses also could be beneficial.

Training First Responders and First Aiders

The committee recommends that organizations, such as the Ameri-
can Red Cross or the National Safety Council, who provide emer-
gency training (e.g., first aid training, basic life support) to the
general public and to first responders and first aid personnel in
various professions and workplaces, include food allergy and ana-
phylaxis management in their curricula.

RESEARCH NEEDS

Health Care Settings

Food allergy management primarily requires avoiding the trigger
allergen(s), but this approach requires extreme care; knowledge of cross-
contact, hidden ingredients, and the effect of processing; and knowledge
of ingredients through label reading and other methods. It is prone to
accidents resulting in allergic reactions. Numerous obstacles arise for
food-allergic consumers attempting to obtain safe meals outside the home.
Surveys among individuals with food allergy, caregivers, and health care
providers reveal deficiencies in food allergy knowledge and concerns about
accidents, especially among adolescents and young adults. Only limited pro-
grams are available for educating individuals, caregivers, and health care
providers on strategies to obtain and provide safe meals outside the home,
with few validated programs and limited information on implementation.
In addition, validated, evidence-based dietary guidance is lacking for those
avoiding allergens, such as milk or multiple foods. Knowledge about poten-
tial interventions that health professionals could use to improve individual
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psychosocial status, such as to improve quality of life or alleviate anxiety,
also is lacking.

In regard to management, some areas of research need further study.
For example, no means are currently available to reliably predict sever-
ity of anaphylaxis, which would be valuable for health care providers,
individuals with food allergy, and their caregivers. In terms of managing
anaphylaxis, underuse of epinephrine, the primary treatment for ana-
phylaxis, is common but the reasons are unknown. In addition, the fixed
doses of epinephrine in auto-injectors may not be appropriate for infants
or for individuals with obesity. Also, medications used as primary and
adjunctive therapy for anaphylaxis (e.g., epinephrine dosing, bronchodila-
tors, antihistamines, corticosteroids) have not been studied. Standardized
emergency plans for individuals that can be used by caregivers at home or
school also do not exist.

To address those gaps in knowledge, the following research areas
should be pursued on all affected populations (ages, sexes, ethnicities,
comorbidities, socioeconomic strata), especially on underrepresented
populations:

® Determine the effectiveness of evidence-based guidelines and
evidence-based educational programs on food allergy management,
including avoidance of allergens and emergency management of
allergic reactions and anaphylaxis, for health care providers and
for patients, particularly for high-risk groups.
*  Assess the following management issues:
o the effectiveness of approaches other than strict allergen
avoidance
o the role of food allergy in other chronic allergic conditions
o the identification of means to recognize clinically relevant ver-
sus nonrelevant allergen cross-reactivity

® Identify risk factors and biomarkers of food-induced anaphylaxis,
particularly to identify individuals at high risk of severe reactions.

*  Assess the safety and efficacy of adjunctive therapies for anaphylaxis,
especially bronchodilators, antihistamines, and corticosteroids.

* Devise safe and effective therapies for food allergy, including those
that can induce long-term desensitization and tolerance (i.e., sus-
tained remission), and ideally a true cure.

* Improve understanding of the nutritional needs of persons on food
allergen avoidance diets, how best to determine their need for dieti-
tian evaluation/management, and how to develop evidence-based
medical nutrition therapy.
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*  Evaluate whether consulting with a dietitian or a mental health
professional improves quality of life and understand barriers to
referring patients to dietitians or mental health professionals.

*  Explore the best means to identify and intervene about psychoso-
cial concerns associated with managing food allergy.

e Identify best practices for providing a uniform written emergency
action plan for anaphylaxis. Consider using the recent American
Academy of Pediatrics guidelines as the reference for a best practice
study.

*  Determine the proper dose of epinephrine in infants less than 10
kg and in individuals with obesity.

