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Epidemiological investigations of outbreaks of hepati-
tis A virus (HAV) and norovirus (NoV) infections in the 
European Union/European Economic Area (EU/EEA) in 
the last five years have highlighted frozen berries as 
a vehicle of infection. Given the increasing berry con-
sumption in the EU over the last decades, we under-
took a review of the existing evidence to assess the 
potential scale of threat associated with this product. 
We searched the literature and four restricted-access 
online platforms for outbreak/contamination events 
associated with consumption of frozen berries. We 
performed an evaluation of the sources to identify 
areas for improvement. The review revealed 32 inde-
pendent events (i.e. outbreak, food contamination) in 
the period 1983–2013, of which 26 were reported after 
2004. The identified pathogens were NoV, HAV and 
Shigella sonnei. NoV was the most common and impli-
cated in 27 events with over 15,000 cases reported. A 
capture–recapture analysis was performed including 
three overlapping sources for the period 2005–2013. 
The study estimated that the event-ascertainment was 
62%. Consumption of frozen berries is associated with 
increasing reports of NoV and HAV outbreaks and con-
tamination events, particularly after 2003. A review of 
the risks associated with this product is required to 
inform future prevention strategies. Better integration 
of the available communication platforms and data-
bases should be sought at EU/EEA level to improve 
monitoring, prevention and control of food-borne-
related events.

Introduction
In the past few years, several European Union/
European Economic Area (EU/EEA) countries reported 
food-borne outbreaks and clusters of hepatitis A virus 
(HAV) and norovirus (NoV) infections. Analytical epide-
miological studies conducted as part of the outbreak 
investigations identified frozen berries as the main 

vehicle of infection in several of them [1,2]. In these 
outbreaks, molecular typing of the isolated viral strains 
was pivotal in identifying a multinational dimension. 
Preliminary food trace back investigations revealed 
large scale distribution of these products in the EU/
EEA area, and pointed to producers in countries both 
inside and outside of the EU/EEA. In 2013, outbreaks 
affecting an unprecedented large number of people 
in a number of countries have occurred in the EU/EEA 
and beyond, highlighting the role of frozen berries as a 
vehicle of infection [3-5].

The 2006 European Commission (EC) report on the 
soft fruit processing sector notes that the EU berry 
consumption has experienced a 4.5 fold increase in 
volume from 1988 to 2005. The import into the EU of 
frozen berries has seen a particularly steep increase 
in the last decade; this was also due to the growth in 
popularity of fruit-based products like smoothies, ice 
creams and yogurts [6]. The most traded soft fruits are 
strawberries, blackberries, blueberries, currants and 
raspberries. The main producers of berries imported 
into the EU are China, Morocco and Serbia while, 
within the EU, two thirds of berries are produced in 
Poland [6-8]. A recent scientific opinion published by 
the European Food Safety Authority (EFSA) on the risk 
of contamination of berries [7] highlights that this food 
commodity often receives no or only minimal process-
ing. Berry production is labour-intensive and berries 
are often cultivated in small farms [6]. Contamination 
and cross-contamination via equipment, water (irriga-
tion and washing) and particularly via food handlers 
have been identified as the main risk factors.

This paper provides a historical overview on contamina-
tion of frozen berries and the related outbreaks in the 
EU/EEA, through an analysis of the scientific literature 
and of relevant EU-operated databases. In addition we 
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evaluated the different data sources to identify poten-
tial areas for improving outbreak monitoring at EU/EEA 
level.

Methods
In order to review the available evidence of outbreaks 
of HAV and NoV and/or other relevant food-borne dis-
eases associated with consumption of frozen berries, 
the scientific literature and relevant EU-based data-
bases were searched.

Literature review
A comprehensive literature search was conducted in 
PubMed and Embase on 25 October 2013, using key-
words and Medical Subject Heading (MESH) terms as 
described in the Box. No time, language or geographi-
cal limits were applied. Additional studies were identi-
fied through manual search of references and personal 

communications from experts in the EU/EEA Member 
States. Articles retrieved were screened by title/
abstract and full text and included if (i) an outbreak/
contamination event was reported; (ii) the vehicle of 
infection was identified to be frozen berries; (iii) at 
least one EU/EEA country was involved. All reports 
of outbreaks confined to non-EU/EEA countries were 
excluded. The same information obtained from notifi-
cations, were also extracted from included articles.

