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Conclusions and options for response

A multi-country outbreak of Sa/monella Enteritidis phage type (PT) 8 with multiple locus variable-number
tandem repeat analysis (MLVA) profile 2-9-7-3-2 has been ongoing in the EU/EEA since at least July 2015. The
outbreak has been further defined on the basis of whole genome sequencing (WGS) analysis. Isolates were
initially part of two distinct but relatively close clusters, but recent isolates from the United Kingdom for which
WGS was performed fall only into one cluster.

Since May 2016, 16 confirmed and 132 probable cases have been reported to ECDC by six EU/EEA countries.
Between February 2012 and April 2016, 101 historical isolates with outbreak strain characteristics (either based
on WGS or MLVA) were reported. Outbreak cases, both confirmed and probable, were reported by Belgium,
Denmark, the Netherlands, Norway, Sweden and the United Kingdom. At least 24 of these cases are associated
with a travel history to EU countries that do not routinely perform MLVA or WGS; it is therefore likely that these
EU countries are also affected by this outbreak.

In order to determine the extent of this outbreak, ECDC will continue supporting WGS for a selected nhumber of
isolates with the MLVA profile 2-9-7-3-2, regardless of travel history.

To improve the capability to identify the source of the outbreak, EU/EEA countries should consider interviewing
recent and new cases that have the same MLVA profile by using a common questionnaire. ECDC will provide
WGS support for a number of isolates from these cases. Interviews of probable and confirmed cases should be
held as soon as possible, even if WGS results from the isolates are not yet available. Only questionnaires from
confirmed cases will be included in the analysis.

In order to monitor the circulation of this strain and keep track of the number of affected countries, all affected
EU/EEA countries should consider enhancing surveillance for S. Enteritidis. It would be particular helpful to
perform MLVA typing and/or WGS.

To monitor the magnitude and severity of this cross-border health threat, new cases and critical developments
should be reported to EPIS-FWD (Epidemic Intelligence Information System for Food- and Waterborne Diseases
and Zoonoses). Outbreak investigations should be harmonised across EU/EAA countries and utilise a
multidisciplinary approach for detecting the source of the outbreak.

Suggested citation: European Centre for Disease Prevention and Control. Multi-country outbreak of Sa/monella
Enteritidis phagetype 8 MLVA type 2-9-7-3-2 infections — first update, 5 September 2016. ECDC: Stockholm; 2016.
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Source and date of request

ECDC internal decision, 29 August 2016

Public health issue

This document assesses the risk associated with a multi-country outbreak of Sa/monella Enteritidis PT 8 with
identical MLVA type, initially confirmed and delineated by whole genome sequencing methods. A first rapid risk
assessment on this event was published by ECDC on 21 March 2016 in EPIS-FWD.

Consulted experts

ECDC experts (in alphabetical order)

Denis Coulombier, Josep Jansa, Saara Kotila, Piotr Kramarz, Taina Niskanen, Daniel Palm, Ettore Severi, Johanna
Takkinen, Flavie Vial, Therese Westrell.

External experts (by alphabetical order of countries)

Sophie Bertrand, Sofieke Klamer and Wesley Mattheus, National Institute of Public Health — WIV-ISP, Belgium;
Kassiani Mellou, Hellenic Centre for Disease Control and Prevention — KEELPNO, Greece; Eelco Franz, Ingrid
Friesema and Hans van den Kerkhof, National Institute for Public Health and the Environment — RIVM, the
Netherlands; Lin Thorstensen Brandal, Norwegian Institute of Public Health — FHI, Norway; Lesley Larkin and Tim
Dallman, Public Health England — PHE, United Kingdom; Gill Hawkins and Camilla Wiuff, Health Protection Scotland
— HPS, United Kingdom; John Coia, Derek Brown and Henry Mather; Scottish Salmonella, Shigellaand C. difficile
Reference Laboratory, United Kingdom.