*  Characterize risks associated with non-oral allergen exposures
(e.g., skin-exposure and inhalation).
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Management of Packaged Foods

Consumers with a food allergy, like the general population, rely on
packaged foods as a key component of their diet. Therefore, the packaged
foods industry is an essential stakeholder if consumers with food allergies
are to succeed in their prevention approaches and be safe. For this reason,
the labeling of allergenic foods is an important public health intervention
that assists consumers in avoiding potentially allergenic foods.

The food supply chain from production to consumption is complex (see
Figure 7-1). Packaged foods are made and assembled primarily in commer-
cial food processing facilities but also in restaurants, retail grocery stores,
and other retail outlets. Commercial food processing facilities range from
very large companies that may make dozens of different products within a
single facility to very small companies that tend to make a narrower range
of products but also often use shared facilities. In addition, food processing
equipment is frequently shared to make different products. Furthermore, a
packaged food may contain several dozen ingredients that may be obtained
from a range of suppliers who likewise may have upstream suppliers.
Finally, the farms and other suppliers that are sources of these ingredients
(e.g., oceans, mines) are also often diversified and often share harvesting
equipment, transportation vehicles, and storage facilities.

Allergens, then, can enter foods from many sources along the food
chain, intentionally or unintentionally, through cross-contact' in farms,

1 Cross-contact is the inadvertent introduction of allergenic food residues into a product. It
is generally the result of environmental exposure during processing or handling, which may
occur when multiple foods are produced in the same facility, when the same processing line
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FIGURE 7-1 Conceptual model of a food supply chain. Elements or actors in this
supply chain in one area (e.g., region or country) also have interactions (e.g., inter-
national trade) with actors in other areas.

SOURCE: IOM and NRC, 2015.

storage, distribution and manufacturing facilities, food service establish-
ments, or the home. The food industry, of course, wishes to prevent the
possibility that a consumer with a food allergy will experience an adverse
reaction after consuming a packaged food product. In reality, achieving this
goal at all times is challenging. From the food industry perspective, three
general approaches can be used to minimize the risk of a reaction from an
allergenic food: (1) eliminate potential allergens or specific allergens from
products; (2) list the allergen on the product label as an ingredient, when
it is intentionally added as such; and (3) implement strict allergen control
plans (ACPs) to minimize allergen contamination and use advisory labels
(precautionary allergen labeling, or PAL) to inform the consumer about the
risk when necessary. The Food and Drug Administration (FDA) Food Safety

is used to produce allergenic and nonallergenic food as the result of ineffective cleaning, the
generation of dust or aerosols containing an allergen, or other causes (http://www.fda.gov/
Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/Allergens/ucm106890.
htm#q19 [accessed January 5, 2017]).


http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/Allergens/ucm106890.htm#q19
http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/Allergens/ucm106890.htm#q19
http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/Allergens/ucm106890.htm#q19
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Modernization Act? (FSMA) identifies allergens as a hazard that is reason-
ably likely to occur in food manufacturing operations and requires that
food manufacturing develop ACPs, In so doing, the FSMA acknowledges
the importance of food allergy as a public health priority for the packaged
food industry. This chapter includes a brief description of ACPs in Box 7-1
but does not attempt to review them in depth even though the development
of effective ACPs has an impact on both labeling and PAL.

Likewise, although the committee recognizes that processing can affect
the allergenicity of foods either by reducing the amount of the allergenic
protein or by altering the protein in some manner, the chapter does not
examine the effects of processing in depth. The main focus of this chapter is
on labeling and PAL because of the obvious importance of these approaches
to the consumer.

Although this chapter focuses on the food manufacturing industry, it is
important to note that in addition to packaged foods, foods are consumed
in many other forms and venues (e.g., homes, restaurants, other retail food
establishments, places of worship, camps, recreational facilities). A few
of these situations are addressed in Chapter 8. Following a review of the
current labeling practices in packaged foods, the chapter describes a label-
ing approach based on risk and makes recommendations to that effect.
Research needs are also included. The Annex to this chapter delves into
data inputs needed for a risk-based approach and their limitations.

