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Impact of food allergy

• A prevalence of 1-3% corresponds to > 300,000 food allergic 
individuals in The Netherlands.

Health on Course? The 2002 Dutch Public Health Stat us and Forecasts Report, RIVM 2002



Impact of food allergy

• Food allergic patients have poorer Health-Related Quality of Life 
than patients with diabetes mellitus !

Source: PhD Thesis, Flokstra-de Blok, RUG, The Netherlands, 2009

• Annual health loss in DALY’s (Disability Adjusted Life Years) due to:• Annual health loss in DALY’s (Disability Adjusted Life Years) due to:

• known microbiological hazards in food: 1000 – 4000

• known chemical hazards in food: 1500 – 2000

• allergenic proteins in food: 1000

Source: Ons eten gemeten, RIVM, The Netherlands, 2004



“May contain labelling”

To warn allergic consumers for possible contamination of a 
product with allergen and to protect companies from claims

Non use of “may contain-labelling”:
- reduces choice of allergic consumers to avoid risks
- poses risks to allergic consumers 
- increases vulnerability of food production chain companies

Non-selective use of “may contain-labelling”:Non-selective use of “may contain-labelling”:
- reduces food choice of allergic consumers unnecessarily
- reduces information value of “may contain-labelling”

Use “may contain” labelling (only) when needed:

• No “may contain” if risk (chance and severity) is acceptable, to optimize 
- food choice of consumers
- information value of warning

• Use “may contain” labelling in case of relevant/unacceptable risk !



Risk-taking and coping strategies of adolescents
and young adults with food allergy
Sampson et al. J Allergy Clin Immunol, 2006; 117: 1440-5

“A significant number of teens with food allergy admit to risk 
taking that varies by social circumstances and perceived risks”.

54%: purposefully ingesting potentially unsafe food54%: purposefully ingesting potentially unsafe food
42%: willing to eat a food labeled “may contain”
29%: willing to eat a food labeled “may contain” while not 

carrying epinephrine





Allergen not declared

Allergen N Allergen not 
detectable

Allergen 
detectable

Peanut 44 30 (< 1mg/kg) 14 (32%) *

Casein 64 35 (<1.6 mg/kg) 29 (45%) *

Allergen not declared but detectable *

Level in mg/kg and number (n) of products

1-10:
n = 10

10-20:
n = 3

>20:
n = 1 

1.6-5: 5-10: 10-25.6: >25.6:

Presence of non-ingredient allergens in food
Fact sheet, Dutch Food and Consumer Product Safety Authority, July 2007

Casein 64 35 (<1.6 mg/kg) 29 (45%) *

“May contain” declaration

Allergen n Allergen not 
detectable

Allergen 
detectable

Peanut 52 40 (< 1mg/kg) 12 (23%)*

Casein 25 2 (<1.6 mg/kg) 23 (92%)*

* Cause: presumably cross contamination

1.6-5:
n = 16

5-10:
n = 4

10-25.6:
n = 5 

>25.6:
n = 4



Presence of non-ingredient allergens in food
Pele et al, Food Additives and Contaminants, 2007, 24 (12), 1334-1344

(hazel)nut peanut

label n % analysed 
positive

n % analysed 
positive

Cookies May contain 66 36 68 25

Present in 
environment

43 23 69 25

No reference 169 25 159 11No reference 169 25 159 11

Total 278 28 269 23

Chocolate May contain 167 79 181 43

Present in 
environment

15 60 15 7

No reference 40 53 52 25

Total 222 73 248 37



Chocolate sample Casein content (mg/kg)

D1 2

C1 15

A2 85

G1 213

F1 222

B1 459

E1 775

A1 (complaint sample) 1500

Plain chocolate;
no reference to milk

Presence of non-
ingredient allergens 
in food (market samples 
analysed following complaint; 
Spanjersberg et al. Food additives 
and Contaminants, 27, 2, 2010)

A1 (complaint sample) 1500

B2 1568

A3 3015

H1 3

I1 88

I2 156

B3 53000

H2 63000

I3 73000

Plain chocolate;
“may contain milk”

Milk chocolate



Presence of non-ingredient allergens in food

• 100% avoidance and guarantee is not feasible

• How much is too much?

• Thresholds

• Lowest dose that can induce an effect in • Lowest dose that can induce an effect in 
• an individual patient
• one or more individuals in a group of patients
• one or more individuals in a whole population

• Lowest concentration of an allergen in a food that can….(see above)
• Lowest amount of food that can….(see above)

• Lowest amount of allergen that can be detected or determined
• Regulatory threshold
• Maximum concentration accepted in view of tolerated residual risk(s)

• …….



