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In August 2023, 721 individuals became ill with gas-
trointestinal symptoms in 17 schools in a Finnish
municipality. Of these, 323 (45%) developed quickly
passing symptoms during school lunch or <30 min
after the lunch. In a questionnaire-based retrospective
cohort study, consumption of flour tortillas and veg-
etable filling served at lunch were statistically associ-
ated with illness (adjusted odds ratio (aOR) = 3.3; 95%
confidence interval (Cl): 1.4-7.4 for the tortillas and
aOR = 1.5; 95% Cl: 1.1-2.1 for the filling). Abnormal
odour was observed in five of nine tortilla samples.
In three samples from tortillas produced during a lim-
ited production period, high concentrations of calcium
propionate (E 282) were measured (> 24,000 mg/kg),
exceeding the regulatory maximum limit of 2,000 mg/
kg. The tortillas served at lunch were traced to a man-
ufacturer in another EU country. The manufacturer was
unable to identify any cause in the production process
that could explain the high concentrations of calcium
propionate. Our results are in line with findings from
other investigations that excessive calcium propionate
can induce gastrointestinal symptoms. The investiga-
tion highlights the need for strengthened surveillance
of chemical-related food-borne outbreaks in Europe
and timely communication between school staff and
public health authorities to support rapid outbreak
detection and response.

Background

Chemicals can enter food either unintentionally or
intentionally. Unintentional contamination may occur
through environmental pollutants, processing, pack-
aging or raw materials [1-4]. Chemical reactions dur-
ing processing may also produce harmful by-products
[1,3]. Additionally, cleaning agents, detergents and
sanitisers used in food production may contribute to
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contamination of food products [3,4]. Natural toxins
in plants, such as lectins in beans, may also pose
health risks [5]. Residues from legally used agricultural
chemicals and medicines may remain in food, and food
spoilage can lead to the formation of toxic mycotoxins
[6]. The European Union (EU) legislation sets maximum
levels for contaminants and residues to ensure food
safety [7,8].

In contrast, food additives are intentionally added to
food to improve shelf life, flavour, texture or appear-
ance [1,9]. Over 300 additives are authorised for use
within the EU, each with specific conditions for use and
maximum permitted concentrations as defined by the
legislation [10,11].

Health effects from chemical contaminants are most
often considered chronic, resulting from long-term,
low-level exposure [2,12]. However, certain chemi-
cals can cause acute illness with rapid symptom
onset, depending on the amount or concentration
of exposure [13]. Compared with biological agents,
food-borne outbreaks caused by chemicals are less
frequently reported [14]. Moreover, comprehensive EU
data are lacking, as reporting of food-borne outbreaks
to European Food Safety Authority (EFSA) does not
include outbreaks caused by most chemical agents,
except for biotoxins and microbial biogenic amines
[15]. In Finland, food-borne and waterborne outbreaks
caused by biological and chemical agents are reported
by municipal authorities to the national Food- and
Waterborne Outbreak (FWO) Registry.

Finland has a school meal programme, offering a
daily school lunch free of charge to all students
from preschool to upper secondary schools [16].
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KEY PUBLIC HEALTH MESSAGE

What did you want to address in this study and why?

In 2023, a large food-borne outbreak linked to school lunches occurred in a Finnish municipality. We aimed
to investigate the cause and the source of the outbreak and initiate measures to prevent similar events in
the future.

What have we learnt from this study?

The likely cause of this outbreak was high concentration (> 24,000 mg/kg) of food preservative calcium
propionate in flour tortillas served at school lunch. The concentration of the additive exceeded the permitted
level (2,000 mg/kg). This study also highlights the importance of rapid communication between schools
and public health authorities in controlling outbreaks.

What are the implications of your findings for public health?
Our findings remind us of chemical agents as causes of food-borne outbreaks and the need for enhanced
surveillance in Europe. Schools should be better prepared for sudden-onset food-borne outbreaks, and

guidelines to interrupt school meals for safety reasons should exist.

—\

Participation in the school lunch is highest among
younger students (aged 7—12 years), while older stu-
dents eat the offered school lunch less frequently.
School staff are allowed to purchase the school lunch.
In many municipalities, meals are prepared in a central
kitchen and distributed to satellite kitchens in schools.

Outbreak detection

On Wednesday of 16 August 2023, a municipal envi-
ronmental health authority (MEHA) in Municipality A in
Eastern Finland received information from the central
kitchen of ca 10—20 students falling ill with vomiting
and nausea within 10 min after school lunch at five of
the municipality’s 19 schools. On the same day, the
MEHA notified the suspected food-borne outbhreak
to the FWO Registry (Figure). The next day, the MEHA
created an online survey, and more than 100 per-
sons reported gastrointestinal symptoms. The Finnish
Institute for Health and Welfare (THL) and the Finnish
Food Authority (FFA) joined the outbreak investigation
to support and coordinate it.

Here we report the investigation of the food-borne out-
break linked to consumption of food contaminated with
food preservative calcium propionate and describe
previous food-borne outbreaks caused by chemical
agents reported to the FWO Registry between 2010 and
2022.

Methods

Outbreak case definition and case finding

On 17 August, the MEHA sent a link to an online ques-
tionnaire to the parents of students and staff of all
schools of Municipality A. On 23 August, the link was
also sent to the parents and staff of two preschool
groups that had lunch at two schools. In the question-
naire, we asked about symptoms (diarrhoea, vomiting,

stomach pain, nausea, fever (238°C), headache, mus-
cle pain, joint pain, melaena), the students’ year group
and exposure to each food item served.

