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Food Allergy
or Sensitization

Odds Ratio?

Outcome (95% CI) of
Definition Exposure Food Allergy Comments
DBPCOFC to 12 months of peanut  Prevalence of peanut
peanut avoidance allergy at 72 months:
(peanut-avoidance
versus peanut- Peanut-avoidance
consumption group group: 18.6%
based on primary Peanut-consumption
trial) group: 4.8%
P<0.001
DBPCOFC Early Introduction Intention to Treat Low adherence to

(peanut, cooked
egg, cow milk,
sesame, whitefish,
and wheat)

Group (EIG): early
introduction of 6
allergenic foods

Or

Standard
Introduction Group
(SIG): exclusive BF
to ~6 months of
age. After 6 months,
the consumption of
allergenic foods was
allowed according to
parental discretion.

Analysis

e Food allergy
to =1 allergen
(EIG versus
SIG); RR=0.80
(0.51-1.25)

e Food allergy
to individual
allergens: all
nonsignificant

Per Protocol analysis
e Food allergy
to =1 allergen
(EIG versus
SIG): RR=0.33
(0.13-0.83)
e Food allergy
to peanut (EIG
versus SIG):
RR=0
e Food allergy to
egg (EIG versus
SIG): RR=0.25
(0.08-0.82)
No significant effects
with respect to milk,
sesame, fish, or
wheat

the protocol in the
EIG (42.8%).

continued
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TABLE C-4a Continued

Age When
Study Design, Outcome Was
Author, Year Country Population N Ascertained
DuToit et al., RCT, UK Infants, age least 640 60 months

2015 4 months and less
than 11 months at
enrollment with
severe eczema, egg
allergy, or both
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Food Allergy
or Sensitization
Outcome
Definition

Exposure

Odds Ratio?
(95% CI) of
Food Allergy

Comments

Clinical history,
SPT, OFC,
DBPCOEFC, sIgE
(peanut)

530 had negative
SPT at baseline

98 had positive
SPT at baseline

Peanut intake
(avoidance versus
consumption)

Prevalence of peanut

allergy at 60 months:

SPT Negative Group
13.7% avoidance
group

1.9% consumption
group

(P<0.001)

(86.1% relative
reduction in the
prevalence of peanut
allergy)

SPT Positive Group
35.3% avoidance
group

10.6% consumption
group

(P=0.004)

(70.0% relative
reduction

in the prevalence of
peanut allergy)

No significant
between-group
difference in the
incidence of serious
adverse events

continued
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TABLE C-4a Continued

Age When
Study Design, Outcome Was

Author, Year Country Population N Ascertained
Palmer et al., RCT, Australia  Singleton term 86 12 months
2013 infants with

symptoms of 49 egg group

moderate-to-severe 37 rice group

eczema. Infants (control)

who had begun
solids before 4
months of age

or who had any
previous known
direct ingestion of
egg were excluded

NOTE: CI = confidence interval; EIG = Early Introduction Group; IgE = immunoglobulin E;
OFC = oral food challenge; SIG = Standard Introduction Group; sIgE = food-specific serum
IgE; SPT = skin prick test; UK = United Kingdom; US = United States.

7 Bold indicates statistical significance at P<0.05. Results were reported as odds ratio (95%
confidence interval) unless otherwise noted. Adjusted results were extracted in the summary
table unless otherwise noted.
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Food Allergy
or Sensitization

Odds Ratio?

Outcome (95% CI) of
Definition Exposure Food Allergy Comments
IgE-mediated egg 1 teaspoon of RR: 0.65 (0.38-1.11) At 4 months

allergy, as defined
based on the results
of an observed
pasteurized raw
egg challenge and
SPT

pasteurized raw
whole egg powder
versus rice powder
(control) daily from
4 to 8 months of age

Cooked egg was
introduced to both
groups after an
observed feed at 8
months

of age, before

any known egg
ingestion, 36 %
(24/67) of infants
already had egg-
specific IgE levels
of greater than
0.35 kilounits of
antibody (kUA)/L.

Egg-specific

IgG4 levels were
significantly
(P<0.001) greater
in the egg group
at both 8 and 12
months.




492 FINDING A PATH TO SAFETY IN FOOD ALLERGY

TABLE C-4b Antigen Exposure Hypothesis (Observational Studies)

Age When
Outcome
Study Design, Was
Author, Year Country Population N Ascertained
Diet Diversity
Grimshaw et al.,  Nested case Infants from the PIFA 41 cases 2 years
2014 control, UK Study who had been 82 controls
diagnosed as having a
food allergy and their 2
age-matched controls
Roduit et al., Prospective Children from rural 856 Up to age 6
2014 cohort, Europe  areas in five European years

countries

NOTE: CI = confidence interval; DBPCOFC = double-blind, placebo-controlled oral food
challenge; sIgE = food-specific serum IgE; SPT = skin prick testing; UK = United Kingdom.

9 Bold indicates statistical significance at P<0.05. Results were reported as odds ratio (95%
confidence interval) unless otherwise noted. Adjusted results were extracted in the summary
table unless otherwise noted.
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Food Allergy
or Sensitization
Outcome Definition

Exposure

Odds Ratio?
(95% CI) of
Food Allergy

Comments

Parent report,
physical exam, SPT,
sIgE, exclusion
diet, DBPCOFC

Parent report of
doctor diagnosis;
sIgE (hen egg, cow
milk, peanut,
hazelnut, carrot,
and wheat flour)

Dietary patterns
during first year
of life

Food diversity
during first year
of life

(1) 0-3 items

(2) 4-5 items

(3) 6 items (ref)
(4) diversity score,
continuous

Scores were
significantly
different between
the food allergic
and control infants
(P=0.002) for
component 1 (diet
high in fruits and
vegetables)

Early infant feeding
patterns did not have
an association with the
later development of
food allergy. Children
who did not have a
food allergy by the
age of 2 years had a
dietary pattern in later
infancy characterized
by higher intake of
fruits, vegetables,

and home-prepared
foods as compared to
children who had a
food allergy.

Unadjusted analysis
only.

Adjusted for center,
farmer, parents with
allergy, sex, breast-
feeding, siblings, and
maternal education.




494

FINDING A PATH TO SAFETY IN FOOD ALLERGY

TABLE C-5 Nutritional Immunomodulation Hypothesis (Observational

Studies)
Age When

Study Design, Outcome Was
Author, Year Country Population N Ascertained
Lipids/Omega-3 Fatty Acids (see systematic reviews below)
Vitamin D
Koplin et al., Prospective Infants 5,276 1 year
2016 cohort, participating in

Australia the HealthNuts

study

Back et al., Cross- Children with 226 3-24 months
2014 sectional, atopic

Korea dermatitis or

suspected food
allergy, who

had not been

on vitamin
supplementation
for at least 1
month before the
study
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Food Allergy
or Sensitization
Outcome
Definition

Exposure

Odds Ratio?
(95% CI) of
Food Allergy

Comments

SPT, sIgE, OFC

History of
acute reaction
+ sIgE 20.35
kU/L or >95%
predictive
decision points

Serum 25(OH)D,

<50 nmol/L
= vitamin D
insufficiency

51-74 nmol/L =
intermediate
vitamin D

=75 nmol/L =
high vitamin D

Serum 25(OH)D,

Deficiency: <20ng/
mL

Insufficiency:
20-29ng/mL

Sufficiency:
=30ng/mL

Infants with GG genotype
(insufficient versus
intermediate):

6.0 (0.9-38.9)

Infants with GT/TT
phenotypes (insufficient
versus intermediate): 0.7
(0.2-2.0)

Infants with GG genotype

(high versus intermediate):

4.0 (1.3-12.9)

Deficient versus sufficient

Food allergens: 5.0
(1.8-14.1)

Milk: 10.4 (3.3-32.7)

Wheat: 4.2 (1.1-15.8)

Adjusted for infants’
consumption of egg
and formula use and
parents’ country of
birth and used a
seasonally adjusted
measure of serum

25(OH)D;.

Vitamin D
deficiency increased
the risk of
sensitization to food
allergens, especially
to milk and wheat.

The Scoring Atopic
Dermatitis index
was independently
related to 25(OH)D
levels after adjusting
for the level of
sensitization.

continued
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TABLE C-5 Continued

Age When
Study Design, Outcome Was
Author, Year Country Population N Ascertained
Norizoe et al.,  Longitudinal Infants with 164 3-24 months
2014 Study, Japan facial eczema and
their mothers
Wawro et al., Cross- Samples from 2,815 10 years
2014 sectional, two German
Germany birth cohort
studies
Allen et al., Cross- Infants from 5,276 1 year
2013 sectional, HealthNuts
Australia population-based

cohort
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Food Allergy
or Sensitization

Odds Ratio?

Outcome (95% CI) of

Definition Exposure Food Allergy Comments
Doctor- Maternal vitamin RR=3.42 (1.02-11.77) Vitamin D
diagnosed D (800 IU/day) supplementation
allergic supplement may not decrease
incidents, the severity of
including infantile eczema at
atopic 3 months of age,
dermatitis, but may rather
food allergy increase the risk of
with or later food allergy up

without being
positive for IgE
food allergens,
or wheeze or
asthma with

or without
being positive
for IgE inhaled
allergens

sIgE >0.35 kU/

OFCs + SPT/
slgE =0.35
kU/L

Serum 25(OH)D
Q1: <57.9
(nmol/L)

Q2: 57.9- <71.5
Q3:71.5- <87.8
Q4: =87.8
Continuous
variable

Vitamin D =50
nmol/L
(insufficiency)

(1) All infants
(2) Infants with
one or both
parents born
overseas

(3) Infants with

both parents born

in Australia

1
0.91 (0.67-1.25)
1.25 (0.93-1.69)
1.30 (0.97-1.75)
1.07 (1.02-1.11)

Any food allergy versus
none:

(1) 1.29 (0.51-3.25)

(2) 0.39 (0.08-1.76)

(3) 3.08 (1.10-8.59)

Peanut allergy versus none
(infants with both parents
born in Australia):
11.51 (2.01-65.79)

Egg allergy versus none
(infants with both parents
born in Australia):

3.79 (1.19-12.08)

to 2 years of age.

Unadjusted analysis
only.

Lifetime prevalence
also was

significantly related
to vitamin D status.

continued
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TABLE C-5 Continued

Age When

Study Design, Outcome Was
Author, Year Country Population N Ascertained
Liu et al., Prospective Children in the 460 0-3 years
2013 longitudinal Boston Birth

cohort study, cohort

Us
Weisse et al., Prospective Mother—child 378 First 2 years
2013 longitudinal pairs from the

cohort study, Lifestyle and

Germany environmental

factors and
their Influence
on Newborns
Allergy risk
(LINA) cohort
study
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Food Allergy
or Sensitization
Outcome
Definition

Exposure

Odds Ratio?
(95% CI) of
Food Allergy

Comments

sIgE >0.35 kU/I

Parental report
of a doctor
diagnosis.

tIgE levels >0.7
kU/l in cord
blood and >3.8
kU/I at age of

1 or 2 yrs, or
sIgE 0.35 kU/I

Vitamin D (ng/ml)
cord blood/
postnatal
=11/=230
(reference)
=11/<30

<11 /=30
<11/<30

Maternal vitamin
D

Median = 22.2 ng/
ml (55.41 nmol/
ml)

Cord blood
vitamin D
Median = 10.95
ng/ml (27.33

nmol/ml)

All children:

1

0.73 (0.42-1.29)
0.90 (0.54-1.51)
2.03 (1.02-4.04)

Children with C allele of
rs2243250:

1

0.52 (0.23-1.18)

1.26 (0.65-2.43)

3.23 (1.37-7.60)

1st year of life:
1.27 (0.67-2.40)

2nd year of life:
3.66 (1.36-9.87)

2-year lifetime period:
1.91 (1.09-3.37)

1st year of life:
0.92 (0.45-1.85)

2nd year of life:
4.65 (1.50-14.48)

2-year lifetime period:
1.70 (0.92-3.14)

There was no
association between
low vitamin D
status and food
sensitization at any
single time point
alone.

Adjusted for a
child’s sex and
ancestry proportion,
breastfeeding,
postnatal maternal
smoking, household
income, and
maternal age.

Adjusted for sex,
number of siblings,
increased cord
blood tIgE levels,
family atopy history,
cotinine levels
during pregnancy,
breastfeeding, UV
intensity at birth
and vitamin D
supplementation
within the first year
of life.

continued
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Age When

Study Design, Outcome Was
Author, Year Country Population N Ascertained
Jones et al., Prospective High-risk infants 231 12 months
2012 longitudinal

cohort study,

Australia
Liu et al., Prospective Mother-infant 649 children Around 2 years
2011 longitudinal pairs in the

birth cohort, Boston Birth

us Cohort

Lipids/Omega-3 Fatty Acids (see systematic reviews below)

Folate

Okupa et al., Cohort study,
2013 us

Children at
high risk of
developing
asthma and
allergic disease

138

2,4,6,and 8
years
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Food Allergy
or Sensitization

Odds Ratio?

