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ARTICLE INFO ABSTRACT

Handling Editor: Jose Luis Domingo Persons with Coeliac disease (CD) need to keep a lifelong diet without gluten and therefore need to know which

foods are safe to eat. The objective of this study was to analyse ordinary foods products without gluten containing

Keywords: ingredients (PWG) with or without the precautionary allergen statement (PAL) “May contain wheat/gluten” or
g‘l’e“ac disease similar wording and use these data to perform a probabilistic risk assessment. Foods with and without PAL were
luten

analysed for gluten. Inputs for the risk assessment were analytical results, daily food consumption and data from
a 90-days challenge study in coeliac patients (Catassi et al., 2007).20/77 products with PAL and 10/51 without
PAL had gluten >5 mg/kg 3/77 with PAL and 3/51 without PAL had gluten >20 mg/kg. A coconut cookie brand
was outlier with 421 mg gluten/kg. The likelihood of developing mucosal damage in the CD population when
eating the same PWG for 90 days in addition to certified gluten-free products was low (0.2-3.2%) with little
difference between with or without PAL. Including the coconut cookie results increased the risk to 3.8-9.2%.

Processed food
Precautionary labelling
Probabilistic risk assessment

Caution should be taken in connection to foods where there is an obvious chance of contamination.

1. Introduction

Persons with Coeliac disease (CD) need to keep a lifelong diet
without gluten and therefore need to know which foods are safe to eat
(Fasano and Catassi, 2001).

Coeliac disease (CD) is an immune-mediated response triggered by
ingestion of gluten in wheat, rye and barley. The disorder only develops
in genetically susceptible individuals and is characterised by T-cell
mediated inflammation of the small bowel mucosa accompanied by
intestinal malabsorption (Catassi et al., 2007, Sabatino and Corazza
2009).

The international regulation of the composition and labelling of
foodstuff suitable for persons with CD changed in 2008 (Codex Ali-
mentarius Standards for foods special dietary use for persons intolerant
to gluten, 1979) and was adopted by the European Union in 2009
(Regulation (EC) 41/2009) (Regulation (EU) No. 828/2014). The
regulation specifies that products labelled “gluten-free” cannot exceed
20 mg gluten/kg. In addition to food products having the gluten-free
claim there are ordinary food products without gluten containing in-
gredients. These may be contaminated with gluten and may or may not
be labelled with a precautionary allergen labelling (PAL). PAL may be

used if there is a risk of unintended allergen presence (UAP) in a product.
It was introduced by the industry, making it possible to communicate to
allergic consumers that products may not be suitable for them, due to
UAPs. PAL is voluntary and not explicitly regulated (Remington et al.,
2015; DunnGalvin et al., 2019). PAL is used frequently where equipment
or facilities are shared between formulations, which do and do not
contain allergens. The widespread use of PAL limits the food choices of
allergic consumers (Remington et al., 2015).

To date, probabilistic risk assessment of gluten in pre-packed food
products in relation to coeliac disease has only been conducted using
data from certified gluten-free (CGF) products. It was found that the
mean percentage of the European population with CD at risk of mucosal
damage resulting from consumption of these products ranged from 0.01
to 0.15%, and was <1% even in the worst case scenario where a
threshold for intestinal damage at 10 mg/d was used (Gibert et al.,
2013).

To maintain a varied food supply and a balanced diet, persons with
CD also consume products that are not certified gluten-free. These
products do not have gluten-containing ingredients in the list of in-
gredients. Some of these have PAL stating “May contain wheat or May
contain gluten” others have not. The question for the person with CD is,
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whether it is safe to eat these products and whether products with PAL
constitute a higher risk than products without PAL.

The aims of this study were i) to investigate gluten contamination of
ordinary food products without gluten (PWG) containing ingredients
both with and without the PAL warning “May contain wheat/gluten”,
and ii) to assess the risk of adverse response of the CD population trig-
gered by consumption of these products.

2. Materials and methods

2.1. Gluten contamination in food products without gluten (PWG)
containing ingredients

2.1.1. Gluten products for analysis

One hundred twenty-eight ordinary food products without gluten as
an ingredient, with or without PAL were purchased from Danish su-
permarkets. A sampling plan was developed based on results from The
Nordic co-operation’s report Undeclared allergens in food — Food control,
analyses and risk assessment and UK Food Standards Agency (FSA) report
Survey of Allergen precautionary allergen Labelling (Bolin and Lindeberg,
2016; Hirst, 2014). The following product categories where included
based on expected risk of gluten contamination.

e Spices

e Snacks

e Ready meals

e Cereal & cereal products

e Dried sauces, gravies & mixes
o Confectionery

2.1.2. Gluten analyses

From each food item two 30 g samples were homogenised and ana-
lysed separately. From each 30 g sample 0.25 g was extracted giving 256
samples in total. Samples were extracted with the Ridascreen Cocktail
(R7006/R7016).