Disease background information

Salmonella Enteritidis phagetype 8 isolations in humans

S. Enteritidis is the most commonly detected serovar in human non-typhoidal salmonellosis in Europe. It has
declined substantially in recent years (Figure 1), most likely as a result of successful control measures implemented
under Regulation (EC) No. 2160/2003" in poultry populations.

Figure 1. Distribution of confirmed cases of Sa/monella Enteritidis by year, EU/EEA, 2007—-2015
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Source: ECDC [1]

* Regulation (EC) No 2160/2003 of the European Parliament and of the Council of 17 November 2003 on the control of
salmonella and other specified food-borne zoonotic agents
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From 2007 to 2014, 364 450 cases of S. Enteritidis were reported to The European Surveillance System (TESSy)
(mean cases per year 45 056, range 29 090 to 83 760) by 27 countries, with Germany and the Czech Republic
reporting 51% of all cases. In 2014, the Czech Republic observed an increase in the number of foodborne
outbreaks of Sa/monella, contributing to a slight increase in the number of cases reported for the year at EU level.
The median age for all cases with information available was 19 years (interquartile range IQR=5-49); 52%
(n=184 906) were female and 89% (n=268 865) were acquired within the reporting country. Symptom onset was
distributed over the year, with a peak from July to September. To date, 31 829 S. Enteritidis cases have been
reported to TESSy for 2015 (data not yet published), and 18 countries reported 3 536 cases in the first two
quarters of 2016 [2].

During the period 2011-2014, 12 EU/EEA countries (Austria, Belgium, Denmark, Estonia, Hungary, Ireland, the
Netherlands, Romania, Slovakia, Spain, Sweden and the United Kingdom) reported between 1 025 and 1 705
confirmed cases of S. Enteritidis PT8 to TESSy annually. The majority of PT8 cases were reported by the United
Kingdom (40%) which, together with Austria and Hungary, accounted for 84% of reported cases. Seventy-seven
percent of the cases for which this type of information was known were domestic. Cases occurred among all age
groups, and the median age was 24 years (IQR=6-51). No gender difference could be observed. A total of 1 034
S. Enteritidis PT8 cases was reported to TESSY by eight countries in 2015; five countries reported 98 cases in the
first two quarters of 2016.

S. Enteritidis is the predominant serovar associated with Sa/monella outbreaks in Europe. S. Enteritidis accounted
for 142 outbreaks in 2014, accounting for 46.1% of all Sa/monella outbreaks. Phage type PT8 was the most
frequently reported phage type among documented S. Enteritidis outbreaks, with 18 outbreaks identified [3].

Microbiological background

Public Health England (PHE) and ECDC validated and published a standardised protocol for a 5-loci S. Enteritidis
MLVA scheme [4]. EU/EEA-wide data collection for S. Enteritidis MLVA data has been started in TESSy in June
2016. As of 30 August 2016, four countries have submitted data. Ninety-nine S. Enteritidis isolates with the MLVA
type 2-9-7-3-2 have been submitted to TESSy. Of these, 92 are part of a multi-country cluster involving the
Netherlands, Norway and the United Kingdom, with dates used for statistics ranging from 28 May 2015 to 19
August 2016.

ECDC is offering WGS services to support outbreak confirmation and delineation. In connection with outbreak
investigations between January and April 2016, the Dutch public health agency (RIVM) analysed WGS data with
identical MLVA types from the multi-country outbreak of S. Enteritidis PT8. A cross comparison of the analysis and
its interpretation was performed by PHE and Health Protection Scotland, with similar results.

Event background information

On 18 January 2016, Scotland launched an urgent inquiry (UI) in EPIS-FWD, reporting 21 cases of S. Enteritidis
PT8 that shared an uncommon MLVA profile (2-9-7-3-2). The first cases had appeared in late August 2015 and
represented a substantial increase compared with previous years. Prior to this outbreak, this MLVA profile had last
been seen in August 2014, also in Scotland. Following the launch of the UI in EPIS-FWD, three EU countries
reported human cases with the same MLVA profile during the same period: between May 2015 and January 2016,
17 isolates sharing the same MLVA profile were recorded in the Netherlands; Denmark and Finland recorded one
case each (August 2015 and September 2015, respectively). In addition, a number of human cases with the same
MLVA profile were discovered prior to 2015 in Denmark and Slovenia.

After a WGS analysis of several Scottish isolates, England and Wales reported 52 genetically linked isolates
(reported between June 2014 and 15 January 2016), with the majority reported after July 2015.

In February 2016, in order to confirm and describe the outbreak, ECDC offered WGS support for isolates of human
origin with the MLVA profile 2-9-7-3-2 that were detected in EU/EEA countries. WGS data analysis for these isolates
was performed simultaneously in the Netherlands, Scotland, England and Wales until February 2016. The results
confirmed a multi-country outbreak with two genetically distinct clusters.

A total of 47 isolates shared the t5-level SNP address 1.2.3.175.175.175.%, based on the PHE pipeline (PHE in-
house WGS data analysis scheme) and a threshold set to a difference of <5 single nucleotide polymorphisms
(SNP) to at least one other case in the outbreak. The 47 matches included (Table 1):

¢ Thirty-seven isolates from the UK, three from Sweden, two from the Netherlands and one from Finland, all
detected between July 2015 and April 2016.

¢ Four isolates were detected in the UK between February 2012 and June 2015. A total of 54 isolates shared the
t5-level SNP address 1.2.3.18.359.360.% (Table 1):

¢ Thirty-two isolates from the UK and seven from the Netherlands detected between July 2015 and April 2016.

» Fifteen isolates were detected in the UK between February 2012 and June 2015.
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By the time the WGS analysis was finalised and the outbreak described, all involved countries reported that no new
cases had been identified over the last few weeks. No vehicle or source of the outbreak could be identified, and
national and international investigations were discontinued.

On 25 August 2016, the Netherlands launched a new UI in EPIS-FWD reporting a hew increase in cases of

S. Enteritidis characterised by the same MLVA profile 2-9-7-3-2. In the following days, Belgium, Denmark, Norway,
Sweden and the UK reported recent cases with the same MLVA pattern or associated WGS profile. ECDC convened
an outbreak investigation meeting, involving all countries that reported cases with the goal to confirm the re-
emergence of the outbreak, agree on an updated case definition, and discuss response options.

The European outbreak case definition is as follows:
A confirmed outbreak case

¢ With symptoms onset on or after 1 May 2016 (date of sampling or date of receipt by the reference laboratory if
date of onset is not available)

AND

¢ Fulfilling the following laboratory criterion: with a strain sharing the same t5-level SNP address as one of the
defined UK outbreak clusters based on WGS analysis (e.g. 1.2.3.175.175.175.% or 1.2.3.18.359.360.%).

A probable outbreak case

¢ With symptoms onset on or after 1 May 2016 (date of sampling or date of receipt by the reference laboratory if
date of onset is not available)

AND

¢ Fulfilling the following laboratory criterion: with a strain matching the MLVA profile 2-9-7-3-2 corresponding to
the MLVA protocol with 5 loci [4].

A historical case

¢ A laboratory-confirmed Sa/monella Enteritidis case with MLVA-type 2-9-7-3-2 or a strain sharing the same t5-
level SNP address as one of the defined UK outbreak clusters based on WGS analysis and date of disease onset
from February 2012 to April 2016 (date of sampling or date of receipt by the reference laboratory if date of
onset is not available).

Exclusion criteria

e Cases with travel history outside of the EU/EEA.

e Secondary cases defined as those confirmed cases that have had person-to-person contact with a confirmed
case and no exposure to a common source.

e (Cases infected with MLVA-type 2-9-7-3-2, but not sharing the t5-level SNP address as one of the defined UK
outbreak clusters based on WGS analysis (e.g. 1.2.3.175.175.175.% or 1.2.3.18.359.360.%).
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Epidemiological investigation

Between 1 May and 30 August 2016, 16 confirmed and 132probable cases were reported by Belgium, Denmark,
the Netherlands, Norway, Sweden and the United Kingdom (Table 1). The 16 confirmed cases were reported by
England and Wales (n=15) and Scotland (n=1), and were all part of the t5-level SNP address 1.2.3.175.175.175.%
previously described.

In all countries, cases were reported as sporadic or in clusters of less than 10 cases. At least 24 cases were
reported as travel-associated: one to Austria, one to the Czech Republic, one to Germany, 13 to Greece, seven to
Poland and one each to France and the Netherlands. All Norwegian cases were travel-related (to Greece and
Poland).

Three of the historical cases had been previously reported with a travel history to Bulgaria, Poland and Portugal;
the fourth case was connected to a journey to the Dutch Antilles.

In August 2016, an outbreak investigation was launched in the Netherlands. In the United Kingdom, case
interviews that use a previously prepared trawling questionnaire are planned. Currently, national investigations
have not been able to implicate a common source or vehicle of infection for this outbreak.

Table 1. Number of isolates by case classification and country, EU/EEA, February 2012 to
August 2016

Number of isolates

Historical cases
(from February 2012 to April

Confirmed cases Probable

Country (after 30 April 2016) cases 2016
T
1.2.3.175.175.175.%| 1.2.3.18.359.360.% 1.2.3.175.175.175.%|1.2.3.18.359.360.%)
Belgium 0 0 15 0 0
Denmark 0 0 1 0 0
Finland 0 0 0 1 0
Netherlands 0 0 64 2 7
Norway 0 0 14 0 0
Sweden 0 0 10 3 0
UK (England, Wales and Isle of Man) 15 0 0 25 33
UK (Scotland) 1 0 28 16 14
Total 16 0 132 47 54

ECDC threat assessment for the EU

Since 1 May 2016, six EU/EEA countries have reported 148 S. Enteritidis cases either with an identical MLVA profile
(n=132) or belonging to a t5-level SNP address cluster (n=16) previously shown to be associated with the same
MLVA profile. An international outbreak has been confirmed by high resolution WGS analysis in March 2016 on
isolates of the same MLVA type. Although the outbreak had been considered ended in the first months of 2016, the
new cases reported since May with identical MLVA type or falling in one of the two previously described WGS
clusters confirm that the outbreak is still ongoing and that additional cases have to be expected. Although WGS
analysis was performed only on recent isolates from England and Wales, it has to be considered very unlikely that
the majority of the other probable cases would not be associated with this outbreak, particularly in the
Netherlands, Scotland and Sweden which already identified outbreak cases in the past. WGS analysis on all or a
sample of isolates from probable cases will clarify the extent of this international outbreak. In addition, WGS of
isolates from probable cases with a travel history to a different EU country than the reporting one, may allow
identifying additional countries affected by this outbreak among those not routinely performing neither MLVA nor
WGS typing. Currently, all EU/EEA countries to which confirmed or probable cases reported travel should be
considered as affected by this outbreak.

Based on the available information, it is likely that all cases are part of an outbreak caused by a common source
which has been active since at least July 2015. In order to better identify the possible source of the outbreak, the
updated European outbreak case definition now focuses only on those cases that were reported on or after 1 May
2016.

The outbreak initially consisted of two distinct SNP address clusters, but over the last few months only cases from
one address cluster could be identified. Limiting the case definition to cases reported in May 2016 and later, and
splitting the outbreak into two separately investigated clusters (based on WGS results), helps investigators to
develop a strong hypothesis on the source (or sources) of the outbreak.
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Annex 1

SNP-based phylogenetic trees of S. Enteritidis 2-9-7-3-2 isolates from Finland, the Netherlands, Sweden and the
United Kingdom. SNP address 1.2.3.175.%.

f H150120647 1.2.3.175.599.638.772 ENGLAND Eqgypl
— H154180822 1.2.3.175.599.639.3757 ENGLAND Egypt
H162940368 1.2.3.175.721.782.5024 ENGLAND
H16324D357 1.2.3.175.721.782 5024 ENGLAND
H163260380 1.2.3.175.721.762.5024 ENGLAND United Kingdom
H163320486 1.2.3.175.721.762.5024 WALES.
— H163360298 1.2,3,175.721.782.5172 ENGLAND
H163220648 1.2.3.175.721.762.5024 ENGLAND
H163140568 1.2.3.175.721.782.5024 ENGLAND
H163100085 1.2.3.175.721.762.5024 ENGLAND
# H163120467 1.2.3.175.721.782. 5000 ENGLAND

H163320462 1.2.3.175.721.782.5090 ENGLAND

H163120488 1.2.3.175.721.762.5000 ENGLAND
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- H163120486 1.2.3.175.721.782.5073 WALES.
- H163220803 1.2,3,175.721.782.5122 ENGLAND

H154640514 1.2,3.175.721.762.4044 ENGLAND
H161060652 1.2.3.176.721.782.4044 N. IRELAND
H141520449 1.2.3.175.721.782.1186 ENGLAND Poland
H143620803 1.2.3.175.721.782.1186 ENGLAND
H12aB4D561 1.2.3.175.721 782 1257 ENGLAND
H122660483 1.2.3.175.721.762.976 ENGLAND
H 55 1.2.3.175.721.762.976 ENGLAND
H122540674 1.2,3,175.721.782.976 ENGLAND
H122820787 1.2.3.175.721.762.976 ENGLAND
- H123320606 1.2.3.175 721 782 1845 ENGLAND
H154520401 1.2.3.175.721.782.3981 ENGLAND
H163040444 1.2.3.175.721.2766 5055 ENGLAND
H162B00506 1.2.3.175.721.2769 4928 ENGLAND
1210R 15887 1.2.3.175.2128.2500.4453 DENMARK
H183280484 1.2.3.176.175.1306.5143 ENGLAND
H161720662 1.2.3.175.175.1305.4621 ENGLAND Poland
H153320501 1.2.3.175.175.1305.3273 ENGLAND
H153320500 1.2,3.175.175,1305.3273 ENGLAND
— H143460528 1.2.3.175.175.1305.1760 ENGLAND
H143460528 1.2.3.176.175.1306.1760 ENGLAND
H154700347 1.2.3.175.175.175.4047 ENGLAND
H143860865 1.2.3.175.175.175.175 ENGLAND
H143540900 1.2.3.175.175.175.175 ENGLAND
H142520448 1.2.3.175.175.175.175 ENGLAND
H162300572 1.2.3.175.175.175.4813 ENGLAND
H162400319 1.2,3,175,175.175.4812 ENGLAND
H154840565 1.2.3.175.175.175.4092 WALES.
280712 S-20160818-2 1.2.3.175.175.176.5185 SCOTLAND
231153_20160169-1 1.2.3.175.175.175.4523 SCOTLAND
219115 20151300-2 1.2.3.175.175.175.4443 SCOTLAND
219116_20151384-2 1.2.3.175.175.175.4443 SCOTLAND

