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In 2011, an expert panel was assembled to establish appropriate Reference Doses for allergenic food res-
idues as a part of the VITAL (Voluntary Incidental Trace Allergen Labeling) program of The Allergen
Bureau of Australia & New Zealand (ABA). These Reference Doses would guide advisory labeling decisions
for use on food labels. Individual NOAELs and LOAELs were obtained from clinical challenges of food-
allergic subjects. Statistical dose-distribution models (log-normal, log–logistic, Weibull) were applied
to the individual NOAELs and LOAELs for each allergenic food. The Reference Doses, in terms of mg of
total protein from the allergenic food, were based upon either the ED01 (for peanut, cow’s milk), the
95% lower confidence interval of the ED05 (for wheat, soybean, cashew, shrimp, sesame seed, mustard,
and lupine), or both (egg, hazelnut) using all appropriate statistical dose-distribution models. Reference
Doses were established for 11 allergenic foods ranging from 0.03 mg for egg protein to 10 mg for shrimp
protein. Reference Doses were not established for fish or celery due to poor model fits with existing data.
Reference Doses were not established for other tree nuts beyond hazelnut and cashew because of the
absence of data on NOAELs and LOAELs from individual subjects.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Over the past few decades, food allergies have emerged as a
significant public health issue in terms of prevalence and severity.
Accordingly, public health authorities and the food industry have
placed increasing priority on the protection of food-allergic con-
sumers. Food-allergic individuals must adhere to specific avoid-
ance diets to prevent the occurrence of allergic reactions
(Arshad et al., 2007). The labeling of the presence of allergenic
foods is critical to the implementation of safe and effective avoid-
ance diets (Sheth et al., 2010). The unintended presence of resi-
dues of allergenic foods that are not declared on product labels
(undeclared allergens) poses a risk to food-allergic individuals.
The implementation of risk assessment approaches is needed to
quantify the level of risk and exercise risk management strategies
that would protect food-allergic consumers without being overly
burdensome and reducing their quality of life. In particular, it is
now well recognized that excessive use of precautionary (advi-
sory) labeling results in unintended consequences, in particular
risk-taking which negates the original intent of the labeling
(Barnett et al., 2011).

The same principles and approaches of quantitative risk assess-
ment as used for chemical residues in foods also apply to allergenic
foods (Spanjersberg et al., 2007, 2010; Madsen et al., 2009). How-
ever, in contrast with risk assessment done with chemical residues
that rely on toxicological data from experimental animals, useful
data exist for food allergens from the actual subset of the human
population that have food allergies. Data on individual no-ob-
served adverse effect levels (NOAELs) and lowest-observed adverse
effect levels (LOAELs) have emerged from low-dose oral clinical
challenge studies with food-allergic individuals that allow the
application of quantitative risk assessment approaches and the po-
tential development of population thresholds for specific allergenic
foods (Taylor et al., 2010).

Despite the increasing availability of NOAELs and LOAELs deter-
mined in food-allergic individuals, public health authorities have
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not established population thresholds for any of the allergenic
foods except in Switzerland and Japan where thresholds were
established without consideration of NOAELs and LOAELs. In the
absence of guidance from public health authorities regarding
thresholds, the food industry has implemented the widespread
use of various forms of voluntary advisory or precautionary label-
ing (e.g. may contain x, made on shared equipment with x, etc.) in
an attempt to manage the risk and protect food-allergic consum-
ers. As a result, the quality-of-life of food-allergic consumers has
decreased (Hourihane et al., 2011). Some food-allergic individuals
are even ignoring these advisory statements (Hefle et al., 2007).
The proliferation of advisory labeling in Australia (Zurzolo et al.,
2013) and the anguish of those food-allergic consumers regarding
such labeling prompted the Australian food industry to form The
Allergen Bureau of Australia & New Zealand (ABA) (Fleming
et al., 2010). In 2007, ABA released their VITAL (Voluntary Inciden-
tal Trace Allergen Labeling) program. Its goal was to limit the use of
precautionary labeling related to the unintended presence of aller-
gens, for instance through cross-contact, by the use of Actions Lev-
els, that were based upon the application of risk assessment
principles to the potential doses of exposure, and standardized la-
bel messages. Initially, a VITAL grid was established with 3 Action
Levels: Green (low risk; no precautionary labeling); Yellow (possi-
ble risk; precautionary ‘‘may be present: ####’’ labeling recom-
mended); Red (higher risk; definitive ‘‘contains ####’’ labeling
recommended).

