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In May 2013, Italy declared a national outbreak of
hepatitis A, which also affected several foreign tour-
ists who had recently visited the country. Molecular
investigations identified some cases as infected with
an identical strain of hepatitis A virus subgenotype IA.
After additional European Union/European Economic
Area (EU/EEA) countries reported locally acquired and
travel-related cases associated with the same out-
break, an international outbreak investigation team
was convened, a European outbreak case definition
was issued and harmonisation of the national epide-
miological and microbiological investigations was
encouraged. From January 2013 to August 2014, 1,589
hepatitis A cases were reported associated with the
multistate outbreak; 1,102 (70%) of the cases were
hospitalised for a median time of six days; two related
deaths were reported. Epidemiological and microbio-
logical investigations implicated mixed frozen berries
as the vehicle of infection of the outbreak. In order to
control the spread of the outbreak, suspected or con-
taminated food batches were recalled, the public was
recommended to heat-treat berries, and post-exposure
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prophylaxis of contacts was performed. The outbreak
highlighted how large food-borne hepatitis A out-
breaks may affect the increasingly susceptible EU/EEA
general population and how, with the growing interna-
tional food trade, frozen berries are a potential high-
risk food.

Introduction

Hepatitis A virus (HAV) is a hepatovirus of the
Picornaviridae family with a linear single-stranded
genome of 7,500 nucleotides (nt) [1]. HAV mutation rate
is low and therefore its genome is relatively conserved
over time [2]. Six HAV genotypes have been defined:
genotypes | to Il infect humans and are divided in sub-
genotypes A and B. Subgenotype IA is the predominant
subgenotype circulating in Europe [1,3].

HAV is generally transmitted to humans through the
faecal-oral route. The hepatitis A (HA) incubation
period is approximately 28-30 days (range: 15-50).
The disease, acute and generally self-limiting, affects
the liver and is characterised by fever, diarrhoea and
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Box

Hepatitis A virus infection: European outbreak case definition (2013-14)

and

and
at least one of the following conditions:

a fragment of 460 nucleotides (nt) at the region of VP1-2a?

NC_001489.

An EU/EEA resident with laboratory-confirmed HAV infection
and

and

According to the European outbreak hepatitis A virus (HAV) infection case definition, a confirmed case is defined as:
An EU/EEA resident with laboratory-confirmed HAV genotype IA

date of symptom onset (or date of testing if onset date not available) on or after 1 January 2013

(i) identical sequence (i.e. 100.0%) to the 2013 HAV genotype IA outbreak strain (GenBank accession number KF182323) based on

(i) 99.8% similarity to this sequence (i.e. one nt difference in 460 nt) from 2,915 to 3,374 on NC_001489.

(iii) identical sequence (i.e. 100.0%) on a shorter fragment of at least 174 nt at the region of VP1-2a from 2,967 to 3,191 on
q

According to the European epidemic HAV infection case definition, a probable (suspect/possible) case is defined as:

date of symptom onset (or date of testing if onset date unavailable) on or after 1 January 2013°

fulfilling, within 15—-50 days before symptom onset, at least one of the following epidemiological criteria:
(i) having been in a country experiencing the outbreak during the indigenous outbreak period<;
(ii) person-to-person contact with a confirmed case (secondary case).
The following exclusion criteria for probable cases are applied:
(i) HAV confirmed case who has a different sequence type to the 2013 HAV genotype IA outbreak strain;
(ii) existence of an epidemiological link to a person excluded for the reason given in criterion number i;

(iii) history of travel outside EU/EEA/EFTA countries within 15-50 days before symptom onset.

EU/EEA: European Union/European Economic Area; EFTA: European Free Trade Association.
2 For Norwegian isolates, identical sequence to GenBank number KF773842 based on a fragment of 466 nucleotides at the region VP3-VP1.

b As for confirmed cases: at the time of writing this report (December 2014), outbreak cases were still being reported by at least one EU/EEA
country, hence no end date for the outbreak case definition could be defined.

¢ As at 30 June 2014, these are: Finland from January to June 2014; Ireland from January to October 2013; Italy from January 2013 onward;
Netherlands from August to December 2013; Norway from November 2013 to April 2014.

jaundice. The proportion of symptomatic infections is
very low in young children (under six years of age) but
clinical expression and severity increases with age; the
overall case fatality rate is about 0.3% but can be as
high as 1.8% in adults over 5o years and in immuno-
compromised patients [4].

HAV is rather stable in the environment and is resistant
to acidification, drying, freezing and other food preser-
vation methods, and it has therefore a good potential
to cause food-borne outbreaks [5-7].