Thresholds
Lowest dose that can induce an effect

in an individual patient

Results peanut challenge*
Meal Dose (mg) Reaction
1 0,03 -
2 0 -
3 0 -
4 0,1 oral symptoms
5 0,3 oral symptoms
6 0 -6 0 -
7 0 -
8 1 oral symptoms
9 0 -
10 3 oral symptoms
11 0 -
12 10 oral symptoms + lip swelling

*Figure obtained from Dr. A.C. Knulst, UMC Utrecht 



Thresholds
Lowest dose that can induce an effect 

in one or more individuals in a group of patients

Dose-dependent reactions to peanut*

60
70
80
90

100
110

cu
m

ul
at

iv
e 

nu
m

be
r

 o
f r

es
po

nd
in

g
 p

at
ie

nt
s 

(%
)

95% CI

0
10
20
30
40
50
60

0,01 0,1 1 10 100 1000 10000
peanut protein (mg)

cu
m

ul
at

iv
e 

nu
m

be
r

 o
f r

es
po

nd
in

g
 p

at
ie

nt
s 

3

Wensing et al. JACI 2002;110:915

* Figure obtained from Dr. A.C. Knulst, UMC Utrecht



Based on protein

Establishment of population thresholds?

Population threshold?



Establishment of population thresholds

• Establishment of a population threshold remains uncertain due to 
methodological and statistical uncertainties.

Crevel et al., Fd Chem Toxicol 45 (2007) 691-701

• Even if it were possible to establish a population threshold, it would 
be of limited value for risk management in a public health context.be of limited value for risk management in a public health context.

• Population thresholds would result in such low action levels

• that would be too difficult to comply with within normal food 
production operating procedures and constraints;

• that would be too low to monitor or enforce.



Example for peanut protein

Wensing et al., JACI 2002;110:915:

• LOAEL: 0.1 mg; NOAEL: 0.03 mg

• Safety margin to account for possible more sensitive individuals
• assume a safety margin of 10

• Safe dose: NOAEL/safety margin = 0.03/10 = 0.003 mg?

Assume a food of which 100 g is consumedAssume a food of which 100 g is consumed

• A safe dose of 0.003 mg would correspond with a 
safe concentration of 0.03 mg/kg food

Problems: 

• Current analytical methods generally have a LOD in a range of 1-5 mg/kg

• > 30% of food products not carrying a warning for the possible presence of 
peanut proteins and produced within normal food production operating 
procedures and constraints contained peanut proteins > 1 mg/kg*
* : Source: Fact sheet, Dutch Food and Consumer Product Safety Authority, July 2007



We need other approaches of using threshold information

• We need to leave the idea of trying to find THE population threshold for 
allergic reactions; this will not be of help as it will be too low to be practical.

• We need to shift towards a risk analytical approach and think from a 
perspective of acceptable residual risks

• establish accepted residual risk levels 
• elaborate concentration action limits for may contain labelling

• Needed: insight into the quantitative relationship between:
• thresholds
• concentrations of allergens in food
• risks

Risk assessment !



Some key publications:

• Spanjersberg et al. 
Food and Chemical Toxicology, 2007, 45: 49-54.

• Kruizinga et al. 
Food and Chemical Toxicology, 2008, 46, 1437-1443.

Probabilistic risk assessment developed by TNO

Food and Chemical Toxicology, 2008, 46, 1437-1443.

• Madsen et al.
Food and Chemical Toxicology, 2009, 47, 480–489.

• Spanjersberg et al. 
Food additives and Contaminants, 2010, 27, No. 2, 169–174.



Probabilistic risk assessment; the idea

Data

Chance
distributions

Analyses Clinical studiesSurveys

LevelsConsumption

Allergen intake Thresholds

Probabilistic 
model

Outcome

Allergen intake Thresholds

Chance on allergic 
reaction



Priority Allergen adults children infants & toddlers

1 Milk

1 Egg

1 Peanut

1 Soy

1 Hazelnut

1 Walnut DBPC  in 2010/2011

1 Cashew no  & hardly patients available

1

Threshold data distributions available (Feb 2010)

1 Other nuts no  & hardly patients available

2 sesame seeds no patients available no patients available

2 Lupine no patients available

3 Mustard
no extra activity; low priority since no 

patients available

3 Celery low priority and hardly patients 
available

3
Wheat (IgE 
reaction)

low priority and hardly patients 
available

3 fish
low priority and hardly patients 

available
no

3
crustaceans, 
mollusc

no no

Threshold distribution
available in tool

Data available, awaiting
decision for incorporation in tool

Insufficient
data available

Threshold distribution available,
more data available for improved distribution

Some data available, 
not clear yet if sufficient
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Guidance's for “may contain labelling” 
(existing or in preparation)

• FNLI (Federation of the Food Industry, the Netherlands)
• FEVIA (Federation of the Food Industry, Belgium)
• CIAA (Confederation of the Food and Drink Industries of the EU)

There is a need for quantitative guidance!