EU-based databases
Four relevant restricted-access online platforms exist 
at EU-level that collect information on contamination 
events and/or on human cases of diseases and out-
breaks, namely: Epidemic Intelligence System for Food 
and Waterborne Diseases and Zoonoses (EPIS FWD), 
ECDC Threat Tracking Tool (TTT), European Food Safety 
Authority (EFSA) database on human food-borne 

Box
Methodology for the selection of records in the literature to review food-borne events associated with frozen berries 
consumption, EU/EEA, 1983–2013

PubMed

#1 “Disease Outbreaks”[Mesh] OR outbreak*[tiab]

#2 Berries[tiab] OR berry[tiab] OR “Fragaria”[Mesh] OR fragaria*[tiab] OR strawberr*[tiab] OR raspberr*[tiab] OR blackberr*[tiab] 
OR “Blueberry Plant”[Mesh] OR blueberr*[tiab] OR “Punicaceae”[Mesh] OR pomegranate*[tiab] OR cranberr*[tiab] OR “Vaccinium 
macrocarpon”[Mesh] OR “Ribes”[Mesh] OR gooseberr*[tiab] OR ribes[tiab] OR “black currant”[tiab] OR “black currants”[tiab] OR 
“Sambucus”[Mesh]  OR sambucus[tiab] OR elderberr*[tiab] OR punicaceae[tiab] OR “Vaccinium vitis-idaea”[Mesh] OR “Vaccinium vitis 
idaea”[tiab] OR “lingon berry”[tiab] OR “lingon berries”[tiab] OR lingonberr*[tiab] OR ((juice[tiab] OR juices[tiab]) AND (fruit[tiab] OR 
fruits[tiab] OR “Fruit”[Mesh])) 

#3 “Hepatitis A”[Mesh] OR “Hepatitis A virus”[Mesh] OR “hav”[tiab] OR “hepatitis a”[tiab] OR “hepatitis type a”[tiab] OR 
“Salmonella”[Mesh] OR “Salmonella Infections”[Mesh] OR salmonella[tiab] OR salmonellosis[tiab] OR salmonelloses[tiab] OR 
“Typhoid Fever”[Mesh]OR typhoid[tiab] OR typhoids[tiab] OR “enteric fever”[tiab] OR “enteric fevers”[tiab] OR “Norovirus”[Mesh] 
OR norovirus[tiab] OR noroviruses[tiab] OR “Norwalk virus”[tiab] OR “norwalk viruses”[tiab] OR NoV[tiab] OR hNoV[tiab] OR 
“Caliciviridae”[Mesh] OR Caliciviridae[tiab] OR calicivirus[tiab] OR “Escherichia coli”[Mesh] OR “Escherichia coli”[tiab] OR “E 
coli”[tiab] OR “e.coli”[tiab] OR “e. coli”[tiab] OR “Chagas Disease”[Mesh] OR “Trypanosoma cruzi”[Mesh] OR chagas[tiab] OR 
“trypanosoma cruzi”[tiab] OR “Cyclosporiasis”[Mesh] OR “Cyclospora”[Mesh] OR cyclosporiasis[tiab] OR cyclosporiases[tiab] OR 
cyclospora[tiab] OR cyclosporas[tiab] OR “Foodborne Diseases”[Mesh] OR “Foodborne Disease”[tiab] OR “Foodborne Diseases”[tiab] 
OR “Food borne Diseases”[tiab] OR “Food borne Disease”[tiab] OR “Foodborne illness”[tiab] OR “Foodborne illnesses”[tiab] OR “Food 
borne illness”[tiab] OR “Food borne illnesses”[tiab])