Outcome (95% CI) of

Definition Exposure Food Allergy Comments

SPT Cord blood Risk of allergen Adjusted for season
History of vitamin D sensitization: 1.0 (0.9-1.01)  of birth, pets in
immediate the home, infant
symptoms + <50 nmol/L Risk of developing IgE- sex, maternal age,

SPT

sIgE (milk, egg
white, peanut,
soy, shrimp,
walnut, cod
fish, and
wheat)

Allergic
sensitization
(sIgE to milk/
egg/

peanut for
years 1 to 3
and egg/peanut
for years 5+)

versus =75 nmol/L
(reference)

Cord blood
plasma total
25(0OH)D
concentrations
(<11 ng/ml =
deficiency)

Plasma folate
levels

mediated food
allergy:
1.00 (0.99-1.02)

Vitamin D deficient versus
not deficient (reference)

Any food sensitization:
1.16 (0.83-1.63)

Egg sensitization: 0.84
(0.56-1.27)

Milk sensitization: 1.15
(0.76-1.73)

Peanut sensitization: 1.06
(0.64-1.75)

High versus low folate
levels at or before age 6
years):

8% versus 26% (P=0.02)

maternal education,
and ethnicity.

Unadjusted analysis
only.

continued
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Study Design,

Age When
Outcome Was

Author, Year Country Population N Ascertained
Dunstan et al.,  Prospective Pregnant 628 women 12 months
2012 cohort, women (healthy
Australia nonsmokers with 484 infants
uncomplicated
term pregnancies)
Magdelijns et Prospective Children in the 2,834 2 years
al., 2011 birth KOALA birth
cohort, the cohort

Netherlands
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Food Allergy
or Sensitization
Outcome
Definition

Exposure

Odds Ratio?
(95% CI) of
Food Allergy

Comments

IgE-mediated
food allergy
was defined

as a history

of immediate
symptoms
following
contact and/or
ingestion and a
positive SPT to
the implicated
food

Allergic
sensitization
(milk, peanut,
whole egg) was
assessed by
SPT at 1 year
of age

sIgE (hen egg,
cow

milk,

peanut, and
aeroallergens)

Tertiles of
maternal folate
intake from
supplements
(FFQ during 3rd

trimester)

(1) <200 mg/day
(2) 200-499 mg/
day

(3) >500 mg/day

Tertiles of cord
blood folate at
delivery

(1) <50.3 nmol/I
(2) 50.3-75.1
nmol/l

(3) >75.1 nmol/l

Folic acid
supplement use
during pregnancy
(measured as
quintiles of
intracellular folate
status during 3rd
trimester)

Folate intake:

IgE-mediated food allergy
(1) reference group

(2) 1.4 (0.7-3.0)

(3) 1.1 (0.5-2.4)

Sensitized to food allergens
) reference group

) 1.3 (0.7-2.3)

)1

(1
2
(3) 1.1 (0.6-2.0)

Cord blood folate:

IgE-mediated food allergy
(1) 1.7 (0.5-5.6)

(2) reference group

(3) 2.6 (0.9-8.1)

Sensitized to food allergens
(1) 2.2 (0.9-5.6)

(2) reference group

(3) 1.1 (0.5-2.4)

All ORs adjusted for
maternal allergy and infant
postnatal diet

Folic acid supplement use
versus no use (reference)

Increased sIgE: 1.06
(0.67-1.68)

Also looked at
maternal intake

of folate from
food, but found no
differences in the
maternal dietary
folate intakes of
infants with any
allergic outcomes.

Because of the
focus on allergy in
the primary study,
sensitized allergic
mothers were
over represented
(70.6%).

All ORs adjusted
for maternal allergy
and infant postnatal
diet.

Allergic sensitization
was to both food
allergens and
aeroallergens.

continued
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TABLE C-5 Continued
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Age When
Study Design, Outcome Was
Author, Year Country Population N Ascertained
Other Nutrient Intakes
West et al., Prospective Pregnancy cohort 300 mother— 12 months
2012 cohort, with a family infant pairs
Australia history of allergic

rhinitis, asthma,
eczema, food or
other allergy

NOTE: CI = confidence interval; FFQ = food frequency questionnaire; IgE = immunoglobulin
E; OFC = oral food challenge; OR = odds ratio; RCT = randomized controlled trial; RR =
relative risk; sIgE = food-specific serum IgE; SPT = skin prick test; tIgE = total IgE; UK =

United Kingdom; US = United States; UV = ultraviolet.

7 Bold indicates statistical significance at P<0.05. Results were reported as odds ratio (95%
confidence interval) unless otherwise noted. Adjusted results were extracted in the summary

table unless otherwise noted.
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Food Allergy
or Sensitization
Outcome
Definition

Exposure

Odds Ratio?
(95% CI) of
Food Allergy

Comments

IgE-mediated
food allergy
was defined
as a history
of immediate
symptoms
after contact
with and/or
ingestion and
a positive SPT
at 12 months
(milk, egg,
peanut)

Quartiles of daily
maternal dietary
and total intakes
during pregnancy
(1) p-carotene

(2) vitamin C
(3) vitamin E
(4) copper
(5) zinc
Quartiles

Q1 lowest
(reference)
Q2

Q3

Q4 highest

Measured by
semiquantitative
FFQ administered
after 28 weels
gestation

(1) B-carotene
0.40 (0.12-1.32)
1.16 (0.43-3.11)
0.38 (0.11-1.27)
Ptrendzo'2

(2) Vitamin C
0.22 (0.06-0.78)
0.75 (0.27-2.06)
0.46 (0.16-1.36)
Ptrend=0'1

(3) Vitamin E
0.96 (0.32-2.84)
0.86 (0.29-2.54)
0.57 (0.19-1.72)
Ptrend=0'8

(4) copper

0.60 (0.22-1.60)
0.40 (0.13-1.22)
0.38 (0.11-0.95)
Ptrendzo'2

(5) zinc

0.67 (0.22-2.03)
1.28 (0.46-3.53)
0.52 (0.16-1.73)
Ptrend=0'4

Adjusted for
maternal education,
paternal history

of allergic disease,
birth weight, and
exposure to furred
pets at home; all
were included in
the multiple logistic
regression model.
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TABLE C-6 Systematic Review Summaries

Author, year Best et al., 2016

Aims/Key questions To develop a clearer understanding of the effect to the
developing fetus, before commencement of the progression of
atopy (“atopic march”) and establishment of allergic disease
symptoms.

Study eligibility criteria ~ Inclusion criteria:

e Study design: prospective studies, including longitudinal
observational studies and RCTs and quasi-randomized trial.

* Exposure: maternal fish or n-3 LCPUFA intake during
pregnancy.

e Intervention and comparator: intervention modifying
maternal n-3 LCPUFA intake during pregnancy with a
parallel control group or placebo.

e Outcome measures: Incidence of atopic disease (i.e., IgE-
mediated allergic disease) or sensitization in the offspring
during infancy, childhood, or adolescence. The presence
of IgE-mediated allergic disease is defined as a clinician
diagnosis, parent report of symptoms of allergic disease,
or parent report of a physician’s diagnosis. Sensitization
is defined as a positive SPT or IgE serology indicating
sensitization.

Exclusion criteria:

e Animal studies, cross-sectional studies, and retrospective
and case-control studies.

e Studies of maternal n-3 LCPUFA consumption or
supplementation in the postnatal period only (breastfeeding
or direct supplementation of the infant).

e Studies that reported immune biomarkers by laboratory
assessment in the absence of evaluation of symptoms or
clinical diagnosis of allergic disease in the offspring.

Literature search dates or Inception to July 30, 2015
year range

Number of food allergy 3 RCTs (based on SPT)
studies included

Synthesis methods Summary tables and meta-analysis
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TABLE C-6 Continued

Key findings

Limitations

Three RCTs with sensitization outcomes at age 12 months were
combined in meta-analysis. Definitions of sensitization were
inconsistent. Overall risk of bias of the three RCTs was low to
moderate. One RCT was rated high risk of bias for incomplete
outcome data reporting and one was rated high risk of bias for
selective reporting.

* Fixed effect meta-analysis showed a significant reduction
in “sensitization to egg” at 0-12 months (pooled RR: 0.55;
95% CI: 0.39-0.76; P=0.0004)

 Fixed effect meta-analysis showed a significant reduction in
“sensitization to any food” at 12 months (pooled RR: 0.59;
95% CI: 0.46-0.76; P<0.0001)

e This systematic review did not focus on food allergy.

* Fixed effect meta-analysis ignores clinical heterogeneity
(e.g., different doses of n-3 fatty acids) and produced more
significant results.

Note: Discordant results with Klemens et al. (2011) meta-
analysis. Overlaps in two RCTs. Best et al. (2016) did not
include one study that was included in Klemens et al. (2011).
Klemens et al. (2011) performed random-effects meta-analysis
while Best et al. (2016) performed fixed-effects meta-analysis.

AMSTAR rating
An a priori design?
Duplicate study selection and data extraction?
Comprehensive literature search?
Status of the publication as an inclusion criterion?
List of studies (included and excluded) provided?
Characteristics of included provided?
Scientific quality of the included studies assessed and reported?
Scientific quality used in formulating conclusions?
Methods used to combine the findings appropriate?
Likelihood of publication bias assessed?

Conflict of interest (COI) stated?

Z 7

Y (the authors noted
that the risk of
publication bias cannot
be excluded because
only published studies
were included in
meta-analysis)

Y/N (COI of the
systematic review
authors was provided
but not provided for
included studies)

continued
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Author, year
Aims/Key questions

Study eligibility criteria

Boyle et al., 2016

To determine whether feeding infants with hydrolyzed formula
reduces their risk of allergic or autoimmune disease.
Interventions and comparators:

* Inclusions: Any hydrolyzed formula of cow milk origin
compared with any nonhydrolyzed cow milk formula,
human milk, or another type of hydrolyzed cow milk
formula. Also included were studies in which hydrolyzed
formula was given as part of a multifaceted intervention,
which the authors defined as an intervention with at least
two other components in addition to the hydrolyzed
formula—for example, exclusion of allergenic food from
the mother’s diet, promotion of breastfeeding, delayed
introduction of solid food, or measures to avoid exposure
to house dust mite. Studies in which other interventions
were applied to both intervention and control groups, such
as exclusion of cows’ milk from the mother’s diet during
lactation also were included.

e Exclusions: Studies of hydrolyzed formula of milk other
than cow milk, such as hydrolyzed rice, goat milk, or soy
formula.

Study designs of interest: All intervention trials.
Populations of interest:

 Inclusions: Studies of infant feeding between birth and age
12 months.

e Exclusions: Studies in which infants or their mothers were
defined by the presence of a pre-existing disease state,
including very low birth weight or premature infants.

Outcomes of interest:

* Atopic outcomes included were asthma (categorized
as wheeze, recurrent wheeze, atopic wheeze, bronchial
hyper-reactivity, forced vital capacity, peak expiratory
flow rate, forced expiratory volume in 1 second), eczema,
allergic rhinitis and/or conjunctivitis, food allergy, allergic
sensitization (that is, SPT or sIgE assessment, or tIgE level).
e Autoimmune outcomes included were type 1 diabetes
mellitus (defined serologically and/or clinically),
celiac disease (defined serologically and/or clinically),
inflammatory bowel disease, autoimmune thyroid disease,
juvenile rheumatoid arthritis, vitiligo, or psoriasis.

Literature search dates or The Cochrane Library (2013, issue 7), EMBASE (1947 to July

year range

2013), LILACS (1982 to July 2013), Medline (1946 to July
2013), and Web of Science (1970 to July 2013). Searches run on
July 25, 2013, and rerun on April 17, 2015.
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TABLE C-6 Continued

Number of food allergy

studies included
Synthesis methods

Key findings

Limitations

AMSTAR rating
An a priori design?

Duplicate study selection and data extraction?

13

Narrative text and meta-analysis

There was no significant difference in risk of “any food allergy”
with partially (pooled RR: 1.73; 95% CI: 0.79-; ?=42%) or
extensively (pooled RR 0.86; 95% CI: 0.26-2.82; 12=42%)
hydrolyzed formula compared with standard formula at age 0-4
years, nor for extensively hydrolyzed formula at age 5-14 years.
[Note that number of studies included in each meta-analysis was
not reported in text.]

No difference was found in food allergy to cow milk, egg, or
(partially hydrolyzed formula only) peanut. Direct comparison of
the two formulas (egg allergy) and casein versus whey dominant
extensively hydrolyzed formula showed no significant difference
in risk of food allergy. [Note: no other details reported in text.]
There was no significant difference in risk of allergic
sensitization to cow milk with partially (pooled RR: 1.30; 95%
CI: 0.65-2.60; 2=0%; seven studies) or extensively (pooled RR:
0.77; 95% CI: 0.09-6.73; 12.=77%; three studies) hydrolyzed
formula, and no significant difference between groups for risk of
allergic sensitization to “any allergen™ or raised total IgE level.
The strength of evidence was graded as moderate for partially
hydrolyzed formula, and as very low for exclusively hydrolyzed
formula.

Many studies of allergic outcomes included in this review had
unclear or high risk of bias and evidence of conflict of interest,
often because of inadequate methods of randomization and
treatment allocation (selection bias) and support of the study

or investigators from manufacturers of hydrolyzed formula.

In many cases study participants were infants with early

full formula feeding, so findings might not be applicable to
populations with more typical feeding patterns.

~ <<

Comprehensive literature search? — Appendix 1
Status of the publication as an inclusion criterion?
List of studies (included and excluded) provided? Partially — List of

excluded studies was
not reported

Characteristics of included provided? Y - Characteristics of

included studies are
summarized in tables A
and B in appendix 3.

continued
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TABLE C-6 Continued

Scientific quality of the included studies assessed and reported? Y

Scientific quality used in formulating conclusions? Y -

Methods used to combine the findings appropriate? Y
Y
Y

GRADE approach

Likelihood of publication bias assessed?
Conlflict of interest stated?