• CIAA (Confederation of the Food and Drink Industries of the EU)
• FSA (Food Standards Agency, UK)
• …..

Existing guidance's or guidance’s in preparation
generally only give qualitative guidance



Example: FSA guide



Australian VITAL-grid

a quantitative guidance

a solution for
may contain labelling?



Australian VITAL-grid

No labelling

Voluntary Incidental Trace Allergen Labeling
Guidance by the Australian Food and Grocery Council Allergen Forum 

and supported by the New Zealand Food & Grocery Council
June 2007

Values are in mg total protein per kg food
(in case allergenic protein is measured, 

conversion tot total protein needed,
Kim Leighton & Simon Brooke-Taylor,
Australian Food and Grocery Council,

March 2008)

Labelling

Labelling



Residual risks in applying VITAL-grid: peanut proteins

2.1
3.9

9.8
18.3

2.9
4.6

14.0
22.4

112/74 (H)62.8/53.3 (H)
users (100%)

Bread

objectivesubjectiveobjectivesubjective

gram/
moment 

chance 
(%)

Chance on allergic response
in allergic population
(users and non-users)

consumption male/femaleProducts

Calculated % of allergic responses due to peanut protein at a level 
of 2 mg protein/kg product (= action level for peanut protein)*

Males Females

0.20.70.10.318/21 (L)2.8/6.3 (L)Small chocolates

0.21.10.21.3146/141 (H)4.8/4.3 (L)Potato products 
(frozen) 

0.21.00.31.416/11 (L)12.5/10.1 (H)Sprinkles

0.94.11.04.652/36 (L)29.0/28.9 (H)Chips

3.918.34.622.4users (100%)

* probabilistic risk assessment TNO



Residual risks in applying VITAL-grid: milk proteins

0.055.90.088.1112/74 (H)62.8/53.3 (H)Bread

objectivesubjectiveobjectivesubjective

gram/
moment 

chance 
(%)

Chance on allergic response
in allergic population
(users and non-users)

consumption male/femaleProducts

Calculated % of allergic responses due to milk protein at a level 
of 5 mg protein/kg product (= action level for milk protein)*

Males Females

0.0040.20.00040.118/21 (L)2.8/6.3 (L)Small chocolates

0.010.60.010.7146/141 (H)4.8/4.3 (L)Potato products 
(frozen)

0.0030.30.0040.416/11 (L)12.5/10.1 (H)Sprinkles

0.021.80.022.452/36 (L)29.0/28.9 (H)Chips

* probabilistic risk assessment TNO



Action levels in product category-allergen (category) matrix?

Towards an EU/NL approach
for “may contain labelling”?

Internet portal

Select product Select allergen

Action levelAction level

Product
category

Allergen (category)

A B C D …

1 Action level Action level Action level Action level …

2 Action level Action level Action level Action level …

3 Action level Action level Action level Action level …

… … … … … …

Background action level matrix



filling of matrix based on accepted residual risk levels 

Action levels in product category-allergen (category) matrix?

Towards an EU/NL approach
for “may contain labelling”?

concentration action levels for may contain labelling

Risk assessment



Accepted residual risk levels

A food product that does not carry a warning for the possible 
presence of an allergen may not cause 

• ….. in more than ….. out of 10.000 persons

• ….. in more than ….. out of 10.000 persons

• ….. in more than ….. out of 10.000 persons
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For more information:

Dr. Geert F. Houben
Program Manager Food Safety
TNO Quality of Life
PO Box 360, NL 3700 AJ Zeist, The Netherlands
Tel: +31 30 6944419; fax: +31 30 6944988
E-mail: geert.houben@tno.nl
www.tno.nl/foodsafety or  www.tno.nl/voedselveiligheid

Thank you for your attention!



0.60

0.80

1.00

1.20

1.40

1.60

(r
e

st
) 

ris
ic

o 
al

le
rg

is
ch

e
 re

ak
tie

s 
(%

)

500

600

700

800

900

1000

1100

1200

1300

1400

co
ns

um
p

tio
n 

(g
r/

m
om

e
n

t)

risk at detection level
consumption

Rest risico op objectieve allergische reacties in de allergische subpopulatie bij de aanwezigheid van 
melkeiwit in de verschillende TOTAL Matrix product categorieën op detectieniveau (1.3 mg/kg)

Important 
food 
products

0.5% 
Maximal risk
at LOD of 

Risk of objective allergic reactions due to presence 
of milk proteins in various food product categories
Food product categories based on amounts of the food products consumed