We defined a case as a person who had lunch pre-
pared with the same ingredients at one of schools of
Municipality A on 16 August 2023 and reported vom-
iting, diarrhoea or stomach pain between 16 and 20
August 2023.

Cohort study

We conducted a cohort study to investigate if the foods
served at the schools were associated with symptoms.
We included the following exposures based on the
foods and beverages served: flour tortillas, vegetable
filling (frozen Quorn mince, canned red kidney beans,
canned tomato paste, frozen paprika strips, frozen
onion cubes, sweet chili sauce, starch, spices), iceberg
lettuce, tomato, canned pickled red onion, crispbread,
margarine, milk and water. Respondents could answer
‘Yes’, ‘No’ or ‘I don’t know’. We included open-ended
questions to gather information if the respondents had
noticed anything out of the ordinary with the food.

Traceback and food handling investigation

The MEHA collected information about lunch prepara-
tion and the traceability of the raw materials by inter-
viewing staff responsible for serving food and receiving
documents from them. The MEHA inspected the central
kitchen on 17 August and 11 of the 14 school kitchen
premises between 17 and 24 August. Three kitchens
were contacted by phone. The inspectors collected food
samples from the kitchens and checked the food safety
management records such as temperature records.

The traceback investigation was conducted by the
MEHA and the FFA, and they were in contact with other
municipalities regarding food traceability by phone,
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FIGURE

Timeline of symptom onset and outbreak control measures in an outbreak linked to consumption of tortillas at a school

lunch, Eastern Finland, 16-31 August 2023
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ACN: The Alert and Cooperation Network (https://food.ec.europa.eu/food-safety/acn_en).

email and remote meetings. The FFA was responsible
for the international traceback investigation.

Microbiological and chemical analyses of food
samples

In total, nine samples from flour tortillas and eight
from the vegetable filling or its components were ana-
lysed for staphylococcal enterotoxins (ISO 19020:2017)
and cereulide (ISO 18465:2017), eight samples from
tortillas and five from filling components for coagu-
lase-positive staphylococci (NMKL 66:2009, modi-
fied) and Bacillus cereus (NMKL 67:2021), respectively.
Samples from eight tortillas were also analysed for
aerobic bacteria (NMKL 189:2017), Enterobacterales
(NMKL 144:2005) and moulds (NMKL 98:2005, modi-
fied), and seven tortilla samples for aerobic and anaer-
obic sporulating bacteria (NMKL 189:2017), mycotoxins
(liquid chromatography—-mass spectrometry (LC-MS/
MS) analysis, internal method), trace metals and phos-
phorus. Calcium concentrations were measured in
nine tortilla samples. In addition, five tortilla samples
were analysed for propionic acid (gas chromatography
flame ionisation detector (GC-FID)), and the result was
also calculated as calcium propionate. One sample
from canned beans was analysed for lectin (immuno-
agglutination). All samples were analysed in official

www.eurosurveillance.org

laboratories. The pH was tested on 11 tortilla samples.
Nine flour tortilla samples were inspected for smell by
local food inspectors or laboratory staff members after
the packages were opened. More details of the meth-
ods are described in Supplementary Table.

Data analysis

Sixteen of the 19 schools of the municipality had the
same lunch menu. From the analysis, we excluded per-
sons who did not have the school lunch (n = 207), per-
sons reporting symptoms prior to the meal (n = 26) and
students who had not answered the question about
theiryear group (n = 5). Persons reporting having eaten
gluten-free tortillas (n = 18) were coded as not having
eaten flour tortillas.

We calculated food-specific attack rates (AR), relative
risks (RR) and 95% confidence intervals (Cl) for the
food exposures served at schools. Exposures with a p
value<o.2 in the univariable analysis were included in
the multivariable model. We used multivariable logistic
regression, with clustering for schools to control for the
potential confounding of the mutual effects of the food
exposures, yielding adjusted odds ratios (aOR) and
95% Cls. The level of statistical significance was set to
0.01. The analyses were performed using Stata version
18.0 (Stata Corporation, the United States (US)).
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TABLE 1

Number of students and staff, response rate, attack rate and number of cases per group in a food-borne outbreak linked to
consumption of tortillas at a school lunch, Eastern Finland, August 2023 (n = 6,123)*

Respondents i

Students and staff Students and staff (n) : Cases (n) (S O - Preerien el gases
% respondents (%) per group (%)

Students
Preschools and primary schools
(age: 6-8 years) 1,004 664 66 143 22 14
Primary schools (age:
9-12 years) 2,078 1,294 62 384 30 18
Middle schools (age:
13-15 years) 1,613 768 48 92 12 6
Secondary schools (age:
16-19 years) 735 212 29 64 30 9
Total (students) 5,430 2,938 54 683 23 13
Staff
Staff 693 252 36 38 38 5
Total (students and staff) 6,123 3,190 52 721 23 12

AE: attack rate.

2 The table presents the number of students and staff of the 19 schools of Municipality A, Eastern Finland.

Food- and waterborne outbreaks in the Food-
and Waterborne Outbreak Registry

In Finland, the THL and the FFA are responsible for
jointly maintaining the FWO Registry. Since 2010, the
reporting system has been digital with direct outbreak
notifications from the municipal outbreak investigation
groups (MOIGs), enabling real-time consultation by the
national authorities. Once the MOIG has completed an
investigation, reporting of an outbreak is mandatory
when at least two persons have fallen ill with similar
symptoms after consuming the same food or water [17].