Author, year Cuello-Carcia et al., 2016

Aims/Key questions To provide evidence-based recommendations about the use of
prebiotic supplements for the primary prevention of allergies.

Study eligibility criteria ~ According to the evidence profiles table, the study eligibility
criteria can be assumed to be:
¢ Population: healthy infants
e Intervention: prebiotic supplementation
e Comparison: no prebiotic supplementation
* Main outcomes: development of allergy, nutritional status,
adverse effects
e Setting: outpatient

Literature search dates or Up to January 2015, with an update on July 29, 2015
year range

Number of food allergy 1
studies included

Synthesis methods GRADE approach
Key findings Outcome Without  With Difference Relative  Certainty
prebiotics prebiotics (95% CI) effect of the
(per (per (per 1,000) (95% CI) evidence
1,000)  1,000) (GRADE)
Food 170 48 (14 to 122 fewer RR 0.28 VERY
allergy 170) (0to 156 (0.08to LOW

fewer) 1.00)
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Conclusions and research The guideline panel determined that there is a low certainty of

needs

Limitations

AMSTAR rating

a net benefit from using prebiotics in infants. Based on the body
of available evidence, it is likely that prebiotic supplementation
in infants reduces the risk of developing recurrent wheezing and
possibly also the development of food allergy. There is very low
certainty prebiotics have an effect on other outcomes. However,
because of low certainty of evidence or no published information
about other outcomes, the fact that the authors did not find
evidence of an effect on these outcomes does not imply that such
an effect does not exist.

This publication is a guideline paper. Although the guideline
appears to be based on a systematic review, the methods of
systematic review were not fully reported in this publication. No
other source or citation to the systematic review was found.

An a priori design? Yes

Duplicate study selection and data extraction? Not reported

Comprehensive literature search? Yes

Status of the publication as an inclusion criterion? Not reported

List of studies (included and excluded) provided? Partially — Excluded
studies were not
reported

Characteristics of included provided? Yes

Scientific quality of the included studies assessed and reported? Yes

Scientific quality used in formulating conclusions? Yes

Methods used to combine the findings appropriate? Yes

Likelihood of publication bias assessed? No

Conlflict of interest stated? Yes

continued
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TABLE C-6 Continued

Author, year

Aims/Key questions

Study eligibility criteria

Newberry et al., 2016

To update a prior systematic review on the effects of omega-3
fatty acids (n-3 fatty acids) on maternal and child health and to
assess the evidence for their effects on, and associations with,
additional outcomes.

Key Question 2: Fetal/childhood exposures
— What is the influence of maternal intakes of n-3 fatty acids
or the n-3 fatty acid content of maternal breast milk (with or
without knowledge of maternal intake of n-3 fatty acids) or
n-3 fatty acid-supplemented infant formula or intakes of n-3
fatty acids from sources other than maternal breast milk or
supplemented infant formula on the following outcomes in term
or preterm human infants?

e Growth patterns

e Neurological development

* Visual function

* Cognitive development

e Autism

* Learning disorders

e ADHD

e Atopic dermatitis

e Allergies (Note: including food allergies)

* Respiratory illness

Populations of interest:

* Healthy preterm or term infants of healthy women/mothers
whose n-3 fatty acid exposures were monitored during
pregnancy.

* Breastfed infants of healthy mothers whose n-3 fatty acid
exposure was monitored and/or who participated in an n-3
fatty acid intervention during breastfeeding beginning at
birth.

* Healthy preterm or term infants with and without family
history of respiratory conditions (for outcomes related
to atopic dermatitis, allergy, respiratory conditions) of
mothers whose n-3 exposures were monitored during
pregnancy and/or breastfeeding.

* Healthy children or children with a family history of a
respiratory disorder, a cognitive or visual development
disorder, autism spectrum disorder, ADHD, or learning
disabilities, age 0 to 18 years who participated in an n-3
fatty acid-supplemented infant formula intervention or an
n-3 supplementation trial during infancy.
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TABLE C-6 Continued

Literature search dates or
year range

Interventions of interest:
e N-3 fatty acid supplements (e.g., EPA, DHA, ALA, singly
or in combination);
e N-3 fatty acid supplemented foods (e.g., eggs) with
quantified n-3 fatty acid content
e High-dose pharmaceutical grade n-3 fatty acids, e.g.,
Omacor®, Ropufa®, MaxEPA®, Efamed, Res-Q®, Epagis,
Almarin, Coromega, Lovaza®, Vascepa® (icosapent ethyl)
o Exclude doses of more than 6g/d, except for trials that
report adverse events
e N-3 fatty acid fortified infant formulae
o E.g., Enfamil® Lipil® Gerber® Good Start DHA &
ARA®; Similac® Advance®
o N-3 fatty acid fortified follow-up formula
o  Exclude parenterally administered sources
e Marine oils, including fish oil, cod liver oil, menhaden oil,
and algal with quantified n-3 fatty acid content
e Algal or other marine sources (e.g., phytoplankton) of
omega-3 fatty acids with quantified n-3 content
Exposures of interest:
* Dietary n-3 fatty acids from foods if concentrations are
quantified in food frequency questionnaires
* Breast milk n-3 fatty acids (KQ2)
e Biomarkers (EPA, DHA, ALA, DPA, SDA), including but
not limited to the following:
o Plasma fatty acids
o Erythrocyte fatty acids
o Adipocyte fatty acids
Comparators of interest:
 Tnactive comparators:
o Placebo
o Nonfortified infant formula
* Active comparators:
Different n-3 sources
Different n-3 concentrations
Alternative n-3 fortified infant formula
Soy-based infant formula
o Diet with different level of Vitamin E exposure
Outcomes of interest:
e Risk for allergies. Validated allergy assessment procedures,
preferably challenge (SPT or validated blood tests accepted)
Timing of interest:
* Interventions implemented within 1 month of birth or
exposures measured within 1 month of birth
* Follow-up duration is 0 to 18 years

O O O O

Update searches were from the year 2000. For the newly added
topics (e.g., allergies), the authors “reference mined” articles that
they identified to determine whether any studies conducted and

published before 2000 should be obtained and included.

continued
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Number of food allergy
studies included

Synthesis methods

Key findings

3 RCTs

Narrative text and meta-analysis

All three RCTs recruited pregnant women whose infants were at
high risk of atopy (e.g., parent diagnosis of allergy, or sibling has
diagnosed or suspected allergy).

Among the three prenatal n-3 interventions and two
follow-up studies, three found associations between
maternal n-3 fatty acid supplementation (DHA + EPA,
varying doses ranging from 0.8 to 3.09 g/d) and lower risk
of allergies (denoted by sensitization to egg allergen and
positive skin prick test). However, in all but one study,
these relationships were no longer observed or became
marginal after adjusting for potential confounders or after
long-term follow-up.

Meta-analysis of three RCTs (N=949) with 12-month
food allergy outcomes yielded an insignificant summary
effect size for DHA+EPA supplementation and risk of food
allergy (OR: 0.54; 95% CI 0.05-6.2; 2=42.3%).

Note that the strength of evidence was graded as low

for the conclusion of no significant effect of DHA or
DHA+EPA supplementation during pregnancy on food
allergies.

Limitations e The risk for allergies is an additional outcome of interest
that was not included in the original review.
e The search strategy was not designed specifically for food
allergies outcomes.
AMSTAR rating
An a priori design? Y
Duplicate study selection and data extraction? Y
Comprehensive literature search? Y/N (The search

Status of the publication as an inclusion criterion?

List of studies (included and excluded) provided?
Characteristics of included provided?

Scientific quality of the included studies assessed and reported?
Scientific quality used in formulating conclusions?

strategy was not
designed to specifically
for food allergies
outcomes because
“food allergies” were
not one of the pre-
specified outcomes of
interest)

e G i
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Methods used to combine the findings appropriate? Y
Likelihood of publication bias assessed? N (only published

Conflict of interest stated?

studies were included)
Y

Author, year

Aims/Key questions

Study eligibility criteria

Cuello-Carcia et al., 2015

To synthesize the evidence supporting use of probiotics to
prevent allergies and inform World Allergy Organization
guidelines on probiotic use. Three key questions of this
systematic review are:

1

. Should supplementation of probiotics versus no such
supplementation be used in pregnant women to prevent
development of allergy in their children?

. Should supplementation of probiotics versus no such
supplementation be used in breastfeeding mothers to prevent
development of allergy in their children?

. Should supplementation of probiotics versus no such
supplementation be used in infants to prevent development of
allergy?

Types of studies: RCTs with a minimum follow-up of 4
weeks that compared any type of probiotic with placebo,
irrespective of their language or publication status.

Types of participants: Pregnant women, breastfeeding
mothers, and infants and children (up to age 9 years).
Types of interventions: Any probiotic supplementation,
irrespective of formulation (capsules, oil droplets,
suspension, and supplements in infant formulas or cereals),
microorganism, supplement composition (single versus
multiple strains), or dose.

Types of outcome measures: The World Allergy
Organization guideline panel members in a formal process
determined the outcomes of interest. The following
outcomes were deemed critical to the decision whether to
use probiotics to prevent allergies: eczema, asthma and/or
wheezing, food allergy, allergic rhinitis, any adverse effects,
and severe adverse effects.

Literature search dates or From inception to December 2014

year range

Number of food allergy
studies included

Synthesis methods

6 RCTs [Note: some RCTs contributed data for more than one
meta-analysis.]

Narrative text, meta-analysis, and GRADE

continued



516 FINDING A PATH TO SAFETY IN FOOD ALLERGY

TABLE C-6 Continued

Key findings * No RCTs for the comparison of probiotics versus no
probiotics in pregnant women for prevention of allergy in
their children (direct evidence).

* No RCTs for the comparison of probiotics versus no
probiotics in breastfeeding women for prevention of allergy
in their children (direct evidence)

Anticipated absolute effects

Risk
No. of Strength of  Relative Risk difference
participants  evidence effect, RR with no with
Outcomes (studies) (GRADE) (95% CI) probiotics probiotics

Probiotics versus no probiotics in pregnant women for prevention of allergy in their
children (indirect evidence)

Food allergy, 355 (3 000 1.08 Study population
follow-up: range, RCTs) Very low (0.73-1.59)
12-24 months
Note: 1.49 39 per 3 more per
(0.58, 1,000 1,000 (11
3.81) in fewer to 23
the forest more)
plot

Probiotics compared with no probiotics in breastfeeding women to prevent allergies in their
children (indirect)

Food allergy, 167 (2 e000 1.7 Study
follow-up: range, RCTs) Very low (0.58-4.96)  population
12-24 months
59 per 41 more per
1,000 1,000 (25
fewer to 233
more)

Probiotics compared with no probiotics in infants to prevent allergies (direct)

Food allergy, 349 (3 ®000 0.88 Study

follow-up: range, RCTs) Very low (0.55-1.43)  population

6-24 months
167 per 20 fewer per
1,000 1,000 (75

fewer to 72
more)
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No. of Strength of  Relative
participants  evidence effect, RR
Outcomes (studies) (GRADE) (95% CI)

Anticipated absolute effects

Risk
Risk difference
with no with

probiotics probiotics

Probiotics compared with no probiotics in infants to prevent allergies (indirect)

Food allergy, 295 (2 e000 1 Study
follow-up: range, RCTs) Very low (0.25-3.91)  population
6-24 months
27 per 0 fewer per
1,000 1,000 (20
fewer to 79
more)
Limitations ¢ There were moderate-to-serious concerns about the risk of

bias in most studies.

* Some inconsistency in reporting of the meta-analysis

results.

* Confidence that one would observe effects in real life is low
to very low (low to very low certainty in the evidence). This
is a result of the relative paucity of direct evidence in any
of the three groups in whom probiotics could be used, the
high likelihood of bias in primary studies, and the serious
imprecision of the estimated pooled effects.

AMSTAR rating
An a priori design?
Duplicate study selection and data extraction?
Comprehensive literature search?
Status of the publication as an inclusion criterion?
List of studies (included and excluded) provided?
Characteristics of included provided?

Scientific quality of the included studies assessed and reported?
Scientific quality used in formulating conclusions?

Methods used to combine the findings appropriate?
Likelihood of publication bias assessed?

Conlflict of interest stated?

T

Y — Table E3 and
online repository

<7

continued
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TABLE C-6 Continued

Author, year Gunaratne et al., 2015

Aims/Key questions To assess the effect of n-3 LCPUFA supplementation in
pregnant and/or breastfeeding women on allergy outcomes
(food allergy, atopic dermatitis [eczemal], allergic rhinitis [hay
fever] and asthma/wheeze) in their children.

Study eligibility criteria Inclusion criteria:

* Types of studies: RCTs focusing on n-3 LCPUFA
supplementation of pregnant and/or breasfeeding
women (compared with placebo or no treatment) and
assessed allergy outcomes of the infants or children.
Quasi-RCTs and RCTs using a cluster-randomized
design were eligible for inclusion but none were
identified.

* Types of participants: Women and their children, with
either a normal or high risk of developing allergic
disease, were included. A fetus or a child with a first
degree relative with medically diagnosed allergies, or a
positive SPT, or a positive RAST was defined as being
at high risk of allergies. Infants were also considered at
high risk of allergies if their cord blood IgE level was
above 0.70 IU/mL.

* Types of interventions: All randomized comparisons
of n-3 LCPUFA supplementation given to pregnant or
lactating women (either with or without arachidonic
acid), with placebo or no supplementation as a
control, regardless of dose regimens and duration of
intervention. Trials in which fish was the intervention
were included if appropriately controlled, for example,
if the diet was appropriately adjusted to match the
protein contribution of fish.