H162120703 1.2.3.175.175.175.4693 ENGLAND
—‘ H162100457 1.2.3.1756.175.1756.4603 ENGLAND

H162060204 1.2.3.175.175.175.4693 ENGLAND
H160320398 1.2.3.175.175.175.4353 ENGLAND
H162320175 1.2,3,1756,175.175.330T7 ENGLAND
H160820518 1.2.3.175.175.175.3397 ENGLAND
214680 20151675-11.2.3.175.176.175.3397 SCOTLAND
1091501848 1.2.3.175.175.175.3387 NETHERLANDS
— H163320488 1.2.3.175.175.175.5154 ENGLAND
247338 _§ 201603081 1.2.3.175.176.176.46356 SCOTLAND
247340_5_20160344-1 1.2.3.175.175.175.4635 SCOTLAND
247339 § 20160335-11.2.3.175.175.175.4635 SCOTLAND
247341_$_20160357-1 1.2,3,175,175,175.4635 SCOTLAND
— 114213 1.2.3.175.175.175.4448 FINLAND
H153760208 1.2.3.176.176.175.3397 ENGLAND Partugal
H162660488 1.2.3.175.175.175.4916 ENGLAND
H162720395 1.2.3.175.175.175.4916 ENGLAND
H162980295 1.2,3.175,175,175.4988 ISLE OF MAN
— H162840368 1.2.3.175.175.175.4988 WALES
H161740661 1.2.3.175.175.175.3307 ENGLAND
5208_16_S41_R1_0D11.2.3.175.175.175.3397 S\WEDEN
219123_20180087-2 1.2 3.175.175.175.3307 SCOTLAND
H155100480 1.2.3.175.175.175.3397 ENGLAND
H160560408 1.2.3.175.175.175.3397 ENGLAND
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§221_16_$42_R1_0011.2,3.175.175,175,5184 SWEDEN
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H154180820 1.2.3.175.175.175.3397 ENGLAND
1160220682 1.2.3.175.175.175.3397 SCOTLAND
H163300281 1.2.3.175,175.175,3397 ENGLAND
1091501849_511_L001_R1_001 1.2.3.175.175.175.3397 NETHERLANC
H153920428 1.2.3 175 175.175.3397 ENGLAND
H153560151 1.2,3.175.175.175,3397 ENGLAND
H163080224 1.2.3.175.175.175.5018 ENGLAND
H163020574 1,2,3,175.175,175.5018 ENGLAND Poland
H152320521 1.2.3.175.175.175.2857 ENGLAND
152240483 1.2.3.175.175.175.2057 ENGLAND
H182160291 1.2.3.175.175.175 4741 ENGLAND
214674_20141173-11.2.3.175.175.175 4308 SCOTLAND
214870 20151576-1 1.2 3176 175.175.3307 SCOTLAND
H161740865 1.2.3.175.175.175.3397 ENGLAND
214687_20180045-11.2.3.175.175.175.3307 SCOTLAND
§191_16_$40_R1_0011.2,3.175.175,175,3387 SWEDEN
H154720540 1.2.3.175.175.175.3397 ENGLAND
+| 231152 20160163-1 1.2.3.175.175.176.2307 SCOTLAND
153720811 1.2.3.175.175.175.3397 ENGLAND
— H160820817 1.2.3.175.175.175.4474 ENGLAND
— - 214886_20160073-1 1.2.3.175.175.175.4400 SCOTLAND
H160600805 1.2.3.175.175.175.3387 1A
160220680 1.2.3.175.175.175.3397 SOOTLAND
— 1091501831_59_L801_R1_001 1.2.3.175.175,175.4452 NETHERLANDS
I H163120484 1.2.3.175.175.175.5088 WALES
H183240337 1.2.3.175.175.175.5088 ENGLAND
H153700484 1.2.3.175.175.175.3397 ENGLAND
153620808 1.2.3.175.175.175.3307 ENGLAND
H153800180 1.2.3.175.175.175.3397 ENGLAND
H153740518 1.2.3.175.175.175.3397 ENGLAND
H153880506 1.2.3.175.175.175.3307 ENGLAND
H15374D517 1.2.3.175.175.175.3397 ENGLAND
H153860473 1.2.3.175.175.175.3307 ENGLAND
- H155000317 1.2.3.1204.2042.2475.4131 104

\LJ_

Outbreak type is highlighted red.

IQA: internal quality assessment

Country name in uppercase: country where sample was taken
Country name in lower case: country of potential exposure

Source: Public Health England, United Kingdom
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