ELIMINATING ALLERGENS FROM PACKAGED FOODS

As noted above, one approach to managing food allergen hazards
within food manufacturing operations is to eliminate one or more aller-
gens from the group of products being manufactured in shared facilities.
Within the product development groups in some major food companies, a
so-called allergen-gating process has been implemented as a best practice.
This process is intended to question and, if desirable or possible, eliminate
specific allergenic foods (or ingredients derived from those foods) from a
new food product under development. Allergen-gating can take several
forms. For example, a food company might question the development of a
new product containing a peanut butter component because the manufac-
turing of that new product might introduce peanut into a manufacturing
facility that presently does not include peanuts. In another example, a milk
ingredient might be considered as a relatively minor part of a new product
formulation. The decision to include the milk ingredient could be ques-
tioned and the product might be formulated without the milk ingredient
if that change has no impact on product quality. Finally, in a third varia-

2 Public Law 353, 111th Cong., 2d sess. (January 4, 2011).
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BOX 7-1
Allergen Control Plans in the Packaged Foods Industry

To protect consumers with food allergy, food manufacturing companies
need to implement comprehensive allergen control plans (ACPs). For products
regulated by the U.S. Department of Agriculture (USDA), in addition to good
manufacturing practices, food companies have been required since 2005 to have
hazard analysis and critical control points (HACCP?) written plans. Presumably,
companies have considered food allergens as a hazard in their HACCP plans
or prerequisite programs.? In addition, over the past two decades and together
with the increasing recognition of the public health importance of food allergy,
many, but not all, companies that manufacture Food and Drug Administration
(FDA)-regulated foods have developed and implemented comprehensive ACPs.
ACPs began to be adopted from the mid-1990s (Deibel et al., 1997) and were
rather widely adopted in the United States by the mid-2000s (Taylor et al., 2006).
This industry-led initiative will become a requirement when the FDA Preventive
Controls for Human Foods Rule, part of the 2010 Food Safety Modernization Act
(FSMA), is implemented late in 2016. The Preventive Control for Human Foods
Rule established food allergens as a hazard that is reasonably likely to occur
within food processing facilities. Thus, as the rule becomes fully implemented by
the FDA, food companies will be expected to hone their ACPs.

The following are the ideal steps in a comprehensive ACP. The development
of an ACP starts with a facility hazard and risk assessment done by the food
manufacturer. The first step is the identification of the hazard, which would be all
sources of allergenic foods. This assessment starts with an assessment of all raw
materials to identify those that are allergenic foods or ingredients derived from
allergenic foods. Any allergenic raw materials must then be segregated in receiv-
ing, storage, and handling that occurs ahead of processing. Ingredient suppliers
are expected to have adequate ACPs and are periodically audited for compliance.
Segregation must then be maintained through processing, packaging, and label-
ing of the finished food product. During processing and packaging, segregation

tion of this approach, a food company might decide to harmonize certain
ingredients across all products made on shared equipment. For example,
if a food company made 30 different cake mixes on shared equipment and
27 of those cake mixes contained milk ingredients, they could decide to
add milk to the other three formulations. Consumers have been known to
protest harmonization efforts because this decision can eliminate popular
food products from the diets of consumers with specific food allergies. Each
of these “allergen-gating” decisions would be advantageous to the company
because it would avoid additional costs and reduce the complexity of the
company’s ACP.

With the enhanced awareness of food allergies among consumers,
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can be accomplished by separation in either space or time. With separation in
space, allergen-containing formulations can be processed on separate lines or
even in separate facilities from other formulations that do not contain the specific
allergen. Dedicated facilities or dedicated equipment are used in feasible situa-
tions. With separation in time, the scheduling of different formulations with vary-
ing allergen content is managed. For example, a wheat-containing product might
be run first, followed by wheat plus milk, and finished with wheat plus milk plus
peanut. After the most complex formulation, the shared equipment is cleaned to
remove allergen residues. The critical control points® within the manufacturing
operation are identified and monitored to prevent unintentional cross-contact.
The cleaning of shared equipment and facilities is a critical component of the
ACP because allergen residues must be removed after the manufacturing of an
allergenic food product. With the scale of food processing equipment, allergen
cleaning can be daunting in some situations. Understandably, the control of al-
lergens in processing facilities and along the food chain is extremely complex
and beyond the scope of this document. However, the essence of ACPs can be
reviewed in several documents including an on-line brochure (www.http://farrp.unl.
edu/allergen-control-food-industry [accessed January 5, 2017]).