#4 #1 AND #2 AND #3

Embase

#1 outbreak*:ab,ti

#2 ‘berry’/exp OR berry:ti,ab OR berries:ti,ab OR ‘strawberry’/exp OR fragaria*:ti,ab OR strawberr*:ti,ab OR ‘raspberry’/exp 
OR raspberr*:ti,ab OR ‘blueberry’/exp OR blueberry*:ti,ab OR ‘blackberry’/exp OR blackberr*:ti,ab OR ‘pomegranate’/exp OR 
pomegranate*:ti,ab OR punicaceae:ti,ab OR ‘cranberry’/exp OR cranberr*:ti,ab OR ‘Vaccinium macrocarpon’:ti,ab OR ‘gooseberry’/
exp OR ribes:ti,ab OR ‘black currant’:ti,ab OR ‘black currants’:ti,ab OR ‘Sambucus’/exp OR sambucus:ti,ab OR elderberr*:ti,ab OR 
‘lingonberry’/exp OR ‘lingon berry’:ti,ab  OR ‘lingon berries’:ti,ab  OR lingonberr*:ti,ab OR ‘Vaccinium vitis idaea’:ti,ab OR ‘fruit juice’/
exp OR ((fruit:ti,ab OR fruits:ti,ab) AND (juice:ti,ab OR juices:ti,ab))

#3 ‘hepatitis a’/exp OR ‘hepatitis a virus’/exp OR hav:ab,ti OR ‘hepatitis a’:ab,ti OR ‘hepatitis type a’:ab,ti OR ‘salmonella’/exp 
OR ‘salmonellosis’/exp OR salmonella:ab,ti OR salmonellosis:ab,ti OR salmonelloses:ab,ti OR typhoid:ab,ti OR typhoids:ab,ti OR 
‘enteric fever’:ab,ti OR ‘enteric fevers’:ab,ti OR ‘norovirus’/exp OR ‘norovirus infection’/exp OR norovirus:ab,ti OR noroviruses:ab,ti 
OR ‘norwalk virus’:ab,ti OR ‘norwalk viruses’:ab,ti OR nov:ab,ti OR hnov:ab,ti OR ‘calicivirus’/exp OR ‘calicivirus infection’/exp OR 
caliciviridae:ab,ti OR calicivirus:ab,ti OR ‘escherichia coli’/exp OR ‘escherichia coli infection’/exp OR ‘escherichia coli’:ab,ti OR ‘e 
coli’:ab,ti OR ‘e.coli’:ab,ti OR ‘e. coli’:ab,ti OR ‘chagas disease’/exp OR chagas:ab,ti OR ‘trypanosoma cruzi’/exp OR ‘trypanosoma 
cruzi’:ab,ti OR ‘cyclospora’/exp OR ‘cyclosporiasis’/exp OR cyclosporiasis:ab,ti OR cyclosporiases:ab,ti OR cyclospora:ab,ti OR 
cyclosporas:ab,ti OR ‘food poisoning’/exp OR ‘foodborne disease’:ab,ti OR ‘foodborne diseases’:ab,ti OR ‘food borne diseases’:ab,ti 
OR ‘food borne disease’:ab,ti OR ‘foodborne illness’:ab,ti OR ‘foodborne illnesses’:ab,ti OR ‘food borne illness’:ab,ti OR ‘food borne 
illnesses’:ab,ti

#4 #1 AND #2 AND #3
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outbreaks, Rapid Alert System for Food and Feed 
(RASFF). EFSA’s scientific reports and opinions pub-
lished on EFSA website were also consulted (Table 1).

The online platforms were searched by extracting all 
the notifications related to frozen berries involving 
at least one EU/EEA country (latest access date 31 
October 2013) using the built-in search options. From 
each notification identified, the following information 
was extracted if available: time (year/month), coun-
try/ies involved, type of berry, number of associated 
human cases, result of molecular investigation and 
country of origin of the foodstuff. RASFF notifications 
of border control or other routine food safety checks 
were included in the analysis even in the absence of 
evidence of associated human cases, and listed in the 
output table as pathogen contamination incidents. 

The Early Warning and Response System (EWRS) 
restricted platform of the EC was also searched, but 
not included in the analysis due to complete overlap 
with TTT and EPIS platforms.

Identification of independent events
We defined an event as: (i) notification of a food vehi-
cle contamination associated with one or more out-
breaks involving human cases; (ii) notification of a 

contamination of a food vehicle with no associated 
human cases (reported in Table 2 as a contamination 
incident). Once eligible entries were identified from 
the different sources, a manual record-linkage was 
performed based on the following variables: country 
reporting the outbreak; period (year, month); pathogen 
(species, genotype if available); vehicle (type of berry); 
reported cases. Each event identified can include 
one or more outbreaks and a cumulative number of 
reported cases.