Using the FWO Registry, we analysed the number of
reported outbreaks linked to chemical agents and per-
sons fallen ill in these outbreaks in 2010-2022.

Results

Descriptive epidemiology

The questionnaire was open between 17 and 23 August
2023. In the municipality, there were altogether 6,123
students and staff in the 19 schools. In total, 2,938
(54%) of the 5,430 students and 252 (36%) of the
693 staff responded (Table 1). Of the 3,190 respond-
ents, 721 (23%) met the case definition. Of these, 95%
(683/721) were students.

The most common symptoms among the 721 cases
were abdominal pain (n = 693; 96%), nausea (n = 452;
63%) and headache (n = 241; 33%), followed by diar-
rhoea (n = 119; 17%), vomiting (n = 84; 12%) and mus-
cle pain (n = 60; 8%).

The number of cases peaked on 16 August, suggesting
a sudden onset and a point source (Figure). Fifty-eight
(8%) cases developed symptoms during lunch and 265
(37%) < 30 min after lunch. The median duration of ill-
ness was 4-12 h (range: <2-57 h). Eighty-two (11%)

cases had still symptoms when answering the ques-
tionnaire. No cases visited healthcare and there were
no deaths.

Traceback and food handling investigation

On 16 August 2023, 17 of 18 school kitchens in the
municipality served tortillas with hot vegetable filling
and salad. One school did not have a kitchen at the
time of the outbreak. The students from that school
had lunch at another school or outside the schools.
Three schools had on-site kitchens and 14 had satellite
kitchens supplied by the central kitchen. The vegetable
filling was prepared in the three on-site kitchens and
in the central kitchen, from which the filling was deliv-
ered hot to the satellite kitchens. The central kitchen
also supplied meals to nurseries and preschools, but
the outbreak day all except the groups that ate at the
schools had different food.

At one school with an on-site kitchen, the tortillas and
the filling came from other manufacturers. Persons
who ate at this school were coded as ‘not eaten’. The
remaining 16 schools served identical menus with
ingredients from the same manufacturers. The tortillas
were delivered packaged in a modified atmosphere (18
tortillas per package), opened at school kitchens and
served unheated as instructed by the manufacturer.
Diners filled their tortillas themselves.

The tortillas served at these 16 schools were of two
batch numbers with the same best-before date. The
tortillas were manufactured in an EU country A and
shipped to Finland through an operator in an EU coun-
try B. Tortillas of the two batches were distributed to
several places in Finland, including providers of com-
munity meals, but no gastrointestinal illnesses were
reported in these localities, and no samples were
taken. We do not have information on potential tortilla
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TABLE 2

Results of chemical and sensory analyses of tortilla samples (n = 15) in an investigation of an outbreak linked to
consumption of tortillas at a school lunch, Eastern Finland, 2023

Packaging Calcium Calcium Propionic acid
Sample ID? Batch e Sampling site (mg/kg)° propionate (mg/kg)
(mg/kg)*
1 Not available | Not available . Vinegar-like smell 5.7 NA NA NA
- - Primary school 1 - -
2 Not available | Not available Vinegar-like smell 5.7 NA NA NA
3 13:24 Vinegar-like smell NA NA NA NA
Batch 1 Restaurant 1
4 13:24 NA 5.7 5,400 24,730 19,675 (£2,233)
Combined primary
5 Batch 1 13:25 and middle school NA 5.7 5,400 NA NA
1
6 13:26 NA 5.7 5,500 NA NA
7 Batch 1 13:27 Restaurant 2 Vinegar-like smell NA NA NA NA
8 13:27 NA 5.7 5,500 NA NA
9 13:28 Combined primary NA 5.7 5,400 NA NA
Batch 1 and middle school ] R
10 13:29 1 Vinegar-like smell 5.7 5,400 24,283 19,320 (£2,198)
11 Batch 1 13:32 Primary school 2 NA 5.7 5,500 24,423 19,431 (¢ 2,209)
12 Batch 1 16:33 Secondary school Without remark 5.4 580 1,944 1,547 (£257)
13 Batch 1 16:48 Restaurant 3 Without remark NA NA NA NA
Combined primary
14 Batch 2 21:12 and middle school Without remark NA NA NA NA
2
Combined primary
15 Batch 2 21:17 and middle school Without remark 5.5 600 2,032 1,617 (£267)
3

ID: identification code; NA: not analysed.

2 Sample 1 and 2 were frozen retention samples, samples 3-15 from unopened packages, sample 11 frozen.

b Target pH according to the manufacturer: 5.5 (range: 5-6).

¢ Reference value for tortillas according to Finland‘s National Food Composition Database Fineli: 810 mg/kg.
4 Internal method, GC FID; MPL for propionates (E 280-283) in EU: 2,000 mg/kg [18].

deliveries to other countries, but to our knowledge,
the supplier had not received any additional customer
feedback.

At a school meal in another municipality, tortillas pack-
aged at 13:12 were served without any complaints. The
same tortilla batches were also traced to four restau-
rants in Municipality A, and the MEHA collected tortilla
samples from these restaurants. Three of these restau-
rants had not served the tortillas.

Ingredients of the vegetable filling, except for one of
the spices and a thickener, were delivered across the
country. Salad ingredients, which were also delivered
to several other locations, were delivered to school
kitchens in unopened packages.

The inspections of the central kitchen and the on-
site and satellite kitchens did not reveal any hygiene
breaches that could have explained the outbreak. In
one school kitchen, the staff said that some tortillas
were mouldy and these were discarded. The central
kitchen and the schools had kept retention samples of
served food according to the instructions of the MEHA.
The health inspectors collected samples of vegetable
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fillings, salad and tortillas from opened and unopened
packages.