The initial VITAL Action Levels were established on the basis of
the threshold doses of protein from allergenic foods for subjective
and objective responses cited by the 2006 US Food & Drug Admin-
istration (FDA) Threshold Working Group (Gendel et al., 2008). Be-
cause some uncertainty existed surrounding the FDA estimates and
the general paucity of the available data on threshold doses at that
time, a 10-fold uncertainty factor was applied. Although it is gen-
erally recognized that food-allergic people react to the dose of pro-
tein consumed, rather than its concentration, Action Levels in the
grid were expressed as concentrations (ppm) which corresponded
to an amount of protein (mg) in a 5-g serving size (a teaspoon).
Most of the green levels were set at <2 ppm of protein from the
allergenic food (exceptions: fish, milk, soy, gluten).

In 2010, the ABA made the decision to revise the VITAL pro-
gram. Because new data had emerged regarding individual NOAELs
and LOAELs for various allergenic foods, together with new meth-
ods to analyse them, an expert panel was appointed to evaluate the
existing data and make recommendations to ABA regarding the
values in the VITAL grid. The following report contains the out-
come of expert panel efforts.
2. The process and methods

The VITAL Expert Panel was assembled in the fall of 2010, and a meeting was
held in Sydney (Australia) in January 2011. Agreement was reached to use data
from oral clinical challenges of individual patients to establish dose distribution
relationships for the allergic population using statistical modeling. This approach,
which has been described previously (Crevel et al., 2007), introduces the concept
of a predicted population eliciting dose (ED), where EDp refers to the dose of aller-
gen that is predicted to produce a response in p% of the allergic population. The ED
is determined from statistically derived population dose distribution curves con-
structed using the data from clinical challenge studies. The approach enables the
identification of a dose of an allergen (EDp) at which a proportion of the allergic
population would be likely to react to but, importantly, does not identify a dose be-
low which no allergic individual would react. Agreement was reached to model the
dose distributions of as many of the priority allergenic foods as possible (including
the Australian, USA, and EU lists of priority allergenic foods).

Initial efforts were made to glean data on individual NOAELs and LOAELs from
published clinical literature independently by scientists at the Food Allergy Re-
search & Resource Program (FARRP) at the University of Nebraska and at TNO in
the Netherlands. Subsequently, these two sets of data were merged with thorough
assessment of any disparities between the data collected by each organization from
any published study or individual patient. This curation of the data allowed reassur-
ance that all data points were collected and presented in a uniform manner and
avoided accidental double-counting of subjects. Publications were selected based
upon the criteria outlined previously (Taylor et al., 2009) in particular focusing
on results from low-dose oral challenges. Additionally, unpublished data were ob-
tained where possible and especially from clinical records in the Netherlands and in
Berlin, Germany (gathered by TNO) and from partially completed FARRP threshold
studies.

Data from DBPCFCs were preferred, except in the case of data from infants and
very young children where blinding was not considered absolutely necessary. The
available studies involved challenging subjects with increasing doses at intervals
until a response was observed. This approach raises the question of whether the
reactive dose is the discrete dose given immediately prior to the reaction or the
cumulative dose (cumulative of all doses given up to that point). Thus, the data
were collected and assessed in terms of both discrete and cumulative data sets.
The first objective symptoms of an allergic response occurring in an individual were
used as the basis for the LOAEL with the NOAEL set at the previous dose in the clin-
ical protocol; individual LOAELs and NOAELs were recorded in terms of mg of total
protein from the specific food. For each subject, the true threshold dose lies, by def-
inition, between the NOAEL and LOAEL doses. Individual threshold data were there-
fore analyzed using Interval-Censoring Survival Analysis as described previously
(Taylor et al., 2009). Individuals reacting to the first challenge dose were treated
as left-censored, while individuals failing to respond to the uppermost challenge
dose, but who had clear histories of allergic reaction upon consumption of the
offending food, were treated as right-censored. Right-censored and especially
left-censored data impacted the EDp estimates but all data were used in reaching
decisions about Reference Doses. Other possible clinical data sets where oral chal-
lenges were initiated at comparatively high doses (e.g. 500 mg) were excluded from
consideration because of the large volume of data points that would be left-cen-
sored at those initial comparatively high doses.