In May 2013, Germany reported through the European
Commission’s Early Warning Response System (EWRS)
seven HA cases in travellers to northern Italy. Following
the German alert, other European Union/European
Economic Area (EU/EEA) countries reported cases
associated with travel to Italy and, simultaneously,
Italy declared a national outbreak. Some cases were
identified as infected with an identical strain through
molecular characterisation (sequencing); identical
sequences had previously been detected only in 2008,

in travellers returning from the Czech Republic (data
not shown). A multistate outbreak investigation team
was established under the European Centre for Disease
Prevention and Control (ECDC) coordination and includ-
ing members of public health institutes of all 13 EU/EEA
countries reporting associated cases during 2013 and
2014 [8-13].

The aim of this paper is to describe results, challenges
and lessons learnt from the public health side of the
epidemiological and microbiological multinational out-
break investigation. The paper presents new insights
into this large and prolonged outbreak and gathers
together information from different investigations
and from an extensive food trace-back carried out
at national levels and by the European Food Safety
Authority (EFSA) [8-12,14]. It also offers a number of
recommendations to improve harmonisation of proce-
dures in HA outbreak investigations across Europe.
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Methods

The European outbreak case definition defined con-
firmed and probable cases on the basis of symptom
onset (on or after 1 January 2013), sequencing, travel
history and epidemiological link with other cases (Box).

HA is a mandatorily notifiable disease in all EU/EEA
countries reporting cases associated with this out-
break. HA cases are investigated by local public health
departments and information, including clinical sta-
tus and potential exposure, is reported to the national
surveillance systems. In Italy, there is also exist an
enhanced surveillance system for acute viral hepatitis
(SEIEVA), complementing the national surveillance sys-
tem, which monitors potential risk factors associated
with HA [15].

HAV infection is laboratory confirmed through serologi-
cal testing for anti-HAV IgM or by PCR at local labora-
tory level in all countries affected by this outbreak.
Molecular characterisation is performed through
sequencing of a genomic fragment. Sequencing was
always performed in national reference laboratories,
apart from Italy, where it was also carried out in regional
laboratories. Sequencing is routinely performed on all
available samples in England, the Netherlands and
Finland, in all samples from clusters or outbreaks in
Denmark, France and Norway and, in Sweden, in all
samples from patients infected in Sweden or other EU/
EEA countries. Sequencing is not routinely performed
in Bulgaria, Italy and Poland. In all the other countries
involved, sequencing is performed for a subset of sam-
ples. Following the identification of a nationwide HA
increase in May 2013, sequencing of a subset of iso-
lates was introduced in Italy, particularly isolates col-
lected from May 2013 to January 2014; however, for
the rest of 2014, sequencing operations were notably
reduced, with only a few samples characterised on a
monthly basis [9]. Similarly, following identification of
the European outbreak strain in Ireland in July 2013 and
in Norway and Sweden in February 2014, these three
countries opted for sequencing available samples from
all HA serologically confirmed cases in the previous
months and for part of 2014 [10]. Also, in May 2013,
Poland sequenced five isolates from cases with a his-
tory of travel to Italy.

HAV sequencing was performed according to national
(and also subnational for Italy) protocols. Comparison
of the sequencing results focused on a genomic frag-
ment in the region VP1-2A. In order to be catego-
rised as the outbreak strain, a sample needed to have
either ()299.8% identity with the outbreak reference
sequence (GenBank access number KF182323) in a 460
nt fragment at the region VP1-2A, or (ii) 100% identity
with a shorter fragment of at least 174 nt in the same
region.

In England, Finland, France, the Netherlands and

Norway, cases infected with the European outbreak
strain, or their family members, were interviewed,
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when possible, using an adapted version of a ques-
tionnaire initially developed in Ireland in September
2013 [9]. In Sweden, cases were re-interviewed using a
questionnaire developed for the HA outbreak in Nordic
countries that had occurred earlier in 2013 [16]. Soon
after the Italian national outbreak was declared in May
2013 [8], microbiological evidence that frozen berries
were the vehicle of HAV was soon obtained in Italy.
Consequently in Austria, Bulgaria, Germany, Italy and
Poland additional information on consumption of ber-
ries was gathered for cases infected with the outbreak
strain or reporting a travel history to Italy in or after
spring 2013.

On the basis of the hypothesis generated from patients’
interviews and trace-back investigations, three sepa-
rate matched case—control studies were conducted in
Italy, Ireland and Norway, in July 2013, September 2013
and April 2014 respectively [9,11].

We describe cases by case classification, time of symp-
tom onset, sex, age, travel history, reported exposure
to berries, clinical symptoms and outcome of hospitali-
sation (defined as being in hospital care at least over-
night) or death. We also provide additional insights
into epidemiological investigations conducted during
the outbreak.