A capture–recapture analysis [9] on three sources, 
namely the literature, RASFF, and EFSA database, was 
carried out for the period 2005 to 2013. The analysis 
was performed using three-source log-linear mod-
els, incorporating pairwise independencies in order 
to reduce possible bias. Multiple reports of the same 
event by any of the sources were treated as a single 
event in the analysis.

Results

Literature review
The literature search retrieved 273 articles: 131 from 
PubMed and 142 from Embase. After manual removal 
of duplicates and search for additional records, 171 
were screened for the title and abstract, and 34 were 

Table 1 
European Union-operated databases and their purposes, historical perspective on food-borne events associated with frozen 
berries consumption, 1983–2013

EU-level database Purpose

Epidemic Intelligence System for Food- and Waterborne 
Diseases and Zoonoses (EPIS FWD)

Communication platform of the ECDC for preliminary human health risk 
assessment of food and waterborne diseases, including notification of 
outbreaks and unusual increases of cases of disease at the national level. 
It was set up in 2010, and reporting is done on a voluntary basis [41].

ECDC Threat Tracking Tool (TTT)

ECDC database for epidemic intelligence purpose to keep track of events 
with potential public health impact at EU/EEA level. It was set up in 2005.
An ECDC epidemic intelligence team is responsible for capturing relevant 
events into the database.

European Food Safety Authority (EFSA) database on human 
food-borne outbreaks

Database of Member States’ annual reports on food-borne outbreaks in the 
EU/EEA. It was established in 2005, when reporting of food-borne outbreaks 
became mandatory in the EU/EEA. 

Rapid Alert System for Food and Feed (RASFF)

European Commission communication platform to share information about 
existing threats/alerts posed by a food (or feed) item which is still on the 
market (e.g. pathogen-contaminated food item). It was set up in 1979. 
Reporting of any information about a serious health risk from food or feed 
is mandatory for EU/EEA countries (http://ec.europa.eu/rasff and http://
ec.europa.eu/food/safety/rasff/index_en.htm).

ECDC: European Centre for Disease Prevention and Control; EEA: European Economic Area; EU: European Union.
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screened for the full text. Nineteen articles were 
included in the analysis (Figure 1).

Analysis of the reported events
The triangulation of the evidence collected from the 
various sources revealed 32 independent events, 
including 27 events with human cases reported, asso-
ciated with contaminated frozen berries and five con-
tamination incidents with no reported human cases. 
The identified pathogens were NoV, HAV and Shigella 
sonnei. The overall study period covered 30 years, from 
1983 to 2013, however, 26 of 32 reported events, were 
between 2005 and 2013. The findings are summarised 
in Table 2.

Frozen berry contamination with NoV was implicated 
in 27 events during the period from 1998 to 2013. Of 
these 27, four were detected during routine food safety 
control and not associated, according to the avail-
able evidence, with human cases. Three of these four 
events occurred in 2013 and resulted in border rejec-
tion of the food consignment or in product recall. The 
remaining 23 events were distributed over a 15-year 
period from 1998 to 2013, and caused almost 14,000 
reported human cases in 70 outbreaks in six EU coun-
tries, namely Denmark, Finland, France, Germany, the 

Netherlands and Sweden [2,10-19]. The frozen berries 
implicated as food vehicles in 23 of 27 of the reported 
outbreak events were frozen raspberries.

HAV contamination of frozen berries was first reported 
in an outbreak in 1983 in the United Kingdom [20], 
although there had been previous suggestions of asso-
ciations [21]. However, there have been no reports 
between then and 2012–2013 when two multinational 
outbreaks occurred. The first outbreak affected four 
Nordic countries and was associated with the con-
sumption of frozen strawberries; the second outbreak 
affected Italy and 12 additional EU/EEA countries and 
was associated with the consumption of frozen mixed 
berries [1,20,22-25]. The number of cases associated 
with these two events is estimated to be well above 
1,500.

Finally, a Shigella sonnei outbreak linked to frozen 
mixed berries was reported to have affected 21 people 
in Sweden in 1996.

Analysis of the information sources
When the sources of information were taken into con-
sideration, 12 out of 32 events were reported through 
RASFF only, five events were reported in the literature 

Figure 1
Flowchart showing the selection of records in the literature to review food-borne events associated with frozen berries 
consumption, EU/EEA, 1983–2013

EEA: European Economic Area; EU: European Union.

