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Surveillance and outbreak reports
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In May 2013, a European alert was issued regarding a 
hepatitis A virus (HAV) outbreak in Italy. In June 2013, 
HAV subgenotype IA with an identical sequence was 
identified in Ireland in three cases who had not trav-
elled to Italy. The investigation consisted of descriptive 
epidemiology, a case–control study, microbiologi-
cal testing of human and food specimens, molecular 
typing of positive specimens and food traceback. We 
identified 21 outbreak cases (14 confirmed primary 
cases) with symptom onset between 31 January and 11 
October 2013. For the case–control study, we recruited 
11 confirmed primary cases and 42 matched controls. 
Cases were more likely than controls to have eaten 
berry cheesecake (matched odds ratio (mOR): 12; 95% 
confidence interval (CI): 1.3–114), whole frozen berries 
(mOR: 9.5; 95% CI: 1.0–89), yoghurt containing fro-
zen berries (mOR: 6.6, 95% CI: 1.2–37) or raw celery 
(mOR: 4; 95% CI: 1.2–16). Among cases, 91% had con-
sumed at least one of four products containing frozen 
berries (mOR: 12; 95% CI: 1.5–94). Sixteen food sam-
ples tested were all negative for HAV. As products con-
taining frozen berries were implicated in the outbreak, 
the public were advised to heat-treat frozen berries 
before consumption.  

Background
Hepatitis A is a vaccine-preventable, self-limiting infec-
tion of the liver caused by hepatitis A virus (HAV). 
Infection in children is asymptomatic or associated 
with mild illness. In adults, the most common symp-
toms are fever, loss of appetite, nausea, fatigue and 

abdominal pain, followed within a few days by jaun-
dice. Clinical severity varies from a relatively mild ill-
ness lasting one to two weeks to a severely disabling 
illness lasting months [1]. Transmission is primarily 
by the faecal–oral route, including person-to-person 
spread and contaminated food or water. The aver-
age incubation period is 28 to 30 days (range: 15–50 
days), with maximum infectivity occurring during the 
latter half of the incubation period and for a few days 
after onset of jaundice [1]. In developed countries, HAV 
infection rates are low and decreasing. In the European 
Union, the overall incidence of HAV decreased from 
15.1 per 100,000 in 1996 to 3.9 per 100,000 in 2006, 
attributable to improved living and sanitary conditions 
[2]. In 2011, the incidence rate in Europe was 2.5 per 
100,000 [3]. However, a reduction in the circulation of 
HAV leads to an accumulation of susceptible individu-
als in a population and allows for outbreaks to occur 
[2]. Foodborne transmission of HAV has been associ-
ated with several outbreaks in recent years in Europe, 
Australia and the United States (US); the implicated 
foods included fish and seafood products, vegetables, 
juices, semi-dried tomatoes, berries [4] and pomegran-
ate seeds [5,6].

Since 1981, HAV infections have been notifiable in 
Ireland by clinicians. Since 2004, laboratories have 
also been required to notify. The incidence of HAV in 
Ireland has fallen substantially from a peak of 16 per 
100,000 population (564 cases) in 1989 to 0.7 per 
100,000 population (30 cases) in 2012 [7,8]. The HAV 



2 www.eurosurveillance.org

vaccine is not included in the Irish childhood immunisa-
tion programme. From 2004 (when outbreaks of infec-
tious diseases became notifiable) to the end of 2012, 
no foodborne outbreaks due to HAV were reported in 
Ireland. Before 2013, molecular investigation of HAV 
cases was not routinely available in Ireland.

In April 2013, a European alert was issued relating to 
an outbreak of HAV subgenotype IB in four Nordic coun-
tries [9]. Frozen berries were later found to be the likely 
vehicle of infection [10]. A second alert due to an out-
break of HAV subgenotype IA associated with travel to 
Italy was issued in May 2013 [11]. Between January and 
May 2013, 352 cases of HAV infection were notified in 
Italy corresponding to a 70% increase compared to the 
same period in 2012, and preliminary investigations 
indicated mixed frozen berries as the most likely vehi-
cle of infection [12]. Following these alerts, a decision 
was taken in Ireland to retrospectively and prospec-
tively genotype and sequence all available samples 
from serologically confirmed cases of HAV infection 
since the beginning of 2013. In June 2013, three HAV 
cases from Ireland were identified as subgenotype IA, 
a strain identical to the one occurring in the Italian 
outbreak (GenBank accession number: KF182323) [12]. 
None of the cases had a history of travel to Italy. An 
outbreak investigation commenced and a multidiscipli-
nary outbreak control team was established.

The objectives of our investigation were to describe the 
outbreak in order to determine its extent and to iden-
tify the vehicle and source in order to implement con-
trol measures.

Methods

Case definition
A confirmed outbreak case was defined as a person 
living in Ireland with a laboratory-confirmed (HAV IgM 
and HAV RNA PCR-positive) infection of HAV subgeno-
type IA with a sequence identified by GenBank acces-
sion number KF182323 and with onset of symptoms 
from 1 January 2013. Cases who had travelled to Italy 
were excluded. A possible case was the same as a con-
firmed case, except the genotype and sequence type 
were unknown and the person had not travelled out-
side Europe to a country of high endemicity.

A secondary case was defined as a confirmed or possi-
ble case with symptom onset two to seven weeks after 
close contact with a primary confirmed or possible 
case.

Case finding and descriptive epidemiology
Cases were identified using the mandatory notification 
system in conjunction with the genotyping and sequenc-
ing results reported by the National Virus Reference 
Laboratory (NVRL). We sent alerts to Departments of 
Public Health, general practitioners, hepatologists, 
emergency department physicians, infectious diseases 

consultants and microbiologists, informing them of the 
outbreak and reminding them to notify HAV cases.

Case–control study
Public health personnel undertook telephone inter-
views with the first 10 cases using a detailed trawling 
questionnaire which included questions on exposures 
previously associated with HAV infections. We gener-
ated hypotheses based on data obtained from the 
trawling questionnaires. Our resulting primary hypoth-
esis was that illness was associated with the consump-
tion of frozen berries. Other hypotheses were also 
considered, including illness being associated with 
the consumption of fresh berries, or specifically fresh 
blueberries.
We conducted a matched case–control study to test 
these hypotheses. Only confirmed primary cases were 
eligible. Controls were randomly selected using ran-
dom digit dialling of landline and mobile telephone 
numbers, matched on age (± 5 years), sex and county 
of residence. A market research company recruited the 
controls for the study according to an agreed protocol. 
Investigators from the Departments of Public Health 
and Health Protection Surveillance Centre (HPSC) 
interviewed study participants by telephone using a 
pre-tested questionnaire, which included questions on 
the consumption of fresh berries, frozen berries, vari-
ous frozen-berry products, pomegranate, salad items, 
shellfish and raw seafood, and details on the place of 
purchase and brands of these items. Cases were asked 
about their exposures in the seven weeks before onset 
of symptoms and controls were asked about their 
exposures in the same time period as their matched 
case. Controls were excluded if they were vaccinated 
against HAV, had previously been diagnosed with HAV 
(self-reported) or lived in the same household as an 
HAV case in 2013. Interviews were completed on three 
or four controls per case.

Data analysis
We described the distribution of cases notified on the 
national Computerised Infectious Diseases Reporting 
(CIDR) system for notifiable infectious diseases by 
time, place, person and case classification. We entered 
the questionnaire responses from the case–control 
study into an EpiData database (Epidata association, 
Denmark, version 3.1) and analysed them using Stata 
11.2 (Stata Corporation,Texas, US).

The association between illness and food items con-
sumed was estimated by calculating crude matched 
odds ratios (mOR) and 95% confidence intervals (CI). 
Subsequently, we conducted conditional logistic 
regression to identify independent risk factors for the 
disease. We constructed initial models including vari-
ables with a p value ≤ 0.25 in the univariate analysis. 
To simplify the model, variables were removed one at a 
time depending on the significance testing, using like-
lihood ratio tests. An association was considered sta-
tistically significant when p ≤ 0.05.



3www.eurosurveillance.org

Microbiological investigation
The diagnosis of acute HAV infection was established 
by serological testing for anti-HAV IgM at local labora-
tory level. Additional serological and molecular inves-
tigations using an in-house real-time PCR assay for 
HAV RNA was performed at the NVRL. Following detec-
tion of HAV RNA in serum, molecular sequencing was 
performed. In the initial stages of the outbreak, HAV 
RNA sequence analysis was not available in Ireland 
and therefore the Virus Reference Department, Public 
Health England (PHE) performed these investigations. 
Subsequently, HAV molecular sequencing was intro-
duced in the NVRL, consisting of nested reverse tran-
scriptase PCR (RT-PCR) to amplify a ca 400 bp region 
in the VP1/2PA region of the HAV genome [13]. Sanger 
sequencing and phylogenetic analysis was performed 
to characterise HAV sequences.

Selected food samples from food companies and 
cases’ freezers were sent to the Istituto Zooprofilattico 
Sperimentale in Italy for analysis as no laboratory 
in Ireland currently conducts testing for HAV in ber-
ries. The samples were analysed using a nested PCR 
method.

Trace-back investigation
Suspect foods identified in the trawling question-
naires and the case–control study were investigated 
by Health Service Executive (HSE) Environmental 
Health Officers, the Department of Agriculture Food 
and Marine (DAFM) and the Food Safety Authority of 
Ireland (FSAI). Traceback and traceforward information 
was obtained from retailers, manufacturers, distribu-
tors and importers. Traceability information of foods 
imported into Ireland was obtained using the European 
Commission’s Rapid Alert System for Food and Feed 
(RASFF).

Results

Descriptive epidemiology
In total, 50 cases of HAV infection were notified in 
Ireland in 2013 and 21 cases met the outbreak case 
definition (14 confirmed primary, two possible primary 
and five secondary). Cases were distributed nation-
ally, occurring in five of the eight health regions. 
Cases ranged in age from 25 to 64 years (median age 
35 years) and 12 of 21 were female. Twelve cases were 
hospitalised and the median length of hospital stay 
was five days (range: 1–9 days). There were no deaths. 
Among the 14 confirmed primary cases, there were two 
clusters in time; one cluster of four cases with onset 
of symptoms in April and a second cluster of 10 cases 
with onset of symptoms between 24 June 2013 and 9 
August 2013 (Figure).

Case–control study
Of the 14 confirmed primary cases eligible for the 
case–control study, 11 participated and three declined. 
A total of 42 controls were included, with three or four 
matched controls per case. Cases were significantly 
more likely than controls to have consumed cheese-
cake containing frozen berries (mOR = 12; 95% CI: 
1.3–115), whole frozen berries (mOR = 9.5; 95% CI: 1.0–
89), a particular yoghurt (yoghurt A) containing frozen 
berries (mOR = 6.6; 95% CI: 1.2–37) and raw celery 
(mOR = 4, 95% CI: 1.2–16) (Table 1). The cheesecakes 
containing frozen berries consumed by the cases and 
controls were store-bought. Yoghurt A is a commercial 
product available in stores nationwide. The consump-
tion of fresh berries or fresh blueberries was not sig-
nificantly associated with illness. In the conditional 
regression analysis, only cheesecake containing fro-
zen berries remained significant in the final model. 
However, four of 10 cases for whom this information 
was available, had consumed this item (Table 1).

Figure 
Distribution of hepatitis A outbreak cases by week of onset of symptoms, Ireland, 2013 (n=21)

0

1

2

3

4

5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Nu
m

be
r o

f c
as

es

Week of onset of symptoms in 2013 

Confirmed - primary Possible - primary Secondary

Alert to boil frozen berries

Alert to boil frozen berries, reiterated



4 www.eurosurveillance.org

When products containing frozen berries (i.e. whole fro-
zen berries or cheesecake or yoghurt A or smoothies) 
were grouped together, cases were more likely than 
controls to have consumed at least one of the products 
within the group (mOR = 12; 95% CI: 1.5–94), with 10 of 
11 cases exposed (Table 1).

The odds of the illness increased with increasing fre-
quency of consumption of yoghurt A and smoothies 
(Table 2). No frequency response could be calculated 
for cheesecake, while a frequency response effect was 
not demonstrated with celery (Table 2).

Microbiological analysis
Of the 21 HAV cases, 18 were sequenced and genotyped 
(14 primary and four secondary). HAV RNA sequences 
from these cases had a 100% nucleotide homology to 
the HAV IA outbreak strain over the region sequenced.

In total, 16 food items which included frozen berries, 
products containing frozen berries and fresh berries 
were tested. HAV RNA was not detected in any of these 
food samples. Samples included two batches of frozen 
mixed berries used in batches of yoghurt A potentially 
consumed by some cases and a third batch to which 
cases could not have been exposed.

Traceback analysis
The Italian authorities had detected HAV in frozen 
berries imported to Italy with a sequence identical to 
the Irish outbreak strain [4]. Therefore, the traceback 
investigations in Ireland focused on the imported fro-
zen berry supply chain, but fresh berries and other 
foods consumed by cases were also investigated.

The investigations found that products from a single 
Irish distributor of imported frozen berries had been 
used in foods consumed by nine of the 14 primary 
cases eligible for the case–control study. A compari-
son with the Italian traceability investigation, however, 
has not to date identified an overlap in the supply 
chain that could explain the source of the outbreak in 
both countries.

The traceback investigation on fresh berries did not 
point to a common point source.

Control measures
Prophylactic human normal immunoglobulin and/or 
HAV vaccine were offered to close contacts of cases as 
necessary. Advice about hygiene and exclusion from 
schools or childcare facilities and certain workplaces 
was also provided to cases and their contacts.

On 4 June 2013, the FSAI issued an information note 
to food business operators in Ireland regarding the 

Table 1
Food exposures among hepatitis A subgenotype IA cases (n = 11) and controls (n = 42), Ireland, 2013

Exposure
Total

Cases Controls Crude 
mOR 95% CI p value

Totala Exposed % Total Exposed %
Individual products
Cheesecakeb 10 4 40 42 4 10 12 1.3–114 0.026
Celery 11 6 55 42 7 17 4.0 1.2–16 0.026
Whole frozen berries 10 4 40 42 4 10 9.5 1.0–89 0.031
Yoghurt Ab 10 4 40 42 3 7 6.6 1.2–37 0.048
Fresh blueberries 11 9 82 42 22 52 4.1 0.79–21 0.093
Ice creamb 11 2 18 42 1 2 7.3 0.66–81 0.105
Yoghurtsb,c 10 5 50 42 9 21 3.1 0.77–12 0.112
Smoothiesb 9 4 44 42 9 21 3.1 0.67–14 0.151
Fresh berries 11 10 91 42 33 79 3.4 0.30–38 0.321
Grouped products
Cheesecake or yoghurt A 10 6 60 42 7 17 5.3 1.3–22 0.023
Whole frozen berries or yoghurt A 10 6 60 42 7 17 7.0 1.4–37 0.02
Cheesecake or whole frozen berries 10 7 70 42 7 17 14 1.7–122 0.014
Cheesecake or whole frozen berries or yoghurt A 10 8 80 42 10 24 8.1 1.6–40 0.011
Cheesecake or whole frozen berries or yoghurt A 
or smoothiesd 11 10 91 42 16 38 12 1.5–94 0.02

CI: confidence interval;.mOR: matched odds ratio.
a  Cases with available information.
b  These products contained frozen berries.
c  Includes yoghurt A and other yoghurts containing frozen berries.
d  No change when ice-cream was added to this combination.
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potential risk posed by imported frozen berries. This 
was based on information from the Nordic and the 
Italian outbreak investigations. On 19 July 2013, fol-
lowing the identification of HAV cases in Ireland with 
a strain identical to the Italian outbreak strain, the 
FSAI issued a press release advising consumers and 
food business operators, as a precautionary measure, 
to boil imported frozen berries for one minute before 
consumption[14]. At the same time, the FSAI issued 
a second information note to food business opera-
tors reminding them to source berries from reputable 
suppliers with efficient and comprehensive traceabil-
ity systems and effective food safety management 
systems. Furthermore, food business operators were 
advised that if they had any concerns regarding the 
source of the berries, they should boil the berries 
before inclusion in uncooked products. The advice to 
consumers and food business operators was reiterated 
by the FSAI on 8 September 2013.

Discussion
We report on a foodborne outbreak of HAV subgeno-
type IA infection in Ireland. Nucleic acid sequences 
of HAV RNA were identical, indicating that cases were 
likely to have been infected from a common source. 
The outbreak strain was identical to the one in a con-
current but separate foodborne outbreak in Italy. We 
present epidemiological evidence that the HAV sub-
genotype IA outbreak in Ireland was associated with 

the consumption of products containing frozen berries. 
Traceback investigations at an international level, coor-
dinated by the European Food Safety Authority, to iden-
tify the origins of the imported frozen berries failed to 
identify a single point source of contamination [15].

Our case–control study revealed that no single prod-
uct explained the majority of the cases. Although the 
consumption of cheesecake containing frozen berries 
remained significantly associated with illness in the 
multivariable analysis, the product was consumed 
by a relatively small proportion (40%) of the cases. 
Yoghurt A and smoothies were found not to be indi-
vidually associated with illness in the final multivari-
able model; however, a frequency response effect was 
demonstrated for both of these products. When frozen 
berry products were grouped together in the analy-
sis, a strong and significant association was shown 
between the consumption of the grouped products and 
HAV subgenotype IA infection of the same sequence 
type. All but one of the 11 cases had consumed at least 
one of the frozen berry-containing products in the 
group: cheesecake, yoghurt A, smoothies or whole fro-
zen berries.

Mixed frozen berries were also identified as the poten-
tial vehicle of infection in the related Italian outbreak 
[12]. Furthermore, specific frozen berries were impli-
cated in several other HAV outbreaks including frozen 

Table 2
Frequency of consumption of selected food items among hepatitis A subgenotype IA cases (n = 11) and controls (n = 42), 
Ireland, 2013

Exposure / frequency
Cases Controls

Crude mOR 95% CI p value
Total Exposed % Total Exposed %

Yoghurt Aa

Never
< 1 weeklyb

≥ 1 weeklyc

10
10
10

6
1
3

60
10
30

42
42
42

39
2
1

93
5
2

Ref
2.9
12

-
0.23–36
1.2–125

-
0.406
0.032

Smoothiesa

Never
< 1 weeklyb

≥ 1 weeklyc

9
9
9

4
2
3

45
22
33

42
42
42

33
5
4

79
12
9

Ref
2.7
5.9

-
0.40–19
0.90–38

-
0.307
0.064

Whole frozen berries
Never
< 1 weeklyb

≥ 1 weeklyc

10
10
10

6
2
2

60
20
20

42
42
42

38
2
2

90
5
5

Ref
9.5
9.5

-
0.61–148
0.61–148

-
0.107
0.107

Cheesecakea

Never
< 1 weeklyb

≥ 1 weeklyc

10
10
10

6
3
1

60
30
10

42
42
42

38
4
0

91
9
0

Ref
8.6
NC

-
0.85–86

NC

-
0.068

NC
Celery
Never
< 1 weeklyb

≥ 1 weeklyc

10
10
10

5
2
3

50
20
30

42
42
42

35
1
6

83
3

14

Ref
8.1
2.4

-
0.72–92
0.51–12

-
0.091
0.267

CI: confidence interval;.mOR: matched odds ratio; NC: non calculable.
a These products contained frozen berries.
b Ranged from once in seven week period to two to three times per month.
c Ranged from one to two times per week to five or more times per week.
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strawberries in Nordic countries in 2013 [16] and in the 
US in 1997 and 1992 [17,18] and frozen raspberries in 
Scotland in 1987 and 1983 [19,20]. Pomegranate seeds 
were implicated in HAV outbreaks in the US in 2013 
and Canada in 2012 [5,6]. Fresh berries have also been 
associated with hepatitis A infections, including an 
outbreak in New Zealand linked to the consumption of 
blueberries [21].

Raw celery consumption was also significantly associ-
ated with being a case in the univariate analysis, but 
did not remain significant in the multivariable analysis. 
Six of the cases had consumed raw celery over a five-
month period. However, since celery is a fresh product 
with a short shelf life, it is highly unlikely to be the 
source such a prolonged outbreak or indeed an embed-
ded secondary outbreak. In contrast a frozen product 
such as frozen berries, with a long shelf life explains a 
long outbreak such as this one very well.

The selection and recruitment of controls for case–
control studies can be difficult and resource-intensive, 
particularly as Ireland does not have a national popula-
tion registry. In this analytical study, the novel use of 
a market research company to recruit by random digit 
dialling proved efficient and effective, although match-
ing of controls to the county of residence of the cases 
prolonged the process (personal communication: 
Sonya McGuirl, Millward Brown, Dublin, October 2013). 
Almost 1,900 calls were made to recruit sufficient con-
trols, which equated on average to one hour of calls 
per control recruited.

The sequencing and genotyping of HAV RNA from the 
cases was crucial in identifying a national outbreak and 
in establishing a link with the Italian outbreak. Rapid 
and comprehensive referral of samples from local lab-
oratories to the NVRL and PHE for HAV RNA PCR and 
molecular sequencing as well as international collabo-
ration with laboratory colleagues in PHE, Colindale and 
the Hepatitis A Laboratory Network (HAV-NET) group 
played a vital role in the identification and investi-
gation of this outbreak against the backdrop of an 
increasingly globalised food production industry.

We did not obtain confirmatory microbiological evi-
dence from the food to support the epidemiological 
findings; in many cases the implicated batch was no 
longer available for testing, due to the long incubation 
period for HAV. The microbiological investigation was 
further complicated by limitations in food testing capa-
bility in Ireland. Consequently, only a limited number 
of food samples could be tested by an external labora-
tory. Despite the lack of confirmatory microbiological 
evidence from the food in Ireland, indirect evidence 
was available. HAV was identified in a number of fro-
zen berry samples in connection with the outbreak in 
Italy and the identical sequence to the outbreak strain 
was confirmed in one sample [4].

The long incubation period for HAV infection also ham-
pered the traceback investigations. In most cases the 
traceback focused on food batches delivered over sev-
eral weeks rather than on specific batches consumed 
by cases. In addition, the frozen berry supply chain is 
complex, further challenging the traceability investiga-
tion. An overlap in the supply chain between Ireland and 
Italy has not been found, although the outbreak strains 
were identical and epidemiological evidence had been 
obtained in both countries for a link with imported 
frozen berries. In autumn 2013, the Netherlands 
reported an outbreak with the identical strain and at 
the request of the European Commission, the European 
Food Safety Authority (EFSA) co-ordinated an investi-
gation, in collaboration with the European Centre for 
Disease Prevention and Control (ECDC) and European 
Union (EU) Member States in order to help identify the 
origin of these HAV subgenotype IA outbreaks [15]. 
Between January 2013 and June 2014, 1,444 cases of 
HAV potentially linked to the outbreak were reported 
by 12 Member States; Italy reported 90% of the cases 
[15]. Apart from Ireland, seven other Member States 
reported cases with no travel history to Italy but with 
a sequence identical to the GenBank accession number 
KF182323 strain [15], including an outbreak in Norway 
where the likely vehicle was a cake containing a frozen 
berry mix [22]. No single point source of contamination 
linking all cases and contaminated batches identified 
during the multinational outbreak could be determined 
[15].

When the Irish outbreak was declared over in late 
October 2013, the advice to boil berries before con-
sumption was reviewed. Due to ongoing outbreaks in 
other EU countries indicating that contaminated prod-
uct was still available, the FSAI’s precautionary advice 
to boil imported frozen berries remained in place. A 
fourth information note was issued on 8 November 
2013, reiterating advice to food business operators 
that they should boil the berries before inclusion in 
uncooked products if they had any concerns regarding 
the source of the berries.

There are a number of limitations in this investigation. 
One limitation of the analytical study was participant 
recall because of the long incubation period for HAV 
infection. In addition, because sequencing was carried 
out retrospectively on specimens from the earlier cases, 
there was an additional time lag before these cases 
and their matched controls were interviewed. Another 
limitation was that public health warnings were issued 
before the case–control study was conducted and may 
have introduced some recall bias. A further limitation 
of this investigation was that whole genome sequenc-
ing of the HAV isolates was not performed. This service 
is currently not available in Ireland. It is acknowledged 
that using sequence information from subgenomic 
regions to track HAV transmission may be misleading 
when applied to HAV strains with unknown epidemio-
logical association [23]. As whole genome sequencing 
provides a more complete genetic characterisation of 
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HAV strains, its use in investigating suspected food-
borne outbreaks has been recommended [23,24].

Despite excluding vaccinated controls or those with a 
history of HAV disease, immune controls as a result of 
infection in early childhood may have been included, 
which would have resulted in a bias towards the null 
hypothesis. Misclassification of belonging to the out-
break was minimised as all cases included in the 
analytical study were infected with HAV of the same 
sequence and genotype, and several exclusion criteria 
were used for the controls.

Conclusion
In conclusion, this outbreak and other HAV outbreaks 
in Europe in 2013-14 have highlighted the risk of HAV 
infection associated with the consumption of imported 
frozen berries. Owing to the complex supply chain it 
was not possible to identify the origin of the contami-
nated berries despite a concerted action at European 
level to comprehensively investigate the supply chain. 
However, the investigation identified critical risk fac-
tors for contamination by HAV and recommended pre-
ventative measures to be taken to minimise the risk 
and to protect consumers in Europe from the risks 
posed by contaminated frozen berries. Consumers 
can also protect themselves by boiling frozen berries, 
and food businesses that are unable to use boiled fro-
zen berries in their products should take measures 
to ensure that the berries are sourced from suppliers 
where strict hygiene is implemented at harvest and 
during processing. 
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