Results

From 1 January 2013 to 31 August 2014, a total of
1,589 HA cases were reported as associated with this
outbreak from 13 EU/EEA countries (Figure 1, Figure
2); most of the cases (n=1,438; 90%) were reported
in Italy. Germany, Ireland and Norway each reported
around 30 cases and all other countries reported fewer
cases, with Austria, Bulgaria and Denmark each report-
ing a single case associated with this outbreak. In most
of the affected countries, cases were geographically
distributed nationally.

The outbreak strain (from Italy in May 2013) sequence
GenBank number was KF182323 and the subgenotype
was IA. Sequences from 361 viral isolates were found to
be identical to the outbreak strain (Table): individuals
with this strain were classified as ‘confirmed’, whereas
the remaining 1,228 cases were classified as ‘probable’
(Box). Apart from Bulgaria, Germany and ltaly, where
the proportion of confirmed cases was lower than
30% of the total number of cases, all other countries
sequenced at least 75% of strains from all reported
cases (Table, Figure 3). National HAV sequencing pro-
tocols were not harmonised during the outbreak, thus
in different countries, genomic fragments of different
length were characterised: all fragments were at least
300 nt, except for Italy where 93 isolates (38% of all
sequenced isolates in Italy (n = 247)) were character-
ised in regional laboratories for a length of at least 174
nt (Table).

The monthly number of reported cases peaked from
March to October 2013, when the highest number of



FIGURE 1

Hepatitis A cases by reporting country and cases’ travel history, European Union/European Economic Area countries,

1 January 2013-31 August 2014 (n = 1,589)

Number of cases
1 e

100 @

1000

Only travel associated

mm Unaffected countries
[ Yes
1 No

EU/EEA Members

mm Yes
1 No

Non-visible countries
@ Luxembourg
I Malta

EU/EEA: European Union/European Economic Area.

Source: data from European Centre for Disease Prevention and Control (ECDC). Administrative boundaries from EuroGraphics and GAUL (global

administrative unit layers).

cases per month was reported in Italy. Most cases were
reported in this period also in Ireland, particularly from
June to August 2013, and in the Netherlands, particu-
larly from August to October 2013. Although in Italy the
monthly number of reported cases in 2014 halved com-
pared with that in 2013, most cases in Norway, Finland
and Sweden were reported in the second year of the
outbreak: most Norwegian cases were reported from
February to April 2014 and most of the Finnish and
Swedish cases from April to June 2014.

Information on sex was available for 1,576 cases
and on age for 1,579 cases: of these, 54% were male
(n=852) and 77% were aged between 20 and 65 years
(n=1,213). The median age of both types of cases was
36 years (range: 1—92), 39 years for confirmed cases
(range: 8-68) and 34 years (range: 1-92) for outbreak-
probable cases. Of the 908 cases with available infor-
mation, 96% were primary cases (n=869) and 4%
secondary cases (n=39). A total of 43 cases reported
having travelled during the exposure period (within
15—-50 days before symptom onset) to another EU/EEA

country experiencing the HAV outbreak (Box), 42 to
Italy and one to Norway. Apart from Bulgaria, Denmark
and Poland, where all cases had a travel history to
Italy, in all other countries there was evidence of local
transmission, with all or part of the cases not reporting
any history of travel.

Overall, 70% of the cases (n=1,102) were hospitalised
following infection. The median duration of hospitalisa-
tion was six days (range: 1-49) among the 568 cases
with documented information on hospitalisation. Two
cases were reported to have died with or due to HAV
infection.

Of the 788 patients reporting information on possible
exposure, 495 (63%) from all 13 countries reported
exposure to berries. The majority of the primary
cases indicated consumption of frozen berries, often
in smoothies or cakes. In several countries, clusters
of cases were found to be associated with a common
exposure to frozen berries: four of the nine autoch-
thonous cases reported in Germany implicated the
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FIGURE 2

Hepatitis A cases by probable country of infection and month of symptom onset?, European Union/European Economic

Area countries, 1 January 2013-31 August 2014 (n = 1,587%)
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same food item identified as the vehicle of infection
in the Norwegian outbreak (described below). Three
French cases identified in the Aisne district in February
2014 were found to be linked to a catering service
producing a fruit tart containing mixed berries. Three
Swedish cases reported consumption of smoothies at
the same resort. In contrast to the other countries, in
the Netherlands, all 10 locally infected primary cases
reported consumption of fresh soft fruits: this was
higher than expected, particularly in autumn months
(about30% expected) [16]. Nonetheless, seven of the
10 cases in this cluster also reported consuming frozen
berries or products possibly containing frozen berries.

Following declaration of outbreaks in each country,
Italy, Ireland and Norway performed matched case—
control studies to identify the vehicle of infection. In
Italy, a matched case-control study was carried out
to test the hypothesis that cases were associated
with consumption of frozen berries. The study found
that confirmed cases were more likely to have been
exposed to frozen berries (adjusted matched (Adjm)
odds ratio (OR): 4.2; 95% confidence interval (Cl): 2.5—
7.0), raw seafood (AdjmOR: 3.8; 95% Cl: 2.2-6.8) and
travel (AdjmOR: 2.0; 95% Cl: 1.2-3.4). A restricted sta-
tistical analysis conducted on 24 early confirmed cases
(with symptom onset from 1 January to May 2013) and
82 matched controls, confirmed berries as the highest
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independent risk factor for HA (matched (m) OR: 4.99;
95% Cl: 1.32-18.92) [11]. The case—control study car-
ried out in Ireland tested the hypothesis that cases
were associated with consumption of either fresh or
frozen berries. The results indicated that products
containing frozen berries were implicated in the out-
break. Among 11 cases, 10 had consumed at least one
of four products containing frozen berries, compared
with 16/42 of controls (AdjmOR:12; 95% Cl: 1.5—-94) [9].
The Norwegian study tested the hypothesis that cases
were associated with consumption of a particular cake
identified through trace-back investigations that was
topped with non-heat-treated mixed frozen berries.
The matched case—control study confirmed an associ-
ation between the cake and HA disease (mOR:13; 95%
Cl:1.7-110) [10].

Discussion

We have described the epidemiological and micro-
biological investigations of a prolonged HA outbreak
affecting more than 1,500 patients in 13 EU/EEA coun-
tries during 2013 and part of 2014. To the best of our
knowledge, this is the largest food-borne HA outbreak
involving such a wide geographical area in Europe
reported in the scientific literature.

Confirmed cases were identified through molecular
characterisation, allowing for detection of otherwise



TABLE

Characteristics of hepatitis A outbreak cases and viral genetic region sequenced, European Union/European Economic Area
countries, 1 January 2013-31 August 2014 (n=1,589)

Number of Number
Number  Number .
cases who Median age Number reported .
of of ) Occurrence of o Length of genomic fragment
Country . travelled to  in years of male hospitalised .
reported confirmed symptom onset sequenced (region)
outbreak (range) cases (number of
cases cases
country? deaths)
. 397 nt
Austria 1 1 o 48 (NA) o Feb 2013 1 (0) (VP1-22)
Bulgaria 1 o) 1 40 (NA) 1 Apr 2013 1 (0) NA
400-1231 nt
Denmark 1 1 1 60 (NA) 1 Nov 2013 1 (0) (VP1 region)
_ _ 505 nt
England 5 5 3 36 (26-66) 2 Nov 2013-Aug 2014 4 (0) (VP1-2A)
: B B 328 nt
Finland 12 9 0 56 (25-82) 9 Jan—Jun 2014 10 (1) (VP1-2A)
B _ 508 nt
France 5 5 o 39 (19-68) 2 May 2013-Feb 2014 3 (0) (VP1-2A)
_ _ 397 nt
Germany 34 10 25 46 (8-69) 20 Mar 2013-May 2014 21 (0) (VP1-2A)
B B 400 nt
Ireland 27 23 4 35 (21-64) 13 Jan 2013-Jul 2014 14 (0) (VP1-2A)
B B 460 nt
Italy 1,438 246 ¢} 35 (1-99) 769 Jan 2013-Aug 2014 1,015 (1) (VP1-2A)
The 460 nt
Netherlands 15 15 1 30 (10-80) 8 Apr-Dec 2013 4 (0) (VP1-2A)
N a 490 nt (VP1-2A) and/or
Norway 33 33 ¢} 45 (24-71) 18 Nov 2013-Jun 2014 18 (0) 476 nt (VP1 N-terminal)
B _ 460 nt
Poland 6 3 6 47 (30-51) 4 Apr-Jul 2013 6 (0) (VP1—2A)
- _ 1,252 nt
Sweden 11 10 2 42 (9-62) 5 Jul 2013-Jun 2014 4 (0) (VP1 gene+parts of VP3 and 2A)
Total 1,589 361 43 36 (1-99) 852 Jan 2013-Aug 2014 1,102 (2) NA

NA: not applicable; nt: nucleotides.

2 Having been in a country experiencing the outbreak during the indigenous outbreak period.

unnoticeable links between cases occurring at differ-
ent times and in distant countries. Such a case defi-
nition, grounded on molecular characterisation, is
highly specific. In order to include as confirmed cases
only those food-borne cases infected through expo-
sure to contaminated berries, the outbreak response
team decided to require complete sequence homology
or one single nucleotide difference as compared with
the outbreak strain reference sequence. All isolates
sequenced during the multinational investigation were
longer than 300 nt, apart for 93 isolates sequenced in
Italian regional laboratories.

As only some EU/EEA countries perform molecular typ-
ing, and often only on a subset of cases, it is likely
that additional cases associated with this outbreak
were missed in those countries not performing routine
sequencing of isolates from HA patients. In support of
this, a confirmed case reported by Ireland in August
2014 was most likely infected in Romania, a country not

performing molecular characterisation of HAV isolates
and not reporting cases associated with this outbreak.
On the other hand, the number of cases reported in
Italy as associated with this outbreak may have been
over-estimated due to the enhancement of national
surveillance during the outbreak and the absence of
routine sequencing. Of the 1,438 cases reported asso-
ciated with this outbreak, 17% were diagnosed with
the outbreak sequence. Therefore, some of the prob-
able cases were possibly infected by other HAV strains
not associated with this outbreak and independently
circulating in Italy. It is also plausible that, after such
a long circulation of the outbreak strain, some of the
confirmed cases may have been infected through a dif-
ferent transmission mechanism than food-borne [17].

On the basis of the epidemiological and microbiologi-
cal evidence implicating mixed frozen berries as the
vehicle of infection in this outbreak, the European
Commission gave EFSA the mandate to lead an exten-
sive European-wide trace-back exercise to identify the
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FIGURE 3

Hepatitis A cases by confirmed/probable status and month of symptom onset?, Italy, 1 January 2013-31 August 2014
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contaminated berry type and its place of production
[14]. During French, Italian and Norwegian environmen-
tal investigations, HAV contamination was detected in
14 lots of frozen mixed berries and in two lots of mixed
berry cakes. The EFSA trace-back could not indicate
a single point source of contamination but identified
Bulgarian blackberries and Polish redcurrants as the
most common ingredients in the lots of berries asso-
ciated with cases. Due to the inconclusive findings of
the trace-back, it was not possible to trace back and
trace forward the contaminated berry product. Apart
from lItaly, where cases were reported over the whole
outbreak period, locally infected HA cases occurred in
well-defined waves over a period of one year in at least
five different countries. This was most likely due to the
distribution of contaminated frozen berries at different
times in different countries and shows the complexity
of the frozen berry market in Europe.

Sporadic outbreak cases detected in summer 2014 in
Ireland and Italy support the possibility of contami-
nated lots remaining on the market or in consumers’
freezers, posing a challenge to declaring the out-
break over, although the monthly number of HA cases
reported in the affected countries had returned to
the pre-2013 baseline. It is particularly challenging to
declare the outbreak over in Italy, where, due to the
size and duration of the outbreak, the strain may have
become endemic [17].

In the last decade, multistate HA outbreaks have
been reported in the EU, mostly in subpopulations
at increased risk of HAV infection such as travellers
abroad, people who inject drugs, men who have sex
with men or ethnic minorities [18-23]. In the past five
years, large multistate food-borne HA outbreaks were
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associated with consumption of food items distributed
in different EU/EEA countries and Australia [24-26]. In
addition, three HAV subgenotype IB outbreaks, asso-
ciated with strains different from the outbreak strain
described here, occurred in 2012 and 2013 in different
EU/EEA countries, Canada and the US, and implicated
frozen and fresh strawberries, and pomegranate arils
[26-28]. Frozen berries were also implicated with differ-
ent HA and norovirus multistate outbreaks in the past
three decades in the EU [29].

This outbreak had substantial implications in direct
and indirect costs for the healthcare systems and the
patients affected. All reported cases were sympto-
matic. Hospitalisation was reported in an estimated
70% of the cases with a median hospitalisation period
of about a week (range: 1—20). Most of the hospitalised
patients were adults of working age, thus resulting in
considerable societal and individual costs due to the
disease. Two of the reported hospitalised patients
were known to have died.

The investigations led to a number of measures to halt
the outbreak: recall of food batches found or suspected
to be contaminated, risk communication to the general
public and catering sector recommending heat-treating
berries, and post-exposure prophylaxis to contacts of
cases to reduce secondary transmission, according to
national guidelines.

The investigation benefited from excellent collabora-
tion among public health institutes and food safety
authorities of the affected countries, who shared
proactively and in a timely fashion the available
information. Both Ireland and Italy provided their ques-
tionnaires for adaptation and use in other countries.



The HA laboratory network (HAVNET) [30], in May 2013,
shared a common sequencing protocol for human sam-
ples, to enhance comparability of sequencing results
between countries from then on. ECDC coordinated the
European investigation and prepared three rapid risk
assessments to inform and alert countries about this
outbreak [31-33].