The data were fitted to parametric models using the SAS LIFEREG procedure
(SAS v9.1) as described previously (Taylor et al., 2009). Three parametric models
(log normal, log logistic, Weibull) were used to fit the data for each allergenic food
for adults, children (<18 years of age or defined by source as children), and com-
bined adults and children and for discrete doses and cumulative doses.
3. Results

Sufficient low-dose clinical challenge data were obtained to at-
tempt modeling for peanut, milk, egg, hazelnut, soybean, wheat,
sesame seed, mustard, lupine, shrimp (for crustacean shellfish),
cashew, celery, and fish. No data from low-dose clinical challenges
were found for other tree nuts, other crustacean shellfish (crab,
lobster), or any molluscan shellfish. Table 1 provides the total
number of data points for each of the allergenic foods along with
the number of right-censored and left-censored subjects. The num-
ber of subjects ranged from a high of 750 subjects for peanut to a
low of 19 subjects for fish. The largest data sets existed for peanut,
milk, egg and hazelnut with individual thresholds for more than
200 subjects. Most data sets tended to include a higher number
of right-censored than left-censored subjects with the exception
of milk, egg, fish and celery where a large percentage of the sub-
jects were left-censored. This may skew the dose-distribution
curve toward the left potentially resulting in an overly conserva-
tive estimate of population threshold. In addition, no data points
were obtained for fish and celery for the lower range of the distri-
bution (below the ED30) from the available clinical data. As a result
of these two factors, attempts to model these distributions to ob-
tain estimates of eliciting doses were unsuccessful.

The data sets included individual NOAELs and LOAELs from
published and unpublished sources (Table 1). The specific source
is also provided. Except for cashew (children only) and shrimp
(adults only), the data sets included individual thresholds from
both children and adults. However, children predominated for
some data sets (e.g. milk, egg, and wheat) while adults predomi-
nated for others (e.g. hazelnut). The age of the specific patient
was not provided for some of the individuals gleaned from publica-
tions (age uncertain).

For the purposes of modeling, data from multiple publications
and clinics acquired with various clinical challenge protocols were
combined. The challenge doses were normalized in all cases to mg
of protein from the allergenic food using conversions outlined in



Table 1
Number and sources of threshold data gleaned from publications and unpublished clinical records.

Allergen Study Total no. with objective symptoms Right censoreda Left censoredb Adults Children Age uncertain

Peanut

Published Atkins et al. (1985) 2 0 0 2 0 0
Hourihane et al. (1997) 13 11 0 10 3 0
Wensing et al. (2002a) 26 20 0 24 2 0
Lewis et al. (2005) 40 0 3 0 0 40
Flinterman et al. (2006b) 22 11 0 0 22 0
Leung et al. (2003) 23 8 1 0 0 23
Oppenheimer et al. (1992) 4 0 0 1 0 3
Nelson et al. (1997) 12 0 1 12 0 0
Taylor et al. (2010)c 283 10 7 7 275 1
Anagnostou et al. (2009) 18 0 7 1 17 0
Clark et al. (2008, 2009) 5 0 1 0 5 0
Nicolaou et al. (2010) 10 0 2 0 10 0
Blumchen et al. (2010) 22 0 2 0 22 0
Wainstein et al. (2010) 8 0 0 0 8 0
Patriarca et al. (2006) 1 0 0 1 0 0
Blom et al. (2013) 135 50 5 0 135 0

Unpublished WKZd 85 5 1 0 85 0
UMCUe,f 41 17 0 41 0 0

Total 750 132 30 99 584 67

Milk

Published Staden et al. (2007) 3 0 0 0 3 0
Norgaard and Bindslev-Jensen (1992) 3 0 1 3 0 0
Morisset et al. (2003a) 3 0 1 0 0 3
Caminiti et al. (2009) 11 0 0 0 11 0
Patriarca et al. (2002) 8 0 0 0 8 0
Morisset et al. (2007) 11 0 1 0 11 0
Longo et al. (2008) 60 0 9 0 60 0
Skripak et al. (2008) 20 0 14 0 20 0
Lam et al. (2008) 8 2 0 7 1 0
Hill et al. (1984) 53 0 11 0 53 0
Fiocchi et al. (2003) 12 0 5 0 12 0
Baehler et al. (1996) 10 0 0 0 10 0
Flinterman et al. (2006a) 11 0 3 0 11 0
Orhan et al. (2009) 4 0 0 0 4 0
Devenney et al. (2006) 2 0 1 0 2 0
Høst and Samuelsson (1988) 3 0 2 0 3 0
Blom et al. (2013) 93 13 7 0 93 0

