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based grading system. This study compared routine inspection results of KEYWORDS

outbreak and nonoutbreak establishments in restaurants and institutional official food control; food
catering to investigate whether certain inspection results were associated safety grading system;
with the occurrence of foodborne outbreaks. Also a more specific sample foodborne outbreaks; food
of outbreak establishments was defined using strength of evidence regis- inspection; food hygiene
tered for each outbreak. Grade distributions of specific inspected items

were compared separately. No significant differences were seen in restau-

rants but in institutional catering significantly poorer inspection results (p

< 0.05) were detected in items concerning the order and cleanliness of

facilities, surfaces and equipment in outbreak establishments. Effective

correction of noncompliances in cleanliness of the food handling environ-

ment and equipment and constant maintenance of a favourable situation

is essential in ensuring a high level of consumer safety in food service.

Introduction

Protection of human health is a fundamental objective of food safety legislation (European
Communities 2002). Official controls are carried out to verify compliance with the requirements
set out in food law (European Union 2017). Associations between routine inspection results and
occurrence of foodborne outbreaks have been studied in a few studies with mixed results. Poor
inspection scores, poorer food hygiene rating of the premises and detection of specific violations
have been associated with increased risk of foodborne outbreaks in restaurants (Irwin et al. 1989;
Petran et al. 2012; Fleetwood et al. 2019), whereas in other studies overall rating or mean scores did
not predict outbreaks (Cruz et al. 2001; Jones et al. 2004). The predictive value of routine inspection
results within restaurant chains affected by single outbreaks has also varied (Patel et al. 2010; Lee
and Hedberg 2016; Firestone et al. 2020).

In Finland, municipal food control authorities take care of food control in restaurants and
other food service based on their annual control plans (Food act 2021). The Finnish food safety
grading system Oiva was implemented in food service in May 2013. In the Oiva system, food
inspectors use inspection forms that include items to be inspected based on food legislation. The
evaluation of each item is based on legal requirements and is performed using evaluation
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guidelines. All items are inspected at least once during a period of 3 years. Each inspected item is
graded using a 4-point scale of ‘Excellent’, ‘Good’, ‘To be corrected’ and ‘Poor‘. The highest
grading ‘Excellent’ indicates that the inspected item is in compliance with food safety regula-
tions. The grade ‘Good‘ indicates small noncompliances that do not impair food safety or
mislead the consumer. The grade ‘“To be corrected® means that the inspector has detected
a noncompliance that impairs food safety or misleads the consumer. Consumers can be misled,
for example, due to incorrect information provided on foods. The lowest grade ‘Poor‘ means that
the inspector has detected an issue that jeopardises food safety or considerably misleads the
consumer. Grades can be lowered if noncompliances detected earlier have not been corrected.
The final result of an inspection is determined according to the worst item-specific grade among
inspected items. Inspection reports are submitted to a national database maintained by the
Finnish Food Authority and the system creates a public summary report that must be disclosed
by the food business operator in the vicinity of the entrance and on the website (Evira 2016).
Public disclosure of restaurant inspection results in Finland have been shown to affect con-
sumers" risk perceptions and behavioural intentions (Vainio et al. 2020).

The Oiva system covers routine inspections based on the control plans of municipal food control
authorities and re-inspections. A re-inspection follows inspections with “T'o be corrected® or ‘Poor
results (Evira 2016). The results of inspections differ between restaurants and institutional catering
in Finland and the rate of compliance with statutory requirements is at a higher level in institutional
catering (Finnish Food Authority 2020). It is not known whether associations between routine
inspection results and the occurrence of foodborne outbreaks are different in restaurants compared
with institutional catering.The category ‘institutional catering® includes central kitchens, industrial
kitchens, catering and kitchens that prepare precooked food products for sale.

Municipal outbreak investigation groups are responsible for the investigation of suspected
foodborne outbreaks in their area. The local outbreak investigation groups notify the National
Institute for Health and Welfare (THL) where an outbreak is suspected and submit an investiga-
tion report to the Finnish Food Authority once the investigation is finished (Government decree
2011). Notifications of suspected outbreaks and investigation reports are submitted using an
electronic reporting system and the data is stored in the National Foodborne Outbreaks
Register. The Finnish Food Authority together with the THL evaluates each final investigation
report, and confirmed foodborne outbreaks are further classified based on strength of evidence.
Strength of evidence is registered as ‘strong evidence® (A), ‘probable evidence® (B), ‘possible
evidence® (C) or ‘not clear evidence® (D) based on descriptive and analytical epidemiological
evidence, results of laboratory analyses (detection of causative agent) and possible contributory
factors (Pihlajasaari et al. 2019). Assessment of strength of evidence of confirmed foodborne
outbreaks has not been investigated in studies that compared inspection results of outbreak and
nonoutbreak restaurants (Irwin et al. 1989; Cruz et al. 2001; Jones et al. 2004; Petran et al. 2012;
Fleetwood et al. 2019).

Based on the National Foodborne Outbreaks Register, a total of 467 foodborne outbreaks were
registered in Finland in 2010-2019. The most commonly recognised place of exposure in confirmed
foodborne outbreaks was food service. In 2010-2019, the place of exposure was registered as
‘Restaurant, café, pub, bar, hotel or catering service‘ or ‘Canteen or workplace catering’ in 62%
(n=290) of confirmed outbreaks.

The aim of this study was to investigate whether some routine inspection results are associated
with the occurrence of foodborne outbreaks in restaurants and institutional catering. The hypoth-
esis was that poorer inspection results in specific items would be associated with elevated risk of
foodborne outbreaks. The strength of evidence registered for each outbreak was used to evaluate
confidence in the outcome that a particular food service establishment was associated with an
outbreak.
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Materials and methods
Outbreak investigation data and food service establishment inspection reports

Data from the National Foodborne Outbreaks Register was used to investigate foodborne outbreaks
reported in Finland in 2015-2018. Data was provided by the Finnish Food Authority. A total of 143
outbreaks were associated with restaurants and institutional catering establishments that were
under regular official control by municipal food control authorities (Table 1). In seven outbreaks,
two restaurants or institutional catering establishments were linked to the same outbreak and
possibly contributed to the onset of the outbreak. Therefore, a total of 150 restaurants and
institutional catering establishments (henceforth outbreak establishments) linked to the outbreaks
were selected as cases for the study. Since some of the establishments were associated with more
than one outbreak, the 150 outbreak establishments represented in total 136 separate establishment
locations.

To increase the specificity of outbreak data, another sample of outbreaks was defined by selecting
only outbreaks with strength of evidence registered as A, B or C (n = 89). This sample included 94
outbreak establishments that were associated with 89 outbreaks and represented 87 separate
establishment locations.

Inspection reports of restaurants and institutional catering establishments inspected according
to the Oiva system in Finland in May 2013-December 2018 were requested from the Finnish Food
Authority. We identified outbreak establishments in the data and selected the most recent routine
inspection prior to the outbreak conducted on each of them. Inspections that were conducted more
than 24 months before the outbreak (n =9) were not included and 20 outbreak establishments did
not have a routine inspection preceding the outbreak during May 2013 - December 2018.
A preceding routine inspection could be lacking because the facility and/or the operator was new,
or the latest inspection had been conducted before May 2013. Consequently, routine inspections
were available for 121 outbreak establishments (Table 2). Median time between inspections and
following outbreaks was 7.7 months. The most often recognized causative agent in outbreaks
associated with the 121 outbreak establishments was norovirus (Table 3).

Food service establishments other than outbreak establishments were selected as controls of the
study. One routine inspection per each control establishment inspected at least once during
May 2013 — December 2018 was selected randomly for analyses (Table 2).

Analysis

Results of the latest routine inspection before the outbreak in outbreak establishments were com-
pared with results of one randomly selected routine inspection in each control establishment.
Distributions of Oiva grades were studied separately for each Oiva item. Statistical analyses were
conducted using IBM SPSS Statistics for Windows, version 25.0. Significances of differences in the

Table 1. Place of exposure of foodborne outbreaks associated with restaurants and institutional catering in Finland in 2015-2018.

Number of
Place of exposure® outbreaks
The registered place of exposure referred to an identified restaurant or institutional catering establishment 118
that was under regular official control by the municipal food control authority.
The place of exposure was not a restaurant or institutional catering establishment (but for example 25

a school or nursing home).
Food vehicle originated from a restaurant or institutional catering establishment under regular official
control by the municipal food control authority and
utbreak investigation data suggested that the outbreak was associated with a restaurant or institutional
catering establishment or some stage preceding it rather than to any factor after the food had left the
restaurant or institutional catering establishment.
Total 143

“Refers to the place where the food had been eaten.
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Table 2. Number of outbreak and control establishments involved in analyses and ratio of outbreak establishments to control
establishments according to type of establishment.

Ratio of all outbreak establishments® to

Outbreak establishments® control establishments®
Type of Outbreaks with strength of Control
establishment  All evidence from A to C° establishments®
Restaurants® 87 51 12 885 6.8/1 000
Institutional 34 23 15787 2.2/1 000
catering®
Total 121 74 28 672 4.2/1 000

®Outbreak establishments with at least one routine inspection within 24 months before outbreak between May 2013-December
2018.

PControl establishments with at least one routine inspection between May 2013-December 2018.

“Outbreak establishments associated to outbreaks with strength of evidence registered as A, B or C.

9Does not include cafes, pubs or grill and fast food establishments.

€Includes central kitchens, industrial kitchens, kitchens that prepare precooked food products for service and catering.

Table 3. Causative agents in outbreaks associated with
outbreak establishments®.

Causative agent Number of outbreaks
Unknown 61
Norovirus 38
Bacillus cereus 6
Campylobacter 4
Clostridium perfringens 4
Salmonella 3
Yersinia enterocolitica 2
Cryptosporidium 1
Listeria monocytogenes 1
Sodium nitrate 1

Total 121

@Outbreak establishments with at least one routine inspec-
tion within 24 months before outbreak between
May 2013-December 2018.

distribution of different grades between outbreak establishments and control establishments were
analysed using Pearson‘s Chi-squared exact test and Fisher's exact test. The chi-squared test was used
provided that the expected frequency was less than five in a maximum of 20% of the cells in the
crosstab and not below one in any of the cells. Since the proportion of the grade ‘Poor* was very small
in both case and control groups, the grades “To be corrected’ and ‘Poor were combined when using
the chi-squared test. If the requirements set for the use of the chi-squared test were not met, we used
Fisher's exact test with all grades separately. P-values < 0.05 were considered statistically significant.

Results

Inspection results of institutional catering showed differences in grade distributions between
outbreak establishments associated with outbreaks with A, B or C as strength of evidence and
control establishments (Table 4). Differences were significant in the item ‘General order and
cleanliness of facilities* in which the proportion of the grade ‘Excellent’ was smaller and the
proportions of both the grades ‘Good‘ and ‘To be corrected® were correspondingly larger in
outbreak establishments (p=0.03). A larger proportion of the grades ‘Good’ and ‘To be
corrected” was also seen in outbreak establishments in the case of the item ‘Management of
shelf-life and sale period of products in serving of foods‘ (p =0.05). In the cases of the items
‘Working utensils, fixtures and equipment’, ‘Cleanliness of working utensils and equipment’,
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‘Verification of hygiene proficiency’ and ‘Condition of premises‘ the smaller proportion of the
grade ‘Excellent’ in outbreak establishments was accompanied by an increase in the proportion
of the grade ‘Good* (p=0.05, p=0.05, p=0.06 and p =0.08, respectively).

When inspection results of outbreak establishments associated with outbreaks with D as
strength of evidence were included in the analyses, the grades of the item ‘Cleanliness of working
utensils and equipment® were significantly poorer in outbreak establishments than in control
establishments in institutional catering (p = 0.04). Differences between grade distributions were
also seen in the item ‘General order and cleanliness of facilities® but the differences were not
significant (p =0.05).

In restaurants, no remarkable differences in any Oiva item were observed in grade distribution
between outbreak establishments associated with outbreaks with strength of evidence A, B or C and
control establishments (p = 0.10) (Table 5). When outbreaks with strength of evidence registered as
D were also considered, grading of the item ‘Sampling referred to in the own-check plan‘ was poorer
in outbreak restaurants (p = 0.08). At the same time, restaurant inspection results concerning the
items “‘Work clothes® and ‘Hand hygiene® were more favourable in outbreak establishments com-
pared to those of control establishments (p =0.05 and p = 0.06). The ratio of outbreak establish-
ments to control establishments was higher in restaurants than in institutional catering (Table 2).

Discussion

In institutional catering significant differences were seen in items that considered order and
cleanliness of facilities, surfaces and equipment. Differences were also observed in items concerning
adequacy and maintenance of facilities and equipment. These findings suggest that a well main-
tained and clean food handling environment is essential for the prevention of foodborne illness.
Differences in items related to facilities and equipment were mainly due to minor noncompliances
not considered to be a risk for food safety, indicating that even slight noncompliances in these items
might predispose to the occurrence of foodborne illness.

Inspection results of institutional catering have not been studied separately previously. However,
specific violations related to the food handling environment and equipment in restaurants have been
connected to the occurrence of foodborne outbreaks in general (Irwin et al. 1989; Petran et al. 2012) or
to cases of Salmonella outbreaks within restaurant chains (Patel et al. 2010; Firestone et al. 2020).
Other specific violations reported in previous studies include issues related to temperature manage-
ment in preparation and storage of food and hygienic work practices in restaurants (Irwin et al. 1989;
Petran et al. 2012). In our study inspection results of items concerning work practices of personnel or
food temperature management in the kitchen did not differ between outbreak and control establish-
ments in institutional catering. However, in the case of the item ‘Management of shelf-life and sale
period of products in serving of foods® the proportion of both the grades ‘Good‘ and “To be corrected'
was higher in outbreak establishments associated with outbreaks with at least moderate strength of
evidence than in control establishments in institutional catering. This item covers, for example, time
for displaying food for serving, temperatures during sale or displaying for serving, and temperature
records and possible corrective actions by the food business operator. Time and/or temperature abuse
in the storage of food has been identified as a common contributory factor in registered foodborne
outbreaks, especially in the case of causative agents like Clostridium perfringens and Bacillus cereus,
which pose a risk to human health especially as a consequence of the growth of bacteria in food (EFSA
and ECDC 2021).

Inspection results of institutional catering were also poorer in outbreak establishments in the item
‘Verification of hygiene proficiency*. The violations noticed in two outbreak establishments related to
verification of the existence of hygiene proficiency certificates of the personnel. Noncompliances
related to recordkeeping on one issue might indicate increased risk of failure in the management of
operations in the establishment more generally, with further risk of foodborne illness.
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Classification of outbreaks according to strength of evidence was used in this study to enhance
the accuracy of outbreak investigation data. When outbreak establishments associated with
outbreaks with the weakest evidence were rejected from the sample studied, more differences
in inspection results between outbreak and control establishments were seen in institutional
catering.

Differences between the inspection results of outbreak and control establishments were seen in
institutional catering but in restaurants the differences were fewer. Only inspection results con-
cerning sampling according to the own-check plan were poorer in restaurants with outbreaks than
those of control restaurants when strength of evidence was not considered. In two items inspection
results were more favourable in outbreak restaurants in the sample where outbreaks with any
strength of evidence were concerned. In institutional catering, persons eating the food often form
known cohortsfor example, school classes or customers at an elderly home, which might enhance
both the detection and investigation of outbreaks and further increase the correspondence between
registered outbreaks and all outbreaks that have actually occurred. In institutional catering, opera-
tion culture might also be more stable than in restaurants, and therefore conditions of the most
recent pre-outbreak inspection may better reflect the conditions under which the outbreak
occurred. These characteristics might have enhanced the detection of associations between inspec-
tion results and risk of foodborne outbreaks in institutional catering in our study.