Regarding lessons learnt from this outbreak investiga-
tion, a number of follow-up actions have been identi-
fied on how to handle similar situations better in the
future. Most countries initially used different proto-
cols for HAV sequencing from human samples, and for
food samples a protocol specifically developed for all
food products possibly involved was not always avail-
able. This practice hampered strain comparison within
and between human and food isolates. Following the
outbreak, a multidisciplinary expert group agreed
to promote the use of the well-developed standard
sequencing protocol by HAV-NET for human HAV sam-
ples, and, when possible, for food samples. The pro-
tocol has been distributed to all national public health
laboratories in the EU/EEA countries to help compare
and exchange information on sequencing results,
and to speed up molecular investigations in future
outbreaks.

This and other recently occurring HA outbreaks high-
light that frozen berries and frozen soft-fruit in general
should be considered potentially high-risk food items
in Europe [24,26,34]. Both consumption of frozen ber-
ries and the frequency of reporting of outbreaks asso-
ciated with this food item rapidly increased in the past
15 years in Europe [29]. In order to avoid opportunities
for contamination or commercialisation of contami-
nated products, it is important that countries produc-
ing berries establish and monitor appropriate hygiene
standards and HA awareness for berry pickers. It is
similarly important that commercial berry producers
consider the risk of contamination with HAV and other
viruses in their Hazard Analysis of Critical Control
Points (HACCP) programmes. In addition, more work is
needed to enhance the sensitivity of the detection of
HAV in food samples and in particular in fresh and fro-
zen berries, as it proves challenging due to low-level
and unevenly spread contamination. A coordinated
approach in risk-communication could be considered:
any signals of contamination in frozen berries known
to be distributed in the retail market could trigger
recommendations by food safety authorities for heat-
treatment of berries before consumption in consumers’
homes, as well as in commercial food outlets and mass
catering kitchens, as occurred in several affected coun-
tries during this and previous HA outbreaks related to
frozen berries.

Finally, in consideration of the changing HAV epidemiol-
ogy, emerging sources of exposure and the increasing
size of the susceptible adult population, vaccination
recommendations may need to be reconsidered in the
EU/EEA. In the interests of public health, options such

as universal childhood vaccination and/or targeted
vaccination of workers in the berry production chain
may be considered at national level.

Acknowledgements

We would like to thank all staff at local and national level
who contributed to the outbreak investigation. We are also
grateful to Virginia Estevez for her support with the ECDC
Mapping and Multilayer Analysis (EMMA) tool.

Conflict of interest

None declared.

Authors’ contributions

LVe, LTo, BRGH, MF, LS, RRF, AMRA,SLN, FA, ABP, LM,
KP, VA, HV, MF, MM, MG, JE, MK, CV, SM, MST, MET,
BS, JO’G, KSJ, JJW, GJ, KB, ARC, LO’C, LVo, CR contrib-
uted with data and analysis from respective countries,
wrote country sections and reviewed the overall manu-
script. ES coordinated the data collection, analysed the
data and wrote the manuscript. LTa and JT contributed
to the data analysis and the manuscript writing.

References

1. Vaughan G, Goncalves Rossi LM, Forbi JC, de Paula VS, Purdy
MA, Xia G, et al. Hepatitis A virus: host interactions, molecular
epidemiology and evolution. Infect Genet Evol. 2014;21:227-43.

2. Cristina J, Costa-Mattioli M. Genetic variability and molecular
evolution of hepatitis A virus. Virus Res. 2007;127(2):151-
7. http://dx.doi.org/10.1016/j.virusres.2007.01.005
PMID:17328982

3. Desbois D, Couturier E, Mackiewicz V, Graube A, Letort M,
Dussaix E, et al. Epidemiology and genetic characterization
of hepatitis A virus genotype IIA. ] Clin Microbiol.
2010;48(9):3306-15. http://dx.doi.org/10.1128/JCM.00667-10
PMID:20592136

4. Heymann DL, editor. Control of communicable diseases
manual. 18th ed. Washington, DC: American Public Health
Association; 2008.

5. BaertL, Debevere ], Uyttendaele M. The efficacy of
preservation methods to inactivate foodborne viruses.
Int ) Food Microbiol. 2009;131(2-3):83-94. http://dx.doi.
org/10.1016/j.ijffoodmicro.2009.03.007 PMID:19349089

6. Fournet N, Baas D, van Pelt W, Swaan C, Ober H, Isken L, et
al. Another possible food-borne outbreak of hepatitis A in
the Netherlands indicated by two closely related molecular
sequences, July to October 2011. Euro Surveill. 2012;17(6). pii:
20079. PMID:22340976

7. Verhoef L. Boxman IL, Koopmans M. Viruses transmitted
through the food chain: a review of the latest developments.
CAB Reviews: Perspectives in Agriculture, Veterinary Science,
Nutrition and Natural Resources. 2008; 3; No. 078.