¢ Primary outcomes:

o Medically diagnosed any allergy with sensitization,
i.e., IgE-mediated allergies where both the signs and
symptoms of the allergic disease and a positive SPT
and/or RAST test are present.

o Medical diagnosis or parental report (using
validated questionnaire) of any allergy, +/— IgE
sensitization.

e Secondary outcomes: Children with specific forms
of allergy, including food allergy, atopic dermatitis
(eczema), asthma/wheeze, allergic rhinitis (hay fever)
with IgE sensitization and +/- IgE sensitization, SPT
results, and parent-reported allergies using non-
validated questionnaires.

Exclusion criteria:

¢ Types of studies: Trials published in abstract form only,
trials using a crossover design, and trials examining
biochemical outcomes only.
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Literature search dates  Inception to August 2014
or year range

Number of food allergy Five
studies included

Synthesis methods Narrative text and meta-analysis

Key findings Three of the five trials had high risk of bias for incomplete
outcome data (attrition bias) and/or selective reporting bias.

* N-3 LCPUFA supplementation reduced the incidence of
IgE-mediated food allergies in children up to 12 months
of age (117 infants, RR: 0.13; 95% CI: 0.02-0.95),
but there were no clear differences found between the
intervention and control groups at any other age (12 to
36 months, 825 children, average RR: 0.58; 95% CI:
0.18-1.88; >36 months, 706 children, RR: 1.43; 95%
CI: 0.63-3.26).

e When food allergies +/— IgE sensitivity were considered,
results showed few differences from those for IgE-
mediated allergies with no differences in the direction of
findings from those for IgE-mediated allergies:

o Up to 12 months of age, 117 infants, RR: 0.13;
95% CI: 0.02-0.95.

o Between 12 and 36 months, random-effects meta-
analysis of four trials (973 children) showed pooled
RR: 0.725; 95% CI: 0.40-1.30.

o >36 months of age, 706 children, RR: 1.43; 95%
CI: 0.63-3.26.

Limitations * Review authors MM and CTC were investigators on

two trials included in the review.

¢ Studies included in this review used differing doses,
DHA to EPA ratios, and duration of n-3 LCPUFA
supplementation, and did not take into account the
baseline n-3 LCPUFA status of the women.

AMSTAR rating
An a priori design?
Duplicate study selection and data extraction?
Comprehensive literature search?
Status of the publication as an inclusion criterion?
List of studies (included and excluded) provided?
Characteristics of included provided?
Scientific quality of the included studies assessed and reported?
Scientific quality used in formulating conclusions?
Methods used to combine the findings appropriate?
Likelihood of publication bias assessed?
Conlflict of interest stated?

KKK HHE AR AR KK

continued
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TABLE C-6 Continued

Author, year

Aims/Key questions

Study eligibility criteria

de Silva et al., 2014

This systematic review is one of the series of systematic
reviews for developing EAACI Guidelines for Food Allergy and
Anaphylaxis.

This systematic review examined ways to prevent the
development of food allergy in children and adults.

e This review focused solely on studies that were primarily
concerned with preventing sensitization to food(s) and/or
the development of food allergy. Studies seeking to prevent
potential manifestations of food allergy, such as atopic
dermatitis (eczema) or asthma, but not including an explicit
diagnosis of sensitization to food or food allergy, were not
included.

e Systematic reviews and meta-analyses, RCTs, quasi-RCTs,
controlled clinical trials, controlled before-and-after studies,
interrupted time series studies, and prospective cohort
studies were eligible.

* No language restrictions were applied and, where possible,
relevant studies in languages other than English were
translated.

Literature search dates or The following databases were searched: Cochrane Library,

year range

Number of food allergy
studies included

Synthesis methods

MEDLINE, Embase, CINAHL, ISI Web of Science, TRIP
Database, and Clinicaltrials.gov from inception to September 30,
2012

74

Narrative synthesis and summary tables


http://Clinicaltrials.gov
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Key findings Table 1 summarized key evidence about prevention strategies:

e Overall, the evidence is not strong enough to recommend
changing the diet or supplements of pregnant or
breastfeeding women at normal or high risk. Although
breastfeeding may have many other benefits, the evidence
in relation to the prevention of food allergy is not strong.
This, to a large extent, reflects the ethical challenges of
randomizing infants to a nonbreastfeeding arm.

e There is more evidence about the benefits of alternatives
to cow milk formula for babies at high risk. Extensively
hydrolyzed whey or casein formula and partially
hydrolyzed formula may have a protective effect, but it
appears that soy formula does not protect against food

allergies.

* Probiotics do not seem to be protective in infants at high

Limitations

AMSTAR rating

or normal risk, and neither does delaying the introduction
of solid foods until later than the recommended minimum
weaning age. Combining dietary with environmental
modifications during infancy may be the best way forward
for infants at high risk.

The studies included were heterogeneous, and as a result,
it was not appropriate to quantitatively synthesize this
evidence.

There are also limitations with the studies themselves. To
date, the focus of research has largely been on preventing
IgE-mediated food allergy rather than on non-IgE-mediated
food allergy. Many studies are small, short term, and focus
on the surrogate measure of food sensitization rather than
food allergy. Sensitization may be a normal, harmless,

and transitory phenomenon, which does not necessarily
correlate with allergic disease.

An a priori design? Y

Duplicate study selection and data extraction? Y

Comprehensive literature search? Y (protocol published
elsewhere)

Status of the publication as an inclusion criterion? Y (protocol published
elsewhere)

List of studies (included and excluded) provided? Y

Characteristics of included provided? Y

Scientific quality of the included studies assessed and reported? Y

Scientific quality used in formulating conclusions? Y

Methods used to combine the findings appropriate? Y

Likelihood of publication bias assessed? N

Conlflict of interest stated? Y

continued



522 FINDING A PATH TO SAFETY IN FOOD ALLERGY

TABLE C-6 Continued
Author, year Kong et al., 2014

Aims/Key questions To investigate the preventive effect of probiotics on pediatric
food allergy.

Study eligibility criteria e Study design of interest: RCTs with any sample size.

* Population of interest: Infants and their mothers whose
first-degree relatives have a history of allergic disease
(asthma, allergic nose inflammation, allergic conjunctivitis,
allergic eczema, food allergies, etc.).

* Interventions of interest: Probiotics may be of single or
multiple mixed bacteria type with any treatment course and
dose.

e Outcome of interest: Incidence of food allergy diseases.

Literature search dates or Last search conducted September 30, 2013
year range

Number of food allergy 10
studies included

Synthesis methods Meta-analysis

Key findings e Total 1,349 subjects in the probiotics groups and 1,352
subjects in the control groups. Individual study sample size
ranged from 60 to 888.

* Fixed-effects meta-analysis of 10 RCTs showed no

significant difference in the incidence of food allergies
(pooled RR: 0.88; 95% CI: 0.76-1.03) with moderate
heterogeneity (I?=33%) comparing prenatal and postnatal
probiotics supplementation with placebo or control.

Limitations e Major sources of heterogeneity include: follow-up durations
(ranging from 1 to 7 years); flora types of probiotic
bacteria; dose and concentration of probiotics.

* Individual study characteristics were not reported, overall
risk of bias (or quality) for the included 10 RCTs was
moderate, and some methodological concerns regarding the
systematic review (see AMSTAR rating below).

* Food allergy outcome definitions were not reported.

AMSTAR rating
An a priori design? Y
Duplicate study selection and data extraction? Y
Comprehensive literature search? N - Only one database

used
Status of the publication as an inclusion criterion? N
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TABLE C-6 Continued

List of studies (included and excluded) provided? N - Excluded studies

Characteristics of included provided?

Scientific quality of the included studies assessed and reported?
Scientific quality used in formulating conclusions?

Methods used to combine the findings appropriate?
Likelihood of publication bias assessed?

Conlflict of interest stated?

not provided

~ < =<7

N - COI not provided
for either the review of
the included studies

Author, year

Aims/Key Questions

Study eligibility criteria

Literature search dates or
year range

Number of food allergy
studies included

Synthesis methods

Marrs et al., 2013

To systematically review the evidence on the associations
between microbial exposure and food allergies.

Inclusion criteria:

e Food allergy outcomes included food challenge data,
physician-diagnosed food allergy, reported doctor diagnosis
of food allergy or food sensitization diagnosed by either
SPT or elevated sIgE levels.

e Using a study design appropriate to assess impact of
microbial exposure. [Note: not explicitly defined.]

Exclusion criteria:

* Management guidance documents, reviews and studies
investigating celiac disease, food intolerance and animal
models were excluded.

Medline from inception to July 2012

46

e Summary tables.

e Qualitative synthesis using a pragmatic score (quality
grading/rating scores) developed for this study. Publications
were awarded greater weight of evidence if they used food
challenge data rather than reported doctor diagnosis or
only sensitization data (challenge-proven food allergy +2;
[reported] physician-diagnosis +1, SPT or IgE measurement
sensitization +0).

continued
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Key findings

* Mode of delivery: All 13 studies reported that being born

by caesarean was associated with an increased risk of
developing food allergy or food sensitization, except the
study of lowest quality. Six of these associations were
significant. However, only two pertained to clinical food
allergy diagnoses. The overall quality of these 13 studies
was moderate (2 studies received a quality score of 4, 4
received a score of 3, 5 received a score of 2, and 2 received
a score of 1).

Farming lifestyle and animal exposure: Of four studies
investigating farm and animal exposure on food allergy, the
Healthnuts Study found significantly less challenge-proven
egg, sesame and peanut allergy among infants living with

a dog during the first year of life (aOR: 0.6 [0.5-0.8]).
However the quality of this study was poor (score of 2).
Endotoxin exposure: Two studies were included but the
quality was very poor (score of 0 and 1).

Childhood infections: No studies investigated the
association between viral and bacterial infections and
challenge-proven food allergy.

Childhood vaccinations: No association was found for any
of the recommended childhood vaccinations.

Antibiotic use: Some evidence suggests that antibiotic
exposure increases the risk of eczema, but no such
relationship has been found for food allergy.

Gut microbiota: Five studies investigated gut microbiota
characteristics, two of which compared data with respect
to food challenge outcomes and the other three used food
sensitization parameters. The two studies ranking highest in
quality originated from the same Spanish infants who were
diagnosed with IgE-mediated cow milk allergy by milk
challenge at a tertiary referral center. [Note that studies
were not summarized in the summary tables. Summary of
individual study findings was provided in text.]

Pro- and prebiotics: Eleven probiotic RCTs (quality score
ranged from 0 to 3) have assessed whether microbial
supplementation may be used in the prevention or
treatment of food allergy or sensitization, but results have
been disappointing overall.
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Limitations

AMSTAR rating

Some methodological concerns regarding the search and
study selection process. The authors seem to “up-play”
some positive results, not taking into account the quality
scores in their synthesis. Most of the studies were rated
poor quality.

With exception of probiotics, all studies for other microbial
exposures were observational studies.

The studies selected were highly heterogeneous in design
and quality.

Most studies were primarily designed to investigate
respiratory allergies or eczema, and hence lacked objective
characterization of clinical food allergy and statistical
power to detect significant risk estimates.

An a priori design? Y

Duplicate study selection and data extraction? Not reported

Comprehensive literature search? N (Medline only)

Status of the publication as an inclusion criterion? Y

List of studies (included and excluded) provided? No but available on
request

Characteristics of included provided? Y

Scientific quality of the included studies assessed and reported? Y

Scientific quality used in formulating conclusions? Y

Methods used to combine the findings appropriate? Y

Likelihood of publication bias assessed? N

Conflict of interest stated?

Y/N - COI of the
systematic review
authors were reported
but COI not provided
for the included studies

Author, year Kramer and Kakuma, 2012

Aims/Key questions To assess the effects of prescribing an antigen avoidance diet
during pregnancy or lactation, or both, on maternal and infant
nutrition and on the prevention or treatment of atopic disease in
the child; positive SPTs to dietary antigens; and cord blood levels
of IgE (a predictor of subsequent atopic disease).

continued
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TABLE C-6 Continued

Study eligibility criteria ~ Inclusion criteria:

¢ Study design: All acceptably controlled (randomized or
quasi-randomized) comparisons of maternal dietary antigen
avoidance prescribed to pregnant (at any time during
pregnancy) or lactating women at high risk, regardless
of degree (number of foods eliminated from the diet) or
duration.

e Population: Pregnant or lactating women at high risk of
giving birth to an atopic child, based on a history of atopic
disease (eczema, asthma, or hay fever) in the mother, father,
or a previous child. Lactating mothers of infants with
established atopic eczema.

* Intervention: Prescription of diet with exclusion (or reduced
quantity) of potentially antigenic foods such as cow milk,
egg, peanut, fish, and chocolate.

* Outcome measures:

o Primary outcomes: Occurrence and severity of atopic
disease in the child.

o Secondary outcomes: Nutritional status of mother
(gestational weight gain) and fetus (birth weight); other
pregnancy outcomes (e.g., preterm birth); positive SPT
to ingested antigen (especially egg and milk); and cord
blood IgE levels.

Exclusion criteria:

e Trials of multimodal interventions that include, in addition
to maternal dietary antigen avoidance, manipulation of
the infant’s diet other than breast milk or of other non-
dietary aspects of the infant’s environment (i.e., exposure to
inhaled allergens).