Embase
142 records

Records identified from 
database search (n=273)

Records after duplicates 
removed (n=164)

Title and abstract 
screening phase

Identification 
phase

Full text/reports 
screening phase

Data extraction phase

Records for title and abstract screening (n=171)

PubMed
131 records

Additional records 
identified through manual search 

(references and other sources)
(n=7)

Records selected for full text screening (n=34)

Records selected for data extraction (n=19) Records excluded (n=152)

  Non outbreak (n=101 records)
  Not related to frozen berries (n=42 records)
  Non EU/EEA (n=9 records)
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only, and five events were reported only through EFSA. 
Finally, 10 events were reported by more than one 
source, including three events notified in EPIS FWD in 
the period from 2010 to 2013. Twenty-one events were 
linked to at least one RASFF notification, encompass-
ing the three identified pathogens in the period from 
1996 to 2013.

The number of RASFF notifications linked to contami-
nated frozen berries has increased over time, as shown 
in Figure 2 below. Among the events reported, five were 
linked to more than one RASFF notification, and up to 
10 for one single multinational event (event number 27 
in Table 2). The cumulative number of RASFF notifica-
tions was 42.

The geographic distribution of events shows a specific 
pattern, with countries affected by outbreaks of NoV 
and/HAV associated with the consumption of contami-
nated frozen berries being reported predominantly in 
Nordic countries, and in particular Denmark, Sweden 
and Finland (Figure 3). The food trace-back activities 
have pointed to Serbia, Poland or China as the country 
of origin of the implicated berries in 19 of the events 
(Figure 4).

Frozen raspberries were the implicated food in 24 of 
the 32 events. For 23 of these 24 outbreaks, the iso-
lated pathogen was NoV. According to RASFF notifi-
cations, contaminated raspberries are produced in 
several different countries. However, frozen strawber-
ries produced in China were implicated in four of the 
five events associated with frozen strawberries.

Capture re-capture study
A capture–recapture analysis was performed includ-
ing literature, RASFF and EFSA in the period from 2005 
to 2013. These three independent sources identified 
a cumulative total of 26 unique events. The log-lin-
ear model used gave an estimate of 42 (95% confi-
dence interval: 20−64) independent events occurring 
in the period from 2005 to 2013. The completeness 
of reported independent events can be estimated at 
21.4% for the literature, 23.8% for the source in EFSA, 
and 42.9% for RASFF. The ascertainment of events, 
defined as reported outbreaks and contamination inci-
dents, can be estimated at 61.9% in the period from 
2005 to 2013.

Figure 2
Distribution of number of RASFF notifications for norovirus and hepatitis A virus contamination in frozen berries, by year 
and implicated pathogen, EU/EEA, 1996–2013 (n=42)

HAV: hepatitis A virus; NoV: norovirus; RASFF: Rapid Alert System for Food and Feed.
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Discussion
We reviewed contamination events of food-borne path-
ogens in frozen berries. The review combined differ-
ent sources such as scientific literature and restricted 
access EU platforms. With the exclusion of one event 
associated with contamination with Shigella sonnei, 
events were due to contamination with NoV (27 events) 
and HAV (four events).

We identified 32 contamination events in a 30-year 
period, of which 26 occurred after 2004. This rise in 
number of reported outbreaks of NoV and HAV associ-
ated with consumption of frozen berries could be due 
to several concomitant factors. Increased likelihood 
of reporting over time and development of appropri-
ate online platforms need to be considered alongside 
possible boosted interest in the scientific community. 
Technical developments in the detection of pathogens 
in food have resulted in the identification of implicated 
food vehicles with an increased accuracy over time 

[26-29]. The evolving molecular typing techniques have 
allowed matching food and human isolates and the 
identification of large multinational outbreaks shar-
ing a common source [1,2,23]. The increase of RASFF 
notifications for contaminated frozen berries provides 
additional evidence on the rise in large contamina-
tion events. In 2013, several RASFF notifications were 
linked to a large multinational HAV outbreak associ-
ated with mixed frozen berry consumption in Italy and 
12 additional EU/EEA countries [23-25]. This indicates 
the extensive environmental and trace back investiga-
tions performed by the affected countries when experi-
encing a large food-borne outbreak.