Results of microbiological and chemical
analyses

Concentrations of calcium in seven of the nine tested
flour tortilla samples were measured to &5,400-
5,500 mg/kg, i.e. above the reference value of 810 mg/
kg (Table 2). In three tortilla samples, concentrations
of calcium propionate and propionic acid exceeded the
maximum permitted level (MPL) of tortillas (2,000 mg/
kg) (calcium propionate: 24,283-24,730 mg/kg; pro-
pionic acid: 19,320-19,675 mg/kg) [18]. Samples with
elevated calcium, calcium propionate and propionic
acid concentrations were from tortillas packaged
between 13:24 and 13:32. In five tortilla samples, a
vinegar-like odour was observed. Three of these were
from tortillas packaged between 13:24 and 13:29, while
the packaging time of the remaining two samples is
unknown. No specific odour was observed in four sam-
ples from tortillas packaged between 16:33 and 21:17,
and the calcium, calcium propionate and propionic
acid concentrations were within normal range in two of
these samples tested. The pH of the tortilla samples
ranged from 5.4 to 5.7. According to the manufacturer,
the target pH of tortillas was 5.5 (range: 5—6). Results
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TABLE 3

Results of univariable and multivariable models in an investigation of a food-borne outbreak linked to consumption of
tortillas at a school lunch, Eastern Finland, August 2023 (n = 3,190 respondents)

Univariable model

Food item Exposed

Total Cases Total Cases

Multivariable model

Unexposed

AR
(%)

Adjusted
OR2

RR p value

95% Cl p value

Vegetable filling 2,066 557 27 810 142 18 1.54 1.30-1.81 0.000 1.54 1.14-2.08 | 0.005
Flour tortilla 2,955 710 24 120 8 7 3.60 1.84-7.06 0.000 3.28 1.45-7.42 | 0.004
Water 1,684 459 27 901 202 22 1.22 1.05-1.40 0.007 1.29 1.01-1.67 | 0.049
Pickled red onion 568 122 21 | 2,000 516 26 0.83 | 0.70-0.99 0.035 0.70 0.44-1.12 | 0.136
Milk 1,163 278 24 | 1,481 391 26 0.90 0.79-1.03 0.139 0.99 0.86-1.13 | 0.842
Tomato 1,655 398 24 990 262 26 0.91 0.79-1.04 0.165 0.90 0.75-1.09 | 0.281
Margarine 682 180 26 1,775 449 25 1.04 0.90-1.21 0.577

Iceberg lettuce 2,164 549 25 467 117 25 1.01 0.85-1.20 0.887 Not included
Crispbread 656 167 25 | 1,819 468 26 0.99 0.85-1.15 0.892

AR: attack rate; Cl: confidence interval; OR: odds ratio; RR: relative risk.

2 Adjusted for mutual effects of the food exposures tested.

of the other tests were either below the detection limits
or within the normal range.

Epidemiological analysis

In the univariable analysis, flour tortillas and the veg-
etable filling had the highest RRs (Table 3). In the
multivariable analysis, we included exposures with
a p value <o.2 (tortilla, vegetable filling, water, pick-
led red onion, milk and tomato). Eating flour tortillas
(@OR =3.3; 95% Cl: 1.4—7.4; p = 0.004) and the vegeta-
ble filling (@OR = 1.5; 95% Cl: 1.1-2.1; p = 0.005) were
associated with developing symptoms.

Of the 721 cases, 167 (23%) mentioned a bad or strange
taste, 24 (3%) a bad or strange odour in tortillas or tor-
tilla portions, and 130 (18%) said that the food tasted
of soap or detergent.

National food- and waterborne outbreaks
2010-2022

Between 2010 and 2022, 640 food- or waterborne out-
breaks were reported in Finland. Of these, 602 (94%)
were categorised as food-borne and 38 (6%) as water-
borne. A chemical agent was considered the causative
agent in 20 (3%) outbreaks: 18 were food-borne and
two waterborne. Of the estimated 11,922 cases in all
food-borne outbreaks, 153 (1.3%) were linked to out-
breaks caused by chemical agents (Table 4). Of the
2,424 cases in all waterborne outbreaks, six (0.2%)
were linked to outbreaks caused by chemical agents.

Outbreak control measures

Immediately after the outbreak identification, the
MEHA informed local healthcare units to prepare for
possible cases. The parents of the students attending
these schools were informed via the school’s electronic
information system on the afternoon of 16 August.

The environmental health manager was responsible for
communication in cooperation with the municipality’s
communication manager. Eleven press releases were
issued between 16 August and 15 November 2023:
the first one 3.5 h after the first information about the
outbreak (Figure). The first four press releases were
to inform the public about the outbreak and to invite
exposed people to contact the MEHA. In seven press
releases, the investigation results were communicated.
The municipality’s communications unit followed the
social media discussion but did not participate in it.

The wholesaler that supplied the tortillas and most of
the filling components to the schools discontinued the
sale of the identified product batches on 18 August
(Figure). As the investigation progressed and the suspi-
cion narrowed to tortillas, the filling components were
released for sale. Although the suspicion regarding the
tortillas was later limited to one batch and a packag-
ing time window (13:12-16:33), the operator destroyed
both batches.

An Alert and Cooperation Network (ACN) notifica-
tion regarding the tortillas was issued by the FFA on
31 August (Figure). The notification was updated six
times between 8 September and 16 November as the
investigation progressed. The manufacturer was una-
ble to identify any cause in the production process that
could explain the abnormal concentration of calcium
propionate.

