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General introduction

1. EU FOOD SAFETY GENERAL LEGAL
FRAMEWORK

Food safety can be defined as the
condition which ensures that food will not
cause harm to the consumer when it is
prepared and/or eaten according to its intended
use[l1]. Following a series of headlixstting
food safety crises in the late 1990s, it bbeea
apparent that national regulations on their own
were no longer able to provide sufficient
consumer protection in a globalized world. At
the European level, legislation has therefore
been enacted, transposed into national
provisions and supplemented aseded. The
European Commi ssionbs
safety in 2000 was the driver towards a new
structure for food safety in the European Union
(EU) . It presented a
consumer protection based on the safety of all
relevant stages ahe food supply chain, i.e.
the somewhat commonplace used concept
Afrom farm to forko

Regulation (EC) No. 178/2002 and
Regulation (EC) No. 882/2004 are the legal
foundations for food legislation in the EU and
apply directly in all EU Member States (MSs)
without having to enact national laws,
providing European consumers with an
uniform level of food safety.Specifically,
Regulation (EC) No. 178/2002 lays down the
general principles and requirements of food
law in the EU as based on the fatoafork
concep. Moreover, it establishes the remits of
the European Food Safety Authority (EFSA)
and has created the Rapid Alert System for
Food and Feed (RASFF) network. Regulation
(EC) No. 882/2004 lays down the general
principles of official controls to be performed
to ensure compliance with food and feed law in
the EU[1].

2. FOOD-BORNE DISEASES

2.1. Public health impact

Consumers arethreatened by more

than 200 known pathogenic agents

7

transmissible through food?2], including,
among others, a wide range ofiruses,
bacteria, parasites and prions with known
zoonotic potential, that is, transmissible
between animals and humans. Most of these
food-borne zoonotic pathogens are commonly
found in the intestines of healthy food
producing animals and typically pregein
humans with acute gastroenteritis .[2]
Gastrointestinal symptoms due to felbodrne
disease are generally mild to moderate in
severity and sellimiting in persistence, lasting
only a few days. This lends fodmbrne
diseases to be sometimes regarded@medy
diseases, not pleasant to have or to talk about,
iih Sorme¢hingPaoe than a mere ifcanvedience
[3]. Yet trivializing foodborne diseases
ignores their magnitude and potential dife

threatenirggn camplicatidn r or Elofgronp e 6 s

sequelae. Annual estimates dbod-borne
disease vary from 76 million cases in the
United States of America (USAM] to 5.4
million in Australia[5], 1.3 million in England
and Wales[6] and 680 thousand iriThe
Netherlandg7]. Complications of foodorne
disease may involve severedehydration,
gastrointestinal perforation, septicaemia, renal
failure, hepatitis and neurological syndromes
[2,48]. In addition, several foeHorne
diseases have been associated with chronic
sequelae such as irritable bowel syndrome
(IBS) [8i11], inflammatory bowé disease
(IBD) [11,12], reactive arthritig8,11,13]and
Guillain-Barré syndrom¢3,14].

Although the global burden of foed
borne diseases is currently unknown, the
World Health Organization (WHO) has
estimated that diarrhoeal diseases alone (a
considerable proportion of which is food
borne) account for-73 million of disability
adjusted lifeyears (DALYs), a measure of
disease burden expressed as the number of
years lost by the ghml population due to
illness disability or early death imputable to
the disease in questiorfl5]. Moreover,
economic losses due to the direct and indirect
costs offood-borne diseases, including medical
car e, patientsa
disposal of contaminated foamhd food sales

absence
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drop due to consumer reaction to food safety
crises, may be considerable as well. For
instance, it has been estimated that,
cdlectively, the human disease costs for seven

common fooeborne pathogens
(Campylobacter jejuni Clostridium
perfringens Escherichia coli O157:H7.

Listeria monocytogenes Salmonella spp.,
Staphylococcus aureusand Toxoplasma
gondi) in the USA account for6.5 34.9
billion of 1995 U dollars annually [16].
These are some of the reasons as to why, over
the last decades, fodmbrne diseases have
significantly moved up the political agenda of
the industrialized world and generated, on
occasions, substantialcientific and media
attention[17].

Foodborne diseases have a complex,
dynamic nature. Not only because of the many
pathogens and related clinical outcomes, but
also beause of the wide range of foosksrving
as sources of human infecticend animals
acting as reservoirs for foeblorne pathogens
as well as the numerous factors that may affect
contamination, growth, persistence, and
inactivation ~ of  pathogens  themselves
throughout the farpto-fork continuum [18§].
Despite considerable research efforts leading
to a generation of new or improved methods
for detecting and characterizing febdrne
pathogens, supporting public health risk
assessments and policy development as well as
implementing effective intervention straieg
such as vaccination for foegutoducing
animals or posharvest treatmentfl?], safe
food can never be taken for granted. It is
simply impossible to test every single food
item for every imaginable pathogen, not to
mention that this would make our food
prohibitively — expensive. Moreover, the
epidemiology of fooeborne pathogens
changes continuously: known pathogens may
be transmitted by hitherto unknown vehicles
while new pathogens continue to emerge.
Population growth and demographic shift
towards an aging and more susceptible
population, globalization of the food supply,
changing eating habits, farming practices and
food technologies, and even climate change,
have been proposed as factors driving the-ever
changing epidemiology of foekorne
pathogeng17,19,20] It is therefore extremely
important to strengthen research dantgprove
public health surveillanceof foodborne
pathogens in orddp monitorwhatis going on
in the population ando empower decision

makers to guide and manage more effectively
by providing timely, useful evidence.

2.2. Surveillance in humans

Public health surveillance tefined as
the ongoing systematic collection, anadys
and interpretation of datayith thear timely
dissemination to those responsible
preventing and controllingthe disease in
guestion21]. Recent developments in the field
of food-borne disease epidemiology are also
the result of improvements in surveillance
systems. The most widely used asare of the
magnitude of fooéborne diseases in a
population is theestimation of the incidence of
cases infected with specific pathogens. Most
frequently used as a basis for such estimates is
the incidence of laboratorgonfirmed cases of
specific pathogns usually captured by passive
surveillance of notifiable diseases. This type of
surveillance typically collects aetiological
information on fooeborne pathogens affecting
only a small proportion of patients with
(severe) gastrointestinal symptoms thatkse
for medical care, with subsequent laboratory
testing for selected ranges of gastrointestinal
pathogens. However, it has been shown that
the laboratory tests requested by physicians do
not always comply with existing knowledge of
the aetiology ofacute @stroenteritis[22].
Furthermore, laboratory capacity may not be
standardized over the different diagnosing
laboratories, as may be also the case for the
reporting of cases to the surveillance systems
[18]. As a consequence, the magnitude of
food-borne digases, as observed by passive
surveillance, represents only the tip of the
iceberg of the actual magnitude of such
diseases in the population. For instance, in the
EU, over 32000 human cases afoonotic
food-borne diseases are reported each year by
the BJ MSs to the European Surveillance
System (TESSy), but the real numbelikely
to be~100 times highef7].

Approaches to estimate the degree of
underascertainment, or undeeporting, of
pathogenspecific gastroenteritiscases in he
population have been developed, allowing for
the reconstruction of thgo-calledsurveillance
pyramid (Figure 2 and the estimation of the
real community incidence of the major feod
borne diseases in the E[F,23,24] Other
surveillance systems may, ingieaprimarily
target syndromes related to febdrne
diseass (i.e. acute gastroenteri)ior overthe
counter medication sales (i.e. antidiarrhoeals

for



and antiemetics), two useful systems for early
warning of community outbreaks, e[g5i 27],
especially inemergency situations, such as
natural disasters[28] or unusual mass
gatheringgq29]. Finally, active surveillance of
selected pathogens of greatest interest in given
populations may be implemented to fill
specific gaps in knowledge, e.gsevere
rotavirus gastroenteritis in children[30].
Indeed, quantifying the impact of foetiorne
diseases on a given population is complicated,
perhaps increasingly so, by a number of factors

such as different  susceptibility to
(symptomatic) infection of existing
(subpopulations  (i.e. children, elderly,
immunocompromised people, pregnant

women, etc.) or differergenetic traits (e.g. set
of virulence and antimicrobial resistance
genes)within the same pathogen species or
types, which may significantly affect the
severty of clinical symptoms and the
effectiveness of medical treatmenbot to
mention the changes in consumers' behasiour
regardingexposureto pathoges [18]. In such
situations, extrapolations from a surveillance
system to the whole population m#yerefoe
require further adjustmentsand special
consideration

t

Cases
notified to
surveillance
y system %
Laboratory-
confirmed
cases

Hospitalized
cases
Cases seeking
medical care

Symptomatic cases

Infected people

General population

Figure 1Surveillance pyramid of-bmyde diseases.
2.2. Human liness source attribution

Source attribution is defined as the
estimation of the relative contributions
(partitioning) of different sources of human
infection to the human disease burdgi].
Source attribution is a growing area of research
that incorporates an increasing number of
methalological approaches and data sources.
A detailed discussion of source attribution
applications, including their advantages and
limitations, may be found elsewhe[81,32].
The termsourceis often used as a collective
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term to cover ay point along théransmission

chain such as the animal reservoir or

amplifying host (e.g. chicken, cattle, etc.), the
vehicle (e.g. food, water, direct contact,.ptc
and even specific food itenfe.g. meat, milk,
eggs, etc.) However, for the purposes of
source attributin, a specific terminology is
generally used.

1 Reservoirs @ amplifying hosts these are
animals or noranimal sources upon which
the pathogen depends for its survival that can
be grouped or subdivided into
epidemiobgically meaningful categories
dependingon the question being addressed.
For instance, cattle, sheep and goat may be
grouped together as ruminants if it is not
relevant o possible to determine their
independent contributions.  Alternatively,
poultry may be subdivided according to the
supplier. Surce attribution at the reservoir
level provides estimates of the relative
contributions of the amplifying hosts to the
human disease burden for the purposes of
targeting interventions at the top of the
transmission route. In such attribution
models, it nay also be appropriate to use
nonanimal sources, such as the environment
(e.g. water samples) to capture also the
contribution from unmeasured hosts or group
of hosts, such as wildlife.

1 Routesor pathways (of transmission): these
may be considered the primary ways by
which pathogens shed by the reservoirs reach
and infect humans. Again these can either be
grouped or subdivided according to the
guestion being addressedMeaningful
categories for informing pimy are food,
environment, water (which may be
considered part of the environmental
pathway) and direct contact. Aumber of
approachesdave been used to estimate the
contribution of different pathwaysTop-
down approaches, which subdivide the
contribution of amplifying hosts into food
and environmental pathways; or bottam
approaches, which combine the contributions
from different exposures and risk factors.

1 Exposures primary pathways can be
subdivided into anumber of secondary
exposures. Foinstance the food pathways
can be divided into meat and milk, while
environmental contamination of surface
water may affect drinkingvater and
recreational water.

71 Risk factors: these are characteristis,
conditiors or behavious that increasdahe
probability of diseaseFor instance,n case
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control studies, variables are measured that
describe specific determinants of risk (such
as the consumptioof a specific food item).
The magnitude obuchrisk associatedvith
these factors is estimateahd the statistical
significance of associationis tested These
are represented as a further subdivision of
pathways and exposures. For example, cattle
(reservoij may contaminate the food chain
(pathway) resulting in hazard in thmailk
supply (exposure), which manifests itself as
an increased risk assated with the
consumption of unpasteurized milk (risk
factor).

Attributing human infections to
specific sources is crucial to inform policies
for food-borne disease prevention acantrol.
Specifically, source attribution is used to
prioritize and measure the impact of targeted
interventions for fooeborne diseases, as well
as to identify the most promising points of the
transmission chain where such interventions
should be targeted31,32]. A number of
approaches (reviewed IBireset al [31]) can
be used for source attribution, including
microbial subtyping, outbreak summary data,
epidemiological studies, comparative exposure
assessment, and structured expert opinion.
These approaches can be broadly divided into
epidemiological and microbiolgical
approaches, and their utilityaries according
to data availability and research question being
addressef32].

For most surce attributionstudies on
human salmonellosis and campylobacteriosis
(the two foodborne diseases on which this
thesis is foused), the microbial subtyping
approach is the method of choic&his
approach compares the distribusonof
microbial subtypesn human cases with those
isolated from a range of animal, food and
environmental sourcesto estimate the
contribution of eachsource to thehuman
disease burden Data generated byeither
phenotypic or genotypityping methodsare of
considerable value for understanding
epidemiology of food-borne disease by
refining knowledge on the relative
contributiors  of  reservoirs, pathways,
exposures and risk factoirs source attribution
models In particular, they provide a means of
monitoring changes in reservoir attribution and
epidemiology ovespace andime, which is of
particular value for assessing the imipadt
different public healthnterventions However,
the disadvantages include the costs of
sampling, isolation and genotyping of isolates
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which, if not alreadyintegrated in existing

surveillance programmes, may be prohibitive

in most cases.

A number of modelling tools are
nowadays available for source attribution using
the microbial subtyping approachThese
models will be presented in detail throughout
this thesis and are briefly introduced here as
follows:

1 Proportional Similarity Index (PSI) or
Czekanowskiindex: this is an objective and
simple estimate of the area of intersection
between two frequency distributionsf
microbial subtypes[33,34]; thus, t can be
used to assesthe (dis)similarity of such
frequency distributionsbetween reservois
and human case$he PSlranges fronD (no
common subtypes) to 1 (identical
distribution) Confidence intervals can be
approximatedy bootstrapping

1 Dutch model: this method compares the
number of reported human cases caused by a
particular subtype with the relative
occurrence of that subtype in each reservoir
[35]. Thismodelassumes an equal impact of
the different subtypes and sources on human
cases. Itis easy to pply and the method of
Garretet al [36] can be extended to provide
bootstrap confidence intervals

1 Hald model and modified Hald model:the
Hald model is a Bayesian risk assessment
model, originally developed to quantify the
contribution of different foodsources to
humansalnmonellosis cases in DenmajR&7].
Afterwards, this model habeen modified
and adaptedto data of different origin and
diseases other than salmonellosis, such as
campylobacteriosi§34]. The original model
compares the number of humeases caused
by different types with their prevalence in
different food sources, weighted by the
amount of food consumedaccounting for
differences in subtypes and sources to cause
diseases in humansrThis is a Bayesian
development of thearlier Dutch malel and
requires a heterogeneous distribution of
some of the frequently occurringtypes
among the sources. B using a Bayesian
approach, the Hald model can explicitly
include and quantify the uncertainfyound
each of the parameters. The modified Hald
model overcomes some of the problems of
the original mael associated with owver
paramegrization and incorporates
uncertainty in the prevalence matr[84].
Other modifications of this model have been
developed and successfully applied to



salmonellosisin Sweden [38], France[39]
and the USA[40], and to listeriosis in
England and Walejgt1].

1 Asymmetric Island (Al) model: this is a
population genetics approachand is
fundamentally different from the Dutch and
Hald models. It is a model of gene flow
derived from population geneticghat
reconstructs the genealogical history of the
isolates, based on their allelic profiles, and
estimates mutation and recombination rates
as well as the migration rates from each
reservoir into the humafislad [42]. These
migration rates are then used to estimate the
relative contribution from eachof the
reservois. This technique has one major
advantage over the other methods as it can
assign human cases infected with subtypes
that have no identified animal or
environmental reservoirs.

1 Dynamic attribution model: this model
describes how reservoir attribution changes
over time, and can be used for ongoing
surveillance and for assessingetimpact of
interventiong43,44]. The Hald model forms
the basis of wrrent dynamic attribution
models and various ways by which the
classical outpubf the Hald modelsnay be
improvedhave been developed, e[45].

A critical issueof source attribution
modellingis the point of attributionthat is, the

Attribution

approaches I Microbial subtyping |

General introduction

locationalongthe farm-to-fork continuum that

is addessed by aiven attribution approach.
Forinstance attribution focused at the point of
productionwould identify the food-producing
animal reservoirs of efarm microbiological
contamination prior or during harvesting,
whereas attribution at the point of consumption
or exposurewould identify foods as they are
prepared and eateDifferent types of data and
different an&/ses may point to different points
of attribution, and even the same type of data
may point to multiple points of attribution.
Because pathogens that cause fbothe
diseass may enter the food chain at different
points, the burden of disease attributeml
specific sources may vary from one point to
another. Forexample, attribution of human
Campylobacterinfections maypartition more
illness to the chicken reservoir thto broiler
meat at the point of consumption since other
foods, e.g. raw vegetablepay become cross
contaminated during food preparation. The
point of attribution essentially depends on the
method chosen and the data us€tjure 2
presentsthe major transmission routes for
food-borne infections and indicates at which
point in the transmsion chain the different
approaches can attribute human illness.

I Analysis of data from outbreak investigations I

| Comparative exposure assessment

I Interventions studies, expert elicitation

|
| Sporadic cases studies |
|

ot [ |
n
I Farm |—’| Slaughter |—>{ Processing ’—»l Retail |—>| Consumption |—>| lliness I
—>{ Seafood lliness
Egg products
—-{ Egg layers
;ﬁ Cattle —» Beef Beef Beef
e — Pigs ——» Pork g Pork —»{ Pork Consumption [ Person
= ‘5 Poultry 1 Poultry meat ——» Poultry meat Poultry meat -to-
@ = * Egg-products person
E § le—] I ; Table eggs
e B —»‘ Wildlife Seafood
[ Direct contact |——»f
| ] Household
pets
,{ Produce l_.l Produce I
Water T
S — |
= ke L3

............

Figure 2Routes of transmission of zoonotic pathogenssasfchpaiain illness attribution as proposed by dP[&.

The food system is dynamin nature
meaning that attribution estimatesrapidly
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become out of date. It is largely unclear how to
interpret apparent trends moving forward or
how to aggregate data over time. Changes in
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the durable mmunity of the population or of
the antimicrobial resistance of pathogeras,

to some extent, reasonabgffect attribution
estimates as do changes in consumption
patterns and changes in contamination due to
regulatory change or implementation of
intervention strategieg31].

3. HUMAN SALMONELL OSIS AND
CAMPYLOBACTER IOSIS

Throughout the 1990s until today, the
two most reported zoonotic food-borne
bacteria in the industrialized worl8almonella
spp. andCampylobacteispp., have dominated
the most research and surveillance attention
from government agencies and, to a large
extent, the most awareness from the food
industry. These pathogens contribute to the
greatest burden of foedorne diseases for
which aetiology is kown [7,23] and provide
an example of the persistence of fdmaine
pathogens despite considerable efforts aimed at
their prevention and control in the food chain.
Not surprisingly, therefore, thathuman
salmonellosis and campylobacteriosis
nowadays command the majority of public
health interest.

3.1.Salmonella

Salmonella is a genus of Gram
negative, facultative anaerobic, rebdaped,
nonspore forming and predominantly motile
bacteria (diameter 0.Z.5 um, length 25 pum)
belonging to theEnterobacteriaceadamily.
Salmonellawas first reported in 1885 by (and
named after) Dr. Daniel Elmer Salmon (1850
1919), an American veterinary pathologist.
The genusSalmonellais divided into two
species,S. enterca and S. bongori with the
speciesS. entericabeing further divided into
six subspeciesS enterica subspp.enterica
salamae arizonae diarizonae houtenaeand
indica).

Serotyping is used to differentiate
Salmonella isolates beyond the subspecies
level. Serotypes (or serovars) are designated
based on the immunoreactivity of the O and H
antigens. A considerable amount of diversity
exists in these two antigens, resulting in the
designation of more than 2500 known
Salmmella serotypes and the regular
recognition of new serotypes. The simplified
antigenic formulae of these serotypes are listed
in a document called the Kauffmahihite
scheme [46], and the WHO Collaborating
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Centre for Reference and Research on
Salmonella at the Institut Pasteur irParis,
France,is in charge of updating this scheme
[47]. Salmonellas most frequently transmitted
through foodare often referred to as mo
typhoid to differentiate them frol® Typhi and

S Paratyphi the causative agents of the
Typhoid Fever, which isrestricted to human
to-human transmissionTwo particular non
typhoid Salmonella serotypes S. Enteritidis
and S Typhimurium, have become major
causes of foodborne disease in the 1980s and
1990s in the industrialized world.

S Enteritidis andS. Typhimurium(and
a few others)can further be divided in a
number of phage types, which indicate subsets
on one serotype that are susceptible to the
same lytic bacteriophagdd8]. Antimicrobial
susceptibility testing is often used in
combination with other subtyping methods.
However, antimicrobial resistance is a
relatively unstable characteristic as it is often
carried by horizontally transferrablgenetic
material (transformation, conjugation and
transduction). Common methods  for
Salmaella genotyping include, but are not
limited to, PulseeField Gel Electrophoresis
(PFGE, often considered as the gold standard
in  epidemiological studies), Multilocus
Variable Number Tandem Repeat Analysis
(MLVA), Multilocus Sequence Typing
(MLST) and(multiplex-) PCRbased methods.
The combined usef phenotypic and genotypic
typing methods, such as serotyping, phage
typing, antimicrobial resistance testing, PFGE
and MLVA, allows for a very detailed
comparison of Salmonella  strains.
Nevertheless, in nsb cases, the use of
serotyping only is regardeds sufficiently
discriminatory, but dr frequently occurring
serotypes and in outbreak investigations, the
use of serotyping only is often insufficiently
informative.

Salmonella spp. are capable of
colonizng, usually asymptomatically, the
intestines of a wide range of warm and cold
blooded hosts, including virtually all the major
food-producing animals (e.g. poultry, cattle,
pigs, etc.), pets, wildlife, reptiles and
amphibians. Salmonellas are excretedniro
infected animals to the environment, where
they can survive for extended periods, e.g. up
to 60 days in faecally contaminated water or
soil [49,50]. Transmission to humans occurs
mainly through consumption of food of animal
origin that has been faecallgontaminated
during slaughtering or processing, as well as



through consumption of any edible product
that has been cros®ntaminated during food
preparation. HumarSalmonella infection is
frequently acquired because of mishandling or
undercooking of foodgspecially poultry, eggs,
seafood and raw milk. Up to 95% of human
Salmonellainfections areindeedestimated to
be foodborne[51]. Neverthelesssalmonellas
can also be transfered through direct or
indirect contact with animals, their waste
products oranything contaminated in their
environmers.

A recently identified trend in human
Salmonellainfections has been an increased
association of outbreaks with unusuehicles,
such as fresh producegjven thatmanure is
frequently used as a fertiliser. Studies have
also suggested that sorBalmonellaspp. have
now evolved to coloze vegetablefs2i 54] or
the environment [55]. Furthermore, food
handlers infected with salmonellas can
transmit them if they, for sBtance, do not
thoroughly wash their hands aftagilet visit.
This is the special case of treforementioned
hostadapted sexars S Typhi and S
Paratyphi, which indekspread from person to
person especially in countries with deficient
wastewater sysms.

Human salmonellosis targets
predominantly the gastrointestinal tract,
causing acute gastroenteritisyith diarrhoea,
abdominal pain, fever and sometime vomiting.
It takes a very smalhmount of salmonella®
sicken a person, possibly as little ag 200
bacterial cells, and the first signs of illness can
occur within 672 hours (incubation period),
depending on the host health status, the
serotype, the inoculum anle composition of
contaminated food. Antibiotic treatment is not
usually required as the diseaseflisquently
selflimiting, lasting 417 days. However, in
high risk groups (e.g. infants and young
children, elderly, transplant recipients,
pregnant women and pgle with a weakened
immune system symptoms may be so\are
to require hospitalization. &elopment of
complications such as severe dehydration,
septicaemia and extiatestinal infections (e.g.
meningitis, endocarditis or osteomyelifisan
be life-threatening. Pssibledocumentedong-
term sequelae are reactive arthritis and
functional gastrointestinal disorders, such as
IBS and IBD [8]

Nonrtyphoid Salmonellaspecies were
estimated to cause ~93.8 million human cases
of gastroenteritis globally each year, with
~155,000 deaths [56]. Approximately 6.2
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million cases/year have been estimated to
occur in the EU[23] and over 1.4 million in
the USA[51]. Furthermore, lie Sensor study
in The Netherland457] has been used as a
basis for the calculation of the burden of
salmonellosisn terms ofDALYs (~7 DALYs

per 100,000 population/yedrj].

In 2010 in the EU the incidence of
repated laboratoryconfirmed human
salmonellosis casegas 21.5casegper 100000
population, with a statistically significant
decreasingtrend since 2005 (38.2 cases per
100000 population), a possible reflection of
successfulSalmonellacontrol programmes in
poultry [58]. Indeed, most EU MSs met their
Salmonellareducton targets for poultry in
2010, and Salmonellais declining in these
anmal populations. S Enteritidis and S
Typhimurium are the most frequentigolated
serotypesfrom human casesaccounting for
~45% and~22%, respectively, of all known
serotypes in humans Notification rate is
usually highest in small children %<years of
age), with<1% of fatal casesA peak in the
number of reported human Salmonella
infections normally occurs in August
September, with a rapid decline in winter
months. This pattern is prominent for all age
groups, supporting the influencef outside
weather conditionsi.e. warmer temperatures)
on bacterialmultiplication. The proportion of
cases thatare acquired domestically, upon
traveling and with unknown origin is ~63%
~11% and ~26%, respectively Nordic
countries such as Finland, Sweded &lorway
usually have the highest proportions of
imported cases ofhuman salmonellosis,
whereas infections seem to be mainly
domestically acquired in the majority of other
EU countried58§].

Foodborne outbreaks of human
salmonellosis are frequently reped. This is a
reflection of a low infectious dose, especially
when delivered in particuladow-moisture
foodstuffs such as peanut butter, infant
formula, chocolate, cereal produasd dried
milk [59], but alsoan ability to grow in food
and in the environment, allowing amplification
and longterm survival. Such diverse habitats
also provide opportunities for adaptation and
evolution. This is demonstrated by the
changing trends inhuman salmonellosis
observed irrecent years. For instance, during
the 1980s, a peak in human salmonellosis was
observed throughout the developed world. This
increasevas mainly due t&. Enteritidisphage
type (PT)4, which was epidemiologically and
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microbiologically linked to eggs angoultry
(layer hens) These salmonellakiave indeed
adapted to preferentially colonize the avian
reproductive tract, persist in the ovary and
oviduct and survive idayer heris eggs[60].
Intervention measures againSt Enteritidis
PT4, including vaccinan, first of breder
flocks and then of layershas significantly
reduced eg@ssociated infections during the
late 1990s in several European countries, but
from 2000 there has been further increase in
humansalmonellosisthis time with noAPT4
strains, such as PT1, PT14B and PT21.
Outbreak data, coupled withintensive
laboratory investigations, has suggested that at
least some of these strains ,aomce again
associtged with egg, thus,as oneSalmonella
type is controlled, othre appear to evolve to
fill the vacantniche. Itfollows, therefore that
Salmonellaspp. are remarkably adaptable and
able to evolve to respond to environmental
challenges.

3.2.Campylobacter

Campylobacteris a genus of Gram
negative, mostly sender, motile, nrspore
forming, spirally curved rods (diameter 025
pm, length 0.58 pm) belonging to the
Campylobacteraceadamily. Campylobacter
was first described in 1886 by Dr. Theodor
Escherish (18571911), who observed this
bacterium in infants died because of a disease
he named'cholera infantury as reported by
Samie et al [61]. However, owing to
difficulties in culturing these bacteria, they
have been neglected until the first isolation

from human faeces in 1972 [62].
Campylobacters have been referred to as
"Vibrio like organism$ until 1963 when

Sebald and Vero[63] gave the actual name of
Campylobacterto the genus based on their
shape, low DNA base composition, their
micro-aerophilic growth regirement, andheir
nontfermentive metabolisn{64]. The genus
Campylobactercontains 16 species and six
subspecies. The speci€s jejuni and C. coli
are those m&t commonly isolated from human
cases accounting for ~93% of confirmed
human Campylobactercases characterized at
the species level in the E38]. Both C. jejuni
andC. coli are thermophilic, oxidase, catalase
and nitrate positive, sensitive to nalidix acid
and resistant to cephalotHi5].

A variety of Campylobactertyping
approaches have been developed. Originally,
typing methods were based on phenotypic
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characteristicssuch as serotyping and phage
typing. These methods are still in use but have
proved to have a poor discriminatory power
and limited value in epideiological and

source  attribution  studies. Molecular
techniqgues such adla-typing, ribotyping,
PFGE, Amplified Fragment Length

Polymorphism (AFLP) and Random Amplified
Polymorphic DNA, (RAPD) are frequently
used to complement phenotypic methods.
MLST has Ieen increasingly used for
Campylobactergenotyping. MLST involves
sequencing the forward and reverse strands of
seven target gene fragmer(Bigure 3)[66].

The genesargetedcode for essential metabolic
functions (i.e. housekeeping genes) and
therefore lhey are expected to be present in all
isolates. These genes are under stabilizing
selection, which limits the diversity available
from each gene fragment. The use of seven
genes provides sufficient information to allow
isolates to be genealogically groupéddeed,

by indexing the variation present ithese
seven housekeeping geneMLST allows for
the identification of genetic lineages in
Campylobacter populations. A unique
seguence pattern is assigned to a sequence type
(ST), while closely related STs sy the
same alleles at different loci are considered as
belonging to the same clonal complex (CC),
the members of which possess a common
ancestof66].

pgm
gltA
1,641,481 bp

asp A

Figure 3.Chromosomal locations of the seven loci Gsgdjuni
MLST66]

The wekly clonal nature of
campylobactes makes the use of most
subtyping methods a difficult approach for
tracking sources of human campylobacteriosis.
In this regard, MLST has proved successful in
source attribution of sporadic cases.g.



[3442,67 71], as will also beshownin more
detaillater in this thesis.

Campylobacters are widespread in
nature. They are intestinal commensal bacteria
of wild and domesticated animals, especially
avian species (preferential hosts), resulting in
contamination of the environment, inding
water sources. AlthouglCampylobacterspp.
are mostly perceived as fodmbrne pathogens,
there is evidence for other transmission
pathways, including direct and indirect contact
with  infectious animals, people and
environments [72i 75]. Campylobacters are
prevalent in fooeproducing animals, such as
poultry, cattle, pigs and sheep, as well as in
pets, including cats and dogs, in wild birds and
in water sources. Animals, however, rarely
succumb to symptomatic infection. The
bacteria can cdaminate various foodstuffs,
including meat, raw milk and dairy products
and less frequently fish and fishery products,
mussels and fregbroduce

Casecontrol studies of sporadic
human cases have evidenced that consumption
of chicken is the most importarisk factor for
human campylobacterios[32i 76]. However,
as Campylobacterstrains of chicken origin
may reach humans through pathways other
thanfood [77], the consumptionand handling
of chicken may account for up to 40% of
human infections, while upo 80% may be
attributed to the chicken reservoir as a whole
[58]. Other frequently reported risk factors are
consumption of unpasteurized mil73,
75,78], eating in restaurantg8i 81], contact
with pets, especially puppi¢s6,78,80,82i 84],
contact with farm animalg/3,76,78 80,84,85]
and foreign travel[75,76,78,80i 82]. Cross
contamination during foegreparation in the
home has also been described as an important
transmission routf86].

As Campylobacteris not able to
multiply in foods and has a relatively long
incubation period (5 days), contamination
would less often lead to outbreaks and most
cases are indeed sporadic. Large outbreaks
have often been caused by consumption of
unpasteurized milk and contaminated drinking
water. Surwal of Campylobactemutside the
amplifying host is poor, particularly under dry,
relatively warm and anaerobic conditions.
However, the infective dose of these bacteria is
generally low, and ~50(acterial cells are
sufficient to cause disease in humaatients
can experience mild to sevegastrointestinal
symptoms, with watery, sometimes bloody,
diarrhoea, abdominal pain, fever, headache and
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nausea. Infections are usually datfiting and
last only a few days. Besides exindestinal
infections, an eute Campylobacterinfection
can have serious lofigrm consequences,
including the peripheral neuropathies Guillain
Barré syndrome andliller-Fisher syndrome,
reactive arthritis and functional gastrointestinal
disorderq8,11].

Campylobacterspp. are condered to
be the most common bacterial cause of human
gastroenteritis in the western world. In
developed countries, the organism is isolated
3i 4 times more frequently frorpatients with
gastroenteritithan Salmonellaspp. orE. coli.
Although scarce, data from developing
countries suggest that the burden hafman
campylobacteriosis is considerable.
Approximately 9.2 million human
campylobacteriosis cases/year have been
estimated to occur in the EJ23] and over 2.5
million in the USA[51]. The Sensor study in
The Netherlandg[57] provided a basis for
estimating the burden of human
campylobacteriosis in terms of DALYE-18
DALYs per 100,000 population/yeal]. The
incidence ofhuman campylobateriosis was
estimated to be ~Per 1000populatioryearin
the United Kingdom (UK) (for 2008 2009)
[87] and ~6 per 1000populatiodyearin The
Netherlands (for 2009)], leading to aly one
out of every~9 cases in the UK and one out of
12 in The Netherlanddo be reported to
national surveillance systems. In the USAsit i
estimated that one out of ~8@ses is reported
by FoodNet sites, and that national incidence
was 1.3 million cases in 200@8]. These
studies also indicate that one out of seven
patients with campylobacteriosis in the UK,
and one out of four in The Netherlands,
consulted their general practitioner, a reflection
of the generally severe nature dfuman
campylobacteriosis.

Relative risks to travellers have been
usedto approximatethe relative ircidence in
local residents, as recently published for
Salmonellaspp. andCampylobactespp. in the
EU [23]. These studies may provide a
comparable estimate of the force of infection
in different countries, although there are many
caveats when interpretinguch data. These
include undediagnosis or misdiagnosis of
travelrelated cases, late appearance of
symptoms, absence of information on the
nature and duration of travel and traveller's
immunity (in particularagainst local endemic
strains),especially a compared to the resident
population.



Chapter 1

In 2010 in the EU the incidence of
laboratoryconfirmed human Campylobacter
infections was 48.6 per 100,000 population.
Children under five yearof age had the
highest notification rate (126.&ases per
100,000 poplation). The case fatality tewas
<1%. Such incidence figures lend human
campylobacteriosiso be the most commonly
reported gastrointestinal bacteridlseasein
the EU with a statistically significant
increasing trend as from 2005 [5§].
Campylobacteprevalence isisuallyhighest in
broiler meat. The proportions of cases
imported from abroad, acquired domestically
and with unknown origin were 6.3%, 57.2%
and 36.5%, respectively. The highest number
of casesds usuallyreported during theummer
months (Juné August) gradually decreasing
from September to Decemiés].

Given the sporadic natureof human
campylobacteriosisand the important role
played by crosscontamiration, t is very
difficult to trace the sources of human
Campylobacter infection to tlke original
reservoirs. However, receirntsights insource
attribution modelling and recognition of the
role of immunity in protecting against
Campylobacterinfection, together with risk
assessment studies, have helped to grigle
management  along the  fato-table
continuum. Some countries havéndeed
invested heavily in reducing human
campylobacteriosis trangtted via specific
food chains Yet, from a global perspective,
humancampylobacteriosis remains difficult to
prevent and there is an urgent need o
developing alternative tools for informing
public health interventions more effectively

4. OBJECTIVES AND OUTLINE OF TH E
THESIS

4.1. Objectives

This thesis is focused on the
epidemiology of human salmonellosis (in
Italy) and humancampylobacteriosis (in The
Netherlands), and deals with multiple specific
objectives therein. As Italg current
surveillance systems do not provide detailed
epidemiological data forzoonotic enteric
pathogens other thaBalmonellaspp., Dutch
data on Campylobacter spp. were used to
address the specific objectives for this
pathogen. This was made possible through an
ongoing collaboration between the lItalian
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Istituto Superiore di Sanit§funding body of
the present PhD position) and the National
Institute fa Public Health and the
Environment (RIVM) in The Netherlands.
This thesis had the following four
objectives:
1. To overview the pidemiological trends of
human salmonellosi® Italy, particularly of
S. entericasubsp.entericaserotypes, and to
identify the most promising targets for
improving the sensitivitgowards pathogens
causing human gastroenteritisf Italyds
current surveillance systems
2. To developsource attribution models based
on the microbial subtyping approacio
estimate the relative contributions of
different animal and food sources to human
Salmonella infections in Italy and to
investigaé possible changes in attribution
estimates over different models, time
periods and attribution points along the
farm-to-fork continuum.
3.To develop a combined analysis of source
attribution and epidemiological (case
control) datao investigate reservespecific
risk factors for human campylobacteriosis
while accounting for ampling issuesand
potential biases arising from source
attributionin space and time.
4.To extend the combined source attribution
and casecontrol analysisto include also
factors that are natsuallyconsidered when
examining likely sources of human
campylobacteriosissuch asthe potentially
complex transmission cycles involvingets
and returning travellers
The specific objectives of this thesis do
outline its structure. Indeed, this thesis is
divided in two large parts according to the
main pathogen in questionS&imaella or
Campylobacter and then it is further divided
in seven, separate (but strictly interconnected)
chapters, each of which is an artickeat has
beenpublished or submitted for publication in
peer reviewed international journals

4.2. Outline of part | of th e thesisi Human
salmonellosis (in Italy)

This part of the thesis is divided in
three chapters dealing withbjective No. 1
(Chapters 2 and 3) and objective No. 2
(Chapter 4).

4.2.1.Chapter2 (or ManuscriptArticle )



In Chapter 1,trends in physician
reportedgastroenteriticases (divided in nen
typhoid salmonellosis and infectious diarrhoea
other than nottyphoid salmonellosis) and
food-borne disease outbreaks in Italgre
describedusing official notification data from
the currert national (passive surveillance
system. To identify the most promising
changes to be made for improving the
sensitivity  towards  pathogens  causing
gastroenteritis of Italis current surveillance
systems, aquantitative evaluation ofthe
impact of the two recenly implemented
regional surveillance systern§ Lombardy and
Piedmont regiongin northern Italy)on the
notification rates of gastroenteritiscases and
food-borne disease outbrealksalso presented

4.2.2. Chapter3 (or ManuscriptArticle I1)

In Chapter 3, a detaileghalysis of the
trends ofS. enterica subsp.enterica serovas
isolated from human casés Italy during the
last 30 years is presented using data from the
Italian national laboratonpased surveillance
system(s) in order to identify the (re)emerging
serovarsand the possiblecausesdriving the
epidemiol@ical patterns  of human
salmonellosis in Italy.

4.2.3. Chapter4 (or ManuscriptArticle 1)

In Chapter 4a modified version of the
Dutch modelandthe modifiedHald modelfor
source attribution were adaptedo Italian
Salmonelladatato estimate theroportions of
domestic, sporadic human Salmonella
infectionsin Italy attributableto four putative
sourcesof infection (Gallus gallus turkeys,
pigs and ruminants) from 2002 to 20b@th at
farm and food levels A comparison of
attribution estimatesover different models,
time periods and points of attribution was also
performed

4.3. Outline of part 1l of thethesisi Human
campylobacteriosis (in The Netherlands)

This part of the thesis is divided fiour
chapters dealing with objective No. 3
(Chapters 5 and 6) and objective No. 4
(Chapters 7 and 8).

4.3.1. Chapter5 (or ManuscriptArticle IV)

In Chapter 5severalanalyses based on
MLST data from human and anim@l jejuni
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andC. coliisolatescollected over 12 years in
The Netherlands, together with MLST data
from other countries, are performed to
determine the extents of geographical and
temporal biaseson attribution estimates, as
well asthe possible methods tbe used for
minimizing suchbiases when using nottocal

or nonrecent MLST datdor source attribution

in space and timef humancampylobacteriosis
based onthe Al model. A powearalysis is
also presented to provide the minimum number
of source isolates needed to perform source
attribution usinghe Al model.

4.3.2. Chapter6 (or ManuscriptArticle V)

In Chapter 6, MLST-based source
attribution of human campylobacteriosissing
the Al mode] and a casecontrol study of
chicken, ruminant and environmenspecific
risk factors for human campylobacteriosis in
The Netherlands derived from a newly

developed analysis combining source
attribution and epidemiological dataare
presented

4.3.3. Chapter7 (or ManuscriptArticle VI)

In Chapter 7, a studyaimed at
clarifying the role of pets (dogs and cats) in
Campylobacter zoonotic transmission is
presented. MLSTyped C. jejuni and C. coli
isolates from pets and theirowners are
comparedn a oneto-one relationshi@nd risk
factors for pefassociated human
campylobacteriosisre investigatedising the
combined sourcattribution and caseontrol
analysisdeveloped in Chapter. 6

4.3.4. Chapter8 (or ManuscriptArticle VII)

In Chapter 8, MLST profiles ofC.
jejuni and C. coli strains isolated from
travellers returning to The Netherlandsthe
risk factors potentially responsible for the
acquisition of such strains upon traveling, and
those potentially responsible for their
se®ndary spread to domestic populaticase
investigated by performing acasecontrol
study on risk factors for traveklated
campylobacteriosisand a combined case
control and source attribution analysis
investigate risk factors for domestically
acquied campylobacteriosis caused $¥s of
probable gotic origin.
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Surveillance of acute infectious gastroenteritis
(1992 2009) and foodborne disease outbreaks
(1994 2009) in Italy, with a focus on the
Piedmont and Lombardy regions

ABSTRACT

We describe trends in the occurrence of acute infectious gastroenteritis (1992 to 2009) drwtrfeod
disease outbreaks (1996 to 2009) in Italy. In 2002, the Piedmont region implementediltasce

system for early detection and control of fdmarne disease outbreaks; in 2004, the Lombardy region
implemented a system for surveillance of all notifiable human infectious diseases. Both systems are
internet based. We compared the regionalrig with the national mean using official notification

data provided by the National Infectious Diseases Notification System (SIMI) and the National
Institute of Statistics (ISTAT), in order to provide additional information about the epidemiology of
thee diseases in Italy. When compared with the national mean, data from the two regional systems
showed a significant increase in notification rates of-typhmoid salmonellosis and infectious
diarrhoea other than nagphoid salmonellosis, but for fodabrnedisease outbreaks, the increase was

not statistically significant. Although the two regional systems have different objectives and structures,
they showed improved sensitivity regarding notification of cases of acute infectious gastroenteritis
and, to adsser extent, foedorne disease outbreaks, and thus provide a more complete picture of the

epidemiology of these diseases in Italy.

1. INTRODUCTION

Acute gastroenteritis of infectious
aetiology is a public health problem worldwide
[1]. Although cases in industrialised countries
are usually characterised by low mortality, the
economic impact on health services (direct
costs) and on the general publitdjrect costs)
can be considerable [2]. Any initiative aimed at
controlling acute infectious gastroenteritis in a
population should be based on the extent of the
problem. However, the true incidence of the
disease in the population, based on data from
natonal surveillance systems, isusually
underestimatedg.g. [3]. In Italy and other
countries, this problem can be attributed to
several factors: (i) most cases have mild,-self
limiting symptoms, which do not motivate
patients to seek medical attentioni) ($tool
examination is not always recommended by
the attending physician and an aetiological
diagnosis is rarely made; (iii) diagnostic
capabilities and protocols differ greatly among
laboratories; and (iv) undeeporting, as it is
known that physiciansarely report cases.
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In Italy, surveillance of acute
infectious gastroenteritis and foddrne
disease outbreaks is part of the activities of the
Italian National Surveillance System of
Infectious Diseases (SIMI), which has been in
place since 1990 [4]. dlification data of cases
of acute infectious gastroenteritis and feod
borne disease outbreaks are also shared with
the National Institute of Statistics (ISTAT),
which produces official statistics on economic,
social and health matters in Italy. The
Piedmat and Lombardy regions, in the north
of the country, have implemented two different
Internetbased surveillance systems since 2002
and 2004, respectively. The Piedmont system
is dedicated to surveillance of fotdrne
diseases, with an emphasis on outksea
(including but not limited to acute infectious
gastroenteritis, as this can frequently be caused
by foodborne pathogens), whereas the
Lombardy system is aimed at improving the
surveillance and reporting of all notifiable
human infectious diseases, inding acute
infectious gastroenteritis and fotrne
diseases. Both systems notify to the national
surveillance system. As the two regions
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together account for about a quarter of the
Italian population (in  2009: Piedmont:
4,432,571 inhabitants; Lombard$,742,676;
national: 60,045,068 [5]) estimates of disease
incidence from these regional surveillance
systems can be considered relevant for
comparisons at the national level.

At present, the national surveillance
system does not collect notifications ofute
infectious gastroenteritis as one syndrome;
instead, laboratorgonfirmed cases of
diarrhoeal disease are generally notified in two
categories: nottyphoid salmonellosis
(hereafter referred to as salmonellosis) and
infectious diarrhoea other than salmediosis
(hereafter referred to as infectious diarrhoea).
These two categories therefore include
diarrhoeal diseases caused by all identified
enteric pathogens. For the purposes of this
article, the official notifications  of
salmonellosis and infectious alrhoea were
used as proxies for acute infectious
gastroenteritis, but we analysed the data
separately due to the large difference in the
number of cases in the two categories.

Cases of salmonellosis and infectious
diarrhoea are notified to the national
surveillance system according to its criteria,
which, for these diseases, are based on
laboratory results [4]. Foedorne disease
outbreaks are generally notified to the system
as the occurrence of the same disease in two or
more people belonging to the sawommunity
(family, school, etc.) or exposed to a common
source of infection.

The aim of our analysis was to
describe the epidemiology of acute infectious
gastroenteritis and foedorne  disease
outbreaks in Italy using official notification
data collectd in 19922009 and 19962009,
respectively. We have also taken into account
the contribution of the notification data from
Piedmont and Lombardy and speculated on the
impact that the notifications from the two
regions could have at the national level. Our
findings may help decisiemakers in
developing novel approaches aimed at
improving the surveillance of acute infectious
gastroenteritis and  foedorne  disease
outbreaks in the general population.

2.METHODS

2.1. Data collection
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Notification data wereobtained from
the SIMI online databases from 1996 to 2009
(for salmonellosis, infectious diarrhoea and
food-borne disease outbreaks) [6] and the
ISTAT from 1992 to 1995 (for salmonellosis
and infectious diarrhoea) [7]. Data are
available on request.

The SMI started publishing data in
1996, while data of the previous four years
were made available by the ISTAT only. There
were no available data on foddrne disease
outbreaks before 1996. Data on salmonellosis
and infectious diarrhoea were collected per
yeda, region, age group (A4 years, 1624
years, 2564 years, 65 years and older) and
sex, while those on foedorne disease
outbreaks were only available per year and
region. Population data per year, region, age
group and sex were also collected from the
ISTAT.

In order to obtain information on the
two regional surveillance systems, we
developed a questionnaire according to
guidelines provided by the United States
Centers for Disease Control and Prevention
[8]. The questionnaire is available on request.
It was campleted by the heads of the two
systems.

2.2. Data analysis

Annual notification rates (annual
number of notified episodes per 100,000
inhabitants) of salmonellosis and infectious
diarrhoea (from 1992 to 2009) were calculated
per region, age group andxsevhile those of
food-borne disease outbreaks (from 1996 to
2009) were calculated per region only. Age
and sexstandardised annual notification rates
of salmonellosis and infectious diarrhoea were
then calculated per region using 2001
population data. Ras were calculated for the
Piedmont and Lombardy regions and for the
country as a whole (calculated as the mean of
the 20 Italian regions).

Temporal trends in annual notification
rates of salmonellosis, infectious diarrhoea and
outbreaks of foodorne dseases were
assessed using the Cuzick test [9]. Annual rates
of salmonellosis and infectious diarrhoea were
compared between the sexes using the Mann
Whitney test and among age groups using the
KruskatWallis test. Post hoc paired
comparisons after the KskalWallis test were
tested using the MarAwhitney test on each
pair of age group and-yalue adjustment
according to Bonferrots method [10].
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To evaluate any difference in
notification rates in Piedmont and Lombardy,
compared with the national mean, eth
standardised annual notification rates of
salmonellosis, infectious diarrhoea and food
borne disease outbreaks in both regions were
centred on (i.e. subtracted from) the
corresponding national mean and then ntra
regionally compared between the periods
before (Piedmont. 1992 or 1996 to 2001,
Lombardy: 1992 or 1996 to 2003) and after the
implementation of their respective systems
(Piedmont: 20022009; Lombardy: 2004
2009), using the MankVhitney test.

Statistical analysis was performed with
STATA 10.1 andcexcel. Statistical significarec
was set at a p value of 0.05.

2.3.Regional surveillance systems

All regions other than Lombardy
notify cases according to the SIMI criteria [4].
Cases notified to SIMI are not divided into
possible, probable or confirmed cases, as in the
European Union (EU) case definition [11]. The
cases notified to the SIMI are later reported to
the EU by the Mirstry of Health through the
European Surveillance System (TESSy). In
contrast, Lombardy, uses the EU case
definition, but the cases are then reported to
the national surveillance ggsn according to
SIMI criteria.

2.3.1. Piedmont

The surveillance system of Piedmont is
structurally independent of the SIMI. It
collects data on all fooeborne diseases,
including episodes due to fogmbisoning (e.g.
those involving mushrooms, marine biotoxins
and histamine) that are not notified to the
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SIMI. Basically, it is a passive system focused
on the early detection of fodabrne disease
outbreaks, with the aim of improving the rapid
alert and investigation of the outbreaks to
prevent further cases.

Data generated from the system are
also used fo (i) monitoring of spatidemporal
trends in fooeborne diseases, including
identification of pathogens, food items
involved, related risk factors and therek
population; (ii) driving the development and
evaluation of control programmes (for
prioritising resource allocation); (iii) detecting
changes in the impact of acute gastroenteritis
in response to public health actions; and (iv)
providing a basis for epidemiological research.

The system collects information on
food-borne disease outbreaks andolattory
confirmed individual cases of fodabrne
diseases, thus including salmonellosis and
other diarrhoeal pathogens, which are
frequently transmitted by contaminated food
(Figure 1). Reporting of foeorne diseases is
managed separately from other dises. Each
local health unit in the region has dedicated
staff who manually enter the received data
(usually by fax, email or telephone) into an
Internetbased database shared by local health
units and the regional health authority. Entry of
all validateddata is performed on a weekly
basis. One person in each local health unit is in
charge of validating the data, ensuring that the
data are entered and coordinating a
multidisciplinary  panel of experts to
investigate every outbreak of fodrne
diseases detted by the system. In the local
health unit in the city of Turin, there is a
regional coordinator who is in charge of
coordinating all other local health units and
report to the regional health authority.
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Figure 1Surveillance system of Piedmont region, Italy.

2.3.2.Lombardy

The surveillance system of Lombardy
represents an Internbased improvement of
the SIMI and it is fully integrated with it. The
system has primarily been implemented to
improve aetiological diagnosis and data quality
for individual cases. Its main objective is to
provide data for redime analyses on spatio
temporal trends aimed at preventing secondary
cases by means of prompt public health
actions.

The structure of the Lombardy system
(Figure 2) is basically the same as that of the
SIMI, which has a pyramidal structure from
the bottom (physicians) to the top (regional
health authorities) and finally to the Ministry
of Health, which hosts the SIMI, baompared
with the SIMI, the procedure for physicians
reporting to local health units was modified by:
() reducing the information requested to a
minimum (additional information requested by
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the SIMI for completing the notification is
provided by the loal health units later on); (ii)
shortening the deadline for reporting (e.g. for
acute infectious gastroenteritis, notification of
cases should be immediate instead of within 48
hours, as required by ltalian law) [4]; and (iii)
defining different levels ofletail required for
cases detected at hospitals and for those
detected by primary care or seilfnployed
physicians. Data of the notified cases received
by each local health unit are manually entered
into an Internebased database and
automatically matchewith the corresponding
patient information stored in the regional
health registry. Further epidemiological
investigations are carried out when necessary.
Cases are automatically validated and
classified as notifiable to the SIMI or not
notifiable. The dabase is shared among all
local health units and the Lombardy regional
health authority, which is in charge of the final
data cleaning and analysis.
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Figure 2Surveillance system of Lombardy region, Italy.

In both systems, access to the database
is restricted to authorised staff of the local
health units and regional health authority. All
data are managed according to Italian
legislation on privacyBoth systems regularly
notify to the SIMI only those cases (divided
into salmonellosis and infectious diarrhoea)
and foodborne outbreaks that meet the SIMI
notification criteria (the set of information that
must be collected in order to notify the case to
the system is desceld in the égislation [4]).

3. RESULTS
3.1. Epidemiology of acute infectious
gastroenteritis and foodborne disease

outbreaks in Italy

During the period analysed (1992
2009 for salmonellosis and infectious
diarrhoea and 1992009 for foodborne
disease outbreaks), a total of 222,277 cases of
salmonellosis, 46,903 cases of infectious
diarrhoea and 7,937 fodubrne disease
outbreaks were notified in Italy. Piedmont
notified 16,431 cases of salmonellosis (7.4% of
the total), 4,02 cases of infectious diarrhoea
(8.6%), and 570 footborne disease outbreaks
(7.2%), while Lombardy notified 43,040 cases
of salmonellosis (19.4%), 14,797 cases of
infectious diarrhoea (31.5%), and 1,663 food
borne disease outbreaks (21.0%). Annual
notification rates of salmonellosis, infectious
diarrhoea and foetlorne disease outbreaks in
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Piedmont and Lombardy, together with the
natioral mean, are shown in Figure 3

3.1.1. Salmonellosisotifications

At the national level, salmonellosis
notification raes significantly decreased from
47.3 per 100,000 population in 1992 to 6.7 per
100,000 population in 2009 (a decrease of
86%). Statistically significant decreasing
trends were also observed in Lombartyg%,
from 46.2 per 100,000 population in 1992 to
195 per 100,000 population in 2009) and
Piedmont 182%, from 47.4 per 100,000
population in 1992 to 8.6 per 100,000
population in 2009).

3.1.2.Infectious diarrhoea naotifications

National notification rates of infectious
diarrhoea increased significantly from 2.7 per
100,000 population in 1992 to 5.8 in 2009 (an
increase of 53%). From 1992 to 2009, the
annual notification rates in Piedmont increased
significantly from 0.9 per 1000® population
to 7.1 per 100,000 population (+87%) and
from 1.3 per 100,000 population to 30.2 per
100,000 population in Lombardy (+96%).
Figure 3 shows that in both regions,
notification rates of infectious diarrhoea were
above the ational mean from 2006nwards.

3.1.3. Foodborne
notifications

disease outbreaks
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The mean national notification rates of
food-borne disease outbreaks significantly
decreased from 1.5 per 100,000 population in
1996 to 0.4 pr 100,000 population in 2009 (
73%). No statisticayl significant trends were
detected in Lombardyi 0%, from 2.2 per
100,000 population in 1996 to 1.1 per 100,000
population in 2009), where notification rates
were below the national mean from 2000 to
2006. From 1996 to 2009, there was no
statistically sigificant trend in Piedmont,
although the notification rate decreased from
2.3 per 100,000 population in 1996 to 0.2 per
100,000 population in 2009 91%). As shown
in Figure 3, notification rates were above the
national mean from 2003 to 2006, and then
agan in 2008, but were below the national
mean in 2007 and 20009.
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Table 1Mean annual notification rates by age group and sipludidaalmonellosis and infectious diarrhoea othettytblaoidhon
salmonédsis, Piedmont and Lombardy regions and Italian nationalir2@@®, 1992
Average annual notification rate
Age group Sex
1524 years 2564years 065 y Male

Diseaseby regioror nationwide

0014 years Female

Nontyphoid salmonellosis

Piedmont 99.73:6.098 24.06:8 . 0 21.739. 0 14922 . 1 41.986.50 38.24:6.12
Lombardy 12758598 194%6 . 1 19117 . 3 1811 . 7 48.03+7.10 44.12+6.63
National average 98.20:t6.898 32.65t1 2. 247229 . 9 17332 . 6 44.457.26 42.0¢t7.21
Infectiousdiarrhoeather than notyphoid salmonellosis

Piedmont 25.80:3.158 1.36t0. 1¢ 149%0. 3 436t0. 6 883176 7.681.54
Lombardy 32434148 2850. 3¢ 197+0. 3 1413 . 7 14.02+2.62 11.66t2.26
National average 19.80+1.048 1.97+0. 0¢ 1220. 0 284t0. 5 7.04+1.09 5.88:0.89

a. Mean number of cases per 100,000 populationtstandard error.

b. Post hoc paired comparisons of mean annual notification rates between age groupendezitédted hyn ey t est .
V) indicate the results of the pairwise c¢ompar ilysddferent whann
compared (Bonferradijusted p<0.05), while the same symbolmetheveéndicates no difference between the age groups.

c. No statistically significant differences between rates in male and female groups werd\titisey ¢es(Nda0rD5).

Symbol s
the s

3.2. Impact of the regional surveillance
systems onacute infectious gastroenteritis
notification rates

Differences in notification rates from
the two regions of salmonellosis, infectious
diarrhoea and fooBlorne disease outbreaks
with those of the whole of the country
(national mean) before and after the
implementation of the regional systems is
described n Table 2. In Piedmont, after
implementation of its system, there was a
significant increase in notification rates of both
salmonellosis (an increase of 1.6 cases per
100,000 population per year) and infectious

diarrhoea (an increase of 3.9 per 100,000
population per year) compared with the
national mean. In Lombardy, the increase after
the implementation of its system was
significant for both salmonellosis (an annual
increase of 10.3 cases per 100,000 population)
and infectious diarrhoea (an annual incecab
13.3 per 100,000 population). The observed
increases in the notification rate of febdrne
disease outbreaks after the implementation of
the two regional systems (annual increases of
0.1 and 0.2 per 100,000 population in
Piedmont and Lombardy, respeely) were
not statistically significant.

Table 2Differences in annual notification ratestgfhwd salmonellosis, infectious diarrhoea othertjfpnoidosalmonellosis, and food
borne disease outbreaks, Piedmohberizhrdy regions with the Italian national mean, before and after implementation of regional surveillance

systems.
Differences in annual notification #ate
Piedmont Lombardy
Di Before After Before After
isease . . . ) . ) . .
implementation  implementation p value implementation  implementation p value
(1992/19980019 (20022009) (1992/1998003) (200452009)
Nontyphoid salmonellosis 714.05+0.79 +1.58 £ 0.83 <0.01 711.54+2.79 +10.27+1.87 <0.05
Infectious diarrhoea othertt 1 15, 989 +390+0.61 <0.01  025+0.87  +13.34%2.95 <0.01
nontyphoid salmonellosis
Fooeborne disease outbréa 10.53 +0.49 +0.13 + 0.08 >0.05 +0.16 £ 0.32 +0.22 + 0.40 >0.05

a Mean number of cases per 100,000 popudttiatard error.
b. Reference value (national mean) = 0.

c. From 1992 for salmonellosis and infectious diarrhoea and from-b8@6efalidoade outbreaks.

d. In Piedmont, includes also outbreaks due to food poisoning

4. DISCUSSION AND CONCLUSIONS

Analysis of the notifications of
salmonellosis, infectious diarrhoea and food
borne disease outbreaks showed important
differences between the figures provided by
the regional surveillance systems of Piedmont
and Lombardy and those of the national
suneillance system. When we compared the
regional figures with the national mean, we
found significantly higher notification rates of
salmonellosis and infectious diarrhoea in the
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two regions after the implementation of their
systems. In addition to these irased rates,
the absence in these two regions of the
significantly decreasing trend in fodmbrne
disease outbreaks observed at the national level
can be considered a positive performance of
the systems.

The better performance of the two
regional systemsould be related to increased
motivation of those involved (e.g. physicians,
epidemiologists, public health professionals
and laboratory staff) to report cases of acute
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infectious gastroenteritis, increased awareness
of the disease and better coordinatimiween
laboratory and local health unit teams. In both
regional systems, the wdiased management
and sharing of notification data have facilitated
the reporting process and improved the
completeness of the information collected.
Web-based surveillanceystems have become
increasingly widespread and it is known that
they can improve sensitivity [124].
Nonetheless, both Italian regional systems
have major weaknesses, in particular: (i)
limitations in events covered (the Piedmont
system is focussed on fddorne diseases
only); (ii) limitations in automatic outbreak
detection (spatidemporal clusters); and (iii)
data entry is carried out far from the source.
Points ii and iii, in particular, are consequences
of the lack of reatime data collection and
amalysis and of the labotintensive activity
required by both systems. These two
constraints could considerably be balanced out
by full electronic reporting and management of
notification data.

Concerning the epidemiology of acute
infectious gastroenteritis Italy, we identified
a significantly  decreasing trend  of
salmonellosis over the period analysed, which
has also been observed in other industrialised
countries, possibly resulting from improved
Salmonellacontrol measures in the food chain
[15,16]. Although the national trend is
decreasing, salmonellosis rates in Lombardy
and Piedmont showed a rise from 2006 and
2007 onwards, respectively. In 2009, data
provided to the European Food Safety
Authority (EFSA) showed an increase in the
number of Salmonellaisolates from human
cases in ltaly of 22.2%, compared with those in
2008 (from 3,232 to 4,156 isolates) [16]. This
increase was detected one or two years in
advance by the surveillance systems of
Piedmont and_.ombardy (in 2008 and 2007,
respectively), but not by the national
surveillance system. The difference between
our data and those provided to EFSA can be
explained by the different sources: our data are
the official notification data, while the data
provided to EFSA are from Ent@et, a
laboratorybased surveillance network for
enteric pathogens [17].

In Lombardy, and to a lesser extent in
Piedmont, the trend of salmonellosis observed
during 2006 to 2009 seems related to the trend
seen for fooeborne digase outbreaks in the
same period. Taking into account that in the
EU most of the acute infectious gastroenteritis
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outbreaks in humans are caused3aymonella
[15,16], we can hypothesise that, at least in
Lombardy, improved outbreak detection could
have ontributed to the increase of
salmonellosis cases notified to the system.

The observed trends of infectious
diarrhoea notification rates suggest an
increasingly prominent role of pathogens other
than Salmonella- in particularCampylobacter
jejuni - which is the most frequent cause of
acute infectious gastroenteritis in the EU
[15,16]. The increasing trend of infectious
diarrhoea was particularly evident in
Lombardy, but was also seen in Piedmont, and
could be related to the improved routine
laboratory capcity for the detection and
notification of pathogens other than
Salmonella In both regions, improvement in
laboratory capacity (particularly in Lombardy)
was implemented at the same time the
surveillance systems were introduced. This
enabled the regional diagnostic and
microbiology laboratories to extend the range
of assays routinely performed and pathogens
searched for, and to improve the timeliness of
diagnosis and their communication with the
staff of the local and regional health authorities
involvedin the system.

Acute infectious gastroenteritis
notification rates by age group confirmed the
higher incidence of both salmonellosis and
infectious diarrhoea in children (@4 years),
in line with what has been observed in the
United States [18] and in lér European
countries [e.g. 19].

Concerning the trend of foddbrne
disease outbreaks, Lombardy showed a very
low notification rate between 2001 and 2006.
This is probably related to the changes in the
notification procedure of such outbreaks to the
SIMI (but not the notification of single cases)
that Lombardy made in 2001, during the period
considered for the analyses. After 2006,
however, the reporting of these outbreaks was

redefined, in agreement with the SIMI
definitions.

In Lombardy, we observed dh the
implementation of the system improved
notification rates of acute infectious
gastroenteritis and  foedorne  disease

outbreaks, with a reduction of the under

reporting, and consequently gave a better
estimate of the impact of acute infectious
gastroateritis on the population. The

Piedmont surveillance system, which is
dedicated to acute infectious gastroenteritis,
allows broader collection of information that is
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not easy to obtain in other ways, in particular

concerning fooepoisoning outbreaks.

With regard to the extension of the
surveillance systems of Piedmont and/or
Lombardy to the other Italian regions, and
even to other countries, decisions should be

made on the basis of cds¢nefit analyses that

take into account the expected improvements

in terms of efficacy of the surveillance and th

resources needed to achieve them, as well as

the longterm sustainability of the systems.
In  conclusion, improving the

e

surveillance of acute infectious gastroenteritis

at the ltalian national level requiresdiibnal
efforts, which can be defined by looking at th
experience at the regional level, such as that

e
of

Lombardy and Piedmont. Such efforts should
be focused on the integration and
harmonisation of different surveillance

activities and sources of infoation, as well as

evaluation of such activities, to obtain the best
achievable impact on the burden of acute

infectious gastroenteritis in the population.
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Distribution of Salmonella entericaserovars
Isolated from human cases in Italy, 19802012

ABSTRACT

We describe trends &almonella entericaerovardsolated from humans in Italy from January 1980

to June 2012.A total of 231,414 Salmonella isolates were reported. Serovars Entestidi
Typhimurium, Infantis, Derby, 4,[5],12.:i:and Napoli accounted for 59% of these isolates. Temporal
trends from 2000 to 2011 varied by serouv@anteritidis and Infantis decreassiynificantly §3.0%

and 12.8% isolates on average per year, respectivelyphimurium remained stable while
4,[5],12:i-, Derby and Napoli increasesignificantly (+66.4%, +8.1% and +28.2%, respectively).
Since 2000, Enteritidis fell consistently below Typhimurium, which isntost reported serovar in

Italy in contrast to the international situation where Enteritidis still ranks at the top despite its
significant decrease. Most serovars showed a marked seasonality, increasing over the summer months
and peaking in August/Septenmb&yphimurium, 4,[5],12:k, and Napoli were most likely to be
isolated from children, whereas Enteritidis, Derby, and Infantis from adults. We concludekethat t
applied control measurese not equally efficient against the considesatimonellaserovas and that
sources of infection other than those of Enteritidis (laying hens and eggs) have become increasingly
important. Furtherinvestigations onthe emerging serovars and on the causes related to their
emergence are needed, in order to define and mgrienewly tailored control measures.

1.INTRODUCTION

In the European Union (EU),
Salmonellainfection is the primary cause of
confirmed foodborne outbreaks and the
second most reported zoonosidyehind
Campylobacterinfection [1]. Recently it has
been estimated that approximately 6.2 million
cases of human salmonellosis occur in the EU
general population each year, 298,000 of
which occurin Italy (~60 million population

[2].

More than 2500 serovars of
Salmonella entericdhave beerdescribed [3].
Although virtually all these serovars are
capable of infecting humans, most human
infections are caused by a limited number of
serovarsS. Enteritidis andS. Typhimurium are
amongst the serovars most frequently
associated with human illness in the EU,
accounting for up to 68% of confirmed human
cases identified at serovar level [1]. Poultry,
and particularly laying hens for table egg
production, have long been identified as the
primary source of humanS. Enteritidis
infection, whereas it is widely accepgtehat
human S. Typhimurium infection primarily
originates from pigs [4].
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Salmonellaserotyping is an important
tool for surveillance purposes that allows for
trends to be monitored over space and time.
Serotyping is also a useful classification
scheme tosupport the investigation of foed
borne outbreaks and the attribution of human
cases to different sources of infecti@nd
routes of transmission [4].

In ltaly, the Ilaboratonpased
surveillance system for humasalmonella
infections has changed substalifiaver time
to follow the evolution of the surveillance
activities for ifectious diseases undertaken at
national and international level [SThe former
system was created in 1967 and was based on
the Reference Centres for Enterobacteriaceae
(RCE) [56], which became part of the
European SALMNET (SalmonellaNetwork)
project later in 1992 [5]in 1997, SALMNET
has further changed into the actual ENTER
NET (Enteric Pathogen Network) [7ltaly's
ENTERNET is a passive, laboratehased
surveillance systa for enteropathogens based
on a network of more than 140 clinical
microbiology diagnostic laboratories covering
about 65% of the Italian territory and is
complementary to the Italian National
Surveillance System for Infectious Diseases
(SIMI) [89]. Since October 2007, ENTER
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NET has been coordinated by the European
Centre for Disease Prevention and Control
(ECDC), European Foedand Watetborne
Disease and Zoonoses Surveillance Network
(FWD-Net) [10].

In Italy, ENTERNET collects basic
microbiological iformation (at least the
serovar) onSalmonellaisolates from human
cases each year. These isolates correspond to
approximately 50% of the total number of
human salmonellosis cases notiftecthe SIMI
[11]. Since 2002, the ENTERNET
laboratories are also invited to subnfi
Enteritidis andS. Typhimurium isolates to the
Istituto Superiore di Sanita (Italian National
Institute of Health) for phage and molecular
typing and antimicrobial susceptibility testing.

The aim of this study vw&ato describe
the distribution ofSalmonellaserovars isolated
from humans in Italy from January 2012 to
June 2012, with a focus on the six most
frequently reported serovars.

2. MATERIALS AND METHODS

Data of Salmonella isolates from
human cases were t@ined from different
laboratorybased surveillance systems
depending on the considered time period. Data
from 1980 to 1992 were obtained from
published statistics of the RCE [@ata from
1993 to 1997 were obtained from the SALM
NET records
(http://www.iss.it/salm/arch/index.php?lang=1
&tipo=4&anno=2012) and those from 1998 to
June 2012 from ENTERIET
(http://www.iss.it/Ente). In all of these three
systems, the common case definition was
isolate of Salmonella entericavith identified
serovar from a human specinien

For the purposes of this study, a
minimum set of comparable information about
each serotyped isolate was collected, including
the patient sex, age and residence location, the
laboratory that reached the mobiological
diagnosis and the date of isolation thereof. This
set of information was not systematically
collected and made available since 2000;
before 2000 only the serovar and the date of
isolation were available.

A data set including Salmonella
isolates of he whole study period (1980une
2012) was created by merging the data
obtained from the three systeni®QE, SALM
NET, and ENTERNET). For the year 2012
only the data from 01 January to 31 June were
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available. This data set contained 256,022
recorcés (i.e. isolates) with information on the
serovar and date of isolation.

Another data set that included the
isolates collected by ENTERET from 2000
to June 2012 (58,150 records) was created.
This data set contained a number of duplicate
entries, i.e. dferent isolates from a same case
(because of the followp of patients with
Salmonellainfection after the first isolation)
that were not always indicated. Therefore,
duplicate entries for an isolate that matched on
serovar, laboratory reaching the
microhbiological diagnosis, and date of birth of
the patient within the same or the consecutive
month of isolation were discarded. The
resulting data set included a total 33,545
records. Data management procedures were
performed using ACCESS, version 2002
(Microsoft, Redmond, USA).

The analysis was focussed on the six
top reported serovars in the whole study
period. The distribution of isolates over years
was examinedfrom 1980 to June 2012,
whereas the distribution by sex, age group (<1,
1i5, 614, 1564, and >65years) and month
of isolation (JanuaiyDecember) was
examined using the 2000une 2012 data set.
Average annual isolation rates per 100,000
population were calculated by serovar, sex, age
group, and province of residence standardised
to the 2008 Italian aference population
provided by theltalian National Institute of
Statistics (ISTAT) lgttp://demo.istat.i)/

The interannual trend in the number
of isolates from 2000 to 2011 was tested for
statistical significance using the Cuzikest
for trend[12] (alphalevel: 0.05). Data analysis
was performed usingepilnfo2000, version
3.3.1 (CDC, Atlanta, USA), and STATA,
version 11.2 (StataCorp, College Station,
USA).

Shapefile of Italy with provincial
administrative boundaries was obtained from
the ISTAT (ED1950GUTM coordinate system,
zone 32 N). Average annual isolation rates per
100,000 population were presented using a
choropleth map in ArcGis, version 9.0 (ESRI,
Redlands, USA).

3.RESULTS
3.1.Inter-annual trends

From 1980 to June 2012, a total of
231,414 Salmonella isolates were reported.
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The annual number of isolates decreased from
10,286 isolates on awege per year in 1980
1995 to 3960 isolates on average per year in
1996 June 2012, with a more marked
reduction from 2000 onwards (2,564 isolates
on average per year).

During the whole study period, the top
six reported serovars wereS. Enteritidis
(57,571 isolates; 24.8% of the total number of
Salmonella isolates; average isolation rate:

12000 A
10000
8000

6000

Number of isolates

4000

2000

3.04 isolates per 100,000 population/ye&),
Typhimurium (56,969; 24.6%; 3.01 per
100,000/year)S. Infantis (10,134; 4.3%; 0.53
per 100,000/yearf. Derby (8,298; 3.5%; 0.46
per 100,000/years. 4,[5],12,:i+ (2,690;1.2%;
0.47 per 100,000/yearand S Napoli (883;
0.4%; 0.12 per 100,000/year). The other
serovars accounted cumulatively for 94,869
isolates (41.2%; 5.01 per 100,000/year) (Figure
1).
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Figure 1Temporal trend of the top six re@atednellantericaerovars in Italy from 1980 to JuneSXAy2himurium aSdEnteritidis (A5;
InfantisS. DerbyS. 4,[5],12:j:andS. Napoli (B)Other serovars" in graph (A) include all serovars Sthigmpthiemurium aBdEnteritidis

S Typhimurium was the predominant
serovar from 1980 to 1988, but in 1989
Enteritidis overcameS. Typhimurium and
dramatically increased in the following years,
reaching a peak in 1992. Since the§,
Enteritidis starteddecreasing, and from 2000
onwardsS Typhimurium returned to be the
predominant serovar (Figure 1).

S. Infantis alternated the position of the
third most frequently reported serovar wih
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Derby during the whole study period (Figure
1). However, while S Infantis showed a
marked decrease from 2002 onwards (<100
isolates per year)S Derby increased since
2003, doubling the number 08 Infantis
isolates in the last period (2009 to 2011).

In 2000 and 2003S Napoli and S
4,[5],12,:i- emerged, respectly. S Napoli
increased from 31 isolates in 2000 to 134
isolates in 2011S. 4,[5],12,:i- was isolated for
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the first time in Italy in 2003 with 40 isolates
(1.3% of the total number of isolates of that
year). Since then, it increased steadily,
reaching 82 isolates (39.1%) in 2011.

The decreasing trends observed from
2011 to 2012 (Figure 1) is due to the fact that
the data for 2012 are partial, covering only the
first six months of the year.

From 2000 to 2011, aignificantly
increasing temporal trenchithe number of
isolates was observed f@ Derby (+8.1%
isolates on average per year, p<0.001; average
isolation rate: 0.16 isolates per 100,000
population/year), S Napoli (+28.2%, p =
0.032; 0.22 per 100,000/year) ané&.
4,[5],12:i- (+66.4%, p<0.001; 0.33 per
100,000/year), whereas a significantly
decreasingemporal trend was observed far
Infantis  (2.8%, p<0.001; 0.14 per
100,000/year) andS. Enteritidis {3.0%,
p<0.001; 0.91 per 100,000/year) isolatSs.
Typhimurium isolates did not show any

120

100 -

80
>

60 -

Mean number of isolates

40

20 1

significant trend from2000 to 2011p = 0.11;
1.58 per 100,000/year).

3.2.Seasonal distribution

The largest proportion oSalmonella
isolates was observed in September (12.2%)
and the smallest in February (6.0%). The mean
number of isolates in these two months was
330 and 160 respectively (Figure 2). Although
this seasonal pattern was consistent for most
serovarsS Napoli andS Derby showed slight
variations.S. Napoli increased steeply in June
(9 isolates, on average) and peaked in July (14
isolates), remained at high levels from July to
September (41 isolates) and then decreased
rapidly in October (9 isolates)S. Derby
peak& in September (11 isolates) but
remained at a high level until October (11
isolates), with a slight decrease from
November to March (41 isolates) (Figure 2).

January February March April June

—— S. Typhimurium

S. Enteridits —aA— S. Infantis —&—S. Derby —ll—S. 4,[5],12,:i:-

July August ~ September  October ~ November December

- - - - S. Napoli Other serovars

Figure 2Average number of isolates of the top six Bglortedd entericaerovars by month of isolation, Iltalyn20@012.

3.3.Age and sex distributions

During the 2000mid 2012 period, the
highest isolation rate was for children agéé 1
years, at 32.37 isolates per 100,000
population/year, followed by children aged <1
year (13.69 per 100,000/year) anidl8 years
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(7.98 per 100,000/year). In the other age
groups, the average isolation rate was <3
isolates per 100,000/year. There were no
evident differences in isolation ratestveen
males and females (4.01 and 4.55 isolates per
100,000/year, respectively) (Table 1).
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Table 1Age and sex distribution of the annual isolation rate (number of isolates/100,000) of the top six
reporte@almonellantericaerovars in Italy, 20Dthe 2012.

Serovar 05611 months 185 years 6814 years 15364 years 06 5 ) Female Male
S. Typhimuriul 3.89 14.07 3.18 0.42 0.77 1.40 1.69
S. Enteritidis 2.61 6.32 2.03 0.42 0.47 0.92 0.97
S. 4,[5],12:i: 0.76 2.34 0.61 0.07 0.17 0.24 0.28
S. Derby 0.44 0.84 0.16 0.06 0.19 0.14 0.15
S. Infantis 0.36 0.67 0.17 0.06 0.13 0.13 0.15
S. Napoli 0.67 1.04 0.21 0.02 0.09 0.10 0.12
Other serovar 4.96 7.09 1.63 0.52 1.04 1.06 1.19
Overall 13.69 32.37 7.98 1.58 2.85 4.01 4.55

The 3.3% of isolates reported from
2000 to 2010 were from cases aged <1 year,
38.8% from cases aged 3 years, 17% from
cases agedi@4 years, 26.1% from cases aged
1564 year s, and 14. 6%
years.

Considering the top six reported
serovars,S Typhimurium showed the highest
isolation rate in all age groups, particularly in
children (where it accounted for 28% and 43%
of isolates from children aged 3 and 614
years, respectively), but not in casgea 1%

64 years (whereS Typhimurium and S
Enteritidis accounted for almost the same
proportion of isolates~27%). This is also
evident for S 4,[5],12:i- that had a visibly
higher isolation rate thars Derby andS
Infantis in cases agedid years bt not in
cases aged 154 years, wher&. 4,[5],12:i=,

S Derby, andS. Infantis had almost the same
isolation rate. Moreover, whil& Napoli was
the fourth most isolated serovar in cases aged
¢14 years, it was the least represented in those
aged >14 yas.

3.4. Spatial distribution

Figure 3 presents the distribution at the
province level of the average annual isolation
rate per 100,000 population of the top six
reported serovars (2000 to mid 2012). Except
for the southern province of Isernia, thighest
incidence rates were observed in the northern
provinces of the country, particularly in the
provinces of Sondrio, Trento, and Varese,
whereas the southern provinces showed
considerably lower incidence rates. Such
spatial distribution was also obsed in the
incidence rate of the different serovars

4. DISCUSSION

Evidence that human salmonellosis in
Italy has decreased since the late 1990s has
previously been provided through the analysis
of cases notified to the SIMB]. This study
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showed that, since 2000, this decrease has
concerned only specific serovars, nam@&y
Enteritidis and S Infantis, whereas other
serovars have emergeds (4,[5],12:i-, S
fDerloy rands. Napaisor rengpieed faidy&table
(S Typhimurium) over time.

After the global emergence oB.
Enteritidis in the late 1980s that apparently
filled the ecological niche vacated by the
eradication ofS. Gallinarum from poultry13],

a sustained decrease in the number of hughan
Enteritidis infections has been observed in
most countries since the late 1990s, §igldi

17]. Several factors, including the
implementation of new ofarm control
measuresagainst Salmonellain poultry (e.g.
the introduction of live vaccines), improved
hygiene and education of consumers and food
workers, have probably contributed to this
decrease [45]. Indeed, in 1992, the European
Parliament issued a directive (Council
Directive 92/117/EEC) establishing measures
for protection against specified zoonotic agents
in animals and foods of animal oirng This
Directive proposed that the EU Member States
establish monitoring systems and control
measures in poultry breeding flocks. In 2003,
to enforce these measures, the European
Parliament and the EU Council introduced the
Regulation No. 2160/2003 to sure that
proper and effective measures were undertaken
to control Salmonellaat all relevant stages of
production, processing, and distribution. The
observed decrease @&. Enteritidis suggests
that these measures have succeeded
reducing the burden dfiuman S Enteritidis
infection.

In ltaly, however, we observed a
peculiar profile of serovars, &. Enteritidis
fell consistently belowS. Typhimurium since
2000, whereas in most other countries, despite
the significant decrease @&. Enteritidis, S.
Typhimurium has never become the most
reported serovar, at least until the end of the
2000s[17]. This is particularly evident in the
EU, where few countries in addition to Italy
have recently experienced this shift in the
dominant serovar, i.e. Belgium,rdhce and

in
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Denmark [4]. However, S. Typhimurium has
been predicted to become the most common
serovar in England and Wales by 2012 as a
result of the decrease SfEnteritidis[18].

Given the distribution of serovars from
humans and animal sources in theiqek 2007

% :s
el

2009, it has been estimated that pig is the most
important source of human salmonellosis in
Italy, accounting for 73% of human infections
[4]. This is in line with our results, as pig is in
important

fact the most reservoir o8

Typhimurium[4].
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As laying hens are the most likely
source of humanS. Enteritidis infection in
Europe [4], the drastic decrease o0f.
Enteritidis in Italy may be explained, smme
extent, by the structure of the Italian poultry
industry (that is highly integrated and
vertically developed) and by the fact that
poultry meat and table egg production in Italy
is seltsufficient to meet the internal market
demand. Moreover, since @B, the level of
biosecurity and hygiene practices in the Italian
poultry industry have greatly been enhanced to
address the legal requirements provided for the
control of avian influenza epidemics [19].
These structural characteristics may have had a
paricularly  significant impact on the
effectiveness of the applied control measures
against S. Enteritidis in the Italian poultry
industry, as both the production and
consumption of poultry products is vertical and
rather closed to external influences

The mamophasic variant of S
Typhimurium, S. 4,[5],12:i-, characterised by
the antimicrobial resistance to Ampicillin,
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Streptomycin, Sulphonamide, and Tetracycline
(pattern ASSuUT) is emerging and extensively
circulating in Italy, Denmark, and the UK
[11,20]. In ltaly, S 4,[5],12:i-, showed a
dramatic increase since 2003, both in humans
and in foodproducing animals, particularly
pigs and bovines [21]. Als& Napoli is an
emerging serovar in Europe, with most of the
cases (87%) occurring in lItaly, France, and
Switzerland. It has been suggested that the
environment can act as the main reservoir for
S Napoli, and from there it can spill over to
animals and humans [10].

Most serovars showed a marked
seasonality, increasing over the summer
months and peaking in Aust/September, and
then decreasing gradually. Although the
reasons of this pattern are not entirely known,
it may be related to the parall8almonella
shedding trend in animal hosts, insufficient
refrigeration and mishandling of foods during
the warm moths[22,23].

As expected, isolation rates were
highest in children. This may be due to the
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greater proportion of symptomatic infections
amongst the young but also to the higher
propensity to take samples by paediatricians
(i.e. detection bias) [23]. Howereconsistent
with other studie$10,1123], we observed that
cases withS. Typhimurium, S 4,[5],12:i=, or

S Napoli infection were most likely to be
children, whereas cases wih Enteritidis, S
Derby, or S Infantis infections were more
likely to be adults. This may be due to the
different serovaspecific risk factors to which
individuals are exposed at varying age groups
[24].

This study is based on reported data
from laboratories that are not homogenously
distributed in the Italian territory; thushere
may be differences in representativeness of the
data from different regions. It has been showed
that the surveillance systems of northern
regions of Italy are generally more sensitive in
detecting cases of infectious gastroenteritis,
leading to sigificantly higher notification
rates of salmonellosis compared to the national
average [9]. Moreover, diagnostic capacity for
enteropathogens differs from laboratory to
laboratory in Italy [25]. These may be the
reasons as to why we observed that the
isolaion rates were considerably lower in the
southern part of the country.

With regard the selection of isolates
included in our analyses we deleted duplicates
but we cannot avoid including outbreedated
cases because epidemiological information on
the oigin of the isolates were not available.
This condition could have biased the relative
percentages of thBalmonellaserovars in case
of relevant outbreaks.

In conclusion, Salmonellaserotyping
is useful for informing and addressing public
health actions, providing data about the
emerging serovars (which may reveal the
presence of a previously unrecognised source
of infection) and the efficacy of intervention
measures.

We found that S. Enteritidis has
decreased dramatically in Italy and th&t
Typhimurium has become again the most
reported serovar as from 2000. It is noteworthy
that while S. Enteritidis and S Infantis
decreased S, Typhimurium remained stable
and S 4,[5],12:i-, S. Derby, andS. Napoli
increased. This suggests that the agapli
control measuresare not equally efficient
against the considered serovars and that other
sources of infection have probably become
increasingly important (e.g. unconventional,
wild and freerage animals, fruit and
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vegetables, etc.  Therefore, further
investigation into potential causes of the spread
of the emerging serovars against which newly
tailored control measures should be
implemented is warranted.
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Attribution of human Salmonellainfections to
animal and food sources in Italy (2002 2010):
adaptations of the Dutch and modified Hald
source attribution models

ABSTRACT

The Dutch andnodified Hald source attribution models were adapted to Italian Salmonella data to
attribute human infections caused by the top 30 serotypes between 2002 and 2010 to four putative
sources Gallus gallus turkeys, pigs and ruminants), at the points of ahieservoir (farm), exposure

(food), and both combined. Attribution estimates were thus compared between different models, time
periods and sampling points. All models identified pigs as the main source of human salmonellosis in

Italy, accounting for 4360% of infections, followed byGallus gallus(18i 34%). Attributions to
turkeys and ruminants were minor. An increasing temporal trend in attributions to pigs and a
decreasing one in those@allus galluswere also observed. Although the outcomes of thentwdels
applied at farm and food levels essentially agree, they can be refined once more information will
become available, providing valuable insights about potential targets along the production chain.

1. INTRODUCTION

Salmonellosis is a major cause of
human bacterial gastroenteritis and the second
most reported footborne zoonosis in the
European Union (EV), after
campylobacteriosigl]. Humans can become
infected withSalmonellafrom several sources
and via different pathways, including direct
contact with live animals, environmental and,
to a lesser extent, anthroponotic transmission.
However, the most common source is by far
contamnated food, with 86/ 95% of cases
estimated to be foedorne [2,3]. In recent
years, human cases of salmonellosis reported
by Italian general practitioners have decreased
spectacularly, passing from 47 to 7 cases per
100000 population in less than two dedes
[4]. This decrease has mainly concerned
infections withS. Enteritidis while infections
with other serotypes have increased (€.,
Typhimurium monophasic variant 4,[5],12:i:
and S. Derby) or have remained fairly stable
(e.g.,S Typhimurium)[5], suggesting that the
relative importance of the different sources of
human salmonellosis has changed over time.

Attributing human  Salmonella
infections to specific sources is crucial to
prioritize and implement targeted interventions
in the food chain, asvell as to measure the
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impact of such intervention§6]. The term
"source” is often used as a collective term to
cover any point along the transmission
pathway, such as the animal reservoirs or
amplifying hosts (e.g.chicken, cattle, pig,
etc.), the vehies or exposures (e,gfood,
water, direct contact with animals, etc.) and
even specific food items (e,gpork, milk,
eggs, etc.). Several methods have been
proposed for source attribution of fobdrne
diseases[7,8]. In particular, the microbial
subtyping approach, based on the comparison
of the frequency distributions of pathogen
subtypes isolated from humans with those
isolated predominantly from putative animal,
food and environmental sources, has received
consideable attention since the development
of the Hald model forSalmonella source
attribution in DenmarK9]. The Hald model, a
Bayesian adaptation of the earlier frequentist
Dutch model [10Q], attributes stochastically
human Salmonellainfections to each puiae
source, to travelling abroad and to outbreaks,
while accounting for differences among the
different Salmonellasubtypes and sources to
cause human infectid®]. The Hald model has
successfully been adapted to salmonellosis in
several countried6,117 15]. Yet, to further
improve its identifiability and to handle with
uncertainty in data of poorer qualitya
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modified Hald modehas also been proposed
[16].

While the Dutch model uses a
straightforward approach, providing
transparent insights into the fttionality of the
attribution procesgl15], the Hald model is a
more complex model that fits parameters with
no clear biological interpretation, therefore
considered a sort of "black box" modéll].

So far, these two models have been applied to
single pants of the farmto-fork continuum
only, e.g. point of reservoir, point of exposure,
or both combined (undifferentiated). The
comparative application of these two models to
different points of attribution may further
inform us about the most promising tatg on
which risk management strategies should be
focused.

The main aim of this study was to
adapt the Dutch and Hald source attribution
models to ItalianSalmonelladata in order to
estimate the proportions of domestic, sporadic
human Salmonella infectiors in Italy
attributable to four putative source&dllus
gallus turkeys, pigs and ruminantsyyhich
have been monitored for a period of nine years
(2002 2010) bothin animals and in foods of
animal origin Moreover, we explored the
extent to which theomparison of attribution
estimates between the point of farm and that of
food is useful in informing risk managers.

2. MATERIALS AND METHODS

2.1. Laboratory surveillance of Salmonella
in humans

In ltaly, testing for Salmonella
infection is usually performed guatients with
gastroenteritisseeking for medical care or on
people requiring periodic testing regardless of
symptoms (e.g., food handlers, healthcare
workers, etc.)Irrespective of symptomatology,
Salmonellaisolates fom humans are reported
to Enternet Italia, a passive, laboratebased
surveillance system for human
enteropathogens based on a network of more
than 140 peripheral laboratories with
approximately 65% coverage of Italian
territory, concentrated mainly oid northern
part of the country. Entaret Italia is
complementary to the Italian National
Surveillance System for Infectious Diseases
(SIMI) [17]. From the peripheral laboratories,
Enternet Italia collects demographic and
microbiological information (at least the
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serotype) onSalmonellaisolates of ~50% of
human cases of salmonellosis notified to the
SIMI [18]. Information on travel history or link
to outbreaks concerns approximately 15% of
serotyped isolates. At presen§almonella
isolates reported tBnternet Italiaare virtually
indistinguishable between symptomatic and
asymptomatic human infections. For the
purposes of this study, a hum&almonella
infection was considered to be: 1) travel
related if the person has travelled abroad
during the incubtion period; and 2) outbreak
related if the person has had contacts with
people with gastroenteritis and/or there have
been other epidemiologicallinked infections.

2.2.Veterinary surveillance of Salmonella

Findings ofSalmonellain animals and
foods of animal origin as part of diagnostic or
monitoring activities are notifiable to Italian
veterinary authorities. All  major foed
producing animals and foods of animal origin
in Italy are tested foBalmonellaaccording to
official control programmes (Directive
2003/99/EC, Regulations EC 2160/2003 and
882/2004). Positive samples are reported to
Entervet, the Italian veterinary surveillance
system for Salmonella Entervet was
established in 2002 and is based on a network
of 10 peripheal laboratories covering the
whole country through the regionally
competent Institutes for Animal Health (Istituti
Zooprofilattici Sperimentali). Approximately
5000 Salmonella serotyped isolates from
animals and foods of animal origin are
reported to Entevet each year and classified
by animal species and sampling point (farm or
food).

2.3.Salmonelladata included in the models

The input dataset for th&almonella
attribution models included surveillance data
over nine years (from January 2002 to
Decemier 2010) collected by Enteret and
Entervet. Based on the most frequently
isolatedSalmonellaserotypes from humans in
common with at least one of the sources, the
following 30 serotypes were included in the
models: Typhimurium and its monophasic
variant4,[5],12:i-, Enteritidis, Derby, Infantis,
Muenchen, Hadar, London, Bredeney,
Brandenburg, Rissen, Panama, Thompson,
Virchow, Goldcoast, Give, Blockley, Newport,
Heidelberg, Agona, Anatum, Saintpaul, Coeln,
Montevideo, Kapemba, Mbandaka, Kedougou,
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Meleagidis, Senftenberg and Livingstone. The
selected serotypes accounted for 20890 human
infections, corresponding to 87% of all human
Salmonellainfections reported in the study
period. The remaining 13% of human
infections caused by less frequent serotypes
were excluded from the models and were not
further considered in this study. A closer look
at the data revealed that the excluded
infections were often associated with travel
and their serotypes were rarely, if ever,
detected in the considered sources. Duplicate
entries, i.e. differenfalmonellasolates from a
same person because of the folop of
people withSalmonellainfection after theifst
isolation, were discarded. Therefore, the
models attributed only those human
Salmonellainfections that, during the entire
study period and irrespective of clinical
manifestations, were caused by the
aforementioned top 3&almonellaserotypes
found bdh in humans and in the considered
animal and food sources.

Frequencies of human infections were
merged with the animal and food isolates by
serotype, sampling point and year. Based on
data availability, the following sources were
considered:Gallus gallus turkeys, pigs, and
ruminants (cattle, sheep and goats, combined).
These soures were cosistently sampled at the
level of farm (live animals)andat that of retail
(food of animal origin)during the entire study
period. Differentiation of Gallus gallus
between broilers and layers/eggs was not
possible because the data were available at the
species level only.

To avoid sparse data that may lead to a
low precision of the serotype prevalence
estimates [16], the merged dataset was
arranged in three-gear peiods (20022004,
2005 2007 and 2008010) . The resolution of
phage typing data was very low and did not
allow for the use of this information in the
analysis. Serotypérequencies in humans and
in animal and food sources are reported in
Table 1.

2.4.0verview of the models

A modified version of the Dutch model
and a Hald model accommodating for temporal
dimension[11] with some further adjustments
as proposed by Mullneet al [16] were
developed to estimate the proportions of
domestic, sporadic human Salmonella
infections in lItaly attributable to the four
putative sources at farm (reservoir) level, at
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food (exposure) level, and at both these levels
combined. Domestic and sporadic infections
are defined as infections acquired in Italy and
not implicatel in outbreaks.

Where the 95% credible intervals (CIs)
of the attribution estimates did not overlap
each other, these were considered to be
significantly different from one another at the
5% level of significance.

2.4.1.Modified Dutch model

The original Dutch model compares
the number of humarsalmonellainfections
caused by a particular serotype with the
relative occurrence of that serotype in each
source[10]. The expected number of human
infections @y) caused by serotypé from
sourcg in periodt is given by:

i

=L 3 €
e t
aJrIj’[

ijt

whererj; is the relative occurrence of serotype
i from sourcej in periodt, and g; is the
estimated number of sporadic and domestic
human infections of serotypdn periodt (see
Table 2 fornotations and estimation ef). A
sum over serotypes gives the total number of
infections expected from sourg¢en periodt,
denoted by:

/jt =ai/ijt

In this study, the Dutch model was
modified to incorporate prevalence uncertainty
and foa consumption weights. Prevalence was
modelled using the novel approach proposed
by Mullneret al. [16] based on the assumption
thatpi = p 3 rii, wherepy; is the prevalence
of serotype from sourcg in periodt, g is the
overall prevalence of albalmonellaserotypes
in source, andrj; is the relative occurrence of
serotype i from source j in period t.
Uncertainty was introduced in the estimates of
the prevalence by assuming the following
probability distributions:

-1
rijt ~ Dirichlet (let’ Xth!é s let)
i=1

Mt M2jt,€ 1i

whereX; (withi = 1, |[)2re éhe source
isolates of serotypesfrom sourcej at timet,
and
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'} ~Beta(J+1, b+1),

where( are theSalmonellapositive sampling
units from sourcg and 4 = N - U, with N
being the total number of sampling units from
sourcej that have been tested f&almonella
spp. The number of tested sampling units and
respective positivity percentages in different
animal reervoirs in Italy were provided by
Pires et al [14] by collating available
information from the EU Salmonella
prevalence baseline survey and from the EU
Summary Reports on Trends and Sources of
Zoonoses, Zoonotic Agents and FeBdrne
Outbreaks, as published annually by the
European Food Safety Authority from 2006 to
2009. These data were provided at
animal/samm level for broilers, bovines and
pigs, and at flock/herd level for layers and
turkeys.

Average per capita daily food
consumption (g/person/day) for sourgein
periodt in Italy, denoted asn;, was obtained
from the Eurostat database
(http://epp.eurostatc.europa.eu/portal/page/po
rtal/food/data/database) for ruminant and pig

meats. As the Eurostat database provides data

on poultry consumption as a whole with no
differentiation  between Gallus gallus
(meat/eggs) and turkey, we used tlata from
the Natioral Assogation of Poultry Producers
(http://www.unionenazionaleavicoltura.it/prod
cons.aspx). Uncertainty was introduced in the
estimates ofm, by assuming thatog(m;) ~
Normaley, ), where g and 0, are
respectively the mean and standard dewiatio
of the per capita daily food consumption for
sourcej in periodt. Using the above notations
and those in Table 2, the modifie®utch
model we used is denoted by:

3
Py = My

== 3%¢
a; Py 3 m,

ijt

The model was implemented in @Risk
by setting 100000 iterations with the Latin
hypercube sampling technigue and a seed of 1.
2.4.2 .ModifiedHald model

The Hald model compares the number
of human infections caused by different
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serotypes with their prelence in the different
sources, accounting for the amount of food
consumed and incorporating serotypand
sourcedependent factorg[9]. By using a
Bayesian approach, this model can explicitly
incorporate prior information and quantify the
uncertainty around each of the parameters. We
applied the modified version of the Hald model
as described elsewhef#6]. Using the above
notations andthose reported in Table 2we
assumd that

o, ~ Poissortg /)

and that
/i =My 3 p, 203 a

whereo; is assumed to be Poisson distributed;
pir was modelled using the aforementioned
novel approach of Mullneet al [16]; g is the
serotypedependent factor, which putatively
accounts for differences in survivability,
virulence and pathogenicity of serotypeand

g is the sourcelependent factor, which
putatively accounts for the ability of the
sourcesj to act as vehiclesor Salmonella
(e.g., differences in pathogen load, source
characteristics influencing pathogen growth,
preparation/handling procedures, differences in
sensitivity of surveillance programmes and
randomness of sampling schemes).

In accordance with Mullneet al [16],
both g and a were assumed to be constant
over time andg, was modelled hierarchically
as log€) ~ NormalO, ¢), wheret is given by a
fairly diffuse Gamma(0.01, 0.01) distribution.
Parametera; was defined as uninformative
Uniform(0, 100) distribution. Parametgy for
S Typhimurium  monophasic  variant
4,[5],12:i- was set to be equal to that &f
Typhimurium. Yet, exploratory analyses
revealed that setting differeqgt parameters for
S. Typhimurium and its monophasic variant
4,[5],12:i- had no influence on model results.

Posterior distribution was obtained by
a Markov Chain Monte Carlo simulation
implemented in  WIinBUGS 1.4. Five
independent Markov chains were run for
30,000 iterations after aurnrin period of
10,000 iterations, which proved able to provide
convergence as monitored by the method
developed by Gelman and Rulpirf)].
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Table 1Frequencies $&Imoneliserotypes isolated from humans and from animal and food sources, at farm and foo@094&|(lin Y2H0Z, and (IIl) 26PBL0, Italy.

Humans Gallus gallus Pigs Turkeys Ruminants
Serotype Farm Food Farm Food Farm Food Farm Food
| 1l I | Il I | Il Il | Il 11l | Il Il [ 1l Il [ 1l Il | 1l Il [ 1l I
Typhimurium 3140 2667 2919 129 188 161 45 274 35 456 535 371 796 502 398 108 195 10 73 60 52 199 160 175 90 112 77
4,[5],12:: 136 300 1324 9 9 74 6 88 22 138 263 817 106 175 609 4 11 16 4 5 24 5 28 100 4 12 35
Enteritidis 2181 1453 1212 159 244 377 167 100 82 1 16 3 10 159 8 1 1 6 1 5 28 3 5 6 11 6 20
Derby 239 253 344 5 6 8 16 159 17 159 359 164 577 310 331 26 14 4 20 8 10 6 16 22 26 12 13
Infantis 245 232 185 40 31 60 47 30 23 6 23 41 99 63 32 1 1 0 0 0 12 1 2 4 2 1 9
Muenchen 144 67 145 0 24 193 2 5 44 0 2 14 22 19 3 0 1 0 1 1 10 0 0 3 0 4 2
Hadar 141 60 127 187 148 224 215 50 93 3 8 2 12 48 2 59 16 7 46 19 41 6 0 1 9 3 2
Rissen 54 52 124 0 6 13 10 32 5 0 85 46 77 76 93 0 1 0 0 0 0 0 2 1 4 5 30
London 103 61 103 8 0 5 32 39 4 9 36 61 139 66 67 1 0 0 1 0 0 3 2 5 8 0 9
Bredeney 108 60 96 0 0 0 25 53 9 O 0 0 124 116 24 0 0 0 10 41 31 O 0 0 122 7 5
Newport 36 41 96 0 0 15 0 0 12 0 0 1 0 0 5 0 0 74 0 0 95 0 0 9 0 0 2
Goldcoast 74 30 89 0 0 0 0 0 0 0 0 0 37 0 0 0 0 0 1 0 0 0 0 0 1 0 0
Brandenburg 97 58 84 132 101 161 1 1 0 53 44 26 67 27 0 3 103 22 0 0 0 6 22 4 1 1 0
Give 44 71 74 3 0 1 0 29 0 2 19 11 17 0 14 0 0 0 1 0 0 15 1 7 0 3 0
Panama 110 40 72 0 0 0 0 0 0 0 0 0 46 0 0 0 0 0 0 0 0 0 0 0 4 0 0
Thompson 79 68 62 63 50 186 29 24 19 1 11 2 1 65 1 1 1 0 0 1 0 5 1 8 3 0 2
Coeln 11 15 58 0 2 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 O 0 0 0 0 0
Agona 61 30 50 13 13 61 27 14 0 0 4 3 19 10 0 36 26 1 22 34 0 1 0 1 5 8 0
Saintpaul 60 22 48 5 2 0 50 1 19 0 1 0 6 1 6 13 22 0 39 6 58 1 1 0 10 1 4
Virchow 89 60 46 256 135 0 68 1 0 4 0 0 4 51 0 1 0 0 1 0 0 4 0 0 1 2 0
Anatum 54 44 41 10 3 14 8 73 0 67 54 21 123 40 0 33 4 0 41 7 0 3 4 3 14 4 0
Livingstone 71 47 39 0 0 0 129 93 21 0 0 0 73 192 5 0 0 0 0 2 9 0 0 0 2 3 1
Kapemba 9 13 38 0 0 0 0 0 0 0 0 0 0 0 18 0 0 0 0 0 0 0 0 0 0 0 4
Blockley 118 34 22 62 34 13 56 26 0 9 1 1 8 21 0 148 40 5 9 27 O 8 3 1 9 1 0
Montevideo 24 27 21 0 42 110 9 0 45 0 1 0 1 0 7 0 0 5 1 0 0 0 0 2 1 0 1
Heidelberg 118 27 18 109 42 96 64 16 0 8 8 0 5 37 0 92 143 1 45 115 0 1 3 0 4 4 0
Mbandaka 10 3 12 0 37 129 0 15 0 0 1 0 0 58 0 0 0 0 0 1 0 0 2 0 0 1 1
Kedougou 9 2 9 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0
Meleagridis 9 4 5 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Senftenberg 5 5 2 23 19 22 12 0 3 0 1 0 3 0 0 2 1 1 0 0 3 0 0 2 1 0 2
Total 7579 5846 7465 1213 1136 1935 1018 1123 535 916 1472 1584 2372 2036 1626 529 580 152 406 332 390 267 252 354 222 190 219
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Table 2Parameters used to estimate the number ot domestoradic hunsatmoneliiafections attributable to the animal and food sources

Notation Description Estimation
i Salmonellserotype (30 serotypes) Data
j Animal or food source (4 sources) Data
t 3year perio@0022004, 2063007, 2068010) Data
Ot Observed infections with serbityperiod Data
oyk Ob_se(;ved infections with seroityperiodreporting to have travelled abroad in the incubati Data
perio
onk Ob;eéved infections with seroityjperiotireporting to have not travelled abroad in the incu Data
perio
out Observed infections with seroityperiotiwith unknown travel history Data
pt Probability that a person infected with sénopgptiwith unknown travel history did travel Betagyt+ 1,0nt+ 1)
et Estimated number of additional infections withi geqmyipéthat had travelled Binomiad{t, pty)
da Estimated total number of domestic infections withisgretiqie ot Oyki et
oyl Observed infections with serbityperiotlknown to be outbrealated Data
ouh Observed infections with serdityperiotlwith no information on relationships with outbrea Data
phx Probability that a person infected with senopgpidis outbreatelated Betagyhk + 1,0uki oyl + 1)
el Estimated number of additional domestic infections witlinseeoigfiénat are outbreeated  Binomiadig, phy)
i Estimated total number of domestic and sporadic infections with eiotype daii oyl el
3. RESULTS 3.2.Modified Hald model

3.1.Modified Dutch model

Mean percentages and respective 95%
Cls of humanSalmonellainfections attributed
to each of the sources, to travelling abroad and
to outbreaks by the modified Dutch model are
reported by timeperiod in Figure 1Overall
(2002 2010), pigs were the source causing the
highest percentage of humaalmonella
infections attributedat the levels of farm, i.e.
animals(43%, 95% CI: 4R44%), food (45%,
44 46%) and both combined (44%,i4%%),
followed by Gallus gallus (farm: 34%, 32
35%; food; 32%, 3i133%; farm + food: 33%,
32i 34%), turkey (4%, B5% at all levels) and
ruminants (2%, 3% at all levels). Infections
estimated to be traveland outbreakelated
amounted to 16% (187%) and 1% (11%),
respectively.

A significant decrease in the
percentage of infections attributed @allus
galluswas observed from 2002004 t02008
2010 {6%, 14% andi 4%, on average, per
each 3year periodin animals food and both
combined, respectively), whereas the
percentage of infections attributed to pigs
increased significantly (+4%, +2% and +3%,
on average, per eachygar periodn animals
food and both combined, respectively).
Percentages of infections attributed to the other
sources, to travelling abroad and to outbreaks
did not vary significantlyver time (Figure 1).
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Percentages of humarSalmonella
infections attributed to each of the sources, to
travelling abroad and to outbreaks by the
modified Hald model are reported by time
period in Figure 1Pigs were again the source
that accounted for the highest percentage of
infections attributed to anina{60%, 95% CI:
48/ 72%), food (47%, 4i152%) and both
combined (47%, 452%), followed byGallus
gallus (farm: 18 %, #31%; food: 33%, 28
38%; farm + food: 32%, dB7%). Turkeys
were the third most important source at farm
level (3%, 07%) and at both farnand food
levels combined (2%, 1®%), but it was the
fourth at food level (1%, 1G1%), behind
ruminants (farm: 2%, 1®%; food: @ 3%; farm
+ food: Q3%). Infections estimated to be
travel and outbreakelated amounted to 16%
(151 17%) and 1% (11%), respectigly.

From 20022004 to 20082010,
percentages of infections attributed Gallus
gallus decreased byi4% (@nimal3, 5%
(food) and 15% (both animals and food
combined), on average, per eache@r period,
whereas those attributed to pigs increased by
+2% (animalg, +2% (food) and +4% (both
animalsand food combined). However, none
of these trends was significant as the Cls of
attribution estimates were largely overlapping.
Percentage of cases attributed to the other
sources, to travelling abroad anddotbreaks
did not vary significantly over time (Figure 1).



Mughini Gras Barrucci, Smidet al. (submittedor publicatior)

Figure 1Percentages of human salmonellosis cases attributed to each putative source at farm and/or food level esdibatel agdhéahdodifidels.
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