Unpublished UMCUe 15 4 1 15 0 0
JBZg 21 0 3 0 21 0

Total 351 19 59 25 323 3

Egg

Published Staden et al. (2007) 3 0 1 0 3 0
Benhamou et al. (2008) 33 0 9 0 33 0
Morisset et al. (2003a) 20 0 4 0 0 20
Caffarelli et al. (1995) 13 0 0 0 13 0
Morisset et al. (2007) 15 0 0 0 15 0
Atkins et al. (1985) 1 0 0 1 0 0
Norgaard and Bindslev-Jensen (1992) 7 0 0 6 1 0
Knight et al. (2006) 7 0 5 0 7 0
Unsel et al. (2007) 1 0 0 1 0 0
Orhan et al. (2009) 3 0 0 0 3 0
Eggesbø et al. (2001) 7 0 1 0 7 0
Blom et al. (2013) 53 13 2 0 53 0

0

Unpublished FARRPh 40 19 1 1 39 0
UMCUe 3 1 1 3 0 0

Total 206 33 24 12 174 20

Hazelnut

Published Wensing et al. (2002b) 29 27 1 29 0 0
Blom et al. (2013) 28 11 2 0 28 0

Unpublished UMCUe 30 15 0 30 0 0
UBerj 82 10 1 82 0 0
WKZd 33 4 0 0 33 0

Total 202 67 4 141 61 0

Soybean

Published Ballmer-Weber et al. (2007) 22 11 0 0 0 22
Zeiger et al. (1999) 9 0 0 0 9 0

(continued on next page)
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Table 1 (continued)

Allergen Study Total no. with objective symptoms Right censoreda Left censoredb Adults Children Age uncertain

Magnolfi et al. (1996) 5 1 2 0 5 0
Fiocchi et al. (2003) 7 0 1 0 7 0

Unpublished FARRPh 8 3 0 6 2 0
UBeri 17 4 2 17 0 0
UMCGj 10 7 1 0 10 0
UMCUe 2 2 0 2 0 0

Total 80 28 6 25 33 22

Wheat

Published Ito et al. (2008) 21 0 1 0 21 0
Pastorello et al. (2007) 3 1 1 0 3 0
Scibilia et al. (2006) 13 0 3 12 1 0

Unpublished UMCGj 3 0 0 0 3 0
Total 40 1 5 12 28 0

Cashew

Published Blom et al. (2013) 31 16 1 0 31 0
Total 31 16 1 0 31 0

Mustard

Published Figueroa et al. (2005) 14 10 0 9 5 0
Morisset et al. (2003b) 4 0 0 0 4 0
Rancé et al. (2000) 15 0 2 0 15 0

Total 33 10 2 9 24 0

Lupine

Published Moneret-Vautrin et al. (1999) 5 0 0 0 5 0
Fiocchi et al. (2009) 2 0 1 0 2 0
Shaw et al. (2008) 2 0 0 0 2 0

Unpublished UMCUe 15 7 1 15 0 0
Total 24 7 2 15 9 0

Sesame seed

Published Leduc et al. (2006) 12 0 1 7 5 0
Morisset et al. (2003a) 1 0 0 0 0 1
Kolopp-Sarda et al. (1998) 1 0 0 0 0 1
Kanny et al. (1996) 7 1 1 6 1 0

Total 21 1 2 13 6 2

Shrimp

Published Atkins et al. (1985) 4 0 0 4 0 0
Daul et al. (1988) 21 12 0 21 0 0

Unpublished FARRPh 23 14 0 23 0 0
Total 48 26 0 48 0 0

a Number of right-censored subjects (NOAEL = highest challenge dose; LOAEL set to infinity).
b Number of left-censored subjects (NOAEL set to zero; LOAEL = lowest challenge dose).
c Published only in summarized form.
d WKZ – Wilhelmina Kinderziekenhuis Children’s Hospital of the University Medical Center Utrecht, The Netherlands.
e UMCU – University Medical Center Utrecht, The Netherlands.
f Include Peeters et al. (2007).
g JBZ – Joroen Bosch Hospital, The Netherlands.
h FARRP – Food Allergy Research & Resource Program, University of Nebraska – Lincoln, US.
i Universitätsmedizin Berlin, Germany.
j UMCG – University Medical Center Gronigen, The Netherlands.
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Table 2. While the form of the food and the degree of processing of
that food varied between clinics, these differences were ignored for
the purposes of this analysis due to insufficient data for statistical
comparisons.