Literature search dates or Unspecified; search conducted on July 6, 2012
year range

Number of food allergy ~ Three (based on SPT results)
studies included

Synthesis methods Summary tables and meta-analysis
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Key findings

Limitations

AMSTAR rating
An a priori design?

Duplicate study selection and data extraction?

Comprehensive literature search?

Status of the publication as an inclusion criterion?

List of studies (included and excluded) provided?
Characteristics of included provided?

Scientific quality of the included studies assessed and reported?
Scientific quality used in formulating conclusions?

Methods used to combine the findings appropriate?
Likelihood of publication bias assessed?

Conflict of interest stated?

Antigen avoidance during pregnancy: Results from two
trials involving 334 pregnant women at high risk of atopic
offspring suggest a lower incidence of positive SPT to egg
antigen at 6 months of age, but the effect was no longer
evident at 18 months, nor was any benefit apparent at
either age for SPT to milk antigen (random-effects meta-
analysis pooled RR: 0.95; 95% CI: 0.52-1.74). The risk of
bias of the two trials is mixed (one was low risk and one
was high risk of bias).

Antigen avoidance during lactation: A larger included trial
(N=497) did not report on atopic eczema or other allergic
disease outcomes, but found no evidence of sensitization
to milk, egg, or peanut antigen on SPT at 1, 2, or 7 years
of age. The risk of bias of this trial was unclear because
the information available is based solely on a published
abstract.

This Cochrane systematic review did not focus on food
allergies or sensitization. Out of 12 trials, only 3 reported
SPT results.

Food sensitization outcomes were based on SPT results
only.

Included trials had small sample sizes.

o

Y/N (funding sources
of included studies
were not reported but
the systematic review
authors reported no
conflict of interest)

Author, year Fisher et al., 2011

Aims/Key questions To determine whether specific oral tolerance induction is more
effective than avoidance in inducing tolerance in children ages 0
to 18 years who have IgE-mediated food allergy.

continued
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Study eligibility criteria ~ Inclusion criteria:

Population: Children ages 0 to 18 years with IgE-mediated
food allergy proven by DBPCOFC at the start of the study.
Outcome measures: The success of specific oral tolerance
induction was objectively assessed using oral food challenge
or DBPCOEFC for tolerance but DBPCOFC for allergy.
Quality of trial: Scored =1+ using the National Institute for
Health and Clinical Excellence (NIHCE) criteria for quality
assessment.

Other: English language publications.

Literature search dates or 1950 to July 2009

year range

Number of food allergy ~ Three

studies included

Synthesis methods Summary tables and meta-analysis

Key findings .

Limitations .

All three RCTs examined the effect of oral tolerance
induction to cow milk protein, with one study enrolling
children who were exquisitely sensitive, reacting at <1 ml
of whole cow milk at the start of the study. Age ranges of
children included in each RCT were wide (0.6-12.9; 5-17;
6-17 years).

One RCT also performed oral tolerance induction to hen
egg, although each child was desensitized to only one food
(cow milk or hen egg) during the study. In two RCTs,
children who were not randomized to receive specific oral
tolerance induction practiced avoidance of the relevant
allergen. Children in the third RCT consumed a placebo,
although no details of the substance used for the placebo
were provided.

Meta-analysis: Total of 127 children were included in

the meta-analysis. Although a reduction in allergy after
treatment is highlighted, this fails to meet statistical
significance (pooled RR: 0.61; 95% CI: 0.32-1.12;
P=0.1302). Cochran Q (8.87; P=0.0118) and 2 (77.5%;
95% CI: 0%-91%) found high heterogeneity between
studies, which further reduces the significance of findings.

One author reviewed the studies using the NIHCE quality
framework, but no details about quality assessment were
reported. It is unclear how many studies were excluded
based on quality score.

Included studies performed specific oral tolerance induction
only to cow milk or hen egg, and although these are the
most common childhood food allergens trials had small
sample size.
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TABLE C-6 Continued

AMSTAR rating
An a priori design? Y
Duplicate study selection and data extraction? N (only one author
conducted the search
and one author
reviewed the studies)

Comprehensive literature search?

Status of the publication as an inclusion criterion?

List of studies (included and excluded) provided?

Characteristics of included provided?

Scientific quality of the included studies assessed and reported?

Scientific quality used in formulating conclusions?

Methods used to combine the findings appropriate?

Likelihood of publication bias assessed?

Conflict of interest stated? Y/N (COI of the
systematic review
authors was provided
but not provided for
included studies)

7 7

Author, year Klemens et al., 2011

Aims/Key questions To determine if n-3 PUFA supplementation during pregnancy
and lactation reduces risk for childhood allergic disease.

Study eligibility criteria Inclusion criteria:

¢ RCTs comparing supplementation in pregnancy and
lactation with n-3 PUFA or placebo for primary prevention
of allergic disease in neonates, infants, and children.

e Study participants were pregnant or lactating women and
their offspring.

* Studies had to report on one of the following clinical or
immunological outcomes in neonates, infants, or children:
asthma, atopy, and food allergy as a clinical diagnosis or
as response to the egg SPT at any time during the first 12
months of life. Diagnoses must be verified by medical or
nursing clinicians.

Literature search dates or 1950 to October 2010
year range

Number of food allergy ~ Three
studies included

Synthesis methods Summary tables, meta-analysis and narrative synthesis

continued
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Key findings

Limitations

AMSTAR rating
An a priori design?

Duplicate study selection and data extraction?

Comprehensive literature search?

Status of the publication as an inclusion criterion?

List of studies (included and excluded) provided?
Characteristics of included provided?

Scientific quality of the included studies assessed and reported?
Scientific quality used in formulating conclusions?

Methods used to combine the findings appropriate?
Likelihood of publication bias assessed?

Three RCTs (N=264) reported on clinical diagnoses of food
allergy in children. All RCTs were rated high quality.
Random-effects meta-analysis showed no significant
difference in food allergy between children of mothers
who received n-3 PUFA supplementation and children of
mothers receiving placebo (6/128 versus 16/136, pooled
OR: 0.46; 95% CI: 0.156-1.38). There was no significant
between-study heterogeneity (P=0.226, 12.=32.777) nor
was there evidence of publication bias (Egger’s regression
intercept P=0.998).

o When only RCTs in which supplementation was started
during pregnancy were considered, fewer children with
food allergies were born to n-3 PUFA-supplemented
mothers than to placebo-supplemented mothers, but
this difference was not significant (4/92 versus 15/108,
pooled OR: 0.34; 95% CI: 0.10-1.15).

Two of the included studies (N=187) reported on the

period prevalence of positive response to the egg SPT in

children up to age 12 months after maternal n-3 PUFA
supplementation during pregnancy. Supplementation

significantly reduced a positive SPT response to egg (12/87

versus 32/100, pooled OR: 0.33; 95% CI: 0.16-0.70).

There was no significant between-study heterogeneity

(P=0.957, 12=0.000).

The different doses of supplementation in the combined
studies also may represent a weakness of this meta-analysis,
given that n-3 PUFA supplementation may have an inverted
U-shaped dose-response curve, with moderate doses
conferring more benefit than high doses in some models.
Although a positive SPT indicates the presence of food-
specific IgE antibodies, a positive response may be seen in
tolerant individuals and does not necessarily represent food
allergy.

M 7
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TABLE C-6 Continued

Conflict of interest stated? Y/N (COI of the
systematic review
authors was provided
but not provided for
included studies)

Author, year Osborn and Sinn, 2006

Aims/Key questions e To determine the effect of feeding hydrolyzed formulas
on allergy and food intolerance in infants and children
compared to adapted cow milk or human breast milk.
If hydrolyzed formulas are effective, to determine what
type of hydrolyzed formula is most effective, including
extensively and partially hydrolyzed formulas.

e To determine which infants benefit, including infants at low

or high risk of allergy and infants receiving early, short-
term, or prolonged formula feeding.

Study eligibility criteria  Inclusion criteria:

e Types of studies: RCTs and quasi-RCTs that compare the
use of a hydrolyzed infant formula to human milk or an
adapted cow milk formula. Random and quasi-random
(e.g., using alternation) trials with 280% follow-up of
participants were eligible for inclusion.

e Types of participants: Infants in the first 6 months of life
without clinical evidence of allergy.

e Types of interventions: Hydrolyzed cow milk and soy
formulas, and extensively and partially hydrolyzed
formulas. Hydrolyzed formulas may be used for either
o early, short-term supplementary or sole formula feeding

in infants unable to be exclusively breastfed in the first
days of life;
o prolonged supplementation of breastfed infants or sole
formula feeding in infants in the first months of life; or
o weaning from the breast using infant formula.

e Type of controls: The control group may include infants
who receive exclusive human milk (either breast fed or
expressed) or an adapted cow milk formula.

* Primary outcomes:

o All allergy including asthma, atopic dermatitis, allergic
rhinitis or food allergy.
o Food intolerance.

Literature search dates or Inception to March 2006
year range

Number of food allergy  Five
studies included

continued
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TABLE C-6 Continued

Synthesis methods Meta-analysis, summary table, narrative text

Key findings For Comparison 01 Early short-term feeding: Hydrolyzed
formula versus human milk feeding among low-risk infants:

* (90 infants) no significant difference in any allergy (RR:
1.43; 95% CI: 0.38-5.37), food allergy (RR: 1.43; 95% CIL:
0.38-5.37), and cow milk allergy (RR: 7.11; 95% CI: 0.35-
143.84) at age 3 years.

* (3,559 infants) no significant difference in cow milk
allergy up to mean age of 27 months (RR: 0.87; 95% CIL:
0.52-1.46).

For Comparison 03 Early short-term feeding: Hydrolyzed
formula versus cow milk formula:

e (77 infants) no significant difference in childhood allergy
incidence (RR: 1.37; 95% CI: 0.33-5.71), childhood food
allergy (RR: 1.37; 95% CI: 0.33-5.71), and childhood cow
milk allergy (RR: 5.13; 95% CI: 0.25-103.43).

* (3,478 infants) a reduction in infant cow milk allergy of
borderline significance (RR: 0.62; 95% CI: 0.38-1.00).

For Comparison 04 Prolonged feeding: Hydrolyzed formula
versus cow milk formula:
* (141 infants) no significant difference in infant food allergy
(RR: 1.82; 95% CI: 0.64-5.16).
* (67 infants) a significant reduction in infant cow milk
allergy (RR: 0.36; 95% CI: 0.15-0.89).

For Comparison 07 Prolonged feeding: Extensively hydrolyzed
formula versus cow milk formula:
* (96 infants) no significant difference in food allergy (RR:
1.15; 95% CI: 0.33-4.02).

For Comparison 08 Prolonged feeding: Partially hydrolyzed
formula versus cow milk formula:
* (91 infants) no significant difference in infant food allergy
(RR: 2.56; 95% CI: 0.86-7.56).
* a significant reduction in cow milk allergy in infancy (RR:
0.36; 95% CI: 0.15-0.89).

For Comparison 09 Prolonged feeding: Extensively hydrolyzed
formula versus partially hydrolyzed formula:

* Meta-analysis of two studies (N=341) found a significant
reduction in infant food allergy (typical RR: 0.43; 95% CI:
0.19-0.99).

* (246 infants) no significant difference in infant cow milk
allergy (RR: 0.13; 95% CI: 0.01-1.16).
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TABLE C-6 Continued

Key findings
(continued)

Limitations

AMSTAR rating
An a priori design?
Duplicate study selection and data extraction?
Comprehensive literature search?
Status of the publication as an inclusion criterion?
List of studies (included and excluded) provided?
Characteristics of included provided?
Scientific quality of the included studies assessed and reported?
Scientific quality used in formulating conclusions?
Methods used to combine the findings appropriate?

For Comparison 11 Prolonged feeding: Hydrolyzed formula
versus cow milk formula: Allergy/intolerance confirmed by test:
* (141 infants) no significant difference in infant food allergy
confirmed by specific IgE (RR: 1.82; 95% CI: 0.64-5.16).
* significant reduction in infant cow milk allergy confirmed
by specific IgE (RR: 0.365 95% CI: 0.15-0.89).
* no significant difference in infant food intolerance
confirmed by DBPCOFC (RR: 0.48; 95% CI: 0.07-3.33).

For Comparison 14 Prolonged feeding: Partially hydrolyzed
whey formula versus cow milk formula:
e significant reduction in infant cow milk allergy (RR: 0.36;
95% CI: 0.15-0.89).

For Comparison 15 Prolonged feeding: Partially hydrolyzed
casein containing formula versus cow milk formula:
* (91 infants) no significant difference in infant food allergy
(RR: 2.56; 95% CI: 0.86-7.56).

For Comparison 17 Prolonged feeding: Extensively hydrolyzed
casein containing formula versus cow milk formula:
* (96 infants) no significant difference in infant food allergy
(RR: 1.15; 95% CI: 0.33-4.02).

* Many “meta-analyses” of small number of studies.

e Infant and childhood allergy had different definitions,
timing of measurement and methods for measurement
from study to study. Most studies were small or had
methodological limitations, with benefits not persisting
when analysis was restricted to trials with blinding of
measurement to study formula or to studies of adequate
methodology.

Z KKK Z KK

(many “meta-
analysis” had one

study)
Likelihood of publication bias assessed? N
Conflict of interest stated? Y

continued
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Author, year Kramer and Kakuma, 2004

Aims/Key questions To assess the effects on child health, growth, and
development, and on maternal health, of exclusive
breastfeeding for 6 months versus exclusive breastfeeding
for 3 to 4 months with mixed breastfeeding (introduction
of complementary liquid or solid foods with continued
breastfeeding) thereafter through 6 months.

Study eligibility criteria  Inclusion criteria:

e Study design: Controlled clinical trials and observational

studies, published in all languages, examining whether
or not exclusive breastfeeding until age 6 months has an
impact on growth, development, morbidity, and survival
of healthy, term infants and their mothers.

Comparison: The comparisons must have been based
on one group of infants who received exclusive
breastfeeding for at least 3 but less than 7 months

and mixed breastfeeding until 6 months or later

(i.e., infants were introduced to liquid or solid foods
between 3 and 6 months of age), and another group

of infants who were exclusively breastfed for at least 6
months. Studies comparing infants receiving prolonged
exclusive breastfeeding (more than 6 months) to those
exclusively breastfed for 6 months and continued mixed
breastfeeding after 6 months also were included. Among
infants exclusive breastfeeding for at least 3 months,
the interventions/exposures compared were continued
exclusive breastfeeding versus mixed breastfeeding. The
“complementary” foods used in mixed breastfeeding
included juices, formula, other milks, other liquids,

or solid foods. Although the WHO defines exclusive
breastfeeding as breastfeeding with no supplemental
liquids or solid foods other than medications or
vitamins, few studies strictly adhered to the WHO’s
definition.

Population: Lactating mothers and their healthy, term,
singleton infants.
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Study eligibility criteria
(continued)

e Outcome measures: Any infant or maternal health

outcomes. The infant outcomes specifically sought
(but not necessarily found) included growth (weight,
length, and head circumference and z-scores (based on
the WHO/CDC reference) for weight-for-age, length-
for-age, and weight-for-length), infections, morbidity,
mortality, micronutrient status, neuromotor and
cognitive development, asthma, atopic eczema, other
allergic diseases, type 1 diabetes, blood pressure, and
subsequent adult chronic diseases such as coronary
heart disease, hypertension, type 2 diabetes, and
inflammatory and autoimmune diseases. Maternal
outcomes sought included postpartum weight loss,
duration of lactational amenorrhea, and such chronic
diseases as breast and ovarian cancer and osteoporosis.

Exclusion criteria:

e Studies of (or including) low birthweight (less than

2,500 g) infants were not excluded, provided that such
infants were born at term (at least 37 completed weeks).
Only those studies with an internal comparison group
were included in the review, i.e., the authors excluded
studies based on external comparisons (with reference
data).

Studies comparing exclusive breastfeeding and mixed
breastfeeding from birth were excluded, as were those
that investigated the effects of age at introduction of
nonbreast milk liquid or solid foods but did not ensure
exclusive breastfeeding at least 3 months before their
introduction.

Literature search dates or Inception to June 15, 2011

year range

Number of food allergy ~ One cohort study

studies included

Synthesis methods Narrative synthesis; meta-analysis (N/A for food allergy
outcome because only one study was included)

Key findings

Limitations

* 1 cohort study enrolled 135 healthy Finnish infants

of atopic parents reported food allergy outcome. This
study was rated unclear overall risk of bias.

For the comparison of exclusive breastfeeding for 6-7
months versus 3-4 months, this study also reported

a reduced risk of a history of food allergy at 1 year
but double food challenges showed no significant risk
reduction (RR: 0.77; 95% CI: 0.25-2.41).

e This systematic review did not focus on food allergy.

Only 1 cohort study reported food allergy outcomes.
continued
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TABLE C-6 Continued

AMSTAR rating
An a priori design? Y
Duplicate study selection and data extraction? Y
Comprehensive literature search? Y
Status of the publication as an inclusion criterion? Y
List of studies (included and excluded) provided? Y
Y
Y
N

Characteristics of included provided?
Scientific quality of the included studies assessed and reported?
Scientific quality used in formulating conclusions?

Methods used to combine the findings appropriate? N (many “meta-
analysis” only has 1
study)

Likelihood of publication bias assessed? N
Conlflict of interest stated? N

NOTE: ALA = alpha-linolenic acid; CDC = Centers for Disease Control and Prevention; CI
= confidence interval; DBPCOFC = double-blind, placebo-controlled oral food challenge;
DHA = docosahexaenoic acid; DPA = docosapentaenoic acid; EAACI = European Academy
of Allergy & Clinical Immunology; EPA = eicosapentaenoic acid; IgE = immunoglobulin

E; IU = international units; LCPUFA, long-chain polyunsaturated fatty acid; N/A = not
available; OR = odds ratio; PUFA = polyunsaturated fatty acid; RAST = radioallergosorbent;
RCT = randomized controlled trial; RR = relative risk; SDA = stearidonic acid; SPT = skin
prick test; tIgE = total IgE; WHO = World Health Organization.



APPENDIX C 537

REFERENCES

Allen, K. J., J. J. Koplin, A. L. Ponsonby, L. C. Gurrin, M. Wake, P. Vuillermin, P. Martin, M.
Matheson, A. Lowe, M. Robinson, D. Tey, N. J. Osborne, T. Dang, H. T. Tina Tan, L.
Thiele, D. Anderson, H. Czech, J. Sanjeevan, G. Zurzolo, T. Dwyer, M. L. Tang, D. Hill,
and S. C. Dharmage. 2013. Vitamin D insufficiency is associated with challenge-proven
food allergy in infants. | Allergy Clin Immunol 131(4):1109-1116, 1116.

Baek, J. H., Y. H. Shin, I. H. Chung, H. J. Kim, E. G. Yoo, J. W. Yoon, H. M. Jee, Y. E.
Chang, and M. Y. Han. 2014. The link between serum vitamin D level, sensitization to
food allergens, and the severity of atopic dermatitis in infancy. | Pediatr 165(4):849-854.

Best, K. P., M. Gold, D. Kennedy, J. Martin, and M. Makrides. 2016. Omega-3 long-chain
PUFA intake during pregnancy and allergic disease outcomes in the offspring: A system-
atic review and meta-analysis of observational studies and randomized controlled trials.
Am | Clin Nutr 103(1):128-143.

Boyle, R. J., D. lerodiakonou, T. Khan, J. Chivinge, Z. Robinson, N. Geoghegan, K. Jarrold,
T. Afxentiou, T. Reeves, S. Cunha, M. Trivella, V. Garcia-Larsen, and J. Leonardi-Bee.
2016. Hydrolysed formula and risk of allergic or autoimmune disease: Systematic review
and meta-analysis. BMJ 352:1974.

Bunyavanich, S., S. L. Rifas-Shiman, T. A. Platts-Mills, L. Workman, J. E. Sordillo, C. A.
Camargo, Jr., M. W. Gillman, D. R. Gold, and A. A. Litonjua. 2014. Peanut, milk, and
wheat intake during pregnancy is associated with reduced allergy and asthma in children.
J Allergy Clin Immunol 133(5):1373-1382.

Cuello-Garcia, C. A., J. L. Brozek, A. Fiocchi, R. Pawankar, J. J. Yepes-Nunez, L. Terracciano,
S. Gandhi, A. Agarwal, Y. Zhang, and H. J. Schunemann. 20135. Probiotics for the pre-
vention of allergy: A systematic review and meta-analysis of randomized controlled trials.
J Allergy Clin Immunol 136(4):952-961.

Cuello-Garcia, C. A., A. Fiocchi, R. Pawankar, J. J. Yepes-Nunez, G. P. Morgano, Y. Zhang,
K. Ahn, S. Al-Hammadi, A. Agarwal, S. Gandhi, K. Beyer, W. Burks, G. W. Canonica,
M. Ebisawa, R. Kamenwa, B. W. Lee, H. Li, S. Prescott, J. J. Riva, L. Rosenwasser, H.
Sampson, M. Spigler, L. Terracciano, A. Vereda, S. Waserman, H. J. Schunemann, and
J. L. Brozek. 2016. World Allergy Organization-McMaster University Guidelines for Al-
lergic Disease Prevention (GLAD-P): Prebiotics. World Allergy Organ | 9:10.

de Silva, D., M. Geromi, S. Halken, A. Host, S. S. Panesar, A. Muraro, T. Werfel, K. Hoffmann-
Sommergruber, G. Roberts, V. Cardona, A. E. Dubois, L. K. Poulsen, R. Van Ree, B.
Vlieg-Boerstra, I. Agache, K. Grimshaw, L. O’Mahony, C. Venter, S. H. Arshad, and
A. Sheikh. 2014. Primary prevention of food allergy in children and adults: Systematic
review. Allergy 69(5):581-589.

Depner, M., M. J. Ege, J. Genuneit, J. Pekkanen, M. Roponen, M. R. Hirvonen, ]. C. Dalphin,
V. Kaulek, S. Krauss-Etschmann, J. Riedler, C. Braun-Fahrlander, C. Roduit, R. Lauener,
P. I. Pfefferle, J. Weber, and E. von Mutius. 2013. Atopic sensitization in the first year of
life. ] Allergy Clin Immunol 131(3):781-788.

Dowhower Karpa, K., I. M. Paul, J. A. Leckie, S. Shung, N. Carkaci-Salli, K. E. Vrana, D.
Mauger, T. Fausnight, and J. Poger. 2012. A retrospective chart review to identify peri-
natal factors associated with food allergies. Nuzr | 11:87.

Du Toit, G., G. Roberts, P. H. Sayre, H. T. Bahnson, S. Radulovic, A. F. Santos, H. A. Brough,
D. Phippard, M. Basting, M. Feeney, V. Turcanu, M. L. Sever, M. Gomez Lorenzo, M.
Plaut, and G. Lack. 2015. Randomized trial of peanut consumption in infants at risk for
peanut allergy. N Engl ] Med 372(9):803-813.



538 FINDING A PATH TO SAFETY IN FOOD ALLERGY

Du Toit, G., P. H. Sayre, G. Roberts, M. L. Sever, K. Lawson, H. T. Bahnson, H. A. Brough,
A. E Santos, K. M. Harris, S. Radulovic, M. Basting, V. Turcanu, M. Plaut, G. Lack.
2016. Effect of avoidance on peanut allergy after early peanut consumption. N Engl |
Med 374:1435-1443.

Dunstan, J., C. West, S. McCarthy, J. Metcalfe, S. Meldrum, W. Oddy, M. Tulic, N. D’Vaz,
and S. Prescott. 2012. The relationship between maternal folate status in pregnancy,
cord blood folate levels, and allergic outcomes in early childhood. Allergy 67(1):50-57.

Fisher, H. R., G. du Toit, and G. Lack. 2011. Specific oral tolerance induction in food allergic
children: Is oral desensitisation more effective than allergen avoidance?: A meta-analysis
of published RCTs. Arch Dis Child 96(3):259-264.

Frazier, A. L., C. A. Camargo, Jr., S. Malspeis, W. C. Willett, and M. C. Young. 2014. Prospec-
tive study of peripregnancy consumption of peanuts or tree nuts by mothers and the risk
of peanut or tree nut allergy in their offspring. JAMA Pediatr 168(2):156-162.

Goldberg, M., E. Eisenberg, A. Elizur, N. Rajuan, M. Rachmiel, A. Cohen, G. Zadik-Mnuhin,
and Y. Katz. 2013. Role of parental atopy in cow’s milk allergy: A population-based
study. Ann Allergy Asthma Immunol 110(4):279-283.

Grimshaw, K. E., ]J. Maskell, E. M. Oliver, R. C. Morris, K. D. Foote, E. N. Mills, G. Roberts,
and B. M. Margetts. 2013. Introduction of complementary foods and the relationship to
food allergy. Pediatrics 132(6):e1529-¢1538.

Grimshaw, K. E. C., J. Maskell, E. M. Oliver, R. C. G. Morris, K. D. Foote, E. N. C. Mills,
B. M. Margetts, and G. Roberts. 2014. Diet and food allergy development during in-
fancy: Birth cohort study findings using prospective food diary data. Journal of Allergy
and Clinical Immunology 133(2):511-519.

Gunaratne, A. W., M. Makrides, and C. T. Collins. 2015. Maternal prenatal and/or postnatal
n-3 long chain polyunsaturated fatty acids (LCPUFA) supplementation for preventing
allergies in early childhood. Cochrane Database Syst Rev 7:CD010085.

Ivakhnenko, O., and S. Nyankovskyy. 2013. Effect of the specific infant formula mixture of
oligosaccharides on local immunity and development of allergic and infectious disease in
young children: Randomized study. Pediatria Polska 88(5):398-404.

Jones, A. P., D. Palmer, G. Zhang, and S. L. Prescott. 2012. Cord blood 25-hydroxyvitamin
D3 and allergic disease during infancy. Pediatrics 130(5):e1128-e11335.

Katz, Y., N. Rajuan, M. R. Goldberg, E. Eisenberg, E. Heyman, A. Cohen, and M. Leshno.
2010. Early exposure to cow’s milk protein is protective against IgE-mediated cow’s milk
protein allergy. | Allergy Clin Immunol 126(1):77-82.

Klemens, C. M., D. R. Berman, and E. L. Mozurkewich. 2011. The effect of perinatal omega-3
fatty acid supplementation on inflammatory markers and allergic diseases: A systematic
review. BJOG 118(8):916-925.

Kong, X. Y., Y. Yang, J. Guan, and R. Z. Wang. 2014. Probiotics’ preventive effect on pe-
diatric food allergy: A meta-analysis of randomized controlled trials. Chin Med Sci |
29(3):144-147.

Koplin, J. J., S. C. Dharmage, A. L. Ponsonby, M. L. Tang, A. J. Lowe, L. C. Gurrin, N. J.
Osborne, P. E. Martin, M. N. Robinson, M. Wake, D. J. Hill, and K. J. Allen. 2012.
Environmental and demographic risk factors for egg allergy in a population-based study
of infants. Allergy 67(11):1415-1422.