The extraction procedure depended on the food matrix. For spices
and spice mixes, 0.25 g of the sample and 0.25 g of skimmed milk
powder was mixed with 2.5 ml cocktail. Skimmed milk powder was
added to bind tannin and polyphenols. For other food samples, 0.25 g of
the sample was mixed with 2.5 ml of the cocktail. Positive control: 0.25 g
of the positive sample, was mixed with 2.5 ml of the cocktail.

Samples were extracted 40 min at 50 °C, cooled down before adding
7.5 ml 80% ethanol and extracted while shaken upside down for 1 h at
room temperature and centrifuged at 2500 g for 10 min. One ml of the
supernatant was transferred to a screw top vial and stored in dark at
room temperature until ELISA was performed.

After purchase of foods, samples were extracted in a running process
and stored until the ELISA test could be performed according to the
instruction from the kit manufacturer. Each ELISA plate included a
positive control to control for variation.

The gluten content was measured by the sandwich R5 ELISA method
from RIDASCREEN (Gliadin ELISA art. no. R7001; R-Biopharm AG). The
limit of quantification (LOQ) was 5 mg/kg gluten, and the limit of
detection (LOD) was 1 mg/kg gluten.

2.1.3. Positive control

A positive control containing a mean amount of 8.8 mg gluten/kg
(L93), kindly provided by Swedish National Food Agency, was used on
every ELISA plate. The ELISA results were accepted if the result of the
positive control was between 5.39 mg/kg (m-3sd) and 12.21 mg/kg
(m+3sd). If not, the ELISA results were invalid and should be replicated.
No ELISA plates were replicated.
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2.2. Quantitative risk assessment of gluten in food products without gluten
(PWG) containing ingredients

A probabilistic model, estimating the average likelihood of devel-
oping mucosal damage in the small intestine, in a population of patients
with CD when eating food products without gluten containing in-
gredients was developed.

To take into account the individual variation in daily consumption of
different food groups; variation in the gluten contamination; and indi-
vidual variation in likelihood of developing mucosal damage in the in-
testine given exposure to gluten, these sources of variation were
included in a Monte Carlo simulation model as probabilistic distribu-
tions. Each iteration represents the likelihood for one random patient
with CD to develop mucosal damages given a random selected daily
consumption over a period of 90 days of different products with
randomly selected concentration of gluten. Each simulation included
100,000 iterations, and the population average of likelihood of devel-
oping damages was calculated as the mean of the likelihoods obtained in
the iterations.

The Monte Carlo model was executed in the software ModelRisk,
version 6.1.46.

The input parameters for each iteration were.

1) Total daily consumption of the relevant food groups [gram/day]

2) Concentration of gluten in the relevant food group [mg gluten/gram]

3) Alikelihood function describing the of likelihood of mucosal damage
given exposure [probability/mg gluten]

2.2.1. Ddily food consumption

The amount of food consumed in a meal was taken from (Birot et al.,
2017). In this paper food consumption data from the Danish National
Food Consumption Survey are grouped for use in food allergen risk as-
sessments. The tested food products were categorised with the best
describing groups from Birot, giving the groups described in Table 1.

In the model, the daily intake from each food group was defined as a
normal distribution utilizing the values presented in Table 1, where
negative values were truncated to zero (meaning no intake).

To simulate a daily consumption, the amount consumed in one meal
from one product from each food group was included. This did not apply
to Soups, Mashed potato powder or Composite dishes. Only one of these
were included per day to represent one warm meal. This resulted in a
mean food consumption of PWG food of 0.6 kg/day (SD 0.2) used in all
analyses.

In the assessment it was assumed that a person was eating the same
food and the same amounts of food every day for 90 days.

Table 1
Food groups from Birot et al. (2017) including mean and standard deviation of
consumption used in risk assessment.

Food Group Mean Standard
(€3] deviation (g)
Herbs and spices mixes, bouillon cubes yeast 18 32
extract
Soups 396 170
Mashed potato powder 151 170
Composite dishes 205 122
Cookies 38 26
Cereal bars 27 24
Peanuts, nuts and dried fruit 24 29
Legumes 110 70
Potato and other starch-based chips (including salty =~ 42 39
sticks)
Small sweets 41 39
Breakfast products eaten unprocessed (e.g., miisli, 44 28

oats, and maize flakes)
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2.2.2. Determination of gluten threshold distribution

A quantitative model describing the likelihood of adverse response
given exposure to gluten was estimated utilizing previously published
data describing the effect of gluten challenge in persons with coeliac
disease (Catassi et al. 1993, 2007).

In the studies by Catassi et al. the response to gluten was measured as
change in small intestinal morphology before and after challenge, in
Catassi et al., 2007) in adults after 90 days challenge and in Catassi et al.,
1993) in children after 28 days challenge. In our study, we used the data
describing ratio between villus height and crypt depth (Vh/Cd) in the
small intestine, because it is reported to be the coeliac disease parameter
that best reflects the effects of gluten micro challenge (Catassi et al.,
2007).

In both studies, patients were challenged with gliadin or gluten in
addition to the gluten content of the gluten free diet. In Catassi et al.
(2007), three groups with thirteen participants each, were exposed daily
to placebo, 10 or 50 mg gluten. Vh/Cd from each patient before and after
the intervention was reported as plots. We used the program Web-
PlotDigitizer (Rohatgi, A. 2020) to obtain the quantitative values of
Vh/Cd before and after exposure of each person included in the study.
Thereafter, the adverse effect of the exposure was calculated as the
percentage decrease in the Vh/Cd ratio. These data could be compared
with the text stating how many patients had improved Vh/Cd during
intervention. The 200 mg data on Vh/Cd was taken from Table I in
Catassi et al. (1993) (see Table 2).

The observed proportional decrease (%) in Vh/Cd in each person in
each exposure group is presented in Table 2. A decline above or equal to
10% was defined as “adverse effect”, whereas decline smaller than 10%
or an increase was defined as “no adverse effect”. The 10% cut of, named
Catassi 1, was chosen because we had to derive the data from a figure
and in addition based on the assumption that, taking the morphometric
method into account, a decline in Vh/Cd of 10% is a real change. The
other, named Catassi 2, where any change in Vh/Cd was interpreted as
an effect of treatment, is in accordance with the interpretation by the
authors in Catassi et al., (2007) (see Table 3).

Table 2

Decrease in Vh/Cd after 90 days challenge with gluten from Catassi et al., (2007)
and after 28 days challenge (200 mg) in children (Catassi et al., 1993). For the
data from Catassi et al., (2007) the program WebPlotDigitizer was used to read
the positon on the Y-axis on the figure and turn it into a corresponding number.
Negative numbers describe an increase i.e., improvement in Vh/Cd.

Placebo 10 mg 50 mg 200 mg

% decrease % decrease % decrease % decrease

31.9 18.9 3.0 19.0
7.8 2.9 21.9 35.9
—-1.4 25.0 19.4 12.9
-15.3 29.0 20.0 12.2
-10.6 9.1 13.8 16.9
—5.2 23.8 24.1 3.7¢
-10.8 —~100.0 -12.5 10.4
—-36.4 —68.4 20.8 -14.0°
-16.6 -27.8 9.1 16.3
-71 -53.3 19.1 11.1
-16.5 6.7 15.0

-3.5 -15.8 20.0

-15.4 -x.x" —50.0

@ It was only possible to identify 12 pairs of data in the 10 mg group. As the
authors describe that 6 of the 13 patients improve, the Vh/Cd of the unidenti-
fiable patients must be in the improve group.

Y This child had a very low Vh/Cd before challenge and an increase in IEL
during challenge, so the child is excluded because the improvement in Vh/Cd is
disregarded as a result of challenge.

¢ Although the Vh/Cd decrease was less than 10% we included this child in
both groups in Table 3 as the IEL count nearly tripled (from 12 to 31 IEL x100)
after challenge.
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Table 3
Data for distribution of adverse effect of gluten challenge on Vh/Cd.
Placebo 10 50 100
mg mg mg"
Decrease in Vh/Cd > 10%?* (Catassi 1) 1/13 4/13 9/13 9/9
Any decrease in Vh/Cd included (Catassi ~ 2/13 7/13 11/ 9/9
2)¢ 13

b Estimated. See text for explanation.
¢ According to text in Catassi et al., (2007): 11/13 (placebo), 6/13 (10 mg),
2/13 (50 mg) improve Vh/Cd ratio.

In the 50 mg group, two patients had a clear improvement of the Vh/
Cd ratio. This means that for these persons being on a well-controlled
gluten free diet and in addition challenged with 50 mg had no delete-
rious effect. The level giving histological changes in all CD patients is
therefore higher than 50 mg. In Catassi et al. (1993) children were
challenged with gliadin for 28 days and there was an effect in all chil-
dren in the 100 mg gliadin group (200 mg gluten) (Table 2). This means,
that the dose that gives histological changes in the small intestine in all
participants after chronic challenge lies somewhere between 50 and 200
mg/day. To be conservative and, to account for the shorter duration of
challenge in the children, we chose a dose of 100 mg gluten/day as the
estimated dose giving reaction in 100% of coeliac patients (Table 3).

Based on the data presented in Table 3, we built a logistic model with
the exposure to gluten as explanatory variable with linear effect and the
logit of the likelihood of adverse effect as dependent variable. The
estimation was performed in the software R (version 3.5.1). The confi-
dence interval of the effect (the slope) of exposure to gluten on the
likelihood of adverse effect was calculated by the Wald method. The
estimated model parameters (intercept and slope) were subsequently
used to predict the likelihood of adverse effect given the simulated
exposure to gluten. This was done by inversing the predicted value of
logistic model given the exposure.

In addition to the above distributions, we performed analyses with
the distribution used by Gibert et al., (2013). They also developed a
distribution derived from Catassi et al., (2007). Here the 10 mg group
was the “no observed adverse effect group” based on lack of statistically
significant difference between the 10 mg and the placebo group. The 50
mg group was taken as the “lowest observed adverse effect level” based
on statistically significant difference between the 50 mg and the placebo
group. They used a normal distribution with a mean of 30 mg+SD of 10
mg/day, assuming that the adverse effects can be described by a normal
distribution.

2.2.3. Scenarios used in the risk assessment
The risk assessment was performed using three different scenarios of
exposure.

1) Consumption of PWG,
2) Consumption of PWG with PAL
3) Consumption of PWG without PAL.

The input variables required for the implementation of the proba-
bilistic approach were as follows:

1) the distribution of the consumption of the compiled food groups from
Birot et al. (2017)

2) the distribution of gluten contamination obtained from the analysis
made in the present study using LOD or LOQ as cut-off

3) the three distributions of gluten thresholds among the CD population
as described above

A probabilistic risk assessment was conducted to evaluate the
probability that CD patients will develop mucosal damage due to daily
consumption of a compilation of products without gluten containing
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Table 4
Overview of the model variables and input parameters.
Distribution Assumption Data
Food consumption Normal Negative set to zero Mean and SD
distribution One product from (Birot et al.,
each food group 2017)
One warm meal®
Gluten Uniform Present study
concentration distribution (Table 5)
Frequency of gluten ~ Binomial Present study
contamination distribution
Gluten Zero-inflated Present study
contamination uniform
distribution
Gluten threshold Logistic >10% decrease in Catassi et al.
distribution distribution Vh/Cd was included (2007)
(Catassi 1) as an adverse effect
Gluten threshold Logistic Any decrease in Vh/ Catassi et al.
distribution distribution Cd was included as (2007)
(Catassi 2) adverse effect
Gluten threshold Normal Truncated at zero Gibert et al.
distribution distribution 30 (2013)
(Gibert) +10 mg/d

Warm meal includes Soups, Mashed potato powder or Composite dishes. For
further description see text.

ingredients that may be contaminated with gluten with or without PAL.
The probabilistic approach uses distributions of the consumption, gluten
concentration, and gluten thresholds (Table 4).

2.2.3.1. Consumption. The consumption data was presented as nor-
mally distributed on the mean and SD from Birot et al. (2007) (Birot
et al., 2017) and organised as described in section 2.2.1.

2.2.3.2. Gluten contamination. Gluten contamination was based on the
results from the gluten analyses giving levels as well as frequency of
contamination. The concentration was presented as uniform distribu-
tion. Since not all products were contaminated, a binomial distribution
of the frequency of contamination was used. The two distributions were
combined into a zero-inflated uniform distribution of the contamination.

The distributions of the consumption and concentration formed the
distribution of the exposure to gluten and the data from the challenge
studies the distribution of the adverse effect on CD individuals after 90
days exposure to gluten. The probabilistic approach compared the

likelihood of CD mophological changns

gluten dose V(mg"pr day)
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distribution of gluten exposure with the distribution of the adverse ef-
fect, thereby determining the probability of an adverse effect. For each
iteration, which represents an individual, an exposure and sensitivity to
gluten were drawn for the distributions. The comparison resulted in
either a reaction or not.

2.2.3.3. Estimation of the effect of PWG. In every simulation, 100,000
iterations were used where each iteration represents one person’s
exposure to gluten from PWG and the likelihood of developing CD-
related changes in the gut at that exposure. The increased likelihood
of CD was calculated as the difference between the likelihood of reaction
to exposure to gluten from PWG and the likelihood of reaction to pla-
cebo. The likelihood of reaction to placebo is equal to the logit inverse of
the intercept in the regression model. The likelihood of reaction to PWG
is equal to the logit inverse of (intercept + exposure*effect) in the
regression model. The average increased likelihood of developing CD
lesions when consuming PWG was estimated as the mean of the 100,000
values of increased likelihood of CD obtained in the simulation.

2.2.3.4. Statistical analyses. Association between PAL and gluten con-
centration >5 mg/kg (LOQ) or >20 mg/kg was performed as a Fishers-
test. 20 mg/kg was tested since it is the regulatory limit for certified
gluten free products.

3. Results

The logistic regression model describing the relation between gluten
intake in addition to a gluten free diet and likelihood of developing CD,
diagnosed as >10% change in the Vh/Cd ratio, is presented in Fig. 1a
(Catassi 1). The estimated likelihood of developing CD related lesions at
placebo (equivalent to a strict gluten free diet) was 13%, and there was a
significant increase in the likelihood with increasing intake. In this
model, at an intake of 32-33 mg pr day, 50% of the population with CD
will develop morphological changes.

The logistic regression model describing the relation between gluten
intake in addition to a gluten free diet and likelihood of developing CD,
diagnosed as any change in the Vh/Cd ratio, is presented in Fig. 1b
(Catassi 2). The estimated likelihood of developing CD related lesions at
placebo was 26%, and there was a significant increase in the likelihood
with increasing dose. In this model, at a dose 16-17 mg pr day, 50% of
the population with CD will develop morphological changes.

100~

~
o

likelihood of CD mophological changns

75 100

' '
25 50

gluten dose (mg/pr day)

Fig. 1. The relationship between daily exposure to gluten (mg/pr day) and likelihood of CD morphological changes. Squares is observed data by Catassi et al. (data
presented in see Table 3). a. Catassi 1 using 10% decrease in Vh/Cd as indication of CD. b. Catassi 2 using any % decrease in Vh/Cd as indication of CD. The solid line
represents the estimated function of the relationship using the most likely value of the effect parameter estimated in the logistic model. The dashed lines represent the
function using the upper and lower values of the 95% confidence interval of the effect parameter.

4
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Table 5
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Total number (N) of products tested in each food group allocated into the group without PAL (NO PAL) or with PAL (PAL). For each food group ELISA results above

level of quantification (LOQ) are shown.

Food groups TESTED CONCENTRATION mg gluten/kg
N N (NO PAL) N (PAL) NO PAL > LOQ PAL > LOQ
Herbs and spices mixes, bouillon cubes yeast extract 56 21 35 12.5,18.4,18.4,8.3, 6.3,10.9 7.0, 9.0, 13.2, 20.5, 10,0
Soups 3 2 1 5.74 13.4
Mashed potato powder 4 0 4 6.7,7.3
Composite dishes 7 3 4 5.8, 6.5
Cookies * 3 3 0 39.8, 421
Cereal bars 5 1 4 6.5,13.2
Peanuts, nuts and dried fruit 13 7 6 6.5, 25.4
Legumes 11 1 10 24.6, 14.6, 9.4, 6.6,
Potato and other starch based chips 5 2 3 21.2 7.4
Small sweets 16 8 8 5.2

# The three cookies analysed were coconut cookies traditionally made using coconut flakes, egg white and sugar.

3.1. Gluten concentration

The results of the gluten analysis of the 128 pre-packed products with
and without PAL is shown in Table 5. The gluten concentration was
measured in two separate samples from each product. The two mea-
surements showed good accordance in 119 products, which had a dif-
ference less than 10 mg/kg. The largest variation, in absolute numbers,
were the coconut cookie giving 421 and 258 mg/kg respectively. The
data shown below and used in the analyses are the highest value
measured from each product. 30/128 (23.4%) products had quantifiable
traces of gluten >5 mg/kg, 20/77 (26.0%) with PAL and 10/51 (19.6%)
without PAL. The gluten concentration ranged from LOD to 421 mg
gluten/kg for all products. Taking all products into account gluten
concentration ranged from LOD to 25.4 mg gluten/kg with PAL and LOD
to 421 mg gluten/kg without PAL. Thirty products corresponding to
23.4% of all products had a gluten concentration above LOQ in one or
both extractions. Out of the 30 products above LOQ, 24 products had a
concentration between 5 and 20 mg gluten/kg and six products had a
concentration >20 mg gluten/kg. This corresponds to 18.8% of all
products having a concentration between 5 and 20 mg gluten/kg gluten
and 4.7% having a concentration >20 mg gluten/kg gluten. Thereby,
76.6% of all tested products had a gluten concentration <5 mg gluten/
kg (LOQ) and 95.3% a gluten concentration <20 mg/kg 57 products had
a gluten concentration between LOD and LOQ (>1 and < 5 mg/kg).

3.2. Association of gluten contamination and PAL

Out of 30 products with a gluten concentration > LOQ, 16% stated a
PAL and 8% did not (Table 6 A). Of the 98 products below LOQ 42% had

Table 6
Association of gluten contamination and PAL in relation to LOQ (5 mg/kg) or to
the regulatory limit for gluten free food (20 mg/kg).

A) >5mg/kg <5mg/kg Total
PAL 20 57 77
No PAL 10 41 51
Total 30 98 128
B) >20 mg/kg <20 mg/kg Total
PAL 3 74 77
No PAL 3 48 51
Total 6 122 128

no PAL and 58% had PAL (Fishers-test p-value 0.52).
Three products with PAL and three without PAL had a concentration
>20 mg/kg (Table 6 B). (Fishers-test p-value 0.68).

3.3. Distribution of gluten intake

Fig. 2 shows the probability of gluten intake based on the total daily
consumption of the relevant food groups [gram/day] and the concen-
tration and frequency of gluten contamination in the relevant food
group [mg gluten/gram].

0,12
0,10
0,08
>
£
2 0,06
©
Q2
o
2
a
0,04
0,02
0,00 i = S
0 2 4 6 8 10 12 14 16 18
Gluten intake [mg/gluten pr day]

Fig. 2. Histogram of the probability of gluten intake from PWG. X-axis shows
the distribution of gluten intake based on 1) the daily consumption of the
relevant food groups [gram/day] from Birot et al., (2017) and 2) concentration
and frequency of gluten contamination in the relevant food group [mg glu-
ten/gram] found in the present study. Y-axis shows the probability based on the
100,000 iterations.
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3.4. Percentage of CD population at risk

To estimate the additional risk of eating PWG on top of a gluten free
diet we subtracted the risk in the placebo group. Thus, the effect of
gluten intake from PWG were estimated as the likelihood of developing
CD related gut lesions when including PWG, subtracted the likelihood of
developing CD related gut lesions on a strict gluten free diet, repre-
senting the risk on a strict gluten free diet in Italy before 2007.

The probabilistic risk assessment was performed including all prod-
ucts, products with or without PAL, cut-off at LOQ or LOD, and with the
three different distributions of gluten sensitivity (Catassi 1, Catassi 2,
Gibert).

Table 7 shows that when using the “Catassi 1” distribution, the risk of
consuming all PWG products with or without PAL in addition to
consuming CGP is similar and low, when the product with the extreme
result is excluded. Including the contamination level between 1 and 5
mg/kg increases the risk moderately in all groups. The higher risk
connected to the group ALL is caused by the larger number of product
groups with detectable gluten when combining the PAL and no PAL
group. Including the coconut cookie (with 421 mg/kg and “no PAL”)

Table 7

Predicted (additional) risk [of CD] from consuming products without gluten
containing ingredients (PWG) in addition to a gluten free diet based on Catassi 1.
ALL (all products), PAL (products with PAL), No PAL (products without PAL).
Probabilistic risk assessment was performed with or without the 421 mg/kg
coconut cookie result.

100,000 iterations ALL PAL No PAL
% % %
Cut-off LOQ (5 mg/kg) 1.9 1.5 1.3
Not including coconut cookie
Cut-off LOD (1 mg/kg) 2.8 2.2 2.4
Not including coconut cookie
Cut-off LOQ (5 mg/kg) 6.7 1.5 6.0

Including coconut cookie

Table 8

Predicted (additional) risk [of CD] from consuming products without gluten
containing ingredients (PWG) in addition to a gluten free diet based on Catassi 2.
ALL (all products), PAL (products with PAL), No PAL (products without PAL).
Probabilistic risk assessment was performed with or without the 421 mg/kg
coconut cookie result.

100,000 iterations ALL PAL No PAL
% % %
Cut-off LOQ (5 mg/kg) 3.2 2.6 2.3
Cut-off LOD (1 mg/kg) 4.7 3.8 4.1
Cut-off LOQ (5 mg/kg) 10.0 2.6 9.2

Including coconut cookie

Table 9

Predicted (additional) risk [of CD] from consuming products without gluten
containing ingredients (PWG) in addition to a gluten free diet based on Gibert
et al. (2013). ALL (all products), PAL (products with PAL), No PAL (products
without PAL). Probabilistic risk assessment was performed with or without the
421 mg/kg coconut cookie result.

100,000 iterations ALL PAL No PAL
% % %
Cut-off (5 mg/kg) 0.2 0.2 0.2
Not including coconut cookie
Cut-off (1 mg/kg) 0.4 0.3 0.3
Not Including coconut cookie
Cut-off (5 mg/kg) 4.3 0.2 3.8

Including coconut cookie
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increases the risk in the ALL and no PAL group considerably. It is worth
noting that this is the risk when eating the same products in the same
amount for 90 days.

Using the “Catassi 2" distribution where all decreases in Vh/Cd are
included, increases the risk further in all groups (Table 8).

Using the distribution from Gibert et al. (2013) gives a very moderate
additional risk when eating PWG although it increases when the extreme
coconut cookie is included (Table 9). The distribution used here with a
mean of 30 mg+SD of 10 mg/day implies that there are very few CD
patients getting mucosal damage below the 10 mg dose and very few not
getting mucosal damage above the 50 mg dose. In both cases 2.2%.

4. Discussion

This is the first study to quantify the risk of mucosal damage from
ordinary food products without gluten containing ingredients in relation
to CD. To do this we have used data from our own survey of gluten
contamination, consumption data from the Danish National Food Survey
(Birot et al., 2017) and challenge data from two studies (Catassi et al.,
1993, 2007).

We used the R5 sandwich ELISA as this is a recommended method
(Codex Alimentarius). We tested 60 g of product, two samples of 30 g
each, homogenised and extracted separately. For financial reasons and
according to the manufacturer’s instruction, only 0.25 g of the homo-
genised sample was extracted. This small extraction size may explain the
relatively large variation of contamination seen in the two samples
(Sharma et al., 2020).

Gluten containing ingredients are an important part of many staple
foods e.g., bread, pasta, cake making it a challenge to substitute these
foods in the diet. For these food categories, persons with CD largely rely
on certified gluten free foods. It is understandable, that the amount of
gluten from certified gluten free food in the diet of CD persons has drawn
much attention, but the daily diet also includes other pre-packaged
foods without gluten containing ingredients. Verma et al. (2017)
tested naturally gluten free products such as legumes, cereals, and nuts
with or without PAL and found that 6% of products without PAL and 2%
of products with PAL had gluten contents >20 ppm.

Two recent studies of food allergen contamination analysed com-
posite foods and included gluten, as a measure for wheat contamination.
A Nordic study analysed 167 products for gluten contamination 3.3%
(1/30 products) with PAL contained gluten (6.4 ppm) and 4.4% (6/137
products) without PAL contained gluten (6.6-27 ppm) (Bolin and Lin-
deberg, 2016). A study from UK analysed estimated 404 products for
gluten contamination. 6.1% (8/131 products) with PAL contain gluten
(17.5-262.5 ppm) and 3.3% (9/273 products) without PAL contained
gluten (13.75-62.5 ppm) (Remington et al., 2015).

Based on the Nordic and the UK study we selected foods where we
expected the highest chance for contamination. As examples, based on
the UK study we included spices and cereal bars and based on the Nordic
study we did not include meat products and chocolate products because
the Nordic study did not find any gluten contamination in these two food
groups. None the less, we found that the large majority of PWG had
gluten concentrations below LOQ of 5 mg/kg (76.6%) and nearly all
(95.3%) a gluten concentration <20 mg/kg. We also found that PAL
cannot be used as a guidance for CD persons, as there were no statisti-
cally significant differences in number of products contaminated be-
tween the PAL and the non-PAL group, and the level of contamination
was comparable. The three cookie products investigated poses a special
problem. They are all traditional Danish coconut cookies. These cookies
are in their original recipe gluten free and may be produced in tradi-
tional bakery factories without special emphasis on cross-contamination
with gluten. Apart from the two brands of coconut cookies, the highest
levels of contamination in other products were close to 20 ppm.

We assume that the low level of gluten contamination is a result of
focus on allergen control in food production. From 2004 when EU
legislation on food allergens were implemented there has been an
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increasing awareness and an increasing knowledge on how to manage
food allergen contamination (DIRECTIVE, 2003/89/EC, Food Drink
Europe, 2013). This is reflected in the results from Bustamante et al.
(2017) showing that the level of gluten contamination in cereal based
CGF and PWG has decreased in the period from 1998 to 2016. In
addition, Guennouni et al. (2021) found that the prevalence of gluten
contamination in all types of gluten free foods decreased between the
time periods 2000-2008 and 2015-2020.

In food allergy risk assessment, it is assumed that if an allergic person
includes a product in the diet, the amount consumed is the same as in the
general population. We made the same assumption in this study and
used data from the Danish national food survey grouped to be suitable
for food allergy risk assessment (Birot et al., 2017). In contrast to food
allergy, the risk assessment in CD must be based on consumption over a
longer period. We assumed that the CD consumer will consume one
portion from each food group each day although only a portion from one
of the categories: soups, mashed potato powder or composite dishes. We
chose this approach realizing that we would probably overestimate the
daily consumption and thereby the risk. The total daily consumption of
PWG in our model was 0.6 kg/day (SD 0.2). In addition to this, persons
with CD are expected to eat certified gluten free food. In Catassi et al.,
2007) the mean consumption of CGF is estimated to be 332 g/day (SD
98) and in Gibert et al. (2006) the median intake is 173-268 g/day. The
total consumption in Danish adults of solid food, including processed
and unprocessed food is 1.17 kg/day (SD 0.38) (Christensen personal
communication from the Danish national food consumption database).
When we add CGF consumption of 0.2-0.3 kg/day to the intake of PWG
of 0.6 kg/day there is still room for consumption of the food groups we
did not include e.g., meat and chocolate product as well as unprocessed
food such as fruit and vegetables.

Probabilistic risk assessment in food allergy is considered the best
approach for assessing the risk at a population level (Madsen et al.,
2009). It is now well established and described and relies on a large
number of challenge data (Madsen et al., 2020).

Getting similar data from challenge studies in CD patients demands
far more resources as the deleterious effects may be caused by long term
exposure to small amounts of gluten and the end point needs to be
established after gut biopsies. There is unfortunately only one study
using placebo-controlled long-term challenge with gluten (Catassi et al.,
2007). In this study CD patients were challenged daily with gluten on
top of a gluten free diet. The amount of gluten in the gluten free back-
ground diet was estimated and assumed to be < 5 mg gluten/day based
on data from another survey on gluten free food and on analytical data.
The study in children (Catassi et al., 1993) had a similar set up, but
without placebo group. The amount of gluten in the gluten free back-
ground diet was estimated to be 1 mg/day based on available infor-
mation. In both studies patients were asked to maintain a strict gluten
free diet during the study, but the gluten content in food without gluten
as ingredient, seems not to be included in the estimate. These studies
show the effect of a given gluten dose added to a normal GF diet.