The three parametric models were applied to yield estimates of
the ED01 (for peanut, milk, egg, and hazelnut where >200 data
points existed) and the 95% lower confidence interval of the ED05

for foods where fewer data points were available (soybean, wheat,
sesame seed, lupine, mustard, cashew, and shrimp). Both ED
estimates were done for egg and hazelnut where the number of
data points was considered borderline for estimation of the ED01.
Table 3 provides these ED estimates for each of the appropriate
parametric models for adults, children, and combined adult plus
children (including all subjects of uncertain age); for some foods,
insufficient data were available for adults to allow modeling. In
each case, the panel examined each of the dose-distribution
models visually to determine if any of the models failed to match
the actual data points especially for the lower doses in the distribu-
tion. In several cases (peanut and milk), the Weibull model did not
fit well with the actual data so the ED estimates for this model
were excluded. Fig. 1 displays the dose-distribution for peanut
for all three parametric models demonstrating how the actual data
diverge from the Weibull model at the lowest doses. The Weibull
model yielded the most conservative ED estimates in all cases.
Table 3 also provides ED estimates for both discrete and cumula-
tive doses. While use of the discrete dose is, in most cases, the most
conservative choice for risk assessment purposes, little difference
existed between the ED values based on discrete vs. cumulative
doses for any of the parametric models.

The Panel considered the ED values from all of the appropriate
parametric models to identify a recommended Reference Dose for
each of the allergenic foods (Table 3). In some cases (e.g. egg), the



Table 2
Conversion factors used to normalize the threshold challenge material.

Food Conversion to Protein content (%) mg Protein mg Food Reference

Peanut Whole peanut 25.0 1 4.0 Taylor et al. (2002)
Peanut Defatted peanut flour 50.0 1 2.0 Taylor et al. (2002)
Milk Liquid milk 3.3 1 30.3 USDAa – 2% milk
Milk NFDM 35.1 1 2.8 USDAa – instant NFDM
Egg Raw whole egg 12.6 1 8.0 USDAa

Egg Raw egg white 10.5 1 9.5 NEVOb

Egg Cooked whole egg 12.6 1 7.9 USDAa

Egg Cooked egg white 10.5 1 9.5 NEVOb

Egg Dried whole egg 46.0 1 2.2 NEVOb

Egg Dried egg white 81.1 1 1.2 USDAa

Hazelnut Hazelnut flour 15.7 1 6.4 Wensing et al. (2002b)
Soy Whole soybean 40.0 1 2.5 VITAL Expert Panel
Soy Soy flour 53.0 1 1.9 Ballmer-Weber et al. (2007)
Soy Soy milk 3.6 1 27.8 Provided by UMCUc

Wheat Raw or cooked wheat flour 10.0 1 10.0 NEVOb and USDAa

Cashew Cashew flour 19.0 1 5.3 NEVOa

Mustard Mustard seed 26.1 1 3.8 USDAa – S. alba seed
Lupin Lupin flour 36.2 1 2.8 USDAa

Lupin Yellow lupin flour 40.0 1 2.5 Shaw et al. (2008)
Sesame Crushed sesame seeds 17.0 1 5.9 USDAa – roasted seed
Sesame Sesame seed flour 30.8 1 3.2 USDAa – high fat flour
Shrimp Whole cooked shrimp 22.8 1 4.4 USDAa – steamed/boiled

The protein levels listed in Table 2 are general guidelines for the values used to convert from protein to whole food. In many cases (e.g. soy milk, hazelnut flour, wheat flour),
numerous protein levels were available from multiple centers and used to convert their respective DBPCFC values to mg protein. In these instances, a representative protein
value was chosen for the table and listed with its source.

a USDA, US Department of Agricultural National Nutrient Database.
b Dutch Food Composition Table.
c UMCU – University Medical Center Utrecht.
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most conservative model was used as the basis for the Reference
Dose when the actual data seemed to fit that model quite well.
In cases such as peanut where two or more models seemed to fit
the data equally well, the Reference Dose was selected from an
average of the projections. The allergenic foods with the lowest
eliciting doses on a protein basis were egg and mustard with Ref-
erence Doses of 0.03 mg of egg protein and 0.05 mg of mustard
protein respectively. Somewhat surprisingly, the Reference Dose
for peanut (0.2 mg peanut protein) was higher than that for egg,
mustard, milk, and hazelnut. The allergenic food with the highest
eliciting dose on a protein basis is shrimp with a Reference Dose
of 10 mg of shrimp protein equivalent to 44 mg of shrimp (see
Table 3).
4. Discussion