Discussion

We describe an outbreak involving over 700 students
and school staff associated with consumption of flour
tortillas served at school lunch in one municipality in
Finland in 2023. Our investigation indicated that an
excessive amount of the preservative calcium propion-
ate in the tortillas was the likely cause of the outbreak.
The likelihood of having gastrointestinal symptoms
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TABLE 4

Food- and waterborne outbreaks linked to chemical agents and reported to the Food- and Waterborne Outbreak Registry,

Finland, 2010-2022 (n = 20)

Patients

Chemical agent Outbreaks (n = 20) _ Vehicle
(n = 159)

Food-borne

2010 1 3 Tuna

2012 1 28 Fish fillet

2013 3 27 Tuna, mixed food
Histamine 2014 1 23 Escolar

2018 1 2 Tuna

2019 1 3 Tuna

2021 1 9 Mackerel fillet

2011 1 5 Juice heated in a kettle
Copper 2012 1 6 Mulled wine heated in a kettle

2013 1 10 Mulled wine heated in a kettle
Wax esters 2010 1 5 Escolar
Sodium glutamate 2010 1 4 Chicken dish at a restaurant
Tropane alkaloids 2013 ) 10 Seed pods of Datura i;rgg;g&ig;n in packaged frozen
Lectin 2014 1 12 Chickpea paste
Sodium nitrite 2017 1 Sausage patty
Unidentified biogenic amine 2022 1 Tuna
Waterborne
District heating chemicals 2013 1 4 Drinking water
Lye oversupply 2013 1 2 Drinking water
Total 20 159 NA

NA: not applicable.

was three times higher for those eating tortillas than
for those who had not eaten them. Albeit few sam-
ples tested, we measured nine times higher concen-
trations of calcium in tortillas packed within 9 min in
the afternoon compared with tortillas from the same
lot and packaged later that day. Calcium propionate
was analysed in three tortilla samples with high cal-
cium content, and 10 times higher concentrations were
measured compared with samples from two tortillas
produced later. The concentrations exceeded the high-
est permitted use amount of the additive in tortillas
in the EU (2,000 mg/kg) [18]. An unusual vinegar-like
odour could have been due to propionic acid, since
it is known to have a pungent and rancid odour [19].
The food control authorities in the country where the
tortillas were produced were contacted via the ACN to
obtain information on any possible explanations in the
production process orin the manufacturing of the impli-
cated tortilla batch that could account for the abnormal
calcium propionate concentration. The manufacturer
did not identify any cause in the production process
for the elevated concentrations of calcium propionate.

Several outbreaks of gastrointestinal illness associated
with flourtortillas were reported in the US between 1997
and 2004 [20-22]. Most of them occurred in schools and
were characterised by short incubation periods and
durations of illness. In the outbreaks, no aetiological
agent was identified, but symptoms suggested either a
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biotoxin or a chemical agent. Elevated calcium propion-
ate concentrations were measured in tortillas in three
of these outbreaks [22]. Like in our investigation, high
calcium propionate concentrations could have been
the cause of at least some of the previous outbreaks
in the US. After the US outbreaks in 2003-2004, the
manufacturer changed the tortilla recipe and reduced
the amount of calcium propionate used in its product
[21], which may explain why similar outbreaks were no
longer reported in the US.

Calcium propionate (E 282) is an organic salt of pro-
pionic acid [23] commonly used in bakery products to
inhibit moulds and prolong shelf life. It is authorised
as a food additive in the EU [10], and its specific purity
criteria have been defined in the EU legislation [11].
In 2016, tortillas were added to the category ‘breads
and rolls’ in the appendix of the EU regulation as cal-
cium propionate may be used in these food products
as a preservative to extend shelf life [18]. Even though
calcium propionate is not classified as an irritant, pro-
pionic acid is known to be corrosive to mucous mem-
branes [24]. Large differences exist in the tolerance to
propionic acid between different animal species. The
EFSA Panel on Food Additives and Nutrient Sources
Added to Food re-evaluated the safety of propion-
ates in 2014 and concluded that the available toxicity
data did not allow for the allocation of an acceptable
daily intake value [23]. Also, the US Food and Drug
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Administration (FDA) considered calcium propionate
as safe to be used in foods [25]. Our investigation sug-
gests that the ingestion of large amounts of calcium
propionate can cause gastrointestinal irritation.

Food-borne outbreaks with large numbers of cases,
sudden-onset symptoms and chemical agent as a likely
cause are unusual in Finland. In 2010, sudden-onset
symptoms were seen in several outbreaks associated
with consumption of raw beetroot [26]. Between 2010
and 2022, chemical agents were considered causing
18 reported food-borne outbreaks with 153 estimated
cases. Chemicals are rarely reported causes of out-
breaks and complaints about a specific product on the
market exceeding toxicity limits are uncommon [14].
A chemical causing a food-borne outbreak may also
go unrecognised since identifying the contaminants
originating from food production, food processing or
packaging can be challenging [27]. Our investigation
reminds us of chemical agents as potential causes of
food-borne outbreaks and underscores the need for
strengthened surveillance in Europe to identify them.