Liberalisation of markets and increased consump-
tion of ‘healthy’ and raw food, such as berries, has 
increased the production and subsequently the risk of 
exposure to NoV and HAV for the EU population [6]. In 
2013, three RASFF notifications for NoV contaminated 
berries were issued following border or other routine 

Figure 3
Distribution of number of eventsa by country of occurrence, EU/EEA, 1983–2013 (n=32 events)

EEA: European Economic Area; EU: European Union.
a	 One event may be associated with more than one country of occurrence (see Table 2).
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food safety controls. This might have been related to 
the EU regulation [30] issued by the EC in 2012 to inten-
sify the level of official controls on imports of specific 
food items of non-animal origin, including checks for 
NoV and HAV in strawberries from China.

Our review highlights the higher frequency of NoV out-
breaks compared with HAV in the EU/EEA in the past 
decades. Although the two viruses share some com-
mon features, such as low dose infectivity and ability 
for long survival in the environment, HAV appears to be 
associated with a lower number of reported cases. This 
may be due in part to prevalence of individuals with 
long-lasting immunity after infection or vaccination, 
a high proportion of asymptomatic HAV infections or, 
alternatively, to challenging recognition of outbreaks 
and their association with a particular food item due 
to the long HAV incubation period and recall bias [31].

Our review identified one single event associated with 
Shigella in 1996. Although this does not appear to be 
a common health risk associated with the consump-
tion of frozen berries, prevention and control measures 
should also include this pathogen.

There were some limitations in our study approach. 
We did not perform a systematic review of the avail-
able evidence. Hence some records may have not been 
retrieved. The manual record-linkage based on multi-
ple variables may have resulted in imprecise estimates 
of the number of independent events reported in the 
study period. In addition, the number of human cases 
associated with each event may be affected by consid-
erable under-reporting, typical of self-limiting gastroin-
testinal diseases and of asymptomatic manifestation 
of disease.

Figure 4
Distribution of number of events in EU/EEA, by place of origin of the implicated berries, 1996–2013 (n=32 eventsa)

EEA: European Economic Area; EU: European Union.
a Ten events missing information on the place of origin of the implicated berries.
Data source: European Food Safety Authority (EFSA); Epidemic Intelligence System (EPIS); Literature review; Rapid Alert System for Food and 

Feed (RASFF); Threat Tracking Tool (TTT).
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The different periods during which the sources have 
been operating and the different reporting practices 
may have impacted on the information retrieval, espe-
cially in the earlier decades. Comparison was also 
limited, as some of the EU-based platforms were intro-
duced from 2005 onwards. Moreover, while report-
ing to the RASFF or EFSA database is mandatory for 
EU Member States, this is not the case for the other 
sources included in the analysis, resulting in report-
ing or publication bias. A more in-depth analysis of the 
grey literature such as national public health institutes 
reports, may have allowed more events to be retrieved, 
including a larger fraction of outbreaks with a national 
dimension, particularly from earlier years covered by 
our review.

As shown in the capture–recapture study, as many 
as 38% (16/42) of the estimated independent events, 
which occurred during the period 2005–2013, were 
not reported by any of the study sources. Although 
the accuracy of the capture-recapture study relies on 
an assumption of independence between the differ-
ent sources, as well as on the correct identification of 
independent events, it suggests an appreciable level 
of incompleteness. The reasons why the investigated 
data sources were incomplete could not be disclosed 
by the present study, and was not one of the study 
objectives. Food-borne outbreak reporting systems at 
the national level are not harmonised among EU/EEA 
countries. The differences in the number and type of 
reported outbreaks may indicate differences in the 
sensitivity of the national systems in identifying and 
investigating food-borne outbreaks. These differences 
may not necessarily reflect the level of food safety in 
Member States.