The correction of noncompliances after an inspection may mean that violations detected during
the latest routine inspection before an outbreak are no longer present at the time of the outbreak.
A recent study comparing restaurant inspection results between consecutive inspections showed
that the item-specific grade ‘To be corrected® was corrected to either ‘Excellent’ or ‘Good‘ by the
next inspection in the majority of cases. The grade ‘Good‘ was not corrected to ‘Excellent’ equally
often (Kaskela et al. 2021). Correction of noncompliances as well as the possible emergence of new
noncompliances might have weakened the associations between item-specific grades on routine
inspections and foodborne outbreaks that follow in our study.

Factors predisposing to the occurrence of foodborne outbreaks may play different roles in
restaurants or institutional catering establishments with different types of operations. Factors that
increase the risk of foodborne outbreak may also vary between different causative agents, food
vehicles and transmission routes. When the food vehicle is a ready-to-eat product contaminated at
an earlier stage in the production chain, an outbreak may occur despite full compliance with food
safety regulations at the food service establishment. As a result, routine inspection results may have
a limited ability to predict foodborne outbreaks in general. Analysing outbreaks with specific
characteristics and association with certain type of restaurants or institutional catering establish-
ments separately, and using data of inspections conducted recently before the outbreak could
enhance the detection of associations between inspection results and risk of foodborne illness.

The risk of foodborne outbreaks with a specific food vehicle and causative agent has been studied
in restaurant chains affected by single Salmonella outbreaks. Relationships were observed between
violations on routine inspections and cases associated with the outbreak when the primary source of
the infection was contaminated raw material that had been served cooked (Patel et al. 2010) or
contaminated fresh produce (Firestone et al. 2020). In another outbreak linked to contaminated
fresh produce previous inspection results did not predict which chain restaurant locations would be
involved in the outbreak (Lee and Hedberg 2016). In our study, the rarity of registered outbreaks
with an identified causative agent and food vehicle prevented the separate investigation of specific
causative agent-food vehicle pairs.

The majority of outbreaks with an identified causative agent in our study were caused by
norovirus. In norovirus outbreaks, an infected food handler is a frequently reported contributory
factor (Pihlajasaari et al. 2019). Hygiene of work practices is documented in routine inspections, but
the ability of routine inspections to document factors associated with the presence of infected food
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handlers can be limited. This may impair the detection of association between inspection results
and the occurrence of foodborne outbreaks when a large proportion of outbreaks has been caused
by norovirus, as in our study.

Registered foodborne outbreaks can be considered a sample of all foodborne outbreaks that have
occurred and this sample cannot be regarded as fully representative. Outbreaks with different char-
acteristics and associations with different types of restaurants or institutional catering establishments
may have different probability to be detected and inspected. The ability of an outbreak investigation
group to collect data and achieve sufficient epidemiological evidence is also affected by the circum-
stances under which the outbreak and subsequent investigation occurs. For example, information on
the affected cohort or the availability of human and food samples can vary from outbreak to outbreak.
The possible over-representation of certain types of outbreaks in outbreak investigation data may limit
the opportunity to measure the impact of specific noncompliances on foodborne illness in general.
Moreover, outbreak investigation data does not cover sporadic cases of foodborne illness.

The higher ratio of outbreak establishments among restaurants than institutional catering might
point to a higher incidence of outbreaks in restaurants. The ratio is higher in restaurants despite the
possible more effective detection of outbreaks in institutional catering discussed above. At the same
time, results of inspections are poorer in restaurants than in institutional catering (Finnish Food
Authority 2020). These observations are consistent to the hypothesis of associations between poorer
inspection results and the occurrence of foodborne outbreaks.

In conclusion, our study showed differences in routine inspection results between outbreak and
control establishments mainly in institutional catering. Significant associations between poorer
inspection results and the occurrence of foodborne outbreaks were seen in institutional catering in
items concerning general order and cleanliness of facilities, surfaces and equipment. Food business
operators need to pay attention to the cleanliness of the food handling environment and equipment,
and official control effectively enforce compliance regarding these issues to ensure a high level of
consumer safety in food service.
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