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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 [1]. Following a series of headline-hitting 

food safety crises in the late 1990s, it became 

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 as needed. The 

European Commissionôs White Paper on food 

safety in 2000 was the driver towards a new 

structure for food safety in the European Union 

(EU). It presented a new concept for Europeôs 

consumer protection based on the safety of all 

relevant stages of the food supply chain, i.e. 

the somewhat commonplace used concept 

ñfrom farm to forkò. 

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 farm-to-fork 

concept. 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 are threatened by more 

than 200 known pathogenic agents 

transmissible through food [2], including, 

among others, a wide range of viruses, 

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 present in 

humans with acute gastroenteritis [2]. 

Gastrointestinal symptoms due to food-borne 

disease are generally mild to moderate in 

severity and self-limiting in persistence, lasting 

only a few days. This lends food-borne 

diseases to be sometimes regarded as comedy 

diseases, not pleasant to have or to talk about, 

but something more than a mere inconvenience 

[3]. Yet trivializing food-borne diseases 

ignores their magnitude and potential life-

threatening complications or long-term 

sequelae. Annual estimates of food-borne 

diseases vary from 76 million cases in the 

United States of America (USA) [4] to 5.4 

million in Australia [5], 1.3 million in England 

and Wales [6] and 680 thousand in The 

Netherlands [7]. Complications of food-borne 

diseases may involve severe dehydration, 

gastrointestinal perforation, septicaemia, renal 

failure, hepatitis and neurological syndromes 

[2,4,8]. In addition, several food-borne 

diseases have been associated with chronic 

sequelae such as irritable bowel syndrome 

(IBS) [8ï11], inflammatory bowel disease 

(IBD) [11,12], reactive arthritis [8,11,13] and 

Guillain-Barré syndrome [8,14].  

Although the global burden of food-

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 life years (DALYs), a measure of 

disease burden expressed as the number of 

years lost by the global population due to 

illness, disability or early death imputable to 

the disease in question [15]. Moreover, 

economic losses due to the direct and indirect 

costs of food-borne diseases, including medical 

care, patientsô absence from work or school, 

disposal of contaminated food and food sales 
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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, 

collectively, the human disease costs for seven 

common food-borne pathogens 

(Campylobacter jejuni, Clostridium 

perfringens, Escherichia coli O157:H7. 

Listeria monocytogenes, Salmonella spp., 

Staphylococcus aureus and Toxoplasma 

gondii) in the USA account for 6.5ï34.9 

billion of 1995 USA dollars annually [16]. 

These are some of the reasons as to why, over 

the last decades, food-borne diseases have 

significantly moved up the political agenda of 

the industrialized world and generated, on 

occasions, substantial scientific and media 

attention [17]. 

Food-borne diseases have a complex, 

dynamic nature. Not only because of the many 

pathogens and related clinical outcomes, but 

also because of the wide range of foods serving 

as sources of human infection and animals 

acting as reservoirs for food-borne pathogens, 

as well as the numerous factors that may affect 

contamination, growth, persistence, and 

inactivation of pathogens themselves 

throughout the farm-to-fork continuum [18]. 

Despite considerable research efforts leading 

to a generation of new or improved methods 

for detecting and characterizing food-borne 

pathogens, supporting public health risk 

assessments and policy development as well as 

implementing effective intervention strategies 

such as vaccination for food-producing 

animals or post-harvest treatments [17], 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 food-borne 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 ageing 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 food-borne 

pathogens [17,19,20]. It is therefore extremely 

important to strengthen research and improve 

public health surveillance of food-borne 

pathogens in order to monitor what is going on 

in the population and to empower decision 

makers to guide and manage more effectively 

by providing timely, useful evidence. 

 

2.2. Surveillance in humans 

 

Public health surveillance is defined as 

the ongoing systematic collection, analysis, 

and interpretation of data, with their timely 

dissemination to those responsible for 

preventing and controlling the disease in 

question [21]. Recent developments in the field 

of food-borne disease epidemiology are also 

the result of improvements in surveillance 

systems. The most widely used measure of the 

magnitude of food-borne diseases in a 

population is the estimation of the incidence of 

cases infected with specific pathogens. Most 

frequently used as a basis for such estimates is 

the incidence of laboratory-confirmed cases of 

specific pathogens usually captured by passive 

surveillance of notifiable diseases. This type of 

surveillance typically collects aetiological 

information on food-borne pathogens affecting 

only a small proportion of patients with 

(severe) gastrointestinal symptoms that seek 

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 of acute gastroenteritis [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 diseases, 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 320,000 human cases of zoonotic 

food-borne diseases are reported each year by 

the EU MSs to the European Surveillance 

System (TESSy), but the real number is likely 

to be ~100 times higher [7].  

Approaches to estimate the degree of 

under-ascertainment, or under-reporting, of 

pathogen-specific gastroenteritis cases in the 

population have been developed, allowing for 

the reconstruction of the so-called surveillance 

pyramid (Figure 1) and the estimation of the 

real community incidence of the major food-

borne diseases in the EU [7,23,24]. Other 

surveillance systems may, instead, primarily 

target syndromes related to food-borne 

diseases (i.e. acute gastroenteritis) or over-the-

counter medication sales (i.e. antidiarrhoeals 
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and antiemetics), two useful systems for early 

warning of community outbreaks, e.g. [25ï27], 

especially in emergency situations, such as 

natural disasters [28] or unusual mass 

gatherings [29]. Finally, active surveillance of 

selected pathogens of greatest interest in given 

populations may be implemented to fill 

specific gaps in knowledge, e.g. severe 

rotavirus gastroenteritis in children [30]. 

Indeed, quantifying the impact of food-borne 

diseases on a given population is complicated, 

perhaps increasingly so, by a number of factors 

such as different susceptibility to 

(symptomatic) infection of existing 

(sub)populations (i.e. children, elderly, 

immunocompromised people, pregnant 

women, etc.) or different genetic traits (e.g. set 

of virulence and antimicrobial resistance 

genes) within the same pathogen species or 

types, which may significantly affect the 

severity of clinical symptoms and the 

effectiveness of medical treatment, not to 

mention the changes in consumers' behaviours 

regarding exposure to pathogens [18]. In such 

situations, extrapolations from a surveillance 

system to the whole population may therefore 

require further adjustments and special 

consideration. 

  

 
Figure 1. Surveillance pyramid of food-borne diseases. 

 

2.2. Human illness source attribution 

 

Source attribution is defined as the 

estimation of the relative contributions 

(partitioning) of different sources of human 

infection to the human disease burden [31]. 

Source attribution is a growing area of research 

that incorporates an increasing number of 

methodological approaches and data sources. 

A detailed discussion of source attribution 

applications, including their advantages and 

limitations, may be found elsewhere [31,32]. 

The term source is often used as a collective 

term to cover any point along the transmission 

chain, such as the animal reservoir or 

amplifying host (e.g. chicken, cattle, etc.), the 

vehicle (e.g. food, water, direct contact, etc.) 

and even specific food items (e.g. meat, milk, 

eggs, etc.). However, for the purposes of 

source attribution, a specific terminology is 

generally used. 

¶ Reservoirs or  amplifying hosts: these are 

animals or non-animal sources upon which 

the pathogen depends for its survival that can 

be grouped or subdivided into 

epidemiologically meaningful categories 

depending on the question being addressed. 

For instance, cattle, sheep and goat may be 

grouped together as ruminants if it is not 

relevant or possible to determine their 

independent contributions. Alternatively, 

poultry may be subdivided according to the 

supplier. Source 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 may also be appropriate to use 

non-animal sources, such as the environment 

(e.g. water samples) to capture also the 

contribution from unmeasured hosts or group 

of hosts, such as wildlife. 

¶ Routes or 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 

question being addressed. Meaningful 

categories for informing policy are food, 

environment, water (which may be 

considered part of the environmental 

pathway) and direct contact. A number of 

approaches have been used to estimate the 

contribution of different pathways. Top-

down approaches, which subdivide the 

contribution of amplifying hosts into food 

and environmental pathways; or bottom-up 

approaches, which combine the contributions 

from different exposures and risk factors.  

¶ Exposures: primary pathways can be 

subdivided into a number of secondary 

exposures. For instance, the food pathways 

can be divided into meat and milk, while 

environmental contamination of surface 

water may affect drinking-water and 

recreational water.  

¶ Risk factors: these are characteristics, 

conditions or behaviours that increase the 

probability of disease. For instance, in case-



Chapter 1 

10 

 

control studies, variables are measured that 

describe specific determinants of risk (such 

as the consumption of a specific food item). 

The magnitude of such risk associated with 

these factors is estimated and the statistical 

significance of association is tested. These 

are represented as a further subdivision of 

pathways and exposures. For example, cattle 

(reservoir) may contaminate the food chain 

(pathway) resulting in hazard in the milk 

supply (exposure), which manifests itself as 

an increased risk associated with the 

consumption of unpasteurized milk (risk 

factor).  

Attributing human infections to 

specific sources is crucial to inform policies 

for food-borne disease prevention and control. 

Specifically, source attribution is used to 

prioritize and measure the impact of targeted 

interventions for food-borne diseases, as well 

as to identify the most promising points of the 

transmission chain where such interventions 

should be targeted [31,32]. A number of 

approaches (reviewed by Pires et 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 microbiological 

approaches, and their utility varies according 

to data availability and research question being 

addressed [32].  

For most source attribution studies on 

human salmonellosis and campylobacteriosis 

(the two food-borne diseases on which this 

thesis is focused), the microbial subtyping 

approach is the method of choice. This 

approach compares the distributions of 

microbial subtypes in human cases with those 

isolated from a range of animal, food and 

environmental sources to estimate the 

contribution of each source to the human 

disease burden. Data generated by either 

phenotypic or genotypic typing methods are of 

considerable value for understanding the 

epidemiology of food-borne diseases by 

refining knowledge on the relative 

contributions of reservoirs, pathways, 

exposures and risk factors in source attribution 

models. In particular, they provide a means of 

monitoring changes in reservoir attribution and 

epidemiology over space and time, which is of 

particular value for assessing the impact of 

different public health interventions. However, 

the disadvantages include the costs of 

sampling, isolation and genotyping of isolates 

which, if not already integrated 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 approach. These 

models will be presented in detail throughout 

this thesis and are briefly introduced here as 

follows: 

¶ Proportional Similarity Index (PSI) o r 

Czekanowski index: this is an objective and 

simple estimate of the area of intersection 

between two frequency distributions of 

microbial subtypes [33,34]; thus, it can be 

used to assess the (dis)similarity of such 

frequency distributions between reservoirs 

and human cases. The PSI ranges from 0 (no 

common subtypes) to 1 (identical 

distribution). Confidence intervals can be 

approximated by bootstrapping. 

¶ 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]. This model assumes an equal impact of 

the different subtypes and sources on human 

cases. It is easy to apply and the method of 

Garret et al. [36] can be extended to provide 

bootstrap confidence intervals. 

¶ Hald model and modified Hald model: the 

Hald model is a Bayesian risk assessment 

model, originally developed to quantify the 

contribution of different food sources to 

human salmonellosis cases in Denmark [37]. 

Afterwards, this model has been modified 

and adapted to data of different origin and 

diseases other than salmonellosis, such as 

campylobacteriosis [34]. The original model 

compares the number of human cases caused 

by different types with their prevalence in 

different food sources, weighted by the 

amount of food consumed, accounting for 

differences in subtypes and sources to cause 

diseases in humans. This is a Bayesian 

development of the earlier Dutch model and 

requires a heterogeneous distribution of 

some of the frequently occurring  types 

among the sources. By using a Bayesian 

approach, the Hald model can explicitly 

include and quantify the uncertainty around 

each of the parameters. The modified Hald 

model overcomes some of the problems of 

the original model associated with over-

parameterization and incorporates 

uncertainty in the prevalence matrix [34]. 

Other modifications of this model have been 

developed and successfully applied to 
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salmonellosis in Sweden [38], France [39] 

and the USA [40], and to listeriosis in 

England and Wales [41]. 

¶ Asymmetric Island (AI) model: this is a 

population genetics approach and is 

fundamentally different from the Dutch and 

Hald models. It is a model of gene flow 

derived from population genetics that 

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 human ñisladò [42]. These 

migration rates are then used to estimate the 

relative contribution from each of the 

reservoirs. 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. 

¶ Dynamic attribution model: this model 

describes how reservoir attribution changes 

over time, and can be used for ongoing 

surveillance and for assessing the impact of 

interventions [43,44]. The Hald model forms 

the basis of current dynamic attribution 

models, and various ways by which the 

classical output of the Hald models may be 

improved have been developed, e.g. [45]. 

A critical issue of source attribution 

modelling is the point of attribution, that is, the 

location along the farm-to-fork continuum that 

is addressed by a given attribution approach. 

For instance, attribution focused at the point of 

production would identify the food-producing 

animal reservoirs of on-farm microbiological 

contamination prior or during harvesting, 

whereas attribution at the point of consumption 

or exposure would identify foods as they are 

prepared and eaten. Different types of data and 

different analyses 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 food-borne 

diseases may enter the food chain at different 

points, the burden of disease attributed to 

specific sources may vary from one point to 

another. For example, attribution of human 

Campylobacter infections may partition more 

illness to the chicken reservoir than to broiler 

meat at the point of consumption since other 

foods, e.g. raw vegetables, may become cross-

contaminated during food preparation. The 

point of attribution essentially depends on the 

method chosen and the data used. Figure 2 

presents the major transmission routes for 

food-borne infections and indicates at which 

point in the transmission chain the different 

approaches can attribute human illness.  

 

 
Figure 2. Routes of transmission of zoonotic pathogens and points of human illness attribution as proposed by Pires et al. [31]. 

 

The food system is dynamic in nature, 

meaning that attribution estimates rapidly 

become out of date. It is largely unclear how to 

interpret apparent trends moving forward or 

how to aggregate data over time. Changes in 



Chapter 1 

12 

 

the durable immunity of the population or of 

the antimicrobial resistance of pathogens can, 

to some extent, reasonably affect attribution 

estimates, as do changes in consumption 

patterns and changes in contamination due to 

regulatory changes or implementation of 

intervention strategies [31]. 

 

3. HUMAN SALMONELL OSIS AND 

CAMPYLOBACTER IOSIS 

 

Throughout the 1990s until today, the 

two most reported zoonotic food-borne 

bacteria in the industrialized world, Salmonella 

spp. and Campylobacter spp., 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 food-borne diseases for 

which aetiology is known [7,23] and provide 

an example of the persistence of food-borne 

pathogens despite considerable efforts aimed at 

their prevention and control in the food chain. 

Not surprisingly, therefore, that human 

salmonellosis and campylobacteriosis 

nowadays command the majority of public 

health interest.  

 

3.1. Salmonella 

 

Salmonella is a genus of Gram-

negative, facultative anaerobic, rod-shaped, 

non-spore forming and predominantly motile 

bacteria (diameter 0.7ï1.5 µm, length 2ï5 µm) 

belonging to the Enterobacteriaceae family. 

Salmonella was first reported in 1885 by (and 

named after) Dr. Daniel Elmer Salmon (1850ï

1919), an American veterinary pathologist. 

The genus Salmonella is divided into two 

species, S. enterica and S. bongori, with the 

species S. enterica being further divided into 

six subspecies (S. enterica subspp. enterica, 

salamae, arizonae, diarizonae, houtenae and 

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 

Salmonella serotypes and the regular 

recognition of new serotypes. The simplified 

antigenic formulae of these serotypes are listed 

in a document called the Kauffmann-White 

scheme [46], and the WHO Collaborating 

Centre for Reference and Research on 

Salmonella, at the Institut Pasteur in Paris, 

France, is in charge of updating this scheme 

[47]. Salmonellas most frequently transmitted 

through food are often referred to as non-

typhoid to differentiate them from S. Typhi and 

S. Paratyphi, the causative agents of the 

Typhoid Fever, which is restricted to human-

to-human transmission. Two particular non-

typhoid Salmonella serotypes, S. Enteritidis 

and S. Typhimurium, have become major 

causes of food-borne disease in the 1980s and 

1990s in the industrialized world.  

S. Enteritidis and S. 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 bacteriophages [48]. 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 transferrable genetic 

material (transformation, conjugation and 

transduction). Common methods for 

Salmonella genotyping include, but are not 

limited to, Pulsed-Field 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-) PCR-based methods. 

The combined use of 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 most cases, the use of 

serotyping only is regarded as sufficiently 

discriminatory, but for frequently occurring 

serotypes and in outbreak investigations, the 

use of serotyping only is often insufficiently 

informative.   

Salmonella spp. are capable of 

colonizing, 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 excreted from 

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 faecally contaminated 

during slaughtering or processing, as well as 
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through consumption of any edible product 

that has been cross-contaminated during food 

preparation. Human Salmonella infection is 

frequently acquired because of mishandling or 

undercooking of food, especially poultry, eggs, 

seafood and raw milk. Up to 95% of human 

Salmonella infections are indeed estimated to 

be food-borne [51]. Nevertheless, salmonellas 

can also be transferred through direct or 

indirect contact with animals, their waste 

products or anything contaminated in their 

environments.  

A recently identified trend in human 

Salmonella infections has been an increased 

association of outbreaks with unusual vehicles, 

such as fresh produce, given that manure is 

frequently used as a fertiliser. Studies have 

also suggested that some Salmonella spp. have 

now evolved to colonize vegetables [52ï54] or 

the environment [55]. Furthermore, food 

handlers infected with salmonellas can 

transmit them if they, for instance, do not 

thoroughly wash their hands after toilet visit. 

This is the special case of the aforementioned 

host-adapted serovars S. Typhi and S. 

Paratyphi, which indeed spread from person to 

person, especially in countries with deficient 

wastewater systems. 

Human salmonellosis targets 

predominantly the gastrointestinal tract, 

causing acute gastroenteritis, with diarrhoea, 

abdominal pain, fever and sometime vomiting. 

It takes a very small amount of salmonellas to 

sicken a person, possibly as little as 20ī200 

bacterial cells, and the first signs of illness can 

occur within 6ï72 hours (incubation period), 

depending on the host health status, the 

serotype, the inoculum and the composition of 

contaminated food. Antibiotic treatment is not 

usually required as the disease is frequently 

self-limiting, lasting 4ï7 days. However, in 

high risk groups (e.g. infants and young 

children, elderly, transplant recipients, 

pregnant women and people with a weakened 

immune system), symptoms may be so severe 

to require hospitalization. Development of 

complications, such as severe dehydration, 

septicaemia and extra-intestinal infections (e.g. 

meningitis, endocarditis or osteomyelitis), can 

be life-threatening. Possible documented long-

term sequelae are reactive arthritis and 

functional gastrointestinal disorders, such as 

IBS and IBD [8]. 

Non-typhoid Salmonella species were 

estimated to cause ~93.8 million human cases 

of gastroenteritis globally each year, with 

~155,000 deaths [56]. Approximately 6.2 

million cases/year have been estimated to 

occur in the EU [23] and over 1.4 million in 

the USA [51]. Furthermore, the Sensor study 

in The Netherlands [57] has been used as a 

basis for the calculation of the burden of 

salmonellosis in terms of DALYs (~7 DALYs 

per 100,000 population/year) [7].  

In 2010 in the EU, the incidence of 

reported laboratory-confirmed human 

salmonellosis cases was 21.5 cases per 100,000 

population, with a statistically significant 

decreasing trend since 2005 (38.2 cases per 

100,000 population), a possible reflection of 

successful Salmonella control programmes in 

poultry [58]. Indeed, most EU MSs met their 

Salmonella reduction targets for poultry in 

2010, and Salmonella is declining in these 

animal populations. S. Enteritidis and S. 

Typhimurium are the most frequently isolated 

serotypes from human cases, accounting for 

~45% and ~22%, respectively, of all known 

serotypes in humans. Notification rate is 

usually highest in small children (<5 years of 

age), with <1% of fatal cases. A peak in the 

number of reported human Salmonella 

infections normally occurs in Augustï

September, with a rapid decline in winter 

months. This pattern is prominent for all age 

groups, supporting the influence of outside 

weather conditions (i.e. warmer temperatures) 

on bacterial multiplication. The proportion of 

cases that are acquired domestically, upon 

traveling and with unknown origin is ~63%, 

~11% and ~26%, respectively. Nordic 

countries such as Finland, Sweden and Norway 

usually have the highest proportions of 

imported cases of human salmonellosis, 

whereas infections seem to be mainly 

domestically acquired in the majority of other 

EU countries [58].  

Food-borne outbreaks of human 

salmonellosis are frequently reported. This is a 

reflection of a low infectious dose, especially 

when delivered in particular low-moisture 

foodstuffs, such as peanut butter, infant 

formula, chocolate, cereal products and dried 

milk [59], but also an ability to grow in food 

and in the environment, allowing amplification 

and long-term survival. Such diverse habitats 

also provide opportunities for adaptation and 

evolution. This is demonstrated by the 

changing trends in human salmonellosis 

observed in recent years. For instance, during 

the 1980s, a peak in human salmonellosis was 

observed throughout the developed world. This 

increase was mainly due to S. Enteritidis phage 

type (PT) 4, which was epidemiologically and 
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microbiologically linked to eggs and poultry 

(layer hens). These salmonellas have indeed 

adapted to preferentially colonize the avian 

reproductive tract, persist in the ovary and 

oviduct and survive in layer henᾷs eggs [60]. 

Intervention measures against S. Enteritidis 

PT4, including vaccination, first of breeder 

flocks and then of layers, has significantly 

reduced egg-associated infections during the 

late 1990s in several European countries, but 

from 2000 there has been further increase in 

human salmonellosis, this time with non-PT4 

strains, such as PT1, PT14B and PT21. 

Outbreak data, coupled with intensive 

laboratory investigations, has suggested that at 

least some of these strains are, once again, 

associated with eggs; thus, as one Salmonella 

type is controlled, others appear to evolve to 

fill the vacant niche. It follows, therefore, that 

Salmonella spp. are remarkably adaptable and 

able to evolve to respond to environmental 

challenges. 

 

3.2. Campylobacter 

 

Campylobacter is a genus of Gram-

negative, mostly sender, motile, non-spore 

forming, spirally curved rods (diameter 0.2ï0.5 

µm, length 0.5ï8 µm) belonging to the 

Campylobacteraceae family. Campylobacter 

was first described in 1886 by Dr. Theodor 

Escherish (1857ï1911), who observed this 

bacterium in infants died because of a disease 

he named "cholera infantum", 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 organisms" until 1963 when 

Sebald and Veron [63] gave the actual name of 

Campylobacter to the genus based on their 

shape, low DNA base composition, their 

micro-aerophilic growth requirement, and their 

non-fermentive metabolism [64]. The genus 

Campylobacter contains 16 species and six 

subspecies. The species C. jejuni and C. coli 

are those most commonly isolated from human 

cases, accounting for ~93% of confirmed 

human Campylobacter cases characterized at 

the species level in the EU [58]. Both C. jejuni 

and C. coli are thermophilic, oxidase, catalase 

and nitrate positive, sensitive to nalidix acid 

and resistant to cephalothin [65].  

A variety of Campylobacter typing 

approaches have been developed. Originally, 

typing methods were based on phenotypic 

characteristics, such as serotyping and phage 

typing. These methods are still in use but have 

proved to have a poor discriminatory power 

and limited value in epidemiological and 

source attribution studies. Molecular 

techniques such as fla-typing, ribotyping, 

PFGE, Amplified Fragment Length 

Polymorphism (AFLP) and Random Amplified 

Polymorphic DNA, (RAPD) are frequently 

used to complement phenotypic methods. 

MLST has been increasingly used for 

Campylobacter genotyping. MLST involves 

sequencing the forward and reverse strands of 

seven target gene fragments (Figure 3) [66]. 

The genes targeted code for essential metabolic 

functions (i.e. housekeeping genes) and 

therefore they 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 grouped. Indeed, 

by indexing the variation present in these 

seven housekeeping genes, MLST allows for 

the identification of genetic lineages in 

Campylobacter populations. A unique 

sequence pattern is assigned to a sequence type 

(ST), while closely related STs sharing the 

same alleles at different loci are considered as 

belonging to the same clonal complex (CC), 

the members of which possess a common 

ancestor [66].  

 

 
Figure 3. Chromosomal locations of the seven loci used in C. jejuni 
MLST [66]. 

 

The weakly clonal nature of 

campylobacters 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, e.g. 
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[34,42,67ï71], as will also be shown in more 

detail later 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, including 

water sources. Although Campylobacter spp. 

are mostly perceived as food-borne pathogens, 

there is evidence for other transmission 

pathways, including direct and indirect contact 

with infectious animals, people and 

environments [72ï75]. Campylobacters are 

prevalent in food-producing 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 contaminate various foodstuffs, 

including meat, raw milk and dairy products 

and less frequently fish and fishery products, 

mussels and fresh produce.  

Case-control studies of sporadic 

human cases have evidenced that consumption 

of chicken is the most important risk factor for 

human campylobacteriosis [72ï76]. However, 

as Campylobacter strains of chicken origin 

may reach humans through pathways other 

than food [77], the consumption and handling 

of chicken may account for up to 40% of 

human infections, while up to 80% may be 

attributed to the chicken reservoir as a whole 

[58]. Other frequently reported risk factors are 

consumption of unpasteurized milk [73, 

75,78], eating in restaurants [78ï81], contact 

with pets, especially puppies [76,78,80,82ï84], 

contact with farm animals [73,76,78ï80,84,85] 

and foreign travel [75,76,78,80ï82]. Cross-

contamination during food-preparation in the 

home has also been described as an important 

transmission route [86].  

As Campylobacter is not able to 

multiply in foods and has a relatively long 

incubation period (2ï5 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. Survival of Campylobacter outside the 

amplifying host is poor, particularly under dry, 

relatively warm and anaerobic conditions. 

However, the infective dose of these bacteria is 

generally low, and ~500 bacterial cells are 

sufficient to cause disease in humans. Patients 

can experience mild to severe gastrointestinal 

symptoms, with watery, sometimes bloody, 

diarrhoea, abdominal pain, fever, headache and 

nausea. Infections are usually self-limiting and 

last only a few days. Besides extra-intestinal 

infections, an acute Campylobacter infection 

can have serious long-term consequences, 

including the peripheral neuropathies Guillain-

Barré syndrome and Miller -Fisher syndrome, 

reactive arthritis and functional gastrointestinal 

disorders [8,11]. 

Campylobacter spp. are considered to 

be the most common bacterial cause of human 

gastroenteritis in the western world. In 

developed countries, the organism is isolated 

3ï4 times more frequently from patients with 

gastroenteritis than Salmonella spp. or E. coli. 

Although scarce, data from developing 

countries suggest that the burden of human 

campylobacteriosis is considerable. 

Approximately 9.2 million human 

campylobacteriosis cases/year have been 

estimated to occur in the EU [23] and over 2.5 

million in the USA [51]. The Sensor study in 

The Netherlands [57] provided a basis for 

estimating the burden of human 

campylobacteriosis in terms of DALYs (~18 

DALYs per 100,000 population/year) [7]. The 

incidence of human campylobacteriosis was 

estimated to be ~9 per 1000 population/year in 

the United Kingdom (UK) (for 2008ï2009) 

[87] and ~6 per 1000 population/year in The 

Netherlands (for 2009) [7], leading to only one 

out of every ~9 cases in the UK and one out of 

12 in The Netherlands to be reported to 

national surveillance systems. In the USA, it is 

estimated that one out of ~30 cases is reported 

by FoodNet sites, and that national incidence 

was 1.3 million cases in 2006 [88]. 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 of human 

campylobacteriosis.  

Relative risks to travellers have been 

used to approximate the relative incidence in 

local residents, as recently published for 

Salmonella spp. and Campylobacter spp. 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 interpreting such data. These 

include under-diagnosis or misdiagnosis of 

travel-related cases, late appearance of 

symptoms, absence of information on the 

nature and duration of travel and traveller's 

immunity (in particular against local endemic 

strains), especially as compared to the resident 

population.  
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In 2010 in the EU, the incidence of 

laboratory-confirmed human Campylobacter 

infections was 48.6 per 100,000 population. 

Children under five years of age had the 

highest notification rate (126.8 cases per 

100,000 population). The case fatality rate was 

<1%.  Such incidence figures lend human 

campylobacteriosis to be the most commonly 

reported gastrointestinal bacterial disease in 

the EU with a statistically significant 

increasing trend as from 2005 [58]. 

Campylobacter prevalence is usually highest 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 cases is usually reported during the summer 

months (JuneïAugust) gradually decreasing 

from September to December [58]. 

Given the sporadic nature of human 

campylobacteriosis and the important role 

played by cross-contamination, it is very 

difficult to trace the sources of human 

Campylobacter infection to the original 

reservoirs. However, recent insights in source 

attribution modelling and recognition of the 

role of immunity in protecting against 

Campylobacter infection, together with risk 

assessment studies, have helped to guide risk 

management along the farm-to-table 

continuum. Some countries have indeed 

invested heavily in reducing human 

campylobacteriosis transmitted via specific 

food chains. Yet, from a global perspective, 

human campylobacteriosis remains difficult to 

prevent and there is an urgent need of 

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 human campylobacteriosis (in The 

Netherlands), and deals with multiple specific 

objectives therein. As Italyᾷs current 

surveillance systems do not provide detailed 

epidemiological data for zoonotic enteric 

pathogens other than Salmonella spp., 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 Italian 

Istituto Superiore di Sanità (funding body of 

the present PhD position) and the National 

Institute for Public Health and the 

Environment (RIVM) in The Netherlands.  

This thesis had the following four 

objectives: 

1. To overview the epidemiological trends of 

human salmonellosis in Italy, particularly of 

S. enterica subsp. enterica serotypes, and to 

identify the most promising targets for 

improving the sensitivity towards pathogens 

causing human gastroenteritis of Italyᾷs 

current surveillance systems. 

2. To develop source attribution models based 

on the microbial subtyping approach to 

estimate the relative contributions of 

different animal and food sources to human 

Salmonella infections in Italy and to 

investigate 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) data to investigate reservoir-specific 

risk factors for human campylobacteriosis 

while accounting for sampling issues and 

potential biases arising from source 

attribution in space and time. 

4. To extend the combined source attribution 

and case-control analysis to include also 

factors that are not usually considered when 

examining likely sources of human 

campylobacteriosis, such as the potentially 

complex transmission cycles involving pets 

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 question (Salmonella or 

Campylobacter) and then it is further divided 

in seven, separate (but strictly interconnected) 

chapters, each of which is an article that has 

been published or submitted for publication in 

peer reviewed international journals. 

 

4.2. Outline of part I of th e thesis ï Human 

salmonellosis (in Italy) 

 

This part of the thesis is divided in 

three chapters dealing with objective No. 1 

(Chapters 2 and 3) and objective No. 2 

(Chapter 4). 

 

4.2.1. Chapter 2 (or Manuscript/Article I)  
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In Chapter 1, trends in physician-

reported gastroenteritis cases (divided in non-

typhoid salmonellosis and infectious diarrhoea 

other than non-typhoid salmonellosis) and 

food-borne disease outbreaks in Italy are 

described using official notification data from 

the current national (passive) surveillance 

system. To identify the most promising 

changes to be made for improving the 

sensitivity towards pathogens causing 

gastroenteritis of Italyᾷs current surveillance 

systems, a quantitative evaluation of the 

impact of the two recently implemented 

regional surveillance systems of Lombardy and 

Piedmont regions (in northern Italy) on the 

notification rates of gastroenteritis cases and 

food-borne disease outbreaks is also presented.  

 

4.2.2. Chapter 3 (or Manuscript/Article II )  

 

In Chapter 3, a detailed analysis of the 

trends of S. enterica subsp. enterica serovars 

isolated from human cases in Italy during the 

last 30 years is presented using data from the 

Italian national laboratory-based surveillance 

system(s) in order to identify the (re)emerging 

serovars and the possible causes driving the 

epidemiological patterns of human 

salmonellosis in Italy. 

 

4.2.3. Chapter 4 (or Manuscript/Article III )  

 

In Chapter 4, a modified version of the 

Dutch model and the modified Hald model for 

source attribution were adapted to Italian 

Salmonella data to estimate the proportions of 

domestic, sporadic human Salmonella 

infections in Italy attributable to four putative 

sources of infection (Gallus gallus, turkeys, 

pigs and ruminants) from 2002 to 2010, both at 

farm and food levels. A comparison of 

attribution estimates over different models, 

time periods and points of attribution was also 

performed. 

 

4.3. Outline of part II of the thesis ï Human 

campylobacteriosis (in The Netherlands) 

 

This part of the thesis is divided in four 

chapters dealing with objective No. 3 

(Chapters 5 and 6) and objective No. 4 

(Chapters 7 and 8). 

 

4.3.1. Chapter 5 (or Manuscript/Article IV)  

 

In Chapter 5, several analyses based on 

MLST data from human and animal C. jejuni 

and C. coli isolates collected over 12 years in 

The Netherlands, together with MLST data 

from other countries, are performed to 

determine the extents of geographical and 

temporal biases on attribution estimates, as 

well as the possible methods to be used for 

minimizing such biases, when using non-local 

or non-recent MLST data for source attribution 

in space and time of human campylobacteriosis 

based on the AI model. A power-analysis is 

also presented to provide the minimum number 

of source isolates needed to perform source 

attribution using the AI model. 

 

4.3.2. Chapter 6 (or Manuscript/Article V)  

 

In Chapter 6, MLST-based source 

attribution of human campylobacteriosis using 

the AI model, and a case-control study of 

chicken-, ruminant- and environment-specific 

risk factors for human campylobacteriosis in 

The Netherlands derived from a newly 

developed analysis combining source 

attribution and epidemiological data, are 

presented.  

 

4.3.3. Chapter 7 (or Manuscript/Article VI)  

 

In Chapter 7, a study aimed at 

clarifying the role of pets (dogs and cats) in 

Campylobacter zoonotic transmission is 

presented. MLST-typed C. jejuni and C. coli 

isolates from pets and their owners are 

compared in a one-to-one relationship and risk 

factors for pet-associated human 

campylobacteriosis are investigated using the 

combined source attribution and case-control 

analysis developed in Chapter 6. 

 

4.3.4. Chapter 8 (or Manuscript/Article VII)  

 

In Chapter 8, MLST profiles of C. 

jejuni and C. coli strains isolated from 

travellers returning to The Netherlands, the 

risk factors potentially responsible for the 

acquisition of such strains upon traveling, and 

those potentially responsible for their 

secondary spread to domestic populations, are 

investigated by performing a case-control 

study on risk factors for travel-related 

campylobacteriosis and a combined case-

control and source attribution analysis to 

investigate risk factors for domestically 

acquired campylobacteriosis caused by STs of 

probable exotic origin.  
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Surveillance of acute infectious gastroenteritis 

(1992ï2009) and food-borne disease outbreaks 

(1996ï2009) 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) and food-borne 

disease outbreaks (1996 to 2009) in Italy. In 2002, the Piedmont region implemented a surveillance 

system for early detection and control of food-borne 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 regional figures 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 

these diseases in Italy. When compared with the national mean, data from the two regional systems 

showed a significant increase in notification rates of non-typhoid salmonellosis and infectious 

diarrhoea other than non-typhoid salmonellosis, but for food-borne disease 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 a lesser extent, food-borne 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 public (indirect 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 

national surveillance systems, is usually 

underestimated, e.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 attention; (ii) stool 

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) under-reporting, as it is 

known that physicians rarely report cases.  

In Italy, surveillance of acute 

infectious gastroenteritis and food-borne 

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]. Notification data of cases 

of acute infectious gastroenteritis and food-

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 

Piedmont and Lombardy regions, in the north 

of the country, have implemented two different 

Internet-based surveillance systems since 2002 

and 2004, respectively. The Piedmont system 

is dedicated to surveillance of food-borne 

diseases, with an emphasis on outbreaks 

(including but not limited to acute infectious 

gastroenteritis, as this can frequently be caused 

by food-borne pathogens), whereas the 

Lombardy system is aimed at improving the 

surveillance and reporting of all notifiable 

human infectious diseases, including acute 

infectious gastroenteritis and food-borne 

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; Lombardy: 9,742,676; 

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 of acute 

infectious gastroenteritis as one syndrome; 

instead, laboratory-confirmed cases of 

diarrhoeal disease are generally notified in two 

categories: non-typhoid salmonellosis 

(hereafter referred to as salmonellosis) and 

infectious diarrhoea other than salmonellosis 

(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 diarrhoea 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]. Food-borne disease 

outbreaks are generally notified to the system 

as the occurrence of the same disease in two or 

more people belonging to the same community 

(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 food-borne disease 

outbreaks in Italy using official notification 

data collected in 1992ï2009 and 1996ï2009, 

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 decision-makers in 

developing novel approaches aimed at 

improving the surveillance of acute infectious 

gastroenteritis and food-borne disease 

outbreaks in the general population. 

 

 

2. METHODS 

 

2.1. Data collection 

 

Notification data were obtained 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 SIMI 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 food-borne disease 

outbreaks before 1996. Data on salmonellosis 

and infectious diarrhoea were collected per 

year, region, age group (0ï14 years, 15ï24 

years, 25ï64 years, 65 years and older) and 

sex, while those on food-borne 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 completed 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 and sex, while those of 

food-borne disease outbreaks (from 1996 to 

2009) were calculated per region only. Age- 

and sex-standardised annual notification rates 

of salmonellosis and infectious diarrhoea were 

then calculated per region using 2001 

population data. Rates 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 food-borne diseases 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 

Kruskal-Wallis test. Post hoc paired 

comparisons after the Kruskal-Wallis test were 

tested using the Mann-Whitney test on each 

pair of age group and p-value adjustment 

according to Bonferroni's method [10].  
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To evaluate any difference in 

notification rates in Piedmont and Lombardy, 

compared with the national mean, the 

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 intra-

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: 2002ï2009; Lombardy: 2004ï

2009), using the Mann-Whitney test.  

Statistical analysis was performed with 

STATA 10.1 and Excel. Statistical significance 

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 Ministry 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 system according to 

SIMI criteria. 

 

2.3.1. Piedmont 

 

The surveillance system of Piedmont is 

structurally independent of the SIMI. It 

collects data on all food-borne diseases, 

including episodes due to food-poisoning (e.g. 

those involving mushrooms, marine biotoxins 

and histamine) that are not notified to the 

SIMI. Basically, it is a passive system focused 

on the early detection of food-borne 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 for: (i) monitoring of spatio-temporal 

trends in food-borne diseases, including 

identification of pathogens, food items 

involved, related risk factors and the at-risk 

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 and laboratory-

confirmed individual cases of food-borne 

diseases, thus including salmonellosis and 

other diarrhoeal pathogens, which are 

frequently transmitted by contaminated food 

(Figure 1). Reporting of food-borne diseases is 

managed separately from other diseases. Each 

local health unit in the region has dedicated 

staff who manually enter the received data 

(usually by fax, email or telephone) into an 

Internet-based database shared by local health 

units and the regional health authority. Entry of 

all validated data 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 food-borne 

diseases detected 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 1. Surveillance system of Piedmont region, Italy. 

 

2.3.2. Lombardy 

 

The surveillance system of Lombardy 

represents an Internet-based 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 real-time 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, but compared 

with the SIMI, the procedure for physicians 

reporting to local health units was modified by: 

(i) reducing the information requested to a 

minimum (additional information requested by 

the SIMI for completing the notification is 

provided by the local 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 Italian law) [4]; and (iii) 

defining different levels of detail required for 

cases detected at hospitals and for those 

detected by primary care or self-employed 

physicians. Data of the notified cases received 

by each local health unit are manually entered 

into an Internet-based database and 

automatically matched with 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 database 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 2. Surveillance 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 privacy. Both systems regularly 

notify to the SIMI only those cases (divided 

into salmonellosis and infectious diarrhoea) 

and food-borne 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 described in the legislation [4]). 

 

 

3. RESULTS 

 

3.1. Epidemiology of acute infectious 

gastroenteritis and food-borne disease 

outbreaks in Italy 

 

During the period analysed (1992ï

2009 for salmonellosis and infectious 

diarrhoea and 1996ï2009 for food-borne 

disease outbreaks), a total of 222,277 cases of 

salmonellosis, 46,903 cases of infectious 

diarrhoea and 7,937 food-borne disease 

outbreaks were notified in Italy. Piedmont 

notified 16,431 cases of salmonellosis (7.4% of 

the total), 4,012 cases of infectious diarrhoea 

(8.6%), and 570 food-borne 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 food-borne disease outbreaks in 

Piedmont and Lombardy, together with the 

national mean, are shown in Figure 3. 

 

3.1.1. Salmonellosis notifications 

 

At the national level, salmonellosis 

notification rates 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 Lombardy (ï58%, 

from 46.2 per 100,000 population in 1992 to 

19.5 per 100,000 population in 2009) and 

Piedmont (ï82%, from 47.4 per 100,000 

population in 1992 to 8.6 per 100,000 

population in 2009). 

 

3.1.2. Infectious diarrhoea notifications 

 

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 100,000 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 national mean from 2000 onwards. 

 

3.1.3. Food-borne disease outbreaks 

notifications 
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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 per 100,000 population in 2009 (ï

73%). No statistically significant trends were 

detected in Lombardy (ï50%, 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 significant 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 (ï91%). As shown 

in Figure 3, notification rates were above the 

national mean from 2003 to 2006, and then 

again in 2008, but were below the national 

mean in 2007 and 2009.  

Significant differences in notification 

rates of salmonellosis and infectious diarrhoea 

by age group were observed in Piedmont, 

Lombardy and the country as a whole (Table 

1). The highest notification rates were 

observed in children aged 0ï14 years, in both 

regions and nationally. Apart from the 0ï

14year-olds, the only significant difference 

was observed in elderly patients (Ó65 years) in 

Lombardy for infectious diarrhoea; in this age 

group the notification rates was 14.10 cases per 

100,000 population in Lombardy, while in 

Italy and in Piedmont the rates were lower 

(2.84 and 4.36 per 100,000 population, 

respectively). No statistically significant 

differences were detected between male and 

female cases for either salmonellosis or 

infectious diarrhoea. 

 

 
Figure 3. Trends of annual notification rates of (A) non-typhoid salmonellosis (1992ï2009), (B) infectious diarrhoea other than non-typhoid 
salmonellosis (1992ï2009) and (C) food-borne disease outbreaks (1996ï2009) in Piedmont and Lombardy regions and the Italian national 
mean. 



Mughini Gras, Graziani, Biorci, et al. Euro Surveill. 2012; 17 (8): pii=20098 

29 
 

 
Table 1. Mean annual notification rates by age group and sex of non-typhoid salmonellosis and infectious diarrhoea other than non-typhoid 
salmonellosis, Piedmont and Lombardy regions and Italian national mean, 1992ï2009. 

Disease, by region or nationwide 

Average annual notification ratea 

Age groupb Sexc 

0ð14 years 15ð24 years 25ð64 years Ó65 years Male Female 

Non-typhoid salmonellosis 

Piedmont 99.73 ± 6.09§ 24.06 ± 8.00À 21.73 ± 9.04À 14.92 ± 2.12À 41.98 ± 6.50 38.24 ± 6.12 
Lombardy 127.58 ± 5.9§ 19.49 ± 6.13À 19.11 ± 7.35À 18.11 ± 1.71À 48.03 ± 7.10 44.12 ± 6.63 
National average 98.20 ± 6.89§ 32.65 ± 12.41À 24.72 ± 9.93À 17.33 ± 2.60À 44.45 ± 7.26 42.00 ± 7.21 

Infectious diarrhoea other than non-typhoid salmonellosis 

Piedmont 25.80 ± 3.15§ 1.36 ± 0.18À 1.49 ± 0.30À 4.36 ± 0.67À 8.83 ± 1.76 7.68 ± 1.54 
Lombardy 32.43 ± 4.14§ 2.85 ± 0.39À 1.97 ± 0.30À 14.10 ± 3.77ÿ 14.02 ± 2.62 11.66 ± 2.26 
National average 19.80 ± 1.04§ 1.97 ± 0.06À 1.22 ± 0.05À 2.84 ± 0.51À 7.04 ± 1.09 5.88 ± 0.89 

a. Mean number of cases per 100,000 population±standard error. 
b. Post hoc paired comparisons of mean annual notification rates between age groups were tested by the MannïWhitney test. Symbols (Ä, À and 
ÿ) indicate the results of the pairwise comparisons: in the same row, age groups marked with different symbols are statistically different when 
compared (Bonferroni-adjusted p<0.05), while the same symbol in the same row indicates no difference between the age groups. 
c. No statistically significant differences between rates in male and female groups were observed (Mann-Whitney test p>0.05). 

 

3.2. Impact of the regional surveillance 

systems on acute infectious gastroenteritis 

notification rates 

 

Differences in notification rates from 

the two regions of salmonellosis, infectious 

diarrhoea and food-borne disease outbreaks 

with those of the whole of the country 

(national mean) before and after the 

implementation of the regional systems is 

described in 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 increase of 

13.3 per 100,000 population). The observed 

increases in the notification rate of food-borne 

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, respectively) were 

not statistically significant. 

 
Table 2. Differences in annual notification rates of non-typhoid salmonellosis, infectious diarrhoea other than non-typhoid salmonellosis, and food-
borne disease outbreaks, Piedmont and Lombardy regions with the Italian national mean, before and after implementation of regional surveillance 
systems. 

 Differences in annual notification ratea,b 

Disease 

Piedmont Lombardy 

Before 
implementation 

(1992/1996-2001)c 

After 
implementation 

(2002-2009) 
p value 

Before 
implementation 

(1992/1996-2003)c 

After 
implementation 

(2004-ð2009) 
p value 

Non-typhoid salmonellosis ï4.05 ± 0.79 +1.58 ± 0.83 <0.01 ï1.54 ± 2.79 +10.27 ± 1.87 <0.05 
Infectious diarrhoea other than 
non-typhoid salmonellosis 

ï1.12 ± 0.89 +3.90 ± 0.61 <0.01 ï0.25 ± 0.87 +13.34 ± 2.95 <0.01 

Food-borne disease outbreaksd ï0.53 ± 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 population ± standard error. 
b. Reference value (national mean) = 0. 
c. From 1992 for salmonellosis and infectious diarrhoea and from 1996 for food-borne disease 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 

surveillance system. When we compared the 

regional figures with the national mean, we 

found significantly higher notification rates of 

salmonellosis and infectious diarrhoea in the 

two regions after the implementation of their 

systems. In addition to these increased rates, 

the absence in these two regions of the 

significantly decreasing trend in food-borne 

disease outbreaks observed at the national level 

can be considered a positive performance of 

the systems.  

The better performance of the two 

regional systems could 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 coordination between 

laboratory and local health unit teams. In both 

regional systems, the web-based management 

and sharing of notification data have facilitated 

the reporting process and improved the 

completeness of the information collected. 

Web-based surveillance systems have become 

increasingly widespread and it is known that 

they can improve sensitivity [12ï14]. 

Nonetheless, both Italian regional systems 

have major weaknesses, in particular: (i) 

limitations in events covered (the Piedmont 

system is focussed on food-borne diseases 

only); (ii) limitations in automatic outbreak 

detection (spatio-temporal clusters); and (iii) 

data entry is carried out far from the source. 

Points ii and iii, in particular, are consequences 

of the lack of real-time data collection and 

analysis and of the labour-intensive 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 in 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 

Salmonella control 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 Salmonella isolates from human 

cases in Italy 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 Lombardy (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 Enter-net, a 

laboratory-based 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 food-borne disease outbreaks in the 

same period. Taking into account that in the 

EU most of the acute infectious gastroenteritis 

outbreaks in humans are caused by Salmonella 

[15,16], we can hypothesise that, at least in 

Lombardy, improved outbreak detection could 

have contributed 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 particular Campylobacter 

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 capacity 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 

involved in the system.  

Acute infectious gastroenteritis 

notification rates by age group confirmed the 

higher incidence of both salmonellosis and 

infectious diarrhoea in children (0ï14 years), 

in line with what has been observed in the 

United States [18] and in other European 

countries [e.g. 19].  

Concerning the trend of food-borne 

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 that the 

implementation of the system improved 

notification rates of acute infectious 

gastroenteritis and food-borne disease 

outbreaks, with a reduction of the under-

reporting, and consequently gave a better 

estimate of the impact of acute infectious 

gastroenteritis on the population. The 

Piedmont surveillance system, which is 

dedicated to acute infectious gastroenteritis, 

allows broader collection of information that is 



Mughini Gras, Graziani, Biorci, et al. Euro Surveill. 2012; 17 (8): pii=20098 

31 
 

not easy to obtain in other ways, in particular 

concerning food-poisoning 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 cost-benefit analyses that 

take into account the expected improvements 

in terms of efficacy of the surveillance and the 

resources needed to achieve them, as well as 

the long-term sustainability of the systems.  

In conclusion, improving the 

surveillance of acute infectious gastroenteritis 

at the Italian national level requires additional 

efforts, which can be defined by looking at the 

experience at the regional level, such as that of 

Lombardy and Piedmont. Such efforts should 

be focused on the integration and 

harmonisation of different surveillance 

activities and sources of information, 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 enterica serovars 

isolated from human cases in Italy, 1980ï2012 

 

 
ABSTRACT 

 

We describe trends of Salmonella enterica serovars isolated from humans in Italy from  January 1980 

to June 2012. A total of 231,414 Salmonella isolates were reported. Serovars Enteritidis, 

Typhimurium, Infantis, Derby, 4,[5],12,:i:-, and Napoli accounted for 59% of these isolates. Temporal 

trends from 2000 to 2011 varied by serovar: Enteritidis and Infantis decreased significantly (ï3.0% 

and ï2.8% isolates on average per year, respectively); Typhimurium remained stable; while 

4,[5],12:i:-, Derby and Napoli increased significantly (+66.4%, +8.1% and +28.2%, respectively). 

Since 2000, Enteritidis fell consistently below Typhimurium, which is the most 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/September. Typhimurium, 4,[5],12:i:-, and Napoli were most likely to be 

isolated from children, whereas Enteritidis, Derby, and Infantis from adults. We concluded that the 

applied control measures are not equally efficient against the considered Salmonella serovars and that 

sources of infection other than those of Enteritidis (laying hens and eggs) have become increasingly 

important. Further investigations on the emerging serovars and on the causes related to their 

emergence are needed, in order to define and implement newly tailored control measures.  

 

 

1. INTRODUCTION  

  

In the European Union (EU), 

Salmonella infection is the primary cause of 

confirmed food-borne outbreaks and the 

second most reported zoonosis, behind 

Campylobacter infection [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 occur in Italy (~60 million population) 

[2]. 

More than 2500 serovars of 

Salmonella enterica have been described [3]. 

Although virtually all these serovars are 

capable of infecting humans, most human 

infections are caused by a limited number of 

serovars. S. Enteritidis and S. 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 human S. Enteritidis 

infection, whereas it is widely accepted that 

human S. Typhimurium infection primarily 

originates from pigs [4]. 

Salmonella serotyping 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 to support the investigation of food-

borne outbreaks and the attribution of human 

cases to different sources of infection and 

routes of transmission [4]. 

In Italy, the laboratory-based 

surveillance system for human Salmonella 

infections has changed substantially over time 

to follow the evolution of the surveillance 

activities for infectious diseases undertaken at 

national and international level [5]. The former 

system was created in 1967 and was based on 

the Reference Centres for Enterobacteriaceae 

(RCE) [5,6], which became part of the 

European SALM-NET (Salmonella Network) 

project later in 1992 [5]. In 1997, SALM-NET 

has further changed into the actual ENTER-

NET (Enteric Pathogen Network) [7]. Italy's 

ENTER-NET is a passive, laboratory-based 

surveillance system 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) [8,9].  Since October 2007, ENTER-
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NET has been coordinated by the European 

Centre for Disease Prevention and Control 

(ECDC), European Food- and Water-borne 

Disease and Zoonoses Surveillance Network 

(FWD-Net) [10].  

In Italy, ENTER-NET collects basic 

microbiological information (at least the 

serovar) on Salmonella isolates from human 

cases each year. These isolates correspond to 

approximately 50% of the total number of 

human salmonellosis cases notified to the SIMI 

[11]. Since 2002, the ENTER-NET 

laboratories are also invited to submit S. 

Enteritidis and S. Typhimurium isolates to the 

Istituto Superiore di Sanità (Italian National 

Institute of Health) for phage and molecular 

typing and antimicrobial susceptibility testing.  

The aim of this study was to describe 

the distribution of Salmonella serovars 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 obtained from different 

laboratory-based surveillance systems 

depending on the considered time period. Data 

from 1980 to 1992 were obtained from 

published statistics of the RCE [6]. Data 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 ENTER-NET 

(http://www.iss.it/Ente). In all of these three 

systems, the common case definition was "an 

isolate of Salmonella enterica with identified 

serovar from a human specimen". 

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 microbiological 

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 the whole study period (1980ïJune 

2012) was created by merging the data 

obtained from the three systems (RCE, SALM-

NET, and ENTER-NET). For the year 2012 

only the data from 01 January to 31 June were 

available. This data set contained 256,022 

records (i.e. isolates) with information on the 

serovar and date of isolation.  

Another data set that included the 

isolates collected by ENTER-NET from 2000 

to June 2012 (58,150 records) was created. 

This data set contained a number of duplicate 

entries, i.e. different isolates from a same case 

(because of the follow-up of patients with 

Salmonella infection after the first isolation) 

that were not always indicated. Therefore, 

duplicate entries for an isolate that matched on 

serovar, laboratory reaching the 

microbiological 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 examined from 1980 to June 2012, 

whereas the distribution by sex, age group (<1, 

1ï5, 6ï14, 15ï64, and >65 years) and month 

of isolation (JanuaryïDecember) was 

examined using the 2000ïJune 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 reference population 

provided by the Italian National Institute of 

Statistics (ISTAT) (http://demo.istat.it/).  

The inter-annual trend in the number 

of isolates from 2000 to 2011 was tested for 

statistical significance using the Cuzick's test 

for trend [12] (alpha level: 0.05). Data analysis 

was performed using EpiInfo2000, 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 (ED-1950-UTM 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 average per year in 1980ï

1995 to 3960 isolates on average per year in 

1996ïJune 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 were S. Enteritidis 

(57,571 isolates; 24.8% of the total number of 

Salmonella isolates; average isolation rate: 

3.04 isolates per 100,000 population/year), S. 

Typhimurium (56,969; 24.6%; 3.01 per 

100,000/year), S. Infantis (10,134; 4.3%; 0.53 

per 100,000/year), S. Derby (8,298; 3.5%; 0.46 

per 100,000/year), S. 4,[5],12,:i:- (2,690; 1.2%; 

0.47 per 100,000/year) and 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).

 

 
Figure 1. Temporal trend of the top six reported Salmonella enterica serovars in Italy from 1980 to June 2012: S. Typhimurium and S. Enteritidis (A); S. 
Infantis, S. Derby, S. 4,[5],12,:i:-, and S. Napoli (B). "Other serovars" in graph (A) include all serovars other than S. Typhimurium and S. Enteritidis. 

 

S. Typhimurium was the predominant 

serovar from 1980 to 1988, but in 1989 S. 

Enteritidis overcame S. Typhimurium and 

dramatically increased in the following years, 

reaching a peak in 1992. Since then, S. 

Enteritidis started decreasing, and from 2000 

onwards S. Typhimurium returned to be the 

predominant serovar (Figure 1). 

S. Infantis alternated the position of the 

third most frequently reported serovar with S. 

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 of S. Infantis 

isolates in the last period (2009 to 2011).  

In 2000 and 2003, S. Napoli and S. 

4,[5],12,:i:- emerged, respectively. S. Napoli 

increased from 31 isolates in 2000 to 134 

isolates in 2011. S. 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 762 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, a significantly 

increasing temporal trend in the number of 

isolates was observed for S. 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) and S. 

4,[5],12:i:- (+66.4%, p<0.001; 0.33 per 

100,000/year), whereas a significantly 

decreasing temporal trend was observed for S. 

Infantis (ï2.8%, p<0.001; 0.14 per 

100,000/year) and S. Enteritidis (ï3.0%, 

p<0.001; 0.91 per 100,000/year) isolates. S. 

Typhimurium isolates did not show any 

significant trend from 2000 to 2011 (p = 0.11; 

1.58 per 100,000/year). 

 

3.2. Seasonal distribution 

 

The largest proportion of Salmonella 

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 

serovars, S. Napoli and S. 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 

peaked 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). 

 

 
Figure 2. Average number of isolates of the top six reported Salmonella enterica serovars by month of isolation, Italy, 2000ïmid 2012. 

 

 

3.3. Age and sex distributions 

 

During the 2000ïmid 2012 period, the 

highest isolation rate was for children aged 1ï5 

years, at 32.37 isolates per 100,000 

population/year, followed by children aged <1 

year (13.69 per 100,000/year) and 6ï14 years 

(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 rates between 

males and females (4.01 and 4.55 isolates per 

100,000/year, respectively) (Table 1). 
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Table 1. Age and sex distribution of the annual isolation rate (number of isolates/100,000) of the top six 
reported Salmonella enterica serovars in Italy, 2000ïJune 2012.  

Serovar 0ð11 months 1ð5 years 6ð14 years 15ð64 years Ó65 years Female Male 

S. Typhimurium 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 serovars 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 1ï5 years, 17% from 

cases aged 6ï14 years, 26.1% from cases aged 

15ï64 years, and 14.6% from cases aged Ó65 

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 1ï5 and 6ï14 

years, respectively), but not in cases aged 15ï

64 years (where S. 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 than S. Derby and S. 

Infantis in cases aged 1ï5 years but not in 

cases aged 15ï64 years, where S. 4,[5],12:i:-, 

S. Derby, and S. Infantis had almost the same 

isolation rate. Moreover, while S. Napoli was 

the fourth most isolated serovar in cases aged 

¢14 years, it was the least represented in those 

aged >14 years.  

 

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, the highest 

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 observed 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 SIMI [9]. This study 

showed that, since 2000, this decrease has 

concerned only specific serovars, namely S. 

Enteritidis and S. Infantis, whereas other 

serovars have emerged (S. 4,[5],12:i:-, S. 

Derby, and S. Napoli) or remained fairly stable 

(S. Typhimurium) over time.  

After the global emergence of S. 

Enteritidis in the late 1980s that apparently 

filled the ecological niche vacated by the 

eradication of S. Gallinarum from poultry [13], 

a sustained decrease in the number of human S. 

Enteritidis infections has been observed in 

most countries since the late 1990s, e.g. [4,14ï

17]. Several factors, including the 

implementation of new on-farm control 

measures against Salmonella in poultry (e.g. 

the introduction of live vaccines), improved 

hygiene and education of consumers and food-

workers, have probably contributed to this 

decrease [4,15]. 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 origin. 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 ensure that 

proper and effective measures were undertaken 

to control Salmonella at all relevant stages of 

production, processing, and distribution. The 

observed decrease of S. Enteritidis suggests 

that these measures have succeeded in 

reducing the burden of human S. Enteritidis 

infection. 

In Italy, however, we observed a 

peculiar profile of serovars, as S. Enteritidis 

fell consistently below S. Typhimurium since 

2000, whereas in most other countries, despite 

the significant decrease of S. 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, France and 
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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 of S. Enteritidis [18]. 

Given the distribution of serovars from 

humans and animal sources in the period 2007-

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 

fact the most important reservoir of S. 

Typhimurium [4]. 

 

 
Figure 3. Maps (province level of detail) of the average annual isolation rates per 100,000 population of Salmonella in Italy in 2000-mid 2012 (all Salmonella 
isolates (A), S. Typhimurium (B), S. Infantis (C), S. Enteritidis (D), S. Derby (E), S. 4,[5],12:i:- (F), S. Napoli (G)). 

 

As laying hens are the most likely 

source of human S. Enteritidis infection in 

Europe [4], the drastic decrease of S. 

Enteritidis in Italy may be explained, to some 

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 self-sufficient to meet the internal market 

demand. Moreover, since 2003, 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 

particularly 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 monophasic variant of S. 

Typhimurium, S. 4,[5],12:i:-, characterised by 

the antimicrobial resistance to Ampicillin, 

Streptomycin, Sulphonamide, and Tetracycline 

(pattern ASSuT) is emerging and extensively 

circulating in Italy, Denmark, and the UK 

[11,20]. In Italy, S. 4,[5],12:i:-, showed a 

dramatic increase since 2003, both in humans 

and in food-producing animals, particularly 

pigs and bovines [21]. Also S. Napoli is an 

emerging serovar in Europe, with most of the 

cases (87%) occurring in Italy, 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 August/September, and 

then decreasing gradually. Although the 

reasons of this pattern are not entirely known, 

it may be related to the parallel Salmonella 

shedding trend in animal hosts, insufficient 

refrigeration and mishandling of foods during 

the warm months [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]. However, consistent 

with other studies [10,11,23], we observed that 

cases with S. Typhimurium, S. 4,[5],12:i:-, or 

S. Napoli infection were most likely to be 

children, whereas cases with S. Enteritidis, S. 

Derby, or S. Infantis infections were more 

likely to be adults. This may be due to the 

different serovar-specific 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; thus, there 

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 significantly 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 

isolation 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 outbreak-related 

cases because epidemiological information on 

the origin of the isolates were not available. 

This condition could have biased the relative 

percentages of the Salmonella serovars in case 

of relevant outbreaks. 

In conclusion, Salmonella serotyping 

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 that S. 

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, and S. Napoli 

increased. This suggests that the applied 

control measures are not equally efficient 

against the considered serovars and that other 

sources of infection have probably become 

increasingly important (e.g. unconventional, 

wild and free-rage animals, fruit and 

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 Salmonella infections to 

animal and food sources in Italy (2002ï2010): 

adaptations of the Dutch and modified Hald 

source attribution  models 

 

 
ABSTRACT 

 

The Dutch and modified 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 animal reservoir (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 43ï60% of infections, followed by Gallus gallus (18ï34%). Attributions to 

turkeys and ruminants were minor. An increasing temporal trend in attributions to pigs and a 

decreasing one in those to Gallus gallus were also observed. Although the outcomes of the two models 

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 food-borne zoonosis in the 

European Union (EU), after 

campylobacteriosis [1]. Humans can become 

infected with Salmonella from 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 

contaminated food, with 86ï95% of cases 

estimated to be food-borne [2,3]. In recent 

years, human cases of salmonellosis reported 

by Italian general practitioners have decreased 

spectacularly, passing from 47 to 7 cases per 

100,000 population in less than two decades 

[4]. This decrease has mainly concerned 

infections with S. Enteritidis, while infections 

with other serotypes have increased (e.g., S. 

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, as well as to measure the 

impact of such interventions [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 vehicles or exposures (e.g., food, 

water, direct contact with animals, etc.) and 

even specific food items (e.g., pork, milk, 

eggs, etc.). Several methods have been 

proposed for source attribution of food-borne 

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 

considerable attention since the development 

of the Hald model for Salmonella source 

attribution in Denmark [9]. The Hald model, a 

Bayesian adaptation of the earlier frequentist 

Dutch model [10], attributes stochastically 

human Salmonella infections to each putative 

source, to travelling abroad and to outbreaks, 

while accounting for differences among the 

different Salmonella subtypes and sources to 

cause human infection [9]. The Hald model has 

successfully been adapted to salmonellosis in 

several countries [6,11ï15]. Yet, to further 

improve its identifiability and to handle with 

uncertainty in data of poorer quality, a 
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modified Hald model has also been proposed 

[16].  

While the Dutch model uses a 

straightforward approach, providing 

transparent insights into the functionality of the 

attribution process [15], the Hald model is a 

more complex model that fits parameters with 

no clear biological interpretation, therefore 

considered a sort of "black box" model [11]. 

So far, these two models have been applied  to 

single points of the farm-to-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 targets 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 Italian Salmonella data in order to 

estimate the proportions of domestic, sporadic 

human Salmonella infections in Italy 

attributable to four putative sources (Gallus 

gallus, turkeys, pigs and ruminants), which 

have been monitored for a period of nine years 

(2002ï2010) both in animals and in foods of 

animal origin. Moreover, we explored the 

extent to which the comparison 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 Italy, testing for Salmonella 

infection is usually performed on patients with 

gastroenteritis seeking for medical care or on 

people requiring periodic testing regardless of 

symptoms (e.g., food handlers, healthcare 

workers, etc.). Irrespective of symptomatology, 

Salmonella isolates from humans are reported 

to Enter-net Italia, a passive, laboratory-based 

surveillance system for human 

enteropathogens based on a network of more 

than 140 peripheral laboratories with 

approximately 65% coverage of Italian 

territory, concentrated mainly on the northern 

part of the country. Enter-net Italia is 

complementary to the Italian National 

Surveillance System for Infectious Diseases 

(SIMI) [17]. From the peripheral laboratories, 

Enter-net Italia collects demographic and 

microbiological information (at least the 

serotype) on Salmonella isolates 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 present, Salmonella 

isolates reported to Enter-net Italia are virtually 

indistinguishable between symptomatic and 

asymptomatic human infections. For the 

purposes of this study, a human Salmonella 

infection was considered to be: 1) travel-

related if the person has travelled abroad 

during the incubation period; and 2) outbreak-

related if the person has had contacts with 

people with gastroenteritis and/or there have 

been other epidemiologically-linked infections. 

 

2.2. Veterinary surveillance of Salmonella  

 

Findings of Salmonella in animals and 

foods of animal origin as part of diagnostic or 

monitoring activities are notifiable to Italian 

veterinary authorities. All major food-

producing animals and foods of animal origin 

in Italy are tested for Salmonella according to 

official control programmes (Directive 

2003/99/EC, Regulations EC 2160/2003 and 

882/2004). Positive samples are reported to 

Enter-vet, the Italian veterinary surveillance 

system for Salmonella. Enter-vet was 

established in 2002 and is based on a network 

of 10 peripheral 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 Enter-vet each year and classified 

by animal species and sampling point (farm or 

food). 

 

2.3. Salmonella data included in the models 

 

The input dataset for the Salmonella 

attribution models included surveillance data 

over nine years (from January 2002 to 

December 2010) collected by Enter-net and 

Enter-vet. Based on the most frequently 

isolated Salmonella serotypes from humans in 

common with at least one of the sources, the 

following 30 serotypes were included in the 

models: Typhimurium and its monophasic 

variant 4,[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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Meleagridis, Senftenberg and Livingstone. The 

selected serotypes accounted for 20890 human 

infections, corresponding to 87% of all human 

Salmonella infections 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. different Salmonella isolates from a 

same person because of the follow-up of 

people with Salmonella infection after the first 

isolation, were discarded. Therefore, the 

models attributed only those human 

Salmonella infections that, during the entire 

study period and irrespective of clinical 

manifestations, were caused by the 

aforementioned top 30 Salmonella serotypes 

found both 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 sources were consistently sampled at the 

level of farm (live animals) and at 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 3-year periods (2002ï2004, 

2005ï2007 and 2008ï2010) . The resolution of 

phage typing data was very low and did not 

allow for the use of this information in the 

analysis. Serotype frequencies in humans and 

in animal and food sources are reported in 

Table 1. 

 

2.4. Overview 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 Mullner et al. [16] were 

developed to estimate the proportions of 

domestic, sporadic human Salmonella 

infections in Italy attributable to the four 

putative sources at farm (reservoir) level, at 

food (exposure) level, and at both these levels 

combined. Domestic and sporadic infections 

are defined as infections acquired in Italy and 

not implicated 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 human Salmonella infections 

caused by a particular serotype with the 

relative occurrence of that serotype in each 

source [10]. The expected number of human 

infections (ɚijt) caused by serotype i from 

source j in period t is given by: 
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where r ijt is the relative occurrence of serotype 

i from source j in period t, and eit is the 

estimated number of sporadic and domestic 

human infections of serotype i in period t (see 

Table 2 for notations and estimation of eit). A 

sum over serotypes gives the total number of 

infections expected from source j in period t, 

denoted by: 

  

ä= i ijtjt ll
 

 

In this study, the Dutch model was 

modified to incorporate prevalence uncertainty 

and food consumption weights. Prevalence was 

modelled using the novel approach proposed 

by Mullner et al. [16] based on the assumption 

that pijt   = pj ³ r ijt, where pijt is the prevalence 

of serotype i from source j in period t, pj is the 

overall prevalence of all Salmonella serotypes 

in source j, and
 
r ijt 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: 

 

r1jt, r2jt,é, 1ï r ijt

I-1

i=1

~ Dirichlet (X1jt, X2jt,é, XIjt ) 

 

where Xijt (with i = 1, 2,é, I) are the source 

isolates of serotypes i from source j at time t, 

and  
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j́  ~ Beta (Ŭj+1, ɓ
j
+1), 

 

where Ŭj are the Salmonella-positive sampling 

units from source j and bj = N - Ŭj, with N 

being the total number of sampling units from 

source j that have been tested for Salmonella 

spp. The number of tested sampling units and 

respective positivity percentages in different 

animal reservoirs 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 Food-Borne 

Outbreaks, as published annually by the 

European Food Safety Authority from 2006 to 

2009. These data were provided at 

animal/sample 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 source j in 

period t in Italy, denoted as mjt, was obtained 

from the Eurostat database 

(http://epp.eurostat.ec.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 the data from 

the National Association of Poultry Producers 

(http://www.unionenazionaleavicoltura.it/prod

cons.aspx). Uncertainty was introduced in the 

estimates of mjt  by assuming that log(mjt) ~ 

Normal(ɛjt, ůjt), where ɛjt and ůjt are 

respectively the mean and standard deviation 

of the per capita daily food consumption for 

source j in period t. Using the above notations 

and those in Table 2, the modified Dutch 

model we used is denoted by: 
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The model was implemented in @Risk 

by setting 100000 iterations with the Latin 

hypercube sampling technique and a seed of 1.  

 

2.4.2. Modified Hald model 

 

The Hald model compares the number 

of human infections caused by different 

serotypes with their prevalence in the different 

sources, accounting for the amount of food 

consumed and incorporating serotype- and 

source-dependent factors [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 elsewhere [16]. Using the above 

notations and those reported in Table 2, we 

assumed that 

 

)(~ äj ijtit Poissono l
 

 

and that 

 

jiijtjtijt aqpm ³³³=l
 

 

where oit is assumed to be Poisson distributed; 

pijt was modelled using the aforementioned 

novel approach of Mullner et al. [16]; qi is the 

serotype-dependent factor, which putatively 

accounts for differences in survivability, 

virulence and pathogenicity of serotypes i; and 

aj  is the source-dependent factor, which 

putatively accounts for the ability of the 

sources j to act as vehicles for 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 Mullner et al. [16], 

both qi and ai were assumed to be constant 

over time and qi was modelled hierarchically 

as log(qi) ~ Normal(0, t), where t is given by a 

fairly diffuse Gamma(0.01, 0.01) distribution. 

Parameter aj was defined as uninformative 

Uniform(0, 100) distribution. Parameter qi for 

S. Typhimurium monophasic variant 

4,[5],12:i:- was set to be equal to that of S. 

Typhimurium. Yet, exploratory analyses 

revealed that setting different qi 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 WinBUGS 1.4. Five 

independent Markov chains were run for 

30,000 iterations after a burn-in period of 

10,000 iterations, which proved able to provide 

convergence as monitored by the method 

developed by Gelman and Rubin [19]. 
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Table 1. Frequencies of Salmonella serotypes isolated from humans and from animal and food sources, at farm and  food level, in (I) 2002-2004, (II) 2005-2007, and (III) 2008-2010, Italy. 

Serotype 
Humans 

Gallus gallus Pigs Turkeys Ruminants 

 Farm Food Farm Food Farm Food Farm Food 

I II III I II III I II III I II III I II III I II III I II III I II III I II III 

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:i:- 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 90 0 0 0 124 116 24 0 0 0 10 41 31 0 0 0 12 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 0 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 99 27 0 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 2. Parameters used to estimate the number of domestic and sporadic human Salmonella infections attributable to the animal and food sources 

Notation Description Estimation 

i Salmonella serotype (30 serotypes) Data 
j Animal or food source (4 sources) Data 
t 3-year period (2002-2004, 2005-2007, 2008-2010) Data 
oit Observed infections with serotype i in period t Data 

oytit 
Observed infections with serotype i in period t reporting to have travelled abroad in the incubation 
period 

Data 

ontit 
Observed infections with serotype i in period t reporting to have not travelled abroad in the incubation 
period 

Data 

outit Observed infections with serotype i in period t with unknown travel history Data 
ptit Probability that a person infected with serotype i in period t with unknown travel history did travel Beta(oytit + 1, ontit + 1) 
etit Estimated number of additional infections with serotype i in period t that had travelled Binomial(outit, ptit) 
dcit Estimated total number of domestic infections with serotype i in period t oit ï oytit ï etit 
oybit Observed infections with serotype i in period t known to be outbreak-related Data 
oubit Observed infections with serotype i in period t with no information on relationships with outbreaks Data 
pbit Probability that a person infected with serotype i in period t is outbreak-related Beta(oybit + 1, outit ï oybit + 1) 
ebit Estimated number of additional domestic infections with serotype i in period t that are outbreak-related Binomial(dcit, pbit) 
eit Estimated total number of domestic and sporadic infections with serotype i in period t dcit ï oybit ï ebit 

 

 

3. RESULTS 

 

3.1. Modified Dutch model 

 

Mean percentages and respective 95% 

CIs of human Salmonella infections attributed 

to each of the sources, to travelling abroad and 

to outbreaks by the modified Dutch model are 

reported by time period in Figure 1. Overall 

(2002ï2010), pigs were the source causing the 

highest percentage of human Salmonella 

infections attributed at the levels of farm, i.e. 

animals (43%, 95% CI: 42ï44%), food (45%, 

44ï46%) and both combined (44%, 43ï45%), 

followed by Gallus gallus (farm: 34%, 32ï

35%; food; 32%, 31ï33%; farm + food: 33%, 

32ï34%), turkey (4%, 4ï5% at all levels) and 

ruminants (2%, 2ï3% at all levels). Infections 

estimated to be travel- and outbreak-related 

amounted to 16% (15ï17%) and 1% (1ï1%), 

respectively.  

A significant decrease in the 

percentage of infections attributed to Gallus 

gallus was observed from 2002ï2004 to 2008ï

2010 (ï6%, ï4% and ï4%, on average, per 

each 3-year period in animals, food and both 

combined, respectively), whereas the 

percentage of infections attributed to pigs 

increased significantly (+4%, +2% and +3%, 

on average, per each 3-year period in animals, 

food and both combined, respectively). 

Percentages of infections attributed to the other 

sources, to travelling abroad and to outbreaks 

did not vary significantly over time (Figure 1). 

 

3.2. Modified Hald model 

 

Percentages of human Salmonella 

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 1. Pigs were again the source 

that accounted for the highest percentage of 

infections attributed to animals (60%, 95% CI: 

48ï72%), food (47%, 41ï52%) and both 

combined (47%, 42ï52%), followed by Gallus 

gallus (farm: 18 %, 4ï31%; food: 33%, 28ï

38%; farm + food: 32%, 27ï37%). Turkeys 

were the third most important source at farm 

level (3%, 0ï7%) and at both farm and food 

levels combined (2%, 0ï5%), but it was the 

fourth at food level (1%, 0ï4%), behind 

ruminants (farm: 2%, 0ï5%; food: 0ï3%; farm 

+ food: 0ï3%). Infections estimated to be 

travel- and outbreak-related amounted to 16% 

(15ï17%) and 1% (1ï1%), respectively.  

From 2002ï2004 to 2008ï2010, 

percentages of infections attributed to Gallus 

gallus decreased by ï4% (animals), ï5% 

(food) and ï5% (both animals and food 

combined), on average, per each 3-year period, 

whereas those attributed to pigs increased by 

+2% (animals), +2% (food) and +4% (both 

animals and food combined). However, none 

of these trends was significant as the CIs of 

attribution estimates were largely overlapping. 

Percentage of cases attributed to the other 

sources, to travelling abroad and to outbreaks 

did not vary significantly over time (Figure 1). 
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Figure 1. Percentages of human salmonellosis cases attributed to each putative source at farm and/or food level estimated by the modified Dutch and Hald models. 