Koplin, J. J., N. H. Suaini, P. Vuillermin, J. A. Ellis, M. Panjari, A. L. Ponsonby, R. L. Peters,
M. C. Matheson, D. Martino, T. Dang, N. J. Osborne, P. Martin, A. Lowe, L. C. Gurrin,
M. L. Tang, M. Wake, T. Dwyer, J. Hopper, S. C. Dharmage, K. J. Allen. 2016. Poly-
morphisms affecting vitamin D-binding protein modify the relationship between serum
vitamin D (25[OH]D3) and food allergy. | Allergy Clin Immunol 137(2):500-506.

Kramer, M. S., and R. Kakuma. 2004. The optimal duration of exclusive breastfeeding: A
systematic review. Adv Exp Med Biol 554:63-77.



APPENDIX C 539

Kramer, M. S., and R. Kakuma. 2012. Maternal dietary antigen avoidance during pregnancy
or lactation, or both, for preventing or treating atopic disease in the child. Cochrane
Database Syst Rev 9:CD000133.

Liao, S. L., S. H. Lai, K. W. Yeh, Y. L. Huang, T. C. Yao, M. H. Tsai, M. C. Hua, and J. L.
Huang. 2014. Exclusive breastfeeding is associated with reduced cow’s milk sensitization
in early childhood. Pediatr Allergy Immunol 25(5):456-461.

Liu, X., G. Wang, X. Hong, D. Wang, H. J. Tsai, S. Zhang, L. Arguelles, R. Kumar, H. Wang,
R. Liu, Y. Zhou, C. Pearson, K. Ortiz, R. Schleimer, P. G. Holt, J. Pongracic, H. E. Price,
C. Langman, and X. Wang. 2011. Gene-vitamin D interactions on food sensitization: A
prospective birth cohort study. Allergy 66(11):1442-1448.

Liu, X., L. Arguelles, Y. Zhou, G. Wang, Q. Chen, H. ]J. Tsai, X. Hong, R. Liu, H. E. Price,
C. Pearson, S. Apollon, N. Cruz, R. Schleimer, C. B. Langman, ]J. A. Pongracic, and X.
Wang. 2013. Longitudinal trajectory of vitamin D status from birth to early childhood
in the development of food sensitization. Pediatr Res 74(3):321-326.

Loo, E. X., G. V. Llanora, Q. Lu, M. M. Aw, B. W. Lee, and L. P. Shek. 2014. Supplementation
with probiotics in the first 6 months of life did not protect against eczema and allergy
in at-risk Asian infants: A 5-year follow-up. Int Arch Allergy Immunol 163(1):25-28.

Lowe, A. J., C. S. Hosking, C. M. Bennett, K. J. Allen, C. Axelrad, J. B. Carlin, M. J.
Abramson, S. C. Dharmage, and D. J. Hill. 2011. Effect of a partially hydrolyzed whey
infant formula at weaning on risk of allergic disease in high-risk children: A randomized
controlled trial. | Allergy Clin Immunol 128(2):360-365.

Luccioli, S., Y. Zhang, L. Verrill, M. Ramos-Valle, and E. Kwegyir-Afful. 2014. Infant feeding
practices and reported food allergies at 6 years of age. Pediatrics 134(Suppl 1):S21-S28.

Magdelijns, F. J., M. Mommers, J. Penders, L. Smits, and C. Thijs. 2011. Folic acid use in
pregnancy and the development of atopy, asthma, and lung function in childhood. Pe-
diatrics 128(1):e135-e144.

Mailhol, C., E Giordano-Labadie, V. Lauwers-Cances, A. Ammoury, C. Paul, and F. Rance.
2014. Point prevalence and risk factors for food allergy in a cohort of 386 children with
atopic dermatitis attending a multidisciplinary dermatology/paediatric allergy clinic. Eur
] Dermatol 24(1):63-69.

Marrs, T., K. D. Bruce, K. Logan, D. W. Rivett, M. R. Perkin, G. Lack, and C. Flohr. 2013. Is
there an association between microbial exposure and food allergy? A systematic review.
Pediatr Allergy Immunol 24(4):311-320.

Martin, P. E.; J. K. Eckert, J. J. Koplin, A. J. Lowe, L. C. Gurrin, S. C. Dharmage, P.
Vuillermin, M. L. Tang, A. L. Ponsonby, M. Matheson, D. J. Hill, and K. J. Allen. 2015.
Which infants with eczema are at risk of food allergy? Results from a population-based
cohort. Clin Exp Allergy 45(1):255-264.

McGowan, E. C.,; G. R. Bloomberg, P. J. Gergen, C. M. Visness, K. E. Jaffee, M. Sandel, G.
O’Connor, M. Kattan, J. Gern, and R. A. Wood. 20135. Influence of early-life exposures
on food sensitization and food allergy in an inner-city birth cohort. | Allergy Clin Im-
munol 135(1):171-178.

Metsala, J., A. Lundqvist, L. J. Virta, M. Kaila, M. Gissler, and S. M. Virtanen. 2013.
Mother’s and offspring’s use of antibiotics and infant allergy to cow’s milk. Epidemiol-
ogy 24(2):303-309.

Newberry, S. J., M. Chung, M. Booth, M. A. Maglione, A. M. Tang, C. E. O’Hanlon, D. D.
Wang, A. Okunogbe, C. Huang, A. Motala, M. Timmer, W. Dudley, R. Shanman,
T. R. Coker, and P. G. Shekelle. 2016. Omega-3 fatty acids and maternal and child
health: An updated systematic review. Evidence Report/Technology Assessment No. 224.
AHRQ Publication No. 16-E003-EF. Rockville, MD: Agency for Healthcare Research
and Quality.



540 FINDING A PATH TO SAFETY IN FOOD ALLERGY

Norizoe, C., N. Akiyama, T. Segawa, H. Tachimoto, H. Mezawa, H. Ida, and M. Urashima.
2014. Increased food allergy and vitamin D: Randomized, double-blind, placebo-con-
trolled trial. Pediatr Int 56(1):6-12.

Okupa, A. Y., R. F. Lemanske, Jr., D. J. Jackson, M. D. Evans, R. A. Wood, and E. C. Matsui.
2013. Early-life folate levels are associated with incident allergic sensitization. | Allergy
Clin Immunol 131(1):226-228.

Osborn, D. A., and J. Sinn. 2006. Formulas containing hydrolysed protein for prevention
of allergy and food intolerance in infants. Cochrane Database Syst Rev(4):CD003664.

Palmer, D. J., J. Metcalfe, M. Makrides, M. S. Gold, P. Quinn, C. E. West, R. Loh, and S. L.
Prescott. 2013. Early regular egg exposure in infants with eczema: A randomized con-
trolled trial. J Allergy Clin Immunol 132(2):387-392.

Pele, F., E. Bajeux, H. Gendron, C. Monfort, F. Rouget, L. Multigner, J. F. Viel, and S. Cordier.
2013. Maternal fish and shellfish consumption and wheeze, eczema and food allergy at
age two: A prospective cohort study in Brittany, France. Environ Health 12:102.

Perkin, M. R., K. Logan, A. Tseng, B. Raji, S. Ayis, J. Peacock, H. Brough, T. Marrs, S.
Radulovic, J. Craven, C. Flohr, G. Lack, and EAT Study Team. 2016. Randomized trial of
introduction of allergenic foods in breast-fed infants. N Engl ] Med 374(18):1733-1743.

Peters, R., K. Allen, S. Dharmage, C. Lodge, J. Koplin, A. Ponsonby, M. Wake, A. Lowe, M.
Tang, M. Matheson, and L. Gurrin. 20135. Differential factors associated with challenge-
proven food allergy phenotypes in a population cohort of infants: A latent class analysis.
Clin Exp Allergy 45(5):953-963.

Pyrhonen, K., S. Nayha, L. Hiltunen, and E. Laara. 2013. Caesarean section and allergic
manifestations: Insufficient evidence of association found in population-based study of
children aged 1 to 4 years. Acta Paediatr 102(10):982-989.

Roduit, C., R. Frei, M. Depner, B. Schaub, G. Loss, J. Genuneit, P. Pfefferle, A. Hyvarinen,
A. M. Karvonen, J. Riedler, J. C. Dalphin, ]J. Pekkanen, E. von Mutius, C. Braun-
Fahrlander, and R. Lauener. 2014. Increased food diversity in the first year of life is
inversely associated with allergic diseases. | Allergy Clin Immunol 133(4):1056-1064.

Stelmach, 1., M. Bobrowska-Korzeniowska, K. Smejda, P. Majak, J. Jerzynska, W. Stelmach, K.
Polanska, W. Sobala, J. Krysicka, and W. Hanke. 2014. Risk factors for the development
of atopic dermatitis and early wheeze. Allergy Asthma Proc 35(5):382-389.

von Berg, A., B. Filipiak-Pittroff, U. Kramer, B. Hoffmann, E. Link, C. Beckmann, U.
Hoffmann, D. Reinhardt, A. Grubl, J. Heinrich, H. E. Wichmann, C. P. Bauer, S.
Koletzko, D. Berdel, and G. L. s. group. 2013. Allergies in high-risk schoolchildren after
early intervention with cow’s milk protein hydrolysates: 10-year results from the German
Infant Nutritional Intervention (GINI) study. | Allergy Clin Immunol 131(6):1565-1573.

Wawro, N., J. Heinrich, E. Thiering, J. Kratzsch, B. Schaaf, B. Hoffmann, I. Lehmann, C. P.
Bauer, S. Koletzko, A. von Berg, D. Berdel, and J. Linseisen. 2014. Serum 25(OH)D
concentrations and atopic diseases at age 10: Results from the GINIplus and LISAplus
birth cohort studies. BMC Pediatr 14:286.

Weisse, K., S. Winkler, E. Hirche, G. Herberth, D. Hinz, M. Bauer, S. Roder, U. Rolle-
Kampczyk, M. von Bergen, S. Olek, U. Sack, T. Richter, U. Diez, M. Borte, G. L. Stangl,
and I. Lehmann. 2013. Maternal and newborn vitamin D status and its impact on food
allergy development in the German LINA cohort study. Allergy 68(2):220-228.

West, C. E., J. Dunstan, S. McCarthy, J. Metcalfe, N. D’Vaz, S. Meldrum, W. H. Oddy, M.
K. Tulic, and S. L. Prescott. 2012. Associations between maternal antioxidant intakes in
pregnancy and infant allergic outcomes. Nutrients 4(11):1747-1758.

West, C. E., M. L. Hammarstrom, and O. Hernell. 2013. Probiotics in primary prevention of
allergic disease—follow-up at 8-9 years of age. Allergy 68(8):1015-1020.



Appendix D

Acronyms and Abbreviations

AAAAI American Academy of Allergy, Asthma & Immunology
AAFA Asthma and Allergy Foundation of America

AAP American Academy of Pediatrics

ACAA Air Carrier Access Act

ACAAI American College of Allergy, Asthma & Immunology
ACD allergic contact dermatitis

ACP allergen control plan

AD atopic dermatitis

ADA American Diabetes Association

ADA Americans with Disabilities Act

aOR adjusted odds ratio

AP allergenic proctocolitis

APC antigen-presenting cell

APT atopy patch test

ASCIA Australasian Society of Clinical Immunology and Allergy
BAT basophil activation test

BEAT Beating Egg Allergy Trial

CAC Codex Alimentarius Commission

CCp critical control point

CD14 cluster of differentiation 14

CDC Centers for Disease Control and Prevention

CI confidence interval

CPSC Consumer Product Safety Commission
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CRD

DBPCOFC
DC

DMP

DOJ

DOT

EAACI
EAT
ECHO
ED
EFSA
EG
EHF
ELISA
EoE
EPIT
ESPGHAN

EU
EWAS

FAA
FALCPA
FAMPP
FAO

FDA
FDEIA
FNS
FPIES
FSIS
FSMA

GI
GINI
GWAS
GxE

HACCP
HEAP
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component resolved diagnostics

double-blind, placebo-controlled oral food challenge
dendritic cell

differentially methylated probe

U.S. Department of Justice

U.S. Department of Transportation

European Academy of Allergy & Clinical Immunology

Enquiring About Tolerance

Environmental Influences on Child Health Outcomes

eliciting dose

European Food Safety Authority

eosinophilic gastroenteritis

extensively hydrolyzed cow’s milk formula

enzyme-linked immunosorbent assay

eosinophilic esophagitis

epicutaneous immunotherapy

European Society for Pediatric Gastroenterology,
Hepatology, and Nutrition

European Union

epigenome-wide association study

Federal Aviation Administration

Food Allergen Labeling and Consumer Protection Act

Food Allergy Management and Prevention Plans

Food and Agriculture Organization of the United
Nations

Food and Drug Administration

food-dependent, exercise-induced allergy

U.S. Food and Nutrition Service

food protein—induced enterocolitis syndrome

Food Safety and Inspection Service

Food Safety Modernization Act

gastrointestinal

German Infant Nutritional Intervention
genome-wide association study
genome—environment

hazard analysis and critical control point
Hen’s Egg Allergy Prevention
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HHS
HLA
HRQL