0.00

0.20

0.40

Zo
et

st
of

fe
n

aa
rd

ap
pe

lp
ur

ee
po

ed
er

K
au

w
go

m

M
el

kp
oe

de
r /

 c
ac

ao
po

ed
er

B
in

dm
id

de
l

B
ot

er
/h

al
va

rin
e/

m
ar

ga
rin

e/
ba

k 
en

 b
ra

ad
ve

t

K
ru

id
en

/s
pe

ce
rij

en

O
lië

n 
en

 fr
itu

ur
ve

t

R
oo

m
 e

n 
ko

ffi
em

el
k

S
ui

ke
r

C
ra

ck
er

s,
 b

es
ch

ui
t e

n 
to

as
tje

s
P

in
da

ka
as

vi
s 

(e
xc

lu
si

ef
 v

is
st

ic
k)

K
le

in
e 

ko
ek

en

C
ho

co
la

de
re

pe
n 

en
 b

on
bo

ns

K
le

in
e 

sn
oe

pj
es

/z
uu

rtj
es

O
nt

bi
jtp

ro
du

ct

P
in

da
's

, n
ot

en
 e

n 
zu

id
vr

uc
ht

en

Zo
et

 b
ro

od
be

le
g

K
aa

s
vl

ee
sw

ar
en

C
an

dy
ba

rs
 e

n 
m

ue
sl

ire
pe

n
S

iro
pe

n

H
ar

tig
e 

sa
uz

en

zo
ut

je
s 

en
 c

hi
ps

G
ro

te
 k

oe
ke

n 
en

 ta
ar

t
IJ

s

B
ro

od
 e

n 
bo

lle
tje

s

B
ro

od
de

eg
 v

oo
r t

aa
rt/

pi
zz

a

G
ef

rit
uu

rd
e/

w
ar

m
e 

sn
ac

ks
vi

ss
tic

k

Fr
ui

t e
n 

gr
oe

nt
en

, p
ot

/b
lik

/d
ie

pv
rie

s

P
eu

lv
ru

ch
te

n

aa
rd

ap
pe

lp
ro

du
ct

en
 (e

xc
l p

oe
de

r)

M
aa

lti
jd

ve
rv

an
ge

rs

V
le

es
pr

od
uc

te
n

R
ijs

t e
n 

de
eg

w
ar

en

pa
nn

en
ko

ek
en

 e
n 

fle
ns

je
s

al
co

ho
lis

ch
e 

dr
an

ke
n 

(e
xc

l b
ie

r)
S

oe
pe

n

M
el

k(
pr

od
uc

te
n)

, y
og

hu
rt(

pr
od

uc
te

n)
, n

ag
er

ec
ht

en

N
ie

t-a
lc

oh
ol

is
ch

e 
dr

an
ke

n 
(e

xc
l s

iro
op

)
B

ie
r

(r
e

st
) 

ris
ic

o 
al

le
rg

is
ch

e
 re

ak
tie

s 
(%

)

0

100

200

300

400

co
ns

um
p

tio
n 

(g
r/

m
om

e
n

t)

0.5% at LOD of 
1 mg/kg



Kaas

vleesw aren

Ontbijtproduct

Chocoladerepen en bonbons

Kleine snoepjes/zuurtjes

Pinda's, noten en zuidvruchten

Zoet broodbeleg

Kleine koeken

vis (exclusief visstick)

Crackers, beschuit en toastjes

Pindakaas

Room en koff iemelk

Kruiden/specerijen

Boter/halvarine/margarine/bak en braadvet

Oliën en frituurvet

Bindmiddel

Suiker

Melkpoeder / cacaopoeder

aardappelpureepoeder

Kauw gom

Zoetstoffen

10-20 mg/kg

20-40 mg/kg

100-300 mg/kg

With an accepted
residual risk of 
0.5%, the maximum 
concentrations of 
allergen may be

mg melkeiwit /kg produkt

0 50 100 150 200 250

Bier

Niet-alcoholische dranken (excl siroop)

Melk(producten), yoghurt(producten), nagerechten

Soepen

alcoholische dranken (excl bier)

pannenkoeken en f lensjes

Rijst en deegw aren

Vleesproducten

Maaltijdvervangers

aardappelproducten (excl poeder)

Peulvruchten

Fruit en groenten, pot/blik/diepvries

Gefrituurde/w arme snacks

Brooddeeg voor taart/pizza

visstick

Brood en bolletjes

IJs

Grote koeken en taart

Hartige sauzen

zoutjes en chips

Candybars en mueslirepen

Siropen

Kaas

</= 1 mg/kg

2-5 mg/kg

5-10 mg/kg



Peanut threshold distributions for adults
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Peanut threshold distributions for children
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Hazelnut threshold distributions for adults
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Hazelnut threshold distributions for children
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Soy threshold distributions for adults
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Soy threshold distributions for children
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Milk threshold distributions for adults
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Milk threshold distributions for children (objective reactions)
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De noten en pinda: kinderen (alle reacties)
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De noten en pinda: kinderen (objectieve reacties)
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Comparison allergens to worst case distribution

(adults, all reactions)
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