We used the most predictive parameter (Vh/Cd) (Catassi et al., 2007)
and data from each individual. This allowed us to create distributions
reflecting the actual data. In the model “Catassi 1” patients having a
decrease in Vh/Cd ratio after challenge of >10% was included. Taavela
et al. (2013) has suggested a difference of 0.4 in Vh/Cd to be likely
clinically relevant. This criterion is in accordance with the cut-off of 10%
in all but one patient from the 50 mg group, that had a 15% reduction in
Vh/Cd ratio, corresponding to a decrease of 0.3. Had we used the 0.4
absolute change as criterion the 50 mg group would have had 8/13 with
adverse effect instead of 9/13. This would most likely not have changed
the results more than marginally. The “Catassi 2” model used the raw
data without setting limits for degree of change in Vh/Cd. This is in
accordance with the interpretation from the authors. The number of
patients we identify with a decrease in Vh/Cd is complementary to the
description in the paper of patients improving Vh/Cd after challenge
(Catassi et al., 2007).
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We used the reactions in the placebo group as starting point showing
that for some persons the background diet gave changes in the gut. This
may be a reflection of the possibilities of living GF in Italy before 2007. It
is easier to avoid gluten in the diet in 2022 as described above. We
subtracted the background from the results in order to see the added
effect of including PWG in the diet. In our opinion this analysis allows
maximum use of the available data.

The probabilistic risk assessment using the most stringent criteria for
the distribution (Catassi 1) showed a small additional likelihood of
developing mucosal damage in the CD population (1.3-1.9%) when
eating PWG in addition to CGF. The study shows very little difference
between the risk of eating food with or without PAL. We also made the
analyses including data between LOQ and LOD as e.g., a soup with a
contamination of 4 mg gluten/kg could add considerably to the risk. The
results showed that with the contamination levels and frequencies we
found, adding data below LOQ only increased the risk slightly. Including
the coconut cookie with the extreme result (421 mg gluten/kg)
increased the risk in the ALL and no-PAL group considerably (6.7 and
6.0%). This indicates that it is important to advice coeliac patients to
consider likelihood of contamination when they choose which PWG
food to eat. Here cookies that by tradition is PWG, but that may have
been produced together with ordinary gluten containing cookies in a
bakery factory.

Using the less stringent criteria for the distribution (Catassi 2)
showed a larger, but still small additional likelihood of developing
mucosal damage in the CD population (2.3-3.2%) when eating PWG in
addition to CGF, with the same trends when products with gluten
contamination between LOD and LOQ added or with the coconut cookie
added.

In addition to using data from individual patients we performed the
probabilistic analysis using the distribution as described by Gibert et al.
(2013). Here the 10 mg/kg challenge was considered a no effect level
and the 50 mg/kg the lowest effect level, described in a normal distri-
bution (30 mg/day+SD 10 mg). This model predicted a very low addi-
tional likelihood of developing mucosal damage in the CD population
when eating PWG of 0.2%. Including the contamination between LOD
and LOQ only increased the risk marginally (0.3-0.4%). When per-
forming the analysis including the coconut cookie with 421 mg glu-
ten/kg, the risk increases to 4.3% in the ALL and 3.8% in the no-PAL
group. These results reflects that the “Gibert” distribution predicts very
few adverse reactions around 10 mg gluten/day and the majority of
reactions (68%) between 20 and 40 mg/day.

All three challenge data distributions rely on very limited data. These
are the same data that has been decisive for establishing the 20 mg
gluten/kg limit for CGF products. It may seem hazardous to use so few
data as the basis for a probabilistic risk assessment. On the other hand,
the alternative is to make no analyses at all, as the data we used are the
best data available. Although the limited amount of data, the estimated
95% confidence interval of the relationship shows a statistically signif-
icant relationship between the exposure to gluten and likelihood of
morphological changes. Hopefully there will be new studies in the future
that may strengthen the knowledge base, and thereby increase the
precision of the estimated risks. In the two “Catassi” distributions we
have used the data differently than previously. The lack of significance
between the placebo and the 10 mg group has led to the conclusion that
10 mg is a no effect level. In contrast to this approach, we use the adverse
effects in individuals to form the distribution. As a consequence, the
probabilistic risk assessment predicts a daily gluten intake around 10 mg
as an adverse event and contributes to the increase in risk. This makes
our model more conservative than the model described by Gibert et al.
(2013).

The results of the risk assessment rely, apart from the challenge data,
heavily on the snapshot of gluten contamination in PWG products in
Danish supermarkets. The prevalence of gluten contamination in the
Danish data is comparable with the data from UK and the Nordic
countries although the level of contamination is lower in the Nordic
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survey (Bolin and Lindeberg, 2016) and higher in the UK survey
(Remington et al., 2015).

5. Conclusion

We have shown that the level and frequency of gluten contamination
in ordinary food products without gluten containing ingredients found
in Danish supermarkets is low. A probabilistic risk assessment, assessing
the likelihood of developing mucosal damage in the CD population from
90 days exposure, shows that when CD patients eat these products, there
is a low increased likelihood of mucosal damage in addition to the risk
from eating certified gluten free food. The risk related to products with
or without the warning “May contain wheat/gluten” is similar. We
found one product, a traditional coconut cookie, that when included in
the assessment, increased the likelihood of mucosal damage signifi-
cantly. This indicates that it is important to advice coeliac patients to
consider the possibility of contamination when they choose which PWG
food to eat.
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CD: Coeliac disease
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PWG: Products without gluten as ingredient
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ELISA: Enzyme linked immune sorbent assay

LOQ: Level of quantification

LOD: Level of detection

Vh/Cd: ratio between villus height and crypt depth
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