In addition to calcium propionate, we investigated
other possible causes. Tests for toxins were selected
based on the symptoms and the acute onset, and the
availability of analytical methods was also considered.
We did not find evidence for B. cereus emetic toxin and
staphylococcal enterotoxins, common in food-borne
outbreaks [28,29], based on negative culture and toxin
results. We also investigated contaminants such as
mycotoxins, moulds and metals (cadmium, copper,
iron, zinc), with all results within acceptable limits.
Because of reports of a soapy taste in the tortillas,
we considered detergent contamination as a possible
cause. These substances can cause gastrointestinal
symptoms [30], but reliable methods for detecting
them in food are lacking [21]. Phosphorus levels, a
possible indicator of industrial detergents, were within
the normal range, and the amount required to cause
symptoms would likely have made the food unpalat-
able [21]. Rancid oil has previously been associated
with outbreaks [31,32]. However, rancidity in dry foods
requires extended exposure to oxygen [33], and since
the tortilla packages were opened just before serving,
we considered this unlikely.

The vegetable filling, containing Quorn (Fusarium vene-
natum) and red kidney beans, was also investigated.
Quorn and kidney beans have been linked to mild gas-
trointestinal symptoms [34-36], but lectin levels were
below the detection limit, and the short incubation
period did not support this cause [36]. Tracing of the
ingredients further supported that the filling and salad
components were not the source. Based on the clini-
cal picture and possible intermediary foods, testing of
nitrites was not considered appropriate.

There were limitations in this study. The causal rela-
tionship between calcium propionate consumption
and the illness was not proven, since no samples were

taken from the cases. To promote this, municipal and
regional food-borne outbreak preparedness plans
could emphasise the collection of patient samples. For
example, vomit samples were used for toxin analysis
in previous sudden-onset outbreaks in Finland [26].
We recommend obtaining clinical samples from 5-10
symptomatic individuals in future outbreaks. As in
many observational studies, bias and confounding
cannot be ruled out [37]. Although the questionnaire
was distributed promptly, the respondents may have
discussed the taste and suspected the tortillas before-
hand, possibly influencing their responses.

The outbreak also revealed gaps in communication.
The central kitchen, not the schools, reported the
symptomatic students to the authorities after being
contacted by the satellite kitchens about the ill stu-
dents. The schools lacked an internal reporting system,
and staff considered symptom information confidential
and did not share it. We recommend clearer proto-
cols for schools to report sudden illness and interrupt
meal service when needed. Early contact with public
health authorities enables timely response and sample
collection.

Despite these challenges, the MEHA responded rapidly.
Food samples and packaging were quickly secured,
and efficient coordination between kitchens enabled
same day traceback investigations. Food safety man-
agement practices of kitchens and distributors further
supported the investigation through accurate records
and retained food samples.

Conclusion

An excessive amount of preservative calcium pro-
pionate in flour tortillas was the likely cause of gas-
trointestinal illness in ca 700 people during or after
school meals in one Finnish municipality. Our findings
remind us of chemical agents as causes of food-borne
outbreaks and the need for enhanced surveillance in
Europe. Schools should be better prepared for sudden-
onset food-borne outbreaks, and guidelines to inter-
rupt school meals for safety reasons should exist.

Data availability

The data analysed in this study cannot be shared due to the
European General Data Protection Regulation.

Authors’ contributions

Veera Varo: Formal analysis, Investigation, Methodology,
Validation, Writing - original draft. Elina Leinonen:
Formal analysis, Investigation, Writing — review & editing.
Annukka Markkula: Investigation, Writing — review & edit-
ing. Minna Anthoni: Formal analysis, Investigation, Writing
— review & editing. Marja Raatikainen: Formal analysis,
Investigation, Writing — review & editing. Maria Tirkkonen:
Investigation, Writing — review & editing. Nina Gynther:
Investigation, Writing — review & editing. Heidi Landgren:
Investigation, Writing — review & editing. Merja Korkalainen:
Investigation, Writing — review & editing. Ruska Rimhanen-
Finne: Conceptualisation, Formal analysis, Investigation,

www.eurosurveillance.org

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2026.31.11.2600185&domain=pdf&date_stamp=2026-03-19

Methodology, Project administration, Supervision, Writing —
original draft, Writing — review & editing.

Conflict of interest

None declared.

Funding statement

Not applicable.

Ethical statement

This investigation did not require external ethical review as
infectious disease surveillance and control are part of the
core statutory missions of the Finnish Institute for Health
and Welfare.

Use of artificial intelligence tools

We used the Al tool ChatGPT (OpenAl, GPT-4, September
2025 version) to assist in the linguistic refinement of the ab-
stract, background, discussion and conclusion. All content
was carefully reviewed by the authors, and we remain fully
responsible for the scientific integrity and accuracy of the
manuscript.

Acknowledgements

We thank the Microbiology and Chemistry Units of the
Finnish Food Authority and especially Senior Researcher
Janne Jdrvinen.

References

1. Rather IA, Koh WY, Paek WK, Lim J. The sources of chemical
contaminants in food and their health implications.
Front Pharmacol. 2017;8:830. https://doi.org/10.3389/
fphar.2017.00830 PMID: 29204118

2. Balali-Mood M, Naseri K, Tahergorabi Z, Khazdair MR,
Sadeghi M. Toxic mechanisms of five heavy metals: mercury,
lead, chromium, cadmium, and arsenic. Front Pharmacol.
2021;12:643972. https://doi.org/10.3389/fphar.2021.643972
PMID: 33927623

3. Pakdel M, Olsen A, Bar EMS. A review of food contaminants
and their pathways within food processing facilities using open
food processing equipment. J Food Prot. 2023;86(12):100184.
https://doi.org/10.1016/j.jfp.2023.100184 PMID: 37865163