The findings from this review are in line with two recent 
publications from EFSA [7,32]. EFSA developed an ad 
hoc model to identify and rank specific food/patho-
gen combinations most often linked to human cases 
originating from food of non-animal origin (FoNAO) in 
the EU, using seven criteria: strength of associations 
between food and pathogen, incidence of illness, 
burden of disease, dose-response relationship, con-
sumption, prevalence of contamination and pathogen 
growth potential during shelf-life [32]. The assessment 
is based on the analyses of EU food-borne outbreaks 
reported to EFSA and associated with FoNAO in 2007–
2011. The highest number of food-borne outbreaks was 
reported for the combination of NoV and raspberries. 
According to the model, NoV and raspberries ranked 
fourth among top groups of food/pathogen combina-
tions. NoV and other berries ranked fifth. The model, 
however, does not distinguish between fresh and fro-
zen berries. The resulting EFSA’s Biological Hazards 
Panel (BIOHAZ) opinion [7] focused on noroviruses in 
frozen berries, and specifically assessed risk factors 
in the production chain and proposes adequate mitiga-
tion measures. If properly implemented, many of these 
measures are likely to have a positive impact on pre-
vention of HAV contamination. However, the best and 

simplest preventive measure at the farm level seems to 
be hand washing after using the toilet [33].

The route by which fresh and frozen berries become 
contaminated is not fully understood. The three path-
ogens causing the outbreaks are likely to come from 
human sources. Manually picked fruits such as soft 
berries are at great risk of viral contamination if the 
quality of farming practices, e.g. worker hygiene during 
farming and harvesting, is insufficient. Contamination 
may also derive from poor quality irrigation water and 
spraying of berry crops [3,7,17,34]. Frozen as compared 
with fresh berries, may lead to larger scale contamina-
tion due to processing routines such as mixing batches 
of different origin during freezing and before packag-
ing. As contamination of raspberries with different 
NoV genotypes has been documented, large batches 
of product for export may come from different farms 
[2,3,14,17]. The consequently uneven distribution of 
contaminated berries may result in poor detection of 
viruses in food samples undergoing routine food safety 
checks. The detection of these viruses in contaminated 
food vehicles is further hampered by the absence of a 
robust, quantitative method for sampling, concentra-
tion and analysis, the low levels of contamination and 
the effect of inhibitory materials for RT-PCR detection 
[3,26,27,35-37]. These factors may have impacted on 
the capacity to identify, and subsequently report, out-
breaks or contamination events involving frozen ber-
ries, particularly in the earlier decades of the study 
period.

Although the size of berry farms varies broadly across 
the EU, small-scale farming is common. Together with 
wild-picked berries, berries from these farms have 
been considered to be more vulnerable for HAV and 
NoV contamination. Nevertheless, there is no evidence 
of association between farm size and risk of contami-
nation. In addition, small-scale production, as well as 
inadequate labelling of the site of production, impacts 
the traceability of batches from wholesalers to the 
farm level [3,38].

According to several studies, decontamination of ber-
ries proves difficult as the ability to survive of enteric 
viruses on frozen berries is quite long, with marginal 
reduction of the infectivity even after several months 
of storage [39,40]. Considering the long shelf-life and 
the wide distribution of these products, contaminated 
batches may result in a long-term source of outbreaks 
of a national or multinational size. In consideration 
of this, and due to repeated NoV and HAV outbreaks 
related to frozen berries, some countries have imple-
mented risk communication interventions and recom-
mended to heat-treat frozen berries before use, for one 
to three minutes [3].

We presented evidence for an increasing number of 
outbreaks of HAV and NoV associated with the con-
sumption of frozen berries reported in the EU/EEA, pre-
dominately in the past 10 years. In consideration of the 
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increasing consumption of berries in the EU/EEA [6], 
and such an emerging public health risk [7], a review 
of the risks for NoV and HAV contaminations associ-
ated with farming, picking, processing and distribution 
of fresh and frozen berries is needed. In particular, 
such a risk assessment would provide the necessary 
evidence to assess the adequateness of existing food 
safety regulations on the production and handling of 
berries to ensure safe products are on the market (and 
trade) with respect to contamination with NoV and HAV. 
From a public health perspective, risk communication 
messages such as heat-treating frozen berries before 
consumption should be re-iterated. Recommendations 
for HAV vaccination for habitual consumers of frozen 
berries may also be considered, especially for high-risk 
individuals.

In addition, to enhance the detection, control and inves-
tigation of outbreaks due to contaminated berries, and 
to support the assessment of the health risks, a better 
integration of the available communication platforms 
and databases should be sought at EU/EEA level to 
improve coordinated data collection and reporting.
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