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Quantitative risk assessment model of human sallosielinked to the consumption of
Camembert cheese made from raw milk.

(ABSTRACT)

Salmonellae are one of the most important causésodborne illness associated with
raw dairy products. The assessment of the realasskciated with the consumption of these
products is needed and the most appropriate methadhieve this goal is the risk analysis
process which links pathogens in food to the pubgalth problem. The main aim of this
thesis is to quantitatively assess the risk of husamonellosis linked to the consumption of
Camembert cheese made from raw milk. A data gap ithaoutinely identified in risk
assessment is the lack of quantitative data onogatis contaminated food. Therefore, as a
first objective of this thesis, we developed a dagsensitive and reliable method for the
guantification ofSalmonellain artificially contaminated milk samples. The m&d combined
the principles of most-probable-number (MPN) methatth a real-time PCR assay. With this
developed assay (MPN-real-time PCR) low levelSalimonella(1-5 CFU/mL) in milk could
be enumerated after 8 h of non-selective enrichnmebtffered peptone water. All estimated
MPN counts corresponded well to the estimated coimi@tion level ofSalmonellanoculated
into milk samples. In order to evaluate the utiliiythis developed quantification assay, our
second objective was to apply it to naturally camtaated bulk tank milk samples collected
from dairy farms located in western France. Eigh68%) of 299 bulk tank milk samples
were found positive, with estimated MPN values magdrom 3.7 to 79.2 MPN/mL of milk.
Despite the PCR inhibitors that were apparentlg@mein some raw bulk tank milk samples,
the application of the MPN-real-time PCR assay daantifying Salmonellain raw milk
proved to be rapid, easy-to-perform and highly gmes In the assessment of potential risks
associated wittsalmonellain raw milk and raw milk products it was necesst@ryexamine

the ability of Salmonellato grow in milk. Therefore, we presented in thisdis as a third



objective, primary and secondary models descrimmgthematically the growth of two
Salmonellastrains §. Typhimurium andS. Montevideo) in milk under constant temperatures
during different incubation periods. The primaryikiic-with-delay model was used to
describe Salmonella growth as a function of time. The specific growthtes of S.
Typhimurium andS. Montevideo varied according to serotype and tenpeza The
maximum growth rates were then modeled as funatfotemperature using the secondary
cardinal Rosso model. The reported cardinal eséisnabtained witls. Typhimurium andS.
Montevideo wereTmin 3.02, 3.40.Top 38.44, 38.55 an@imax44.51, 46.97°C, respectively. At
the optimum growth temperaturé.f) the maximum growth rates were 1.36 and 1.39log
CFU/H* for S. Typhimurium andS. Montevideo respectively. Both the primary and seleop
models fitted growth data well with a higiseudo R (0.97-99). Finally, a quantitative risk
assessment of human salmonellosis linked to theuwoption of Camembert cheese made
from raw milk is presented. Different distributiomgere assumed for the parameters of the
model and a Monte Carlo simulation was used to mitdeprocess and to quantify the risk
associated with the consumption of 25 g servinghafese. The $9percentile ofSalmonella
cell numbers in servings of 25 g of cheese was I @ the time of consumption,
corresponding to 0.2 cells 8almonellgper gram. The risk of salmonellosis per 25 g segrvin
varied from 0 to 1.2 x I0with a median of 7.4 x 1D For 100 million servings of 25g, the
expected number of cases of salmonellosis predimgdtie model is in average of 7.4. When
the prevalence was reduced in the model by a fauftdrO, the number of cases per 100
million servings was reduced to less than 1 dasspite the limitationand the data gap, we
demonstrated the benefit of risk assessment ngt amla risk evaluation tool but also as a

helping device in the decision-making and the nslhagement.



Risque de salmonellose humaine liée a la consoramdé fromage a pate molle au lait cru :
développement d’'un modéele pour I'appréciation qitainte du risque

(Résume)

Les salmonelles sont I'une des causes les plugtampes de maladie transmise par les
produits laitiers crus. L'appréciation du risquecg# a la consommation de ces produits est
nécessaire et la méthode la plus appropriée palis&é ce but est l'utilisation du processus
d'analyse de risque qui associe les microbes patiesgdans I'aliment au probléme de santé
publique. Le but principal de cette thése est ddéwaluer quantitativement le risque de
salmonellose humaine lié a la consommation de Cdrmadgrfromage au lait cru. Les lacunes
qgui sont en général identifiées pour I'appréciatdes risques sont le manque de données
guantitatives sur les microbes pathogénes contamniea aliments. Donc, comme premier
objectif de cette thése, nous avons developeé @ikoae rapide, sensible et fiable pour la
guantification des salmonelles dans le lait afgéflement contaminé. La méthode a combiné
les principes de la méthode du nombre-le plus-greb&PP) avec une analyse PCR en
temps réel. Avec cette analyse (NPP-PCR en tenapsfigble niveau de la contamination (1-
5 ufc/mL) du lait peut étre énuméré apres 8 h himsement non-sélectif dans I'eau peptone
tamponée. Toutes les valeurs de nombre le plusaptelont bien correspondu au niveau
estimé de contamination des salmonelles inoculées dles échantillons de lait. Afin
d'évaluer I'utilité de cette analyse de quantifaatnous I'avons appliguée aux échantillons
naturellement contaminés de lait de tank d’explioites laitieres situées dans I'Ouest de la
France. Huit (2,68%) des 299 échantillons de leittahk étaient trouvés positifs, avec des
comptes estimés de nombre plus probable s'étedeadf7 a 79,2 /mL de lait. En dépit des
problemes d'inhibition observés avec quelques éitloas de lait, I'application de l'analyse
par PCR en temps réel pour mesurer des salmortesle lait cru s’est avérée étre rapide,
facile a exécuter et extrémement sensible. DapprEaiation des risques potentiels liés aux

salmonelles dans le lait cru et les produits a loeskit cru il était nécessaire d'examiner la
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capacité des salmonelles a se développer dang.|®da conséquent, nous présentons dans
cette theése des modeéles primaires et secondaiceivalé mathématiquement la croissance
des salmonellesS( Typhimurium etS Montevideo) dans le lait a température constante
pendant différentes périodes d'incubation. Le nmetElistique avec délai a été employé pour
décrire la croissance des salmonelles en fonctioiehps. Les taux de croissance spécifiques
deS Typhimurium et d&. Montevideo différent selon le sérotype et la témafure. Les taux
de croissance maximum ont été alors modélisés mtiém de la température en utilisant le
modéle cardinal secondaire de Rosso. Les valeuwdinedes obtenues av& Typhimurium

et S Montevideo eétaient: fin 3,02, 3,40 ; I 38,44, 38,55 et o 44,51, 46,97°C,
respectivement. A la température optimum de crossa(Ty) les taux de croissance
maximum étaient 1,36 et 1,39 lggufc/i’ pour S Typhimurium etS Montevideo
respectivement. Les modeles primaires et secorsdaime permis de bons ajustements aux
données de croissance avec un psé&ido0.97-0.99. Un modéle d’appréciation du risque de
salmonellose humaine liée a la consommation de @dn®e au lait cru est présentée qui est
basée sur les résultats des objectifs précédemmemtionnés dans cette thése. Différentes
distributions ont été posées en hypothese poupaesnétres du modeéle et une simulation de
Monte Carlo a été employée pour modeler le progessypour mesurer le risque lié a la
consommation de la portion de 25 g du fromage. 3% rcentile du nombre de cellules de

bY

salmonelles dans les portions de 25 g de fromagé &t cellules a I'heure de la
consommation, correspondant a 0,2 cellule des salliles par gramme. Le risque de
salmonellose par portion de 25 g est compris énheel1,2 x 10 avec une médiane de 7,4 x
108, Pour 100 millions de portions de 25g, le nombeecds de salmonellose prévue par le
modéle est en moyenne de 7,4. Quand la prévalebcédrite dans le modele d'un facteur de

10, le nombre de cas par 100 millions de portisisg@duit a moins de 1 cas. En dépit des

limites et des données manquantes, nous avons ti&mtavantage de I'appréciation du
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risque non seulement comme outil d’évaluation dqug mais également comme dispositif

d’aide a la prise de décision et a la gestion egies.
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Chapter 1: Introduction




Background / Problem Statement

Foodborne disease is an important and growing putdalth and economic problem
in many countries. Factors that have been attribtdehe increased risk for foodborne illness
include new feeding practices, changes in animabandry, changes in agronomic process,
increase in international trade, changes in foodhrtelogy, increase in susceptible
populations, increase in travel and changes istiffe and consumer demands. Foodborne
diseases not only significantly affect people’s Ite@and well-being, but they also have
economic consequences for individuals, familieanmwnities, businesses and countries.
These diseases impose a substantial burden orhtoeaét systems and markedly reduce
economic productivity. Estimating direct as well iaglirect costs of foodborne disease is
difficult. However, an estimate in the US places thedical costs and productivity losses in a
population of approximately 250 millions inhabitarit the range of US$6.6-37.1 billion
(Butzby and Roberts, 1997). In the European Unjdhe annual costs incurred by the health
care system as a consequenc&alimonellainfections alone were estimated to be around 3
billion euros (Anonymous, 2004).

Millions of people suffer from foodborne illnessayly. It is difficult to obtain
accurate estimates of the incidence of microbialalgifoodborne disease. In developed
countries, the percentage of people suffering framrobiological foodborne disease each
year has been reported to be up to 30%, while tioblgm is likely to be even more
widespread in developing countries (WHO, 2002). Ewev, it has been estimated that each
year foodborne disease causes approximately 7@millnesses, 325,000 hospitalizations,
5,000 deaths in the USA and 2,366,000 cases, 2hd§@talizations, 718 deaths in England
and Wales (Mead et al.,, 1999; Adak et el., 2008).Ftance, The number of fooborne
hospitalizations has been reported to be betwe@/2(0-17,800 cases) per year (Vaillant et

al., 2005).



Salmonellais one of the leading causes of foodborne illneske United States and
the European Union (EU) (Anonymous, 2007; Meadl.et1899), with estimated incidences
of 15.1 cases per 100,000 persons in the UnitegsS(Anonymous, 2002) and 38.2 cases per
100,000 persons in the EU (Anonymous, 2007). Exargh Salmonellainfection is a self-
limiting, the severity of the illness is obvious tlwisevere diarrhoea requires medical
interventions such as intravenous fluid rehydrationcases where the pathogen enters the
bloodstream, i.e. septicaemia or bacteraemia, symgpinclude high fever, malaise, pain in
the thorax and abdomen, chills and anorexia. Inespatients, long-term effects or sequelae
may occur, such as arthritis, osteoarthritis, appm#ns, endocarditis or meningitis (Bell,
2002).

Raw poultry and meat products remain the princgmlrce ofSalmonellain many
countries (Bansel et al., 2006). Eggs, agricultpratucts, processed foods, raw milk and raw
milk products and contaminated water also have baphcated in human salmonellosis.

Although special care is taken in the preparatibrcleeeses made from raw milk,
representing about 20% of the total cheese praslueti France (Bouesse et al., 1998), the
epidemiological literature and outbreak investigasi still implicates raw milk products in
salmonellosis outbreaks (De Valk et al., 2000; Deyd®r et al., 2001; Haeghebaert et al.,
2003). Therefore, the threat to human health linkethe ingestion of those products should
not be underestimated. The epidemiology of cheels¢ed outbreaks in the U.S., Canada, and
Europe demonstrated that soft cheeses e.g. BricCantembert cheeses and traditional soft
cheeses in many cases produced in small, famigdsestablishments are at significantly
greater risk to transmit pathogens than other @seékhnson et al., 1990; Kovincic et al.,
1991). These products were responsible for sev@mihonellaoutbreaks (Maguire et al.,
1992; Ellise et al., 1998; Villar et al., 1999; Malk et al., 2000) and for other pathogen

outbreaks (Linnan et al., 1988; MacDonald et &85t Ries et al., 1990; Gilot et al., 1997).



Despite the known association of raw milk produeith disease-causing organisms,
some consumers believe that raw milk and raw mibdpcts are of better quality than
pasteurized milk products (Hegarty et al.,, 2002)d a&onsumption of these products is
favoured by a number of individuals for culturaltntional, taste and economic reasons
(Desenclos et al., 1996; Headrick et al., 1997).

The importance of dairy products in human dietsumreg systems that ensure dairy
products safety. Although food safety plans suchgasd hygiene practice (GHP), good
manufacturing practice (GMP), and implementing Inizanalysis critical control points
(HACCP) along the whole food chain have been estadd by both regulatory authorities
and industry all over the world, the success o$é¢happroaches in decreasing the incidence of
human salmonellosis has been minor because of pepraise and/or incomplete
implementation. It is important to focus our effotbwards the real risks in the population.
The challenge is therefore to use a multidisciplirapproach to identify the best mitigation
strategies along the food-chain to prevent foodbodmsease, especially at the primary
production level, and then implement appropriatvention programs. The most appropriate
method to achieve this goal is through the usehefrisk assessment process which links
pathogens in food to the public health problem.

The overall objective of risk assessment is toviole® estimates on the probability of
disease occurrence using a well structured approaséd on four steps: hazard identification,
exposure assessment, hazard characterization (eggense), and risk characterization
(Codex alimentarius, 1995). There is therefora@ngt need to provide data on the frequency
and level ofSalmonellacontamination in milk and milk products. A data dhpt is routinely
identified in risk assessment is the lack of quatitie information on the contamination of
food with pathogens (Coleman and Marks, 1999). Mima are qualitative rather than

guantitative because enumeration of pathogensokh fequires more labor and time than does



determining pathogen incidence, especially sinee ddvent of rapid detection methods
(Tietlen and Fung, 1995). Although low numbers S#Imonellacells on milk and milk
products can be enumerated using the traditionat-mmbable-number (MPN) method, this
method is labor and time-consuming. However, whth advent of molecular methods such as
real-time polymerase chain reaction (PCR) it is pomssible to develop enumeration methods
that require only preenrichment, thus saving laéod time. One of the objectives of this
thesis is therefore to develop a rapid and a seasitethod to enumeratalmonellain milk
and raw milk products.

Predictive food microbiology is a promising and ichyp developing area of food
microbiology, which has drawn significant scierdtifittention in recent years. The prediction
of Salmonellagrowth in raw milk and raw milk products under gommental conditions such
as temperature, pH, and water activity are needeadequately describe the changing
conditions associated with processing and stordg¢hese products. One of the most
important environmental factors that aff&almonellagrowth in milk is temperature. To our
knowledge, scientific data related to the effectemhperature on the growth Salmonellain
milk and milk products are extremely limited. Thus, assess the risks associated with
Salmonellan raw milk products it is necessary to predi@ growth of this bacterium in milk
and milk products under different temperature pesfi Therefore, one of our objectives is to
develop models that describe mathematically thevtirof Salmonellan milk.

In general, only relatively few papers dealing wgtrantitative risk assessment models
(QRAM) for foodborneSalmonellahave been published since the first suggested Codex
definition was published in 1995 (FAO/WHO, 1995hrFexample, pasteurized liquid eggs
(Whiting and Buchanan, 1997), cooked poultry (Wigti1997), whole chicken (Oscar, 1998,
2004), shell eggs and eggs products (FSIS, 199dtiyhet al., 2000), eggs and broiler

chickens (WHO/FAO, 2002), Turkey cordon bleu (Beamet al., 2002) and pork products



(Giovannini et al., 2004). However, risk assessnmantlels linked to the consumption of
dairy products have previously been developed tloerdfoodborne pathogens such_asderia
monocytogeneg§Bemrah et al., 1998; Sanaa et al., 2004) &tdphylococcus aureus
(Lindgvist et al., 2002) but not fosalmonella Therefore, the present work attempts to
estimate the risk for public health from the conption of raw milk cheese contaminated by

Salmonella



Chapter 1: Introduction (en francais)




Contexte

Les maladies infectieuses transmises par les agrsmmt demeurées un probleme de
santé publique et un probleme économique impodans beaucoup de pays au cours des
deux derniéres décennies. Les causes qui ont glduées au risque accru de maladies
infectieuses transmises par les aliments incluenhaluvelles pratiques d'alimentation, des
changements en production animale, des changemaess procédés agronomiques,
augmentation du commerce international, les charepts en technologie alimentaire,
laugmentation des populations fragiles, l'augnteriades voyages et les changements de
style de vie et des demandes du consommateur. bigli®s infectieuses transmises par les
aliments affectent non seulement de maniére sgatifie la santé et le bien-étre des
personnes, mais elles ont également des conséguéoceomiques pour des individus, des
familles, des communautés, des entreprises et @gs Les maladies imposent un fardeau
substantiel aux systémes de santé et réduisenénrezit la productivité économique.
L’estimation des codts directs et indirects desadli@s infectieuses transmises par les
aliments est difficile. Cependant, une évaluation &SA situe les colts médicaux et les
pertes de productivité dans une population d’emvZ60 millions d’'USD (fourchette 6,6-37,1
milliards) de dollars US (Butzby et Roberts, 199Dans I'Union européenne, les colts
annuels encourus par le systéme de santé par desteseules infections causées par les
salmonelles sont estimés a 3 milliards d'euros (Ane, 2004).

Des millions de personnes souffrent de maladiescti@uses transmises par les
aliments annuellement. Il est difficile d'obteniesdévaluations précises de l'incidence des
maladies infectieuses transmises par les alimBaiss les pays développés, on a rapporté que
le pourcentage annuel des personnes souffrant tedies infectieuses transmises par les
aliments atteint 30%, alors que le probleme esteqitble d'étre bien plus répandu dans les

pays en voie de développement (WHO, 2002). Cepéndarna estimé que tous les ans les



maladies infectieuses transmises par les alimentsent approximativement 76 millions de
malades, 325.000 hospitalisations, et 5.000 déarsEtats-Unis et 2.366.000 cas, 21.138
hospitalisations, 718 déces en Angleterre et as BayGalles (Mead et al., 1999; Adak et al.,
2002). En France, on a rapporté que le nombre pifatisations du fait des maladies

infectieuses transmises par les aliments est cameptie 10.200 et 17.800 par an (Vaillant et
al., 2005).

La salmonelle est I'une des causes principalesndéadies infectieuses transmises par
les aliments aux Etats-Unis et dans I'Union eurnpédAnonyme, 2005; Mead et al., 1999),
avec des incidences estimées a 15,1 cas par 10p€s806nnes aux Etats-Unis (Anonyme,
2002) et a 38,2 cas par 100,000 personnes I'Unioopéenne (Anonyme, 2007). La plupart
des infections causées par les salmonelles n'axjggesde traitement et se limitent & une
gastroentérite passagére. Dans certains cas, wmehéd grave exige des interventions
médicales telles que la réhydratation par voieaudineuse. Dans les cas ou le pathogene
entre dans la circulation sanguine, c.-a-d. sepiieé®u bactériémie, les symptdomes incluent
une fievre élevée, un malaise, une douleur dankdex et I'abdomen, des frissons et une
anorexie. Chez quelques patients, des effets a temge ou des séquelles peuvent étre
observés tels que une arthrite, une ostéoarthuite, appendicite, une endocardite ou une
méningite (Bell, 2002).

Les produits crus et a base de volaille et dedearestent la source principale des
salmonelles dans beaucoup de pays (Bansel eD8b).2Deseufs, les produits agricoles, les
aliments préparées, le lait cru et les produits @tidru et également l'eau souillée ont été
impliqués dans la salmonellose humaine.

Bien que des précautions particulieres soienepradans la préparation des fromages
faits a partir du lait cru, dont le tonnage s'dswvé& a plus de 200.000 tonnes en 1997,

représentant environ 20% de la production de fraremy France (Bouesse et al., 1998), les



investigations épidémiologiques publiées montrené gles salmonelloses continuent de
survenir (De Valk et al., 2000 ; De Buyser et 2DQ1 ; Haeghebaert et al., 2003), dont la
plupart ont été transmise par l'intermédiaire decla ou incorrectement pasteurisé. En dépit
de l'association connue du lait cru avec des medathfectieuses, certains consommateurs
sont persuadés que le lait cru et les produitsadiciu sont d'une meilleure qualité que les
produits laitiers pasteurisés (Hegarty et al., 20@2 la consommation de ces produits est
favorisée par un certain nombre d'individus pous daisons culturelles, alimentaires,
gustatives et pour des raisons économiques (Desertlal., 1996; Headrick et al., 1997).
Indépendamment de la rareté des maladies infeeSetiansmises par les aliments associées
au lait cru, y compris la salmonellose, la menamer pa santé humaine de l'ingestion du lait
non pasteurisé ou des produits laitiers ne deywast étre sous-estimée. L'épidémiologie a
démontré gu'aux Etats-Unis, le Canada, et en EuespFomages de brie et de Camembert et
les autres fromages a pate molle traditionnels adidrigine d’un risque sensiblement plus
élevé de transmission des microbes pathogenes'auteed types de fromages (Johnson et al.,
1990; Kovincic et al., 1991). Ces produits ont é&éponsables de plusieurs épidémies de
salmonellose (Maguire et al., 1992; Ellise et 4098; Villar et al., 1999; De Valk et al.,
2000) et d'autres pathologies (Linnan et al., 198&cdonald et al., 1985; Ries et al., 1990;
Gilot et al., 1997).

L'importance des produits laitiers dans I'alimeiotathumaine exige des systemes de
production qui garantissent leur innocuité. Biee tps plans de ni@ise sanitaire, les bonnes
pratigue d'hygiéne (BPH), les bonnes pratiques ateidation (BPF), et I'application des
principes HACCP (analyse des dangers — pointsqaas pour leur mtise) le long de la
chaine alimentaire soient imposées par les audacaénpétentes et l'industrie partout dans le
monde, le succes de ces outils sur la réductidindelence de la salmonellose humaine a été

mineure en raison de leur utilisation imparfaiteimcompléte. Il est important de focaliser
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nos efforts sur les vrais risques dans la populatie défi est donc d’employer une approche
multidisciplinaire pour identifier les meilleuresratégies de réduction le long de la chaine
alimentaire pour réduire l'incidence des maladigfedtieuses transmises par les aliments,
particulierement au niveau de la production primaiet de mettre en application des
programmes appropriés de prévention. La méthogukappropriée pour réaliser ce but est
l'utilisation du processus d'analyse de risque agsociée des microbes pathogenes des
aliments au probléeme de santé publique.

L'objectif global de I'appréciation des risqued de fournir des estimations de la
probabilité de la survenue de la maladie en utitisene approche structurée fondée sur quatre
étapes: lidentification du danger, l'appréciatida I'exposition, I'appréciation des effets
(dose-réponse), et I'estimation du risque (FAO/WHO95). Il y a donc un besoin fort de
rassembler plus de données sur la fréquence evdawnde la contamination du lait et des
produits laitiers par les salmonelles. Les lacuradstuellement identifiées dans I'appréciation
des risques sont le manque d'information quantéagur la contamination de I'aliment par
des pathogenes (Coleman et Marks, 1999). La pldeartionnées sont qualitatives plutét que
quantitatives parce que le dénombrement des patbegéans l'aliment demande plus de
travail et de temps que la détermination de la gdeihce des pathogénes, particulierement
depuis l'arrivée des méthodes de détection rapfdietjen et Fung, 1995). De faibles
nombres de salmonelles dans le lait et les prothitiers peuvent étre estimés en utilisant la
méthode classique du nombre le plus probable (NR&) cette méthode demande du travail
et du temps. Cependant, avec l'arrivée des méthoudéculaires telles que la réaction
d’amplification en chaine par polymerase en tengps (PCR en temps réel) il est maintenant
possible de développer les méthodes de dénombremquéntécessitent seulement un pré-

enrichissement, ce qui eriine@ une économie de temps. Un des objectifs de tteite est
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donc de développer une telle méthode pour dénondleeisalmonelles dans les laits et dans
les produits laitiers. .

La microbiologie prévisionnelle est un domaine petleur qui se développe
rapidement en microbiologie des aliments, qui ametune attention scientifique significative
ces derniéres années. La prévision de la croissé@eesalmonelles dans le lait cru et les
produits au lait cru en fonction des conditionsiemnementales telles que la température, le
pH, et l'activité de I'eau sont nécessaires poarigécorrectement les conditions changeantes
lies au traitement et au stockage de ces prodiitgles facteurs environnementaux les plus
importants qui affecte la croissance de salmonelfess le lait est la température. A notre
connaissance, les données scientifiques relatiVesfeét de la température sur la croissance
des salmonelles dans le lait et les produits faiteont extrémement limitées. Ainsi, pour
apprécier les risques liés aux salmonelles danprekiits a base de lait cru il est nécessaire
de prévoir la croissance de cette bactérie dantaitlet les produits laitiers sous différents
profils de température. Par conséquent, un de bjgstidfs est de développer les modéles qui
décrivent mathématiquement la croissance des saltesrans le lait.

En général, relativement peu d’articles traitarg dwdéles quantitatifs d’appréciation
des risques (QRAM) pour des salmonelles transnuaes¢es aliments ont été publiés depuis
les recommandations du Codex Alimentarius de 1898(WHO, 1995). On peut citer des
travaux sur les aliments suivants : les ceufs liggipplasteurisés (Whiting et Buchanan, 1997),
la volaille cuite (Whiting, 1997), le poulet enti@dscar, 1998, 2004), ceufs avec coquille et
produits a base d'oeufs (FSIS, 1998 ; Whiting et24100), les ceufs et les poulets de chair
(WHO/FAO, 2002), le « cordon bleu » de dinde (Baimet al., 2002) et les charcuteries
(Giovannini et al., 2004). Cependant, des modelappdéciation des risques associés a la
consommation des produits laitiers ont été dévelspprécédemment pour d'autres

pathogenes transmis par les aliments telslgsteria monocytogene@Bemrah et al., 1998;
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Sanaa et al., 2004) &taphylococcus aureud.indqvist et al., 2002) mais pas pour les
salmonelles. Par conséquent, le travail actuelyes$astimer le risque pour la santé publique

de la consommation du fromage au lait cru contaenpa¥ salmonelle.
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Thesis objectives

Personal objectives

By undertaking the research objectives | hope ttaroe my ability to independently
plan and conduct investigations of population issigpon completion of the Ph.D | will be
working for the Department of Preventive Medicirtettee Faculty of Veterinary Medicine,
Tripoli, Libya and will likely face a wide varietpf issues and be involved in training
veterinarians. To handle these tasks | will requo@mpetence in a wide range of
epidemiological techniques. For example, | will hée develop and assess new methodology,
make adaptations of existing methodology, analgphisticated data sets and model complex
systems.

The safety of products of animal origin is anuessof increasing importance to
governments, producers of raw products, manufaguaed consumers. Hence, it is very
appropriate that | develop epidemiological experiis this area. This will strengthen my
general knowledge of food safety, and help me teeld® expertise in the public health
importance of enteric pathogens derived from livelst These are skills that are becoming
increasingly important to the market driven outloww adopted by all governments.

Quantitative risk assessment (QRA) is a relativew approach. Through my
research | hope to make a contribution in this drgaapplying QRA to specific issue
(Salmonellain raw milk and raw milk products). Thus, | am agnto help clarify the role of
QRA as a method of scientific investigation andgenerate an understanding of its role
relative to observational and experimental studies.

Research objectives

The goal of this work is to quantitatively asst#ss risk of human salmonellosis from
the consumption of soft cheese made from raw niMkre specifically, the four main

objectives of this work are:
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1. To develop a microbiological method based on thecgles of the Most-
Probable-Number (MPN) statistics and LightCycleal+#&me PCR (MPN-

real-time PCR) to enumeraBalmonellan artificially contaminated milk.

2. To detectSalmonellain bulk tank milk samples collected from selected
dairy farms in western France using SYBR Green-tieed PCR and to
evaluate the utility of the developed (MPN-realg¢inrPCR) method to

enumeraté&almonellan positive samples.

3. To develop primary and secondary models to mathealigt describe the
growth of Salmonellain milk at different temperatures and incubation

times.

4. To develop a quantitative risk assessment modéluaian salmonellosis

linked to the consumption of Camembert cheese rfraderaw milk.

Thesis outline
Chapter 2is a literature review regarding data of detegtorantification, and growth

of Salmonellain milk and milk products as well &almonellaoutbreaks implicating dairy
products. These aspects are related to most issudted and discussed in this thesis.
Chapter 3 tests the sensitivity and specificity of SYBER &mwereal-time PCR for the
detection ofSalmonellain broth culture as well as in artificially contarated milk. This
chapter also presents the development of MPN-need PCR assay for the enumeration of
Salmonellain artificially contaminated milkChapter 4 presents the on-farm field study for
the detection oBalmonellain bulk tank milk of selected dairy farms in weasté&rance. This

chapter also validates the developed MPN-real-tid@R for enumeratingsalmonella
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positive bulk tank milk samplesChapter 5 examines the effects of several incubation
temperatures, ranging from 9 to 43°C ®almonellagrowth in milk. Chapter 6 reports a
guantitative risk assessment model of human saltosne linked to the consumption of
Camembert cheese made from raw milk in France.cohgplete process of cheese making is
modeled, from milking to consumption. Finalyhapter 7 presents the general conclusions,

implications, limitations and recommendations fantlier studies.
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Salmonellageneral characteristics

Salmonellais a rod-shape motile non-sporeforming Gram-nggabacterium (the
exceptions for non-motile serotypes &e Pullorum andS Gallinarum) (FDA, 1998).
Currently there are 254%almonellaserotypes (Popoff et al; 2004). These are claskifn
two speciesS. entericaandS. bongori S. entericds divided into six subspecieSalmonella
entericasubsp.arizonae Salmonella entericaubsp.diarizonae Salmonella entericaubsp.
entericga Salmonella entericasubsp. houtenag Salmonella entericasubsp. indica, and
Salmonella entericaubsp. glamae(Popoff et al; 2004). Although this new nomenadlathas
not been yet validated by the Bacteriological Coileis widely used by the scientific
community, including the World Health Organizati®HO) and the Institut Pasteur in Paris,

France (Popoff et al., 2004).

Serotyping and phage typing, together with evesrowing molecular subtyping
techniques, become increasingly importanSaimonellaepidemiology, surveillance, better
infection control measures, and support of pubdialtin policy. Despite its utilitysalmonella
serotyping is not without drawbacks. Technologicafierotyping is reasonably unchanged
since it was introduced decades ago with ngatnonellaantisera still produced in animals
and requiring a good deal of effort to obtain tleguired specificity. Determination of
serotype is performed in an antigen-antibody aggtion reaction. This process, while
simple to perform, requires the maintenance of hesh&l of antisera, which can be expensive
and time-consuming. Traditional serotyping techegjalso require the growth of the isolate
and are dependent upon antigen expression. In dalesimplify the identification of

Salmonellaserotypes, modern molecular technology is nowdgased.
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Molecular typing tools such as Pulsed Field Getttphoresis (PFGE) (Ridley et al.,
1998) or amplified fragment length polymorphism (&5 (Aarts et al., 1998), random
amplified polymorphic DNA PCR (RAPD-PCR), arbitragyimed PCR (AP-PCR), and
repetitive element PCR (Rep-PCR) are very usetftlingues to study the epidemiology of
outbreaks and to track isolatesSdlmonella Recent typing advances utilize DNA sequence
polymorphisms within specific sequence targets tffer@ntiate strains. One of these
techniques includes multiclocus sequence typinchate{MLST) (Kotetishvili et al., 2002;
Lindstedt, et al., 2004). Nowadays, PFGE remaies‘ffold standards” method and is used
worldwide for surveillance and for outbreak invgation (Bender et al., 2001; Torpdahl et
al., 2005). However, notably because of the higlqdency of islation of a limited number of
serotypes, serotyping is considered to be a poecridiinating marker for outbreak
investigations. Therefore, different phenotypic Inoels, including antimicrobial resistance
profiling and phage typing have been used to sthdydiversity amon&almonