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Salmonella Typhimurium DT8 was a very rare cause 
of human illness in Ireland between 2000 and 2008, 
with only four human isolates from three patients 
being identified. Over a 19-month period between 
August 2009 and February 2011, 34 confirmed cases 
and one probable case of Salmonella Typhimurium 
DT8 were detected, all of which had an MLVA pattern 
2-10-NA-12-212 or a closely related pattern. The epi-
demiological investigations strongly supported a link 
between illness and exposure to duck eggs. Moreover,  
S. Typhimurium with an MLVA pattern indistinguish-
able (or closely related) to the isolates from human 
cases, was identified in 22 commercial and backyard 
duck flocks, twelve of which were linked with known 
human cases. A range of control measures were taken 
at farm level, and advice was provided to consumers 
on the hygienic handling and cooking of duck eggs. 
Although no definitive link was established with a con-
current duck egg-related outbreak of S. Typhimurium 
DT8 in the United Kingdom, it seems likely that the two 
events were related. It may be appropriate for other 
countries with a tradition of consuming duck eggs to 
consider the need for measures to reduce the risk of 
similar outbreaks.

Introduction 
Salmonella enterica is the second most common 
cause of bacterial gastroenteritis in most European 
Union (EU) Member States, including Ireland [1]. The 

reported annual crude incidence rate for human sal-
monellosis in Ireland has ranged from 8.1 to 10.8 per 
100,000 between 2004 and 2010 (8.4 per 100,000 in 
2010). Although S. Typhimurium was the most com-
mon serotype among indigenous cases of salmonello-
sis from 2008 and 2010 [2], the DT8 phage type was a 
very rare cause of illness, with only four isolates from 
three patients identified between 2000 and 2008. The 
related S. Typhimurium phage type DT30 is also very 
rare. 

S. Typhimurium DT8 is also uncommon in the rest of 
Europe [1], but was associated with a small salmonello-
sis outbreak in Scotland in late 2009 [3] and implicated 
in sporadic cases of salmonellosis associated with con-
sumption of duck eggs in Germany during the 1990s 
[4]. Contaminated duck eggs have been recognised as 
a vehicle of Salmonella Typhimurium infection as far 
back as 1949, when 40 nurses in a London hospital fell 
ill after eating a lightly cooked pudding prepared with 
duck eggs [5]. Here we report on the investigation of 
an outbreak of S. Typhimurium DT8 which occurred in 
Ireland between August 2009 and May 2011. 

Methods

Outbreak case definition and case finding
In this outbreak, a confirmed case was defined as 
a person with laboratory-confirmed infection with 
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Salmonella Typhimurium DT8 (MLVA pattern 2-10-NA-
12-212 or a closed related pattern) and a date of onset 
or sample date between 1 August 2009 and 24 May 
2011. A closely related pattern was one that differed 
at one locus or with minor differences at two loci. A 
probable case was defined as a person with diarrhoea, 
fever, abdominal pain or vomiting between 1 August 
2009 and 24 May 2011 and an epidemiological link 
(household) to a laboratory-confirmed case. The defi-
nition was further refined to exclude one person who 
had spent their entire incubation period outside of 
Ireland, and to exclude a laboratory-acquired case. 

Confirmed outbreak cases were identified from isolates 
submitted for typing. Referral of Salmonella isolates 
by clinical laboratories is voluntary but essentially 
complete (Martin Cormican NSSLRL, personal commu-
nication, April 2010), thus ascertainment of laboratory-
confirmed cases is likely to have been comprehensive. 
Probable cases were identified among household con-
tacts of confirmed cases during interviews.

Epidemiological investigations 
Demographic, laboratory and exposure information on 
human cases was gathered. The Epidemic Intelligence 
Information System (EPIS) of the European Centre for 
Disease Prevention and Control (ECDC) was used to 
circulate a request for information on similar cases to 
colleagues in other EU Member States on 23 April 2010, 
when a hypothesis began to emerge. 

Food and traceback investigations
Traceback investigations involved multiple agencies to 
establish the suppliers of duck eggs to those outlets 

where cases had bought/obtained duck eggs, followed 
by on-farm testing of environmental samples, includ-
ing duck faeces, for Salmonella. Forward tracking of 
ducks from positive farms to secondary farms was 
also undertaken, with Salmonella testing at second-
ary farms. Duck farms were classified as ‘large com-
mercial’ (≥100 birds) or ‘backyard’ (<100 birds) flocks. 
As the outbreak progressed, all large commercial duck 
farms were tested. In addition, hygiene and production 
practices at the duck farms were inspected and the 
duck egg distribution network was reviewed. 

Laboratory typing methods
All isolates detected were confirmed as S. enterica 
serotype Typhimurium according to the Kauffmann-
Whyte-Le Minor scheme using slide agglutination 
(Murex Biotech Ltd., Dartford, United Kingdom, and Sifin 
Institut, Berlin, Germany) [6,7]. Antimicrobial suscepti-
bility testing to a range of antimicrobial agents (ampi-
cillin, chloramphenicol, streptomycin, sulphonamides 
(8-1024), tetracycline, trimethoprim, naladixic acid, 
kanamycin, ciprofloxacin, cefpodoxime, gentamicin, 
ceftazadime and cefotaxime) was determined using 
the broth dilution method (Sensititre, TREK Diagnostic 
Systems, East Grinstead, United Kingdom) [8]. The 
European Committee on Antimicrobial Susceptibility 
Testing (EUCAST) clinical breakpoints were used for 
interpretation [9]. Multilocus variable-number tandem 
repeat analysis (MLVA) was performed according to 
method of Larrson et al. 2009 [10]. Pulsed-field gel 
electrophoreses (PFGE) was performed on selected iso-
lates using the PulseNet protocol [11]. 

Figure
Salmonella Typhimurium DT8 cases by month and year of onset, Ireland, 1 August 2009–24 May 2011 (n=35)
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Results

Descriptive epidemiology
When the outbreak was declared over on 24 May 2011 
because no new cases have appeared since the end of 
February, 34 laboratory-confirmed cases and one prob-
able case have been identified. Cases were distributed 
across seven of the eight public health administrative 
areas (HSE areas) in Ireland. The earliest date of onset 
was 14 August 2009, while the last was 27 February 
2011 (Figure). The shape of the outbreak curve is con-
sistent with an intermittent-source outbreak. Notably, 
fewer cases were reported during winter periods. 

Within the outbreak, there were five family clusters of 
two cases each. In one family, a young infant was con-
sidered a secondary case. The cases’ ages ranged from 
less than one year to 88 years (median: 42 years) and 
male cases predominated (23 male versus 12 female 
cases).

The clinical symptoms of the cases were diarrhoea 
(28/29), fever (19/23), abdominal pain (19/25), and 
nausea (16/22), with less frequent reports of blood in 

stools (13/24), vomiting (14/26) and headache (4/14). 
Symptom duration ranged from one to 21 days (median: 
7 days), based on information from 21 cases. Most 
cases (18/33) were admitted to hospital. One of them 
died, but the death was not attributed to salmonellosis. 

Those EU Member States who responded to the ini-
tial inquiry in April 2010 indicated at the time that 
Salmonella Typhimurium DT8 was an uncommon cause 
of human illness and that they had no increase in case 
numbers. However, Norwegian colleagues reported 
that there were isolations of similar but not indistin-
guishable MLVA previously from larger birds, but there 
were no reports of recent isolations from ducks. In July 
2010, colleagues from the former Health Protection 
Agency in the United Kingdom (UK) informed the Irish 
Health Protection Surveillance Centre (HPSC) of an 
excess of S. Typhimurium DT8 cases in England, Wales 
and Northern Ireland that began in the summer of 2010 
[12].

Hypothesis generation
Under Infectious Diseases (Amendment) Regulations 
2011 (S.I. No. 452 of 2011), human salmonellosis is 
notifiable in Ireland, and epidemiological investigation 

Table 1
Reported exposure to and source of duck eggs, Salmonella Typhimurium outbreak, by disease onset, Ireland, 1 August 
2009–24 May 2011 (n=35)

Month and year

Duck egg exposurea

No duck egg 
exposure

Exposure 
history 

unknown
TotalLarge 

commercial 
flock

Backyard flock 
selling eggs for 

profit

Backyard flock 
with eggs for 

private use only

Unclassified 
source

Aug 2009 0 0 1 1 0 1 3
Sep 2009 0 0 0 0 0 0 0
Oct 2009 0 0 0 0 0 1 1
Nov 2009 0 0 0 0 0 0 0
Dec 2009 0 0 0 1 0 0 1
Jan 2010 0 0 1 0 0 0 1
Feb 2010 2 0 0 1 0 0 3
Mar 2010 2 0 0 0 0 0 2
Apr 2010 1 0 0 0 1 0 2
May 2010 0 0 0 0 0 0 0
Jun 2010 0 0 0 0 3 0 3
Jul 2010 1 0 0 0 2 0 3
Aug 2010 0 0 4b 0 1 0 5
Sep 2010 1 2 1 0 0 1 5
Oct 2010 0 0 2 0 2 0 4
Nov 2010 0 0 0 0 0 0 0
Dec 2010 0 0 0 0 0 0 0
Jan 2011 0 0 0 0 0 0 0
Feb 2011 0 2 0 0 0 0 2
Total 7 4 9 3 9 3 35

a Duck flocks are classified either as large commercial flocks (≥100 birds) or backyard flocks (<100 birds). 
b Secondary case included here along with case from whom they acquired their illness.
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of clusters is routine, the size threshold being lowest 
for uncommon strains. In August 2009, the reporting of 
three cases of a salmonella variant previously reported 
as rare in Ireland prompted an epidemiological inves-
tigation. Exposure data obtained on two of the three 
reported cases using a standard national Salmonella 
trawling questionnaire indicated that both had con-
sumed duck eggs, although from different sources, 
including one backyard flock from which duck eggs 
were not sold to the public. The third case could not 
be contacted.

All three isolates available at that time, as well as 
two further human isolates identified later in 2009, 
had the MLVA pattern 2-10-NA-12-212 or a closely 
related pattern, suggesting a common source. The 
MLVA pattern of these isolates differed at multiple 
loci from that observed with the three previous human 
S. Typhimurium DT8 from Ireland isolated between 
2000 and 2008. 

On detection of a second cluster of cases beginning late 
January 2010, national salmonella trawling question-
naires were again applied. Of seven confirmed and one 
probable case with onset dates between January and 
April 2010, seven reported consumption of/exposure 
to duck eggs. Although comparison of consumption 
data for the population as a whole was not possible, 
this exposure was believed to be relatively uncommon 
in the general population. Therefore ducks eggs were 
considered the likely source of the outbreak.

Exposure history
When the outbreak was declared over, duck egg expo-
sure was reported for 22 of 31 primary cases with 
known exposure histories. An additional case clas-
sified as a secondary case was linked to a confirmed 
case who had consumed duck eggs. Cases reported 
obtaining duck eggs from multiple sources including 
non-commercial sources, suggesting that infection 
was probably not related to a single duck flock. Earlier 
cases were exposed to duck eggs from both larger 
commercial and backyard sources, while later cases 
were more likely to have consumed duck eggs from 
backyard flocks (Table 1).

Traceback investigations
The duck egg trade proved to be highly complex. The 
eggs are often supplied from one flock to several retail-
ers, and retailers often source duck eggs from multi-
ple suppliers. This necessitated forward- as well as 
back-tracing investigations when S. Typhimurium was 
detected on farms. Unlike all hen eggs sold at retail 
level in Ireland, which must be sourced from an egg 
packing centre registered with the Irish Department 
of Agriculture, Food and the Marine (DAFM), retailers 
source duck eggs directly from producers. In addition, 
eggs from backyard flocks were not marked, making it 
difficult to trace back to source.

Initial investigations focused on larger commercial 
duck farms directly or indirectly linked with outbreak 
cases, but were expanded to include all large commer-
cial duck farms and a number of backyard flocks selling 
for profit. Between March 2010 and May 2011, 64 farms 
had been inspected and sampled, with S. Typhimurium 
isolated from 22 of these (Table 2). Of these 22, nine 
farms were linked to eleven human cases. In addition, 
three backyard flocks (linked with another four human 
cases) were also found positive for salmonella (Table 
2), making it 25 positive flocks in total. Isolates from 
22 of these 25 S. Typhimurium-positive duck egg farms 
were typed as DT8 or DT30 with MLVA pattern 2-10-
NA-12-212 or a related pattern. A further three com-
mercial flocks not linked to human DT8 cases were 
positive for S. Typhimurium phage types DT56var, DT41 
or DT120(low) (Table 2). 

One of two duckling hatcheries in Ireland was posi-
tive for S. Typhimurium (DT56var) but not for the out-
break strain. This hatchery supplied three of the farms 
positive for Salmonella, but two of those farms also 
received chicks from other sources. Duck farm sam-
ples taken for testing did not include duck eggs; in one 
instance, eggs were tested from a supplier, but no eggs 
were left over for testing from case households. While 
poultry feed was not specifically sampled during this 
outbreak, feed from licensed poultry feed mills is ana-
lysed routinely by DAFM as part of their procedures. 

Strain typing
MLVA analyses of isolates from the 34 laboratory-con-
firmed human cases within the outbreak showed that 
20 had the MLVA pattern 2-10-NA-12-212. The remain-
der had patterns that differed at one locus or showed 
minor differences at two loci (Table 3). All but two 
isolates were susceptible to all antimicrobial agents 

Table 2
Duck flocks tested positive for Salmonella Typhimurium 
during the outbreak investigation Ireland, 1 August 
2009–24 May 2011 (n=25) 

Large 
commercial 

flock

Backyard 
flock selling 

eggs for profit

Backyard flock 
with eggs for 

private use only
Flocks associated 
with human cases 6 3 3

Flocks not 
associated with 
human cases but 
tested as part of 
investigation

12a 1 0

Total 18a 4 3

All S. Typhimurium were either DT8 or DT30 unless indicated 
otherwise by footnotes.

a  includes one flock each positive for DT56var, DT41 and 
DT120(low).
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tested. Similarly, all DT8/DT30 isolates recovered dur-
ing the investigation of egg-laying duck farms had the 
MLVA pattern 2-10-NA-12-212 (or a pattern which dif-
fered at a single locus).

PFGE was performed on 18 isolates (selected to repre-
sent different sources (human/animal, MLVA profiles 
and antibiograms). In all, 13 human and two duck DT8 
isolates were examined. These were indistinguishable 
from each other and from a pattern previously desig-
nated as STYMXB.0330 on the PulseNet Europe PFGE 
database.. 

Control measures
A variety of control measures were applied at different 
points during the investigation, as evidence for likely 
sources of infection became available. Some were 
aimed at farms and others at consumers.

Farm level control measures
Movement of birds was immediately restricted and 
duck egg sales suspended on all farms from which  
S. Typhimurium was isolated. Most flocks were culled 
voluntarily. Farms were advised that duck houses 
should be cleansed and disinfected, and lime applied 
to pasture. Environmental swabs were recommended 
to confirm absence of Salmonella after cleansing and 
disinfection of the infected premises to ensure that 
no infection remained before new stock was intro-
duced. Sourcing of new birds from parent flocks with 
documented negative tests for Salmonella was also 
recommended. 

In summer 2010, a code of practice was issued to com-
mercial duck egg producers incorporating recommen-
dations on traceability, disease control, biosecurity 
and testing [13]. In October 2010, additional guidelines 
were devised for backyard producers of small quanti-
ties of duck eggs and circulated to more than 3,000 
people registered as keeping ducks [14]. In November 
2010, new legislation (S.I. No. 565 of 2010), the 
‘Diseases of Animals Act 1966 (Control of Salmonella 
in Ducks) Order 2010’ [15] set down a legal basis for 
the control of salmonellosis in ducks and duck eggs 
in Ireland. This legislation applies to all duck flocks, 
regardless of size, from which duck eggs are traded for 
profit [15]. 

Advice to consumers
A series of press releases was issued to the public by 
the Food Safety Authority of Ireland (FSAI) and HPSC 
(on 23 April 2010, 27 April 2010, 29 July 2010 and 14 
September 2010) advising consumers that duck eggs 
should be thoroughly cooked and that good hygiene 
practices should be followed to avoid cross contamina-
tion from duck eggs [16-19]. The risk from eating raw 
cake batter containing duck eggs was highlighted [19]. 
In April 2010, Environmental Health Officers distrib-
uted a point-of-sale warning notice for public display 
to all duck egg retailers [20]. Similar notices were dis-
tributed to nursing homes and hospitals. In November 

2010, a public information campaign (including an 
information postcard for distribution at point of sale) 
was undertaken by Safefood, an agency with respon-
sibility for promotion of food safety messages to con-
sumers [21]. 

Discussion
This outbreak-associated strain of S. Typhimurium 
represented more than 12% (28/225) of the confirmed 
salmonellosis cases in Ireland in 2010 that were not 
travel-related. The link between illness and duck 
eggs was supported by descriptive epidemiology and 
by microbiological evidence. Given the strength of 
evidence, an analytical epidemiological study was 
deemed unnecessary.

The PFGE pattern was indistinguishable from the strain 
implicated in the summer 2010 outbreak in England 
and Northern Ireland, and from an isolate identified 
in Scotland in 2009 [3,12]. Colleagues at the Centers 
for Disease Control and |Prevention in the United 
States (Peter Gerner-Smidt, personal communication, 
September 2010) reported that the outbreak PFGE pro-
file (known as JPXX01.1689 in the Pulsenet USA data-
base) was rare in the United States and had not been 
seen since August 2008. This PFGE profile was also 
identified previously in China (known there as JPXX01.
CN0030) but was not identified among human cases 
there in 2010 (Biao Kan, personal communication, 
September 2010).

The variety of typing methods used facilitated inves-
tigation and management of the outbreak. Serotyping 
and phage typing allowed for rapid preliminary iden-
tification of outbreak-related cases. MLVA showed 
that the initial isolates were indistinguishable from 

Table 3
Multilocus variable-number tandem repeat analysis and 
antimicrobial agent sensitivity patterns of isolates for 
confirmed human outbreak cases (n=34)

MLVA pattern
Resistance to antimicrobial agents

None A ASuTm Total
2-10-NA-12-212 21 0 1 22
2-10-NA-12-NA 1 0 0 1
2-12-NA-12-212 1 0 0 1
2-9-NA-11-212 3 0 0 3
2-9-NA-12-212 3 1 0 4
2-9-NA-13-212 2 0 0 2
3-10-NA-12-212 1 0 0 1
Total 32 1 1 34

A: ampicillin; MLVA: multilocus variable-number tandem repeat 
analysis; Su: sulfadiazine; Tm: trimethoprim. 

EUCAST clinical breakpoints were used.
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each other but distinguishable from older isolates and 
helped to confirm that we were dealing with a new 
phenomenon. That some diversity in MLVA types was 
observed as transmission continued is not surprising 
in an extended outbreak, given the mutability of MLVA 
loci. The fact that all outbreak isolates were indistin-
guishable by PFGE is consistent with the greater stabil-
ity of PFGE patterns over time and helped to support 
our view that the degree of tolerance of MLVA variation 
that was accepted within the definition of the outbreak 
strain was appropriate. 

In Ireland, the duck egg industry is very small com-
pared with the chicken egg industry. It is comprised 
of 30 to 40 larger commercial businesses and an esti-
mated 3,000 backyard flocks, some of whom sell duck 
eggs to the public. Production is largely outdoors, and 
duck eggs represent less than 1% of table egg sales 
(Patricia Kelly DAFM, personal communication, April 
2010). Although duck eggs are a traditional food in 
Ireland, no association with human salmonellosis had 
been documented before 2009. There is no reason to 
believe that there was an abrupt increase in duck egg 
consumption or change in the pattern of consumption 
or methods of preparation in recent years. 

S. Typhimurium DT8 has been reported elsewhere 
as associated with ducks for decades [4]. We are not 
aware of studies of Salmonella in egg-laying duck 
flocks in Ireland that predate this outbreak and can 
therefore not say that laying duck flocks were free of 
Salmonella before this outbreak. However, given no 
apparent change in consumption patterns, it seems 
likely that the cause of this outbreak may be related to 
recent introduction into Ireland of a Salmonella strain 
with considerable pathogenic potential. The similarity 
of the isolates by MLVA (which is discriminatory for DT8 
isolates) also suggests recent and rapid dissemination 
from a common source.

The source of contamination has not been definitively 
established. Introduction through contact with wild 
birds is possible. However, the published description of 
a similar outbreak of S. Typhimurium DT8 that occurred 
in England and Northern Ireland around the same time, 
and the documented trade of ducklings from UK hatch-
eries to Ireland, means that a UK source of contamina-
tion related to trade in ducklings is plausible [12]. 

There are few reported outbreaks associated with  
S. Typhimurium DT8, although in Germany sporadic 
infections with S. Typhimurium DT8 have been asso-
ciated with the consumption of raw and undercooked 
duck eggs [3,4]. During the early 1990s, S. Typhimurium 
DT8 was also the most common S. Typhimurium phage 
type associated with disease in ducks in Germany, and 
it was suggested that DT8 (and another S. Typhimurium 
phage type DT46) might be host-adapted to ducks [4]. 
In the UK, the Department for Environment, Food and 
Rural Affairs has reported that, while S. Typhimurium 
accounted for a minority of isolates from ducks during 

2005 and 2006, most of these were DT8 [22]. In France, 
a study by Lailler et al. also reported a close associa-
tion between this phage type and ducks [23].

Only 22 of 31 of primary cases within the outbreak 
could be explained by documented consumption of/
exposure to duck eggs. It is not uncommon in food-
borne outbreaks to be unable to link all cases with the 
source identified. This may be explained by failure to 
recall exposure, unknowing consumption of duck egg, 
unknowing contact with an infected person, or by some 
of the cases being caused by alternative sources. 

Because faecal contamination of duck eggs can occur, 
it is the practice to wash the duck eggs prior to sale 
(Patricia Kelly DAFM, personal communication, July 
2010). Examination of a batch of implicated duck 
eggs after disinfection of the shell failed to detect  
S. Tyhimurium inside the eggs. This is consistent with 
the suggestion that S. Typhimurium is associated pri-
marily with the shell, although it has been proposed 
that washing of chicken eggs can lead to Salmonella 
entering the egg via the pores in the shell [24]. 

From January to May 2011, there were only two new 
human cases of DT8 infection, a dramatic decrease 
from the 2010 levels. We declared the outbreak over in 
May 2011 assuming the period of high intensity trans-
mission had passed, however we anticipated that occa-
sional cases might still be reported for a prolonged 
period if the strain persisted in backyard flocks. In fact 
only six further cases occurred in the remaining seven 
months of 2011, and investigation of duck egg sources 
associated with these cases continued through 2011. 
The legislation and good practice guidance introduced 
in connection with this outbreak was key to the ongo-
ing control of the risk of salmonellosis associated with 
consumption of duck eggs. As there has been only a sin-
gle non-travel-related human isolate of S. Typhimurium 
DT8 to date in 2012 (MLVA 2-9-NA-12-212), it appears 
that the measures taken have had a sustained impact 
in protecting public health. 

From an international perspective, this outbreak high-
lights the vulnerability of animal food production sys-
tems that are outside the scope of regulatory control 
to the emergence of new pathogenic variants, and the 
effectiveness of a vigorous multi-agency response to 
the protection of human health. It may be appropriate 
for other countries with a tradition of consumption of 
duck eggs to consider the need for measures to reduce 
the risk of similar outbreaks and for the EU to consider 
whether any changes are required to EU regulations in 
this regard.
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