4 Hazard analysis and critical control points (HACCP) is a systematic management ap-
proach to food safety from biological, chemical, and physical hazards in production processes.
It includes tools to reduce these risks to a safe level and it focuses on prevention at all stages
of the food chain and processes rather than on inspection of the finish product. The Food and
Drug Administration (FDA) and the U.S. Department of Agriculture (USDA) require mandatory
HACCP programs for juice, seafood, and meat as an effective approach to food safety and
protecting public health.

b Prerequisite programs are practices and conditions needed before and during the imple-
mentation of HACCP, such as Good Manufacturing Practices or Pest Control Programs, and
which are essential for food safety

¢ Critical control point (CCP) is a point in the food manufacturing operation where the
failure of a standard operating procedure (SOP) could cause harm to consumers and to the
business, or even loss of the business.

marketing interest has grown in the development of “free-from” foods.
Dairy-free? and gluten-free products have been marketed for years, but their
availability and popularity with consumers has increased greatly recently.
Now, some foods are marketed as peanut-free, peanut- and tree nut—free
(nut-free), and allergen-free, which typically means the absence of all of the
eight most allergenic foods and food groups (milk, egg, peanut, tree nuts,
wheat, soybean, fish, and crustacean shellfish).

Of course, producing allergen-free food precludes the need to develop
and implement ACPs if done in a facility dedicated to allergen-free food

3 It should be noted that dairy-free and nondairy foods may contain caseins, the major al-
lergenic proteins in cow milk.
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manufacturing. However, the chief reason for the expanding commercial
interest in “free-from” foods is the opportunity to exploit a profitable niche
market. In such cases, the involved food companies must exercise extreme
vigilance to assure that their suppliers do not have the allergens of interest
in any of the ingredients and perhaps even in their facilities. Although some
companies do make “free-from” products in facilities where the allergens
of interest are also present in other formulations, great care must be taken
to assure that no cross-contact occurs under those circumstances.

LABELING OF FOOD ALLERGENS

As described above, the label on a food package is a tool that ideally
should alert consumers of the presence of specific allergens so they can
make informed decisions about the level of risk they are willing to take.
Two types of labeling exist and they serve two distinct purposes: (1) manda-
tory labeling, used when the allergen is intentionally added as an ingredi-
ent; and (2) voluntary labeling, used when the allergen may inadvertently
be in the food as a result of cross-contact. Even when ACPs (see Box 7-1)
are strictly followed, errors occur that might result in the presence of low
levels of the allergen in the formulated food (i.e., residue). This is shown in
part by the number of food recalls that are due to undeclared allergens in
food products (see Box 7-2). Such unintentional allergens, when the pos-
sible cross-contact is predictable, can be identified on the labels of packaged
foods using PAL statements, such as “May Contain X.” Although PAL
statements on packaged food are voluntary, the FDA has indicated that they
should be truthful and not misleading.

The food industry, however, lacks the ability to conduct allergen risk
assessments to determine threshold doses and safe levels. As a result of
the uncertainties regarding limits necessary to avoid cross-contact as well
as unacceptable risks that could result in litigation, PAL statements have
proliferated. They are now applied to a wide range of products, includ-
ing products that likely pose little risk to consumers with a food allergy.
Another result of this uncertainty is that the majority of food recalls in
the United States are now due to undeclared food allergens (see Box 7-2).
Recalls, however, can happen for numerous reasons and are not limited
to cross-contact. Important lessons can be learned from product recalls if
information is shared about root causes, preventive and corrective actions
that are implemented to prevent recurrences, and consumer complaints.

The mandatory ingredient labeling of packaged foods is a government
regulatory issue. Despite the fact that PAL is voluntary, its widespread use
invites regulatory limitations. If government chooses to move forward, it
would have to answer several questions, such as: What allergens should
be labeled? What criteria to identify allergens should appear on a label?
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BOX 7-2
Packaged Food Recalls

Beginning in the early 1990s, the Food and Drug Administration (FDA) began
to recognize that food allergies were a public health priority for the United States.
The FDA recognized that the ingredient label on packaged food products pro-
vided essential information to consumers following avoidance diets. Food industry
awareness of the importance of accuracy in the labeling of food allergens in food
ingredient labeling emerged simultaneously. As a result, recalls of packaged food
products with undeclared allergens began to occur at an increasing rate. By 1999,
36 percent of all FDA recalls in the United States were associated with undeclared
allergens (Vierk et al., 2002). More recently, undeclared allergens became the
leading cause for Reportable Food Registry (RFR) reports to the FDA (Gendel,
2014). Many of these RFR reports led to product recalls. Undeclared allergens
also have become one of the leading causes of meat and poultry product recalls
occurring under the auspices of the USDA’s Food Safety and Inspection Service
(FSIS). Undeclared allergens also have become a leading cause of food product
recalls in Canada (Zarkadas et al., 1999).

These recalls reveal that, despite the allergen control efforts of the food in-
dustry, errors do continue to occur that potentially can affect the health of consum-
ers with a food allergy. Several root causes are involved in these product recalls,
including placement of a product in the wrong package, inappropriate labeling
terminology (e.g., casein not identified as from milk), failure to carry forward
information from an ingredient to the final product, cross-contact occurring within
the manufacturing facility, and mislabeling of an ingredient by a supplier (Gendel,
2014). In some cases, food manufacturers recognize their error and initiate recalls
before consumer complaints have been received; in some of these situations, the
level of undeclared allergen in the product may be insufficient to pose a hazard. In
other cases, regulatory inspections can reveal labeling issues that result in recalls,
especially in the case of FSIS, where continuous federal inspection occurs. The
percentage of product recalls that are initiated as a result of consumer complaints
of allergic reactions is unclear. Product recalls clearly indicate that there is room
for improvement in allergen control within the food processing industry.

Although the discussion below is centered on the United States, policies in
other countries are also described to illustrate the global diversity in the
criteria used and lists of major allergens. For the packaged food industry,
labeling is a matter of compliance with regulatory requirements, includ-
ing the variable requirements of different countries. As more allergens are
added to the priority lists, the complexity of ACPs increases for the food
industry.
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Which Allergens Need to Be Labeled?

A Historical Perspective

Many countries have implemented laws, regulations, or standards spe-
cifically governing food allergen labeling for a list of priority allergenic
foods. The foods on such lists vary around the world due to several factors,
including differing eating habits and differing criteria to select the priority
allergenic foods (see Table 7-1). Likewise, the regulatory framework for the
labeling of allergenic foods differs from country to country (Gendel, 2012),
which can affect individuals as they travel between countries.

Increased attention to the labeling of allergenic foods emerged within
the Codex Alimentarius Commission (CAC)* in 1993, when a working
paper on food allergens was developed by the Nordic countries. This work-
ing paper led to the creation of a Food and Agricultural Organization of
the United Nations (FAO) Technical Consultation in 1995 that was charged
with developing a list of priority foods that cause food allergies and sensi-
tivities. Ultimately, the priority foods list promulgated by the FAO Techni-
cal Consultation was adopted by CAC in 1999 and continues to serve as
guidance to all countries (individual countries have the option to adopt this
list or to modify the list as they might choose).

Part of the background discussion that occurred within the 1995 FAO
Technical Consultation has been reported by Taylor and Baumert (2015).
They reported that, in 19935, the amount of published information available
to the FAO Technical Consultation concerning the comparative prevalence
of allergies to specific foods was limited largely to pediatric populations,
with virtually no information on the prevalence of food allergy among
adults. Comparative prevalence was the main criterion of the FAO Tech-
nical Consultation, although the differential severity of certain allergenic
foods also was recognized as a criterion. In 1999, a revised CAC priority
was released. As a consequence of data gaps, expert judgment was used,
in part, to develop this list. The 1999 CAC priority list included milk, egg,
fish, crustacean shellfish, peanut, soybean, tree nuts, cereal grain sources
of gluten, and sulfites. Several of these items were added because the FAO
Technical Consultation also considered celiac disease, intolerances, and
sensitivity reactions in addition to immunoglobulin E (IgE)-mediated food
allergies in its deliberations. For example, gluten was included because of
its association with celiac disease. Sulfites were added because of the docu-
mented severity of sulfite-induced asthma.

Following this, a Task Force of the International Life Sciences Institute-

4 Codex Alimentarius Commission is an organization formed jointly by the Food and Ag-
ricultural Organization (FAO) and the World Health Organization (WHO) to develop food
standards and guidelines that would be recognized worldwide.
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Europe (ILSI-EU) conducted a more thorough assessment of foods that
warranted placement on a list of priority allergenic foods (Bousquet et
al., 1998). The criteria used by the ILSI-EU group included published
evidence of severe or fatal anaphylactic reactions. The ILSI-EU Task Force
recommended a priority food allergens list that included milk, egg, fish,
crustacean shellfish, peanut, soy, tree nuts, wheat, and sesame seed. Other
groups within ILSI-EU have continued to develop criteria for the selection
of allergenic foods of public health importance and have recently recom-
mended that the criteria should encompass consideration of prevalence,
severity and potency® (Bjorksten et al., 2008; Houben et al., 2016; van
Bilsen et al., 2011).

In the United States, the priority list of allergenic foods was established
by the Congress with the passage of the Food Allergen Labeling and Con-
sumer Protection Act®’ (FALCPA) of 2004. The FALCPA list mirrored the
1999 CAC list except that the FALCPA list did not address celiac disease
and therefore did not recognize cereal sources of gluten as major allergenic
foods.

In the European Union (EU), the first priority list of allergenic foods
was established by EC Directive 2003/89% as a result of deliberations
within the EU Parliament. The initial EU list included the eight foods or
food groups from the CAC list, but also included sesame seed, mustard,
and celery.? In addition to allergenic foods, the EU list also includes cereal
sources of gluten and sulfites. Subsequently, the EU priority list of allergenic
foods was updated by EC Directive 2007/68'° and included the addition
of molluscan shellfish and lupine to the EU list based on the opinion of the
European Food Safety Authority (EFSA) Panel Scientific Panel on Dietetic
Products, Nutrition, and Allergies (EFSA, 2005, 2006). The decision to
include lupine appeared to be based on the recognition that some peanut-
allergic individuals will experience allergic reactions on ingestion of lupine
due to the presence of cross-reacting allergens in these two legumes.

5 Prevalence is defined as the percentage of the general population who have a clinically
confirmed allergic reaction to a specific food. Severity is defined as the frequency of occur-
rence of fatal or life-threatening allergic reactions to a specific food. Potency is defined as
the minimal eliciting dose or threshold dose needed to provoke objective symptoms among
individuals allergic to a specific food.

¢ For an analysis on Food Allergen Labeling and Consumer Protection Act see Derr, 2006.

7 Public Law 282, 108th Cong., 2d sess. (August 2, 2004).

8 See http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32003L0089 (accessed July
3,2016).

9 “Celery” in the EU priority list of food allergens refers to “celery root.” Celery root and
celery stalk are marketed as foods derived from different varieties of Apium graveolens. Al-
lergy to celery root is frequent in some European countries but not in the United States.

10 See http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1467581123948&uri=CELEX:32
007L0068 (accessed July 3, 2016).
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