4. Geueke B, Groh K, Muncke J. Food packaging in the circular
economy: overview of chemical safety aspects for commonly
used materials. ) Clean Prod. 2018;193:491-505. https://doi.
org/10.1016/j.jclepro.2018.05.005

5. DanglL, Van Damme EJM. Toxic proteins in plants.
Phytochemistry. 2015;117:51-64. https://doi.org/10.1016/j.
phytochem.2015.05.020 PMID: 26057229

6. European Food Safety Authority (EFSA)Carrasco Cabrera
L, Di Piazza G, Dujardin B, Medina Pastor P. The 2021
European Union report on pesticide residues in food. EFSA J.
2023;21(4):€07939. PMID: 37122284

7. European Commission. Commission Regulation (EU) 2023/915
of 25 April 2023 on maximum levels for certain contaminants
in food and repealing Regulation (EC) No 1881/2006. Official
Journal of the European Union. Luxembourg: Publications
Office of the European Union. 5.5.2023: L 119. Available from:
http://data.europa.eu/eli/reg/2023/915/2025-01-01

8. European Commission. Regulation (EC) No 396/2005 of
the European Parliament and of the Council of 23 February
2005 on maximum residue levels of pesticides in or on food
and feed of plant and animal origin and amending Council
Directive 91/414/EEC. Official Journal of the European Union.
Luxembourg: Publications Office of the European Union.
16.3.2005: L 70. Available from: http://data.europa.eu/eli/
reg/2005/396/0j

www.eurosurveillance.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

European Food Safety Authority (EFSA). Food additives. Parma:
EFSA: 16 Feb 2026. Available from: https://www.efsa.europa.
eu/en/topics/topic/food-additives

European Commission. Regulation (EC) No 1333/2008 of the
European Parliament and of the Council of 16 December 2008
on food additives. Official Journal of the European Union.
Luxembourg: Publications Office of the European Union.
31.12.2008: L 354. Available from: https://eur-lex.europa.eu/
legal-content/EN/TXT/?uri=CELEX:32008R1333#d1e32-31-2

European Commission. Commission Regulation (EU) No
231/2012 of 9 March 2012 laying down specifications for
food additives listed in Annexes Il and Il to Regulation

(EC) No 1333/2008 of the European Parliament and of the
Council. Official Journal of the European Union. Luxembourg:
Publications Office of the European Union. 22.3.2012: L: 83.
Available from: https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=CELEX:32012R0231

Eskola M, Elliott CT, Hajslova J, Steiner D, Krska R. Towards a
dietary-exposome assessment of chemicals in food: An update
on the chronic health risks for the European consumer. Crit Rev
Food Sci Nutr. 2020;60(11):1890-911. https://doi.org/10.1080/
10408398.2019.1612320 PMID: 31094210

World Health Organization (WHO). Manual for investigating
suspected outbreaks of illnesses of possible chemical
etiology: guidance for investigation and control. Geneva: WHO;
2021. Available from: https://iris.who.int/bitstream/hand
le/10665/342818/9789240021754-eng.pdf?sequence=1

European Court of Auditors (ECA). Special Report 2/2019:
Chemical hazards in our food: EU food safety policy protects
us but faces challenges. Luxembourg: ECA; 2019. Available
from: https://op.europa.eu/webpub/eca/special-reports/food-
safety-2-2019/en/index.html

European Food Safety Authority (EFSA)Amore G, Boelaert

F, Gibin D, Papanikolaou A, Rizzi V, et al. Zoonoses and
foodborne outbreaks guidance for reporting 2021 data. EFSA
Support Publ. 2022;19(1):EN-7131.

Ministry for Foreign Affairs of Finland (UM) and Finnish
National Agency for Education (EDUFI). School meals for
all. Helsinki: UM and EDUFI; Jun 2019. Available from:
https://um.fi/documents/35732/0/UM_CaseStudyFinland_
SchoolFeeding_June2019_NETTIl.pdf/5ae41e39-deco-d8d1-
90by4-baaagab74350?7t=1562652112088

Finlex. Valtioneuvoston asetus elintarvikkeiden ja veden
vdlitykselld levidvien epidemioiden selvittamisesta.
[Regulation on investigations of food- and waterborne
outbreaks]. Finlex. Helsinki: Finlex. 23.12.2011: 1365/2011.
Finnish. Available from: https://www.finlex.fi/fi/laki/
alkup/2011/20111365

European Commission. Commission Regulation (EU) No.
2016/683 of 2 May 2016 amending Annex Il to Regulation (EC)
No 1333/2008 of the European Parliament and of the Council as
regards the use of propionic acid — propionates (E 280-283) in
tortillas. Official Journal of the European Union. Luxembourg:
Publications Office of the European Union. 3.5.2016: L 117.
Available from: https://eur-lex.europa.eu/legal-content/EN/
TXT/PDF/?uri=CELEX:32016R0683

National Center for Biotechnology Information (NCBI).
Propionic acid. Bethesda: NCBI; 7 Mar 2026. Available from:
https://pubchem.ncbi.nlm.nih.gov

Centers for Disease Control and Prevention (CDC). Outbreaks
of gastrointestinal illness of unknown etiology associated
with eating burritos--United States, October 1997-October
1998. MMWR Morb Mortal Wkly Rep. 1999;48(10):210-3. PMID:
10099022

Steinberg EB, Henderson A, Karpati A, Hoekstra M, Marano

N, Souza M, et al. Mysterious outbreaks of gastrointestinal
illness associated with burritos supplied through school

lunch programs. ] Food Prot. 2006;69(7):1690-8. https://doi.
0rg/10.4315/0362-028X-69.7.1690 PMID: 16865905

Centers for Disease Control and Prevention (CDC). Multiple
outbreaks of gastrointestinal illness among school children
associated with consumption of flour tortillas--Massachusetts,
2003-2004. MMWR Morb Mortal Wkly Rep. 2006;55(1):8-11.
PMID: 16410761

EFSA Panel on Food additives and Nutrient Sources added

to Food (ANS). Scientific Opinion on the re-evaluation of
propionic acid (E 280), sodium propionate (E 281), calcium
propionate (E 282) and potassium propionate (E 283) as food
additives. EFSA ). 2014;12(7):3779. https://doi.org/10.2903/j.
efsa.2014.3779

EFSA Panel on Additives and Products or Substances used

in Animal Feed (FEEDAP). Scientific Opinion on the safety
and efficacy of propionic acid, sodium propionate, calcium
propionate and ammonium propionate for all animal
species. EFSA ). 2011;9(12):2446. https://doi.org/10.2903/j.
efsa.2011.2446

9

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2026.31.11.2600185&domain=pdf&date_stamp=2026-03-19

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Food and Drug Administration (FDA). Code of Federal
Regulations, Title 21. § 184.1221. Calcium propionate. FDA:
Silver Spring; 10 Mar 2026. Available from: https://www.
ecfr.gov/current/title-21/chapter-1/subchapter-B/part-184/
subpart-B/section-184.1221

Jacks A, Toikkanen S, Pihlajasaari A, Johansson T, Hakkinen
M, Hemminki K, et al. Raw grated beetroot linked to several
outbreaks of sudden-onset gastrointestinal illness, Finland
2010. Epidemiol Infect. 2013;141(8):1640-6. https://doi.
0rg/10.1017/50950268812002233 PMID: 23068603

Nerin C, Aznar M, Carrizo D. Food contamination during food
process. Trends Food Sci Technol. 2016;48:63-8. https://doi.
org/10.1016/j.tifs.2015.12.004

Bennett SD, Walsh KA, Gould LH. Foodborne disease outbreaks
caused by Bacillus cereus, Clostridium perfringens, and
Staphylococcus aureus--United States, 1998-2008. Clin Infect
Dis. 2013;57(3):425-33. https://doi.org/10.1093/cid/cit244
PMID: 23592829

Ehling-Schulz M, Fricker M, Scherer S. Bacillus cereus, the
causative agent of an emetic type of food-borne illness. Mol
Nutr Food Res. 2004;48(7):479-87. https://doi.org/10.1002/
mnfr.200400055 PMID: 15538709

Lebelo K, Malebo N, Mochane MJ, Masinde M. Chemical
contamination pathways and the food safety implications
along the various stages of food production: a review. Int
J Environ Res Public Health. 2021;18(11):5795. https://doi.
org/10.3390/ijerph18115795 PMID: 34071295

Lupcho T, Harrist A, Van Houten C. Gastrointestinal illness
associated with rancid tortilla chips at a correctional
facility - Wyoming, 2015. MMWR Morb Mortal Wkly Rep.
2016;65(42):1170-3. https://doi.org/10.15585/mmwr.
mmés42a4 PMID: 27787491

Bhat RV, Vemula SR, Pokkunuri Y, Siddula G, Purnachandra
GK. Foodborne disease outbreak due to consumption of rancid
biscuits. ) Toxicol Clin Toxicol. 1995;33(3):219-22. https://doi.
0rg/10.3109/15563659509017987 PMID: 7760445
McClements DJ, Decker EA. Lipids. In: Damodaran S, Parkin

KL (editors). Fennema’s Food Chemistry. Boca Raton: Taylor

& Francis Group; 2017. p. 171-234. Available from: https://
www.taylorfrancis.com/books/edit/10.1201/9781315372914/
fennema-food-chemistry-srinivasan-damodaran-kirk-parkin

Jacobson MF, DePorter J. Self-reported adverse reactions
associated with mycoprotein (Quorn-brand) containing foods.
Ann Allergy Asthma Immunol. 2018;120(6):626-30. https://doi.
org/10.1016/j.anai.2018.03.020 PMID: 29567357

Watier-Grillot S, Larréché S, Mazuet C, Baudouin F, Feraudet-
Tarisse C, Holterbach L, et al. From foodborne disease
outbreak (FBDO) to investigation: the plant toxin trap, Brittany,
France, 2018. Toxins (Basel). 2023;15(7):457. https://doi.
org/10.3390/toxins15070457 PMID: 37505726

Rodhouse )JC, Haugh CA, Roberts D, Gilbert RJ. Red kidney bean
poisoning in the UK: an analysis of 50 suspected incidents
between 1976 and 1989. Epidemiol Infect. 1990;105(3):485-91.
https://doi.org/10.1017/5095026880004810X PMID: 2249712

Hammer GP, du Prel B, Blettner M. Avoiding bias in
observational studies: part 8 in a series of articles on
evaluation of scientific publications. Dtsch Arztebl Int.
2009;106(41):664-8. PMID: 19946431

License, supplementary material and copyright

This is an open-access article distributed under the terms of
the Creative Commons Attribution (CC BY 4.0) Licence. You
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence and indicate
if changes were made.

Any supplementary material referenced in the article can be
found in the online version.

This article is copyright of the authors or their affiliated in-
stitutions, 2026.

10

www.eurosurveillance.org

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2026.31.11.2600185&domain=pdf&date_stamp=2026-03-19