Sufficient data were available from low-dose oral clinical chal-
lenges to allow estimation of the ED01 and/or the 95% lower confi-
dence interval of the ED05 for 11 commonly allergenic foods. The
selection of the ED01 as the basis for the VITAL Reference Doses
protects 99% of the population allergic to the particular food from
any objective reaction. The use of the ED01 dose also likely mini-
mizes the probability of anything more serious than a mild reac-
tion occurring in the remaining 1%. However, the possibility of a
more severe reaction occurring in a small fraction of this remaining
1% of the allergic population cannot be excluded. Ideally, this
remaining 1% of the allergic population would be clinically
identified and receive additional clinical advice to manage their
condition in the manner similar to the small percentage of
milk-allergic individuals who are reactive to hypoallergenic infant
formula (Rosenthal et al., 1991; Saylor and Bahna, 1991).
Traditionally, the term, hypoallergenic, has been applied to infant
formula on the basis of clinical trials of milk-allergic infants that
provide 95% assurance that 90% of milk-allergic infants will not
react to the formula, the 95% lower confidence interval of the
ED10. The Expert Panel judged that the choice of the 99% level of
protection afforded an optimal public health outcome, striking a
balance between level of protection, ability to verify analytically
and therefore enforcement, and consumer observance of precau-
tionary labeling. Furthermore, the available data, even for foods
for which they were most abundant, do not allow to derive, with
a good degree of statistical confidence, ED values below the ED01.
In situations where the data were insufficient to allow robust esti-
mation of the ED01 (<200 data points), the lower 95% confidence
interval of the ED05 was utilized. This eliciting dose would likely
protect 97–98% of the affected population. With smaller data sets
where estimation of the ED01 was not robust and the confidence
intervals surrounding the ED05 were wider, the selection of the
lower 95% confidence interval as the basis for the Reference Dose
provided more conservatism and provided a greater degree of con-
sumer protection. The lower 95% confidence interval was not ap-
plied to the ED01 estimates for peanut, hazelnut, milk, and egg
because the 99% level of protection was deemed adequate by the
Expert Panel.

The Panel decided that there was no need to apply additional
uncertainty factors to develop the VITAL Reference Doses because
low ED estimates were used, data were available from the appro-
priate sub-population of humans, and the adverse reactions expe-
rienced by patients in these low-dose oral clinical challenges were
mild to moderate. Other clinical investigators have noted that
some patients in diagnostic oral challenge trials experience severe
reactions even on administration of the first dose (Perry et al.,
2004). However, in these cases, the oral challenges were initiated
at comparatively high dose levels, typically 500 mg and always
P100 mg. In contrast, the clinical data used here came from oral
challenges initiated at much lower doses (variable among clinics)
that never resulted in provocation of severe reactions; severe reac-
tions were defined as outlined in Taylor et al. (2010). The Expert
Panel acknowledged that circumstances would occur (infections,
sub-optimal use of medication, strenuous exercise) where certain
patients might have a lower minimum eliciting dose. In such situ-
ations, patients might be advised to exercise more care in their
avoidance diets (e.g. avoiding certain categories of packaged food



Table 3
Reference Doses for 11 allergenic foods based parametric modeling of minimal eliciting doses from food-allergic populations.

Allergen Distribution
model

ED01 (mg protein) 95% Lower confidence interval of
ED05 (mg protein)

Reference Dose (mg protein)

Discrete
dosing

Cumulative
dosing

Discrete
dosing

Cumulative
dosing

Peanut LogLogistic Children 0.14 0.18 0.2 mg
Adults 0.21 0.26
Pooled 0.1 0.13

LogNormal Children 0.27 0.34
Adults 0.57 0.72
Pooled 0.22 0.28

Milk LogLogistic Children 0.083 0.14 0.1 mg
Adults 4.2 4.7
Pooled 0.081 0.14

LogNormal Children 0.22 0.35
Adults 5.4 5.9
Pooled 0.21 0.34

Egg LogLogistic Children 0.13 0.12 0.69 0.66 0.03 mg
LogNormal Children 0.21 0.2 0.62 0.62
Weibull Children 0.045 0.03 0.38 0.31

Hazelnut LogLogistic Children 0.15 0.17 0.49 0.55 0.1 mg
Adults 0.087 0.23 0.51 1.2
Pooled 0.11 0.21 0.69 1.3

LogNormal Children 0.15 0.16 0.32 0.35
Adults 0.32 0.69 0.92 1.9
Pooled 0.25 0.42 0.84 1.4

Weibull Children 0.047 0.053 0.99 0.26
Adults 0.011 0.033 0.48 0.36
Pooled 0.017 0.038 0.23 0.46

Soy flour/infant
formula

LogLogistic Pooled 1.0 2.9 1.0 mg

LogNormal Pooled 2.3 5.5
Weibull Pooled 0.15 0.5

Wheat LogLogistic Pooled 1.5 1.3 1.0 mg
LogNormal Pooled 1.6 1.4
Weibull Pooled 0.44 0.41

Cashew LogLogistic Children 3 3.3 Provisional
LogNormal Children 2.6 3 2.0 mg
Weibull Children 1.9 2.1

Mustard LogLogistic Pooled 0.09 0.1 0.05 mg
LogNormal Pooled 0.11 0.12
Weibull Pooled 0.046 0.052

Lupin LogLogistic Pooled 4.8 4.5 4.0 mg
LogNormal Pooled 6.5 6.1

Sesame seed LogLogistic Pooled 0.45 0.56 0.2 mg
LogNormal Pooled 0.49 0.61
Weibull Pooled 0.13 0.18

Shrimp LogLogistic Adults 17.6 19.1 10 mg
LogNormal Adults 10.4 12.1
Weibull Adults 13.1 13.9
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where cross contact is more likely such as bakery items and choc-
olate confections).

The Expert Panel applied three different dose-distribution
models (log normal, log logistic, Weibull) to the challenge data
for each food. No biological rationale exists to select one model
over another. Accordingly, the Expert Panel evaluated the ED val-
ues from all of the appropriate models (Table 3) to discern the Ref-
erence Dose for each allergenic food. The Weibull model was not
used for peanut and milk because the actual data did not fit that
model at the lower end of the dose distribution as illustrated for
peanut (Fig. 1). The Weibull model was the most conservative
model estimating the lowest ED values. In some cases (e.g. egg),
the Weibull model influenced the selection of a low Reference
Dose. However, in the case of lupine, the Weibull model was not
used because of the absence of data at the lower doses document-
ing that this conservatism of the model was realistic.
Sufficient data were only available for peanut to allow effective
comparison of ED estimates for children and adults. In the case of
peanut, data were available from 584 children and 99 adults (and
an additional 67 individuals of uncertain age). For peanut, the ED
estimates do suggest that the population of peanut-allergic
children is more sensitive than peanut-allergic adults but the dif-
ference was small. In most cases including peanut, the pooled ED
estimates were also made to allow the most robust statistical
estimate. For milk, data were available for only 25 adults compared
to 323 children so the Reference Dose was developed based upon
the ED estimates for the pooled and children data. For egg, data
were available for only 12 adults so the Reference Dose was devel-
oped only using the ED estimates for children where data from 174
children were available. For soybean, most of the data were de-
rived from children or individuals of uncertain age so only the
pooled data were used for the ED estimates. For wheat, limited



Fig. 1. Probability distribution models for individual peanut thresholds (expressed as mg protein).
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data were available from adults so the ED estimates were based
primarily from the pooled data and the data for children. For mus-
tard, sesame seed, and lupine, a limited amount of data was avail-
able so the ED estimates were based on pooled data to allow the
most robust statistical comparison among the models. With cash-
ew, all of the available data were obtained from children. Since
cashew allergy exists in adults, acquisition of data from adults
would be helpful and the recommended Reference Dose is consid-
ered as provisional based upon that data gap. For shrimp, all of the
available data were from adults but shrimp allergy occurs primar-
ily in adults and older children. For the analysis with most of the 11
foods, challenge data were pooled from multiple clinics in several
countries. A more in-depth analysis of these data has indicated that
geographic differences do not occur and confirmed that age differ-
ences do not occur for those foods where sufficient information ex-
ists to do a comparison, namely peanut and hazelnut (Allen et al.,
in press). However, patient selection bias and the choice of the dos-
age scheme for challenges can influence EDp estimates (Allen et al.,
in press).

While various forms of food were used in the oral clinical chal-
lenges, these differences were ignored since insufficient data ex-
isted to make comparisons except in the case of soybeans. With
soybeans, data were available from 51 challenges conducted either
with soy flour or soy-based infant formula. The Reference Dose for
soy was based on these data. Recently however, some soy-allergic
patients have been described who react to certain brands of soy
milk but can safely ingest soy flour and other forms of soy (Mittag
et al., 2004). These patients, primarily adults and older children,
have very low minimum eliciting doses for soybean in the form
of soy milk. These individuals appear to be a subset of the soy-
allergic population that merits further investigation. This observa-
tion illustrates that processing may have some effect on minimum
eliciting doses for individuals with specific food allergies. Process-
ing effects are best documented for egg and milk (Nowak-Wegrzyn
and Fiocchi, 2009). For example, recent clinical studies have docu-
mented that some egg-allergic children are more tolerant of baked
egg than of raw egg (Des Roches et al., 2006; Eigenmann, 2000; Os-
borne et al., 2011). In the investigations evaluated here, both raw
and cooked eggs were used as challenge materials. These two
materials are likely not equivalent but the Panel decided to con-
sider them as equivalent in this assessment, while acknowledging
the drawbacks of doing so. The effects of processing with respect to
egg represent another data gap that should be assessed in the fu-
ture. The Panel would observe that clinical studies are often done
with raw egg but that consumers rarely eat raw egg and perhaps
should not due to other food safety concerns.

The Reference Doses recommended in Table 3 relate specifically
to IgE-mediated food allergies and not to other forms of food al-
lergy/sensitivity that might be associated with any of these foods.
However, with wheat, the Codex Alimentarius Commission has
establish a guideline for gluten-free of <20 ppm for specialty foods
intended for individuals with celiac disease, which has also been
adopted by various legislatures, such as the EU. However, with a
Reference Dose of 1 mg of wheat protein, individuals with IgE-
mediated wheat allergy would be largely protected when selecting
gluten-free products manufactured in conformity to Codex
guidance.

The VITAL Reference Doses are intended to guide the applica-
tion of precautionary labels onto food products. Thus, if the inges-
tion of a particular food is likely to allow the dose of an allergenic
food to exceed its Reference Dose, then precautionary labeling is
recommended. However, the dose of the allergenic food depends
on the concentration of the allergenic food residues in the product
and the amount of the particular food that is consumed. Quantita-
tive risk assessment can be conducted by the combined consider-
ation of the dose-distribution of individual thresholds (Fig. 1),
the distribution of concentrations of allergenic food residues found
in the product in question, and the range of consumption levels for
the particular product or product category within the population
(Spanjersberg et al., 2007, 2010; Kruizinga et al., 2008; Rimbaud
et al., 2010; Robertson et al., 2013; Remington et al., 2013). Foods
typically consumed in small amounts (e.g. condiments) would re-
sult in lower doses of the allergenic food by comparison to foods
(e.g. main course) consumed in much larger amounts. Consump-
tion ranges for specific products should be considered when reach-
ing decisions about the need to apply precautionary allergen labels
and the allergen concentrations (action levels) that would trigger
such labeling.

The food industry commonly uses shared equipment and
facilities to manufacture multiple packaged food products. As
consumer awareness about food allergies grew over the past
10–15 years, consumers increasingly began to inquire about such
shared use of equipment and facilities. In response to these inqui-
ries, the food industry voluntarily began to apply precautionary
allergen labeling statement (e.g. may contain x) to food products.
In the absence of guidance regarding appropriate Reference Doses,
the use of precautionary allergen labeling proliferated greatly in
many countries including Australia (Fleming et al., 2010). The
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VITAL program was initiated in 2007 as a voluntary approach by
the food industry to establish appropriate parameters (Reference
Doses) to ensure that precautionary labeling was used only when
appropriate and relevant to some genuine level of risk posed to
allergic consumers (Fleming et al., 2010). Currently allergic con-
sumers are frustrated by the perceived over-use use of precaution-
ary labeling (Turner et al., 2011). The success of any program such
as VITAL is predicated upon selection of Reference Doses that pro-
tect the vast majority of the food-allergic population while allow-
ing access to the widest possible variety of packaged foods. The
proliferation of precautionary labeling is acknowledged to detract
from the quality of life of food-allergic individuals (Hourihane
et al., 2011). Also because of the widespread use of precautionary
allergen labeling, evidence exists that some food-allergic consum-
ers ignore precautionary label statements (Hefle et al., 2007). Ide-
ally, the use of the VITAL program with appropriate Reference
Doses would increase the value of the label, restrict the use of pre-
cautionary labeling statements in a manner related to some level of
risk, and enhance the quality of life of food-allergic consumers.
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