ICD
ICN
ICSA
IDEA
IEP

IFN

IgE
ILSI-EU
IOM
ITP

JCAAI

LEAP
LOAEL

MAPK
MED
Mis-BAIR

MMR

NAS
NCHS
NEISS
NHAMCS
NHANES
NHDS
NHMRC
NIAID
NIH
NOAEL
NRC
NSAID

OFC
OIT
OR
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U.S. Department of Health and Human Services
human leucocyte antigen
health-related quality of life

International Classification of Diseases
Institute of Child Nutrition

interval censoring survival analysis
Individuals with Disabilities Education Act
individualized education program
interferon

immunoglobulin E

International Life Sciences Institute-Europe
Institute of Medicine

Interstate Travel Program

Joint Council of Allergy, Asthma & Immunology

Learning Early About Peanut Allergy
lowest-observed-adverse-effect level

mitogen-activated protein kinase

minimal eliciting done

Melbourne Infant Study-BCG for Allergy and Infection
Reduction

measles, mumps, rubella

National Academy of Sciences

National Center for Health Statistics

National Electronic Injury Surveillance System
National Hospital Ambulatory Medical Care Survey
National Health and Nutrition Examination Survey
National Hospital Discharge Survey

National Health and Medical Research Council
National Institute of Allergy and Infectious Diseases
National Institutes of Health
no-observed-adverse-effect level

National Research Council

nonsteroidal anti-inflammatory drug

oral food challenge
oral immunotherapy
odds ratio
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PAL
PASTURE
PCR
PFAS

PHF

PIFA

PreventADALL

PRISMA

RAST
RCT
RFR
RR

sIgE

SLIT

SNP

SOP

SPT

STEP
SyMBIOTA

TNO
TTB
TWG
USDA

VDR
VITAL®

WAO
WHO
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precautionary allergen labeling

Protection against Allergy Study in Rural Environments

polymerase chain reaction

pollen-associated food allergy syndrome

partially hydrolyzed formula

Prevalence of Infant Food Allergy; Pertussis
Immunisation and Food Allergy

Preventing Atopic Dermatitis and Allergies in Children

Preferred Reporting Items for Systematic Reviews and
Meta-analyses

radioallergosorbent test
randomized controlled trial
Reportable Food Registry
relative risk

allergen-specific IgE (or food-specific IgE)
sublingual immunotherapy

single nucleotide polymorphism

standard operating procedure

skin prick test

Starting Time for Egg Protein

Synergy in Microbiota

Netherlands Organization for Applied Scientific Research
U.S. Tax and Trade Bureau
Threshold Working Group

U.S. Department of Agriculture

vitamin D receptor
Voluntary Incidental Trace Allergen Labeling

World Allergy Organization
World Health Organization
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Definitions

Acceptable level of risk: A risk management decision regarding the degree
of risk that would be acceptable within the affected population.

Allergen-specific IgE (sIgE): An IgE that recognizes a specific allergen and
that is formed by the immune systems of some individuals after they have
been exposed to that allergen in food. Also referred to in the text as food-
specific IgE.

Allergy/allergic disease: A disease caused by immunologic dysfunction that
falls under one of two key classifications: immunoglobin E (IgE)-mediated
or non-IgE-mediated.

Anaphylaxis: An acute, potentially life-threatening syndrome with multi-
systemic manifestations due to the rapid release of inflammatory mediators.

Atopic disorder: Disorder characterized by exaggerated or hypersensitive
immune reactions to foreign antigens.

Atopic march: Refers to the idea that atopic disorders progress over time
from eczema (i.e., atopic dermatitis) to asthma.

Atopy patch test (APT): A test performed in a manner similar to patch
testing that is routinely used for evaluation of allergic contact dermati-
tis, except that foods are used. The food, presented as a fresh extract or
powder, is generally placed under an aluminum disc on the skin for 48
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hours then removed. The final test result is determined at 72 hours after
application. Current guidelines do not recommend the APT for the routine
diagnosis of food allergies.

Auto-injector of epinephrine: A device used in first-aid management to self-
inject epinephrine.

Basophil activation test (BAT): A test conducted by exposing the basophils
in a test tube to various concentrations of the allergen to be tested, either
an extract or individual component proteins in the test tube. The readout
is the number of cells responding, or the concentration of allergen at which
50 percent of the cells respond. About 10 percent of people are BAT non-
responders, even though they are allergic and have positive skin tests. The
test is a functional assay akin to a provocation test, such as a skin prick test.

Basophils (basophilic granulocytes): The least abundant of the granulo-
cytes (the others being neutrophils and eosinophils). Basophils can release
histamine, lipid mediators, and cytokines in response to the aggregation of
their cells surface FceRI, which is induced when IgE bound to these FceRI
recognizes specific allergens, including those from foods. Unlike mast cells,
basophils mature in the bone marrow and circulate in the blood, but can
enter tissues at sites of allergic inflammation.

Component resolved diagnostics: A test sometimes referred to as molecular
testing. This test involves measuring sIgE against individual allergenic food
proteins.

Cross-contact: A situation in which an unintended allergen may be present
in an otherwise allergen-free food because of contact between the unsafe
and safe foods.

Cytokines: Small proteins produced by various immune cells and other
cell types that carry signals to facilitate communication and interaction
between cells.

Desensitization: A state of clinical and immunological nonresponsiveness
to an allergen, including food allergens, that can be induced by the careful,
physician-guided administration of gradually increasing amounts of the
offending allergen over a relatively short period of time (hours to days). The
maintenance of such desensitization typically requires continued regular
exposure to the offending allergen (also see Tolerance).
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Epinephrine: Also known as adrenaline, first-line therapy for food-induced
anaphylaxis. Recommended to be injected intramuscularly.

Epitopes: Specific fragments of food allergens (antigens) that the immune
system recognizes; if recognized by IgE bound to FceRI on the surface of
mast cells and basophils, epitopes can trigger an allergic reaction that may
include anaphylaxis.

Exposure assessment: An action that plays an essential role in determining
whether the hazardous properties of a substance will translate to adverse
health effects. For foods, the exposure assessment estimates the amounts
(or range of amounts) of the hazard that are likely to be consumed. If these
amounts exceed a Reference Dose or the established maximum level in
foods (established using a hazard assessment), then a risk of adverse health
consequences to the exposed (sub)population is predicted. In contrast, an
exposure at or below the Reference Dose or maximum level in foods is
assumed to be safe for the vast majority of individuals. In the case of food
allergens, the Reference Dose could also be used as an action level to deter-
mine when precautionary allergen labeling should be applied to a product
package. (Also see Hazard identification and hazard characterization and
Reference Dose.)

FceRI: The high-affinity receptor for IgE that binds IgE and thereby permits
cells bearing FceRI on their surface (e.g., mast cells, basophils, some den-
dritic cells, and macrophages) to become “sensitized” so that they can be
activated to release inflammatory mediators by allergens recognized by the
bound IgE. For the FceRI to initiate the cell signaling that results in activa-
tion of mast cells and basophils to release their mediators requires that the
receptors are aggregated when their bound IgE reacts with allergens that are
at least bivalent (e.g., have two epitopes that can bind IgE). This permits
such allergens to bridge adjacent IgE molecules and to aggregate the FceRI
receptors that bind such IgE.

Food: Any substance—whether processed, semiprocessed, or raw—that is
intended for human consumption. Food includes drinks, chewing gum, food
additives, and dietary supplements.

Food allergens: The components within foods that trigger adverse immuno-
logic reactions; these are most often specific glycoproteins that can interact
with the body’s immune cells in a way that initiates the development of a
food allergy.
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Food allergy: An adverse health effect arising from a specific immune
response that occurs reproducibly on exposure to a given food, and that
can be either IgE-mediated or non-IgE-mediated.

Food intolerance: An adverse reaction to foods or food components that
lacks an identified immunologic pathophysiology.

Food protein-induced enterocolitis syndrome and food protein-induced
allergic proctocolitis: Non-IgE-mediated disorders that lack current means
of simple laboratory testing to identify causal foods or to confirm the
diagnosis. Guidelines suggest using the medical history, resolution of signs
and symptoms during dietary elimination, and recurrence of signs and
symptoms upon exposure, for example during an oral food challenge, as a
means of diagnosis.

Hazard: An inherent property of an agent or situation having the potential
to cause adverse effects when an organism, system, or given population is
exposed to that agent.

Hazard identification and hazard characterization: The two components of
the hazard assessment process. Hazard identification includes a determina-
tion that the substance with the hazardous properties is present, but also
more generally refers to the identification of the type and nature of the
adverse effects that an agent can cause in an organism, system, or given
population. In the hazard identification of an allergenic food, the preva-
lence and severity of the specific food allergy would be considered. Hazard
characterization involves a qualitative and, wherever possible, quantitative
description of the inherent property of an agent or situation having the
potential to cause adverse effects. Hazard characterization encompasses the
dose-response relationship. A hazard assessment (involving both hazard
identification and hazard characterization) can be used to derive safe levels
of exposure, for instance through the elaboration of a Reference Dose.

Immunoglobulin E (IgE): An antibody that can trigger intense inflammatory
reactions. IgE causes the IgE-mediated allergic response by binding strongly
to IgE receptors (FceRI) found on the surface of mast cells and basophils,
and triggering these cells to release powerful inflammatory mediators once
the cell-bound IgE recognizes the offending food allergen.

Lowest-observed-adverse-effect level (LOAEL): The lowest dose of a haz-
ard (e.g., allergen, expressed as milligrams (mg) of total protein from the
allergenic food) that can provoke an observable reaction in an individual
or population. Also known as the minimal eliciting dose.
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Mast cells: Cells derived from hematopoietic precursors that mature after
migrating into essentially all vascularized tissues, where they can reside for
long periods of time. Mast cells are present within the mucosal tissues of
the entire gastroinstestinal tract (and many other anatomical sites, including
the skin and airways) and contain cytoplasmic granules rich in histamine,
proteoglycans (depending on the mast cell population, these consist of
heparin and/or chondroitin sulfates), serine proteases (depending on the
mast cell population, these can consist of carboxypeptidase A3, tryptases
and/or chymase). Upon activation by IgE and specific antigens (including
food allergens), mast cells can release such granule-associated inflammatory
mediators and also secrete newly synthesized lipid mediators and cytokines.
Mast cells also can be activated by diverse agents that act independently of
IgE, which can result in the release of the same products produced by mast
cells activated through IgE.

No-observed-adverse-effect level (NOAEL) or threshold: The highest dose
of a hazard (e.g., allergen, expressed as mg of total protein from the aller-
genic food) that will not provoke an observable reaction in an individual
or population.

Objective response: A reaction that can be independently verified by a clini-
cally trained observer (e.g., urticaria [hives], vomiting, flushing, angioedema).

Oral food challenge (OFC): A feeding test that typically involves a gradual,
medically supervised ingestion of increasingly larger doses of the food being
tested as a possible food allergen. Guidelines recommend using the OFC to
diagnose food allergy, particularly in individuals whose clinical history and
other test results do not definitively establish the diagnosis of food allergy.
There are three types of OFCs depending on the protocol. An open OFC is
one where the food is in its natural form; a single-blind OFC is one where
the food is masked from the patient’s perspective so less patient bias occurs
because of anxiety; a double-blind, placebo-controlled oral food challenge
(DBPCOFC) involves masking the tested allergen and feeding it or indis-
tinguishable placebo randomly without the patient or observer knowing if
the allergen or placebo is being tested. A DBPCOFC is considered the “gold
standard” for diagnosis of food allergy.

Pollen-associated food allergy syndrome (oral allergy syndrome): A type of
food allergy with signs and symptoms that include itching or swelling of the
lips, mouth, or throat in response to eating certain raw fruits and vegetables
that typically develops in adults with hay fever. The specific IgE antibodies
formed exhibit reactivity with both proteins found in pollens and similar
proteins found in certain fruits and vegetables.
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Reference Dose: The lowest dose of a hazard (e.g., allergen, expressed in
mg of total protein from the allergenic source) that is predicted to elicit
symptoms of a reaction when ingested by a defined, small percentage of the
population of individuals who are known to experience adverse reactions
to that hazard.

Risk: The probability of an adverse effect in an organism, system, or (sub)
population caused under specified circumstances by exposure to an agent.

Risk characterization: A process that can be used to assess the likelihood of
risk even in cases where a Reference Dose or maximum level has not been
established. The risk characterization is the determination of quantitative
probability, including attendant uncertainties, that adverse health effects
will occur in a given individual or (sub)population, under defined condi-
tions of exposure.

Safety: The control of recognized hazards to achieve an acceptable level

of risk.

Sensitization: A condition in which an individual produces detectable IgE
to a particular allergen or allergens. It precedes and is required for the cell
manifestations of a food allergy, but not all individuals with detectable IgE

will experience a food allergy reaction to the allergen recognized by that
IgE.

Skin prick test: An allergy detection test performed by puncturing the
surface of the skin to introduce an allergen and evaluating the area of the
induced wheal (small swelling) and flare (redness) responses that can be
measured.

Subjective response: A mild transitory reaction that cannot be indepen-
dently confirmed by a clinically trained observer (e.g., palatal itching or
stomach cramping).

T cells: Lymphocytes produced by the thymus that guide many aspects of
the immune system, particularly its adaptability and ability to recognize
threats.

Tolerance: A state of relatively unresponsiveness of the immune system to
substances or tissue that have the capacity to elicit an immune response.
It can be natural (e.g., to the body’s own proteins) or acquired (e.g., to
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external proteins). It also is said that some persons can “grow out” of an
allergy; this can be envisioned as a form of acquired tolerance to the offend-
ing allergen(s). In some instances, the state of tolerance may be transient
(also see Desensitization); in others it can be durable.
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