8. Rizzo C, Alfonsi V, Bruni R, Busani L, Ciccaglione A, De
Medici D, et al.; Central Task Force on Hepatitis A. Ongoing
outbreak of hepatitis A in Italy: preliminary report as of 31
May 2013. Euro Surveill. 2013;18(27). pii::20518. http://dx.doi.
0rg/10.2807/1560-7917.E52013.18.27.20518 PMID:23870075

9. Fitzgerald M, Thornton L, O’Gorman J, O’Connor L, Garvey
P, Boland M, et al. Outbreak of hepatitis A infection
associated with the consumption of frozen berries, Ireland,
2013--linked to an international outbreak. Euro Surveill.
2014;19(43). pii:20942. http://dx.doi.org/10.2807/1560-7917.
ES2014.19.43.20942 PMID:25375902

10. Guzman-Herrador B, Jensvoll L, Einoder-Moreno M, Lange
H, Myking S, Nygard K, et al. Ongoing hepatitis A outbreak
in Europe 2013 to 2014: imported berry mix cake suspected
to be the source of infection in Norway. Euro Surveill.
2014;19(15). pii:20775. http://dx.doi.org/10.2807/1560-7917.
ES2014.19.15.20775 PMID:24762662

11. Montafio-Remacha C, Ricotta L, Alfonsi V, Bella A, Tosti
M, Ciccaglione A, et al.; Central Task Force on Hepatitis.

www.eurosurveillance.org



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Hepatitis A outbreak in Italy, 2013: a matched case-control
study. Euro Surveill. 2014;19(37). pii:20906. http://dx.doi.
0rg/10.2807/1560-7917.E52014.19.37.20906 PMID:25259533

Wenzel JJ, Schemmerer M, Oberkofler H, Kerschner H, Sinha P,
Koidl C, et al. Hepatitis A Outbreak in Europe: Imported Frozen
Berry Mix Suspected to be the Source of At least One Infection
in Austria in 2013. Food Environ Virol. 2014;6(4):297-300.
http://dx.doi.org/10.1007/512560-014-9165-1 PMID:25183415

European Centre for Disease Prevention and Control (ECDC).
Outbreak of hepatitis A in EU/EEA countries — Second update,
11 April 2014. Stockholm: ECDC; 2014. Available from:
http://ecdc.europa.eu/en/publications/Publications/ROA-
Hepatitis%20A%2ovirus-ltaly%z2olreland%2oNetherlands%z2o0
Norway%2oFrance%2o0Germany%2o0Sweden%2oUnited%20
Kingdom%20-%2ofinal.pdf

European Food Safety Authority. Tracing of food items in
connection to the multinational hepatitis A virus outbreak in
Europe. EFSA Journal. 2014;12(9):3821. Available from: http://
www.efsa.europa.eu/en/efsajournal/doc/3821.pdf

Mele A, Rosmini F, Zampieri A, Gill ON. Integrated
epidemiological system for acute viral hepatitis in Italy
(SEIEVA): description and preliminary results. Eur ) Epidemiol.
1986;2(4):300-4. http://dx.doi.org/10.1007/BF00419494
PMID:3100322

Friesema IH, van Gageldonk-Lafeber AB, van Pelt W. Extension
of traditional infectious disease surveillance with a repeated
population survey. Eur ) Public Health. 2015;25(1):130-4. http://
dx.doi.org/10.1093/eurpub/ckui22 PMID:25085476

La Rosa G, Della Libera S, laconelli M, Ciccaglione AR, Bruni
R, Taffon S, et al. Surveillance of hepatitis A virus in urban
sewages and comparison with cases notified in the course of
an outbreak, Italy 2013. BMC Infect Dis. 2014;14(1):419. http://
dx.doi.org/10.1186/1471-2334-14-419 PMID:25074676
MacDonald E, Steens A, Stene-Johansen K, Gillesberg Lassen
S, Midgley S, Lawrence J, et al. Increase in hepatitis A in
tourists from Denmark, England, Germany, the Netherlands,
Norway and Sweden returning from Egypt, November

2012 to March 2013. Euro Surveill. 2013;18(17). pii:20468.
PMID:23647624

Castkova J, Benes C. Increase in hepatitis A cases in the Czech
Republic in 2008 - an update. Euro Surveill. 2009;14(3). pii:
19091. PMID:19161729

Hrivniakova L, Slacikova M, Kolcunova S. Hepatitis A outbreak
in a Roma village in eastern Slovakia, August-November 2008.
Euro Surveill. 2009;14(3) (3). pii: 19093. PMID:19161727

Kojouharova M. Current outbreak of hepatitis A in Bulgaria,
2006. Euro Surveill. 2006;11(40). pii:3059. PMID: 17213531

Harries M, Monazahian M, Wenzel J, Jilg W, Weber M, Ehlers
J, et al. Foodborne hepatitis A outbreak associated with
bakery products in northern Germany, 2012. Euro Surveill.
20143;19(50). pii:20992. http://dx.doi.org/10.2807/1560-7917.
ES2014.19.50.20992 PMID:25597541

Sane J, MacDonald E, Vold L, Gossner C, Severi E, Outbreak
Investigation Team. Multistate foodborne hepatitis A outbreak
among European tourists returning from Egypt--need for
reinforced vaccination recommendations, November 2012 to
April 2013. Euro Surveill. 2015;20(4). pii:21018. http://dx.doi.
0rg/10.2807/1560-7917.E52015.20.4.21018 PMID:25655054

Gallot C, Grout L, Roque-Afonso AM, Couturier E, Carrillo-
Santisteve P, Pouey J, et al. Hepatitis A associated with
semidried tomatoes, France, 2010. Emerg Infect Dis.
2011;17(3):566-7. http://dx.doi.org/10.3201/eid1703.101479
PMID:21392466

Petrignani M, Harms M, Verhoef L, van Hunen R, Swaan C,
van Steenbergen |, et al. Update: a food-borne outbreak of
hepatitis A in the Netherlands related to semi-dried tomatoes
in oil, January-February 2010. Euro Surveill. 2010;15(20). pii:
19572. PMID:20504389

Collier MG, Khudyakov YE, Selvage D, Adams-Cameron M,
Epson E, Cronquist A, et al.; Hepatitis A Outbreak Investigation
Team. Outbreak of hepatitis A in the USA associated

with frozen pomegranate arils imported from Turkey: an
epidemiological case study. Lancet Infect Dis. 2014;14(10):976-
81. http://dx.doi.org/10.1016/51473-3099(14)70883-7
PMID:25195178

Nordic Qutbreak Investigation Team C. Joint analysis by the
Nordic countries of a hepatitis A outbreak, October 2012

to June 2013: frozen strawberries suspected. Euro Surveill.
2013;18(27). pii: 20520. PMID: 23870076

Swinkels HM, Kuo M, Embree G, Fraser Health Environmental
Health Investigation Team, Andonov A, Henry B, et al.
Hepatitis A outbreak in British Columbia, Canada: the

roles of established surveillance, consumer loyalty cards
and collaboration, February to May 2012. Euro Surveill.
2014;19(18). pii:20792. http://dx.doi.org/10.2807/1560-7917.
ES2014.19.18.20792 PMID:24832119

www.eurosurveillance.org

29.

30.

31.

32.

33.

34.

Tavoschi L, Severi E, Niskanen T, Boelaert F, Rizzi V, Liebana

E, et al. Food-borne diseases associated with frozen berries
consumption: a historical perspective, European Union, 1983 to
2013. Euro Surveill. 2015;20(29):pii=21193.

National Institute for Public Health and the Environment in the
Netherlands (RIVM). HAVNET. Bilthoven: RIVM. [Accessed 21
Dec 2014]. Available from: http://www.havnet.nl

European Centre for Disease Prevention and Control (ECDC).
Outbreak of hepatitis A virus infection in residents and
travellers to Italy. 28 May 2013. Stockholm: ECDC; 2013.
Available from: http://ecdc.europa.eu/en/publications/
Publications/hepatitis-A-outbreak-of-hepatitis-A-virus-
infection-in-residents-and-travellers-to-Italy.pdf

European Centre for Disease Prevention and Control (ECDC).
Update: Outbreak of hepatitis A virus infection in Italy and
Ireland 9 July 201. Update: Outbreak of hepatitis A virus
infection in Italy and Ireland. 9 July 2013. Stockholm: ECDC;
2013. Available from: http://ecdc.europa.eu/en/publications/
publications/roa-update_hav_italy_ireland-final.pdf.

European Centre for Disease Prevention and Control (ECDC).
Outbreak of hepatitis A in EU/EEA countries — Second update,
11 April 2014. Stockholm: ECDC; 2014. Available from:
http://ecdc.europa.eu/en/publications/Publications/ROA-
Hepatitis%20A%2ovirus-ltaly%2olreland%20oNetherlands%20
Norway%2oFrance%20Germany%2o0Sweden%2oUnited%20
Kingdom%20-%2ofinal.pdf

Bernard H, Faber M, Wilking H, Haller S, Hohle M, Schielke A,
et al. Large multistate outbreak of norovirus gastroenteritis
associated with frozen strawberries, Germany, 2012. Euro
Surveill. 2014;19(8). pii:20719. http://dx.doi.org/10.2807/1560-
7917.ES2014.19.8.20719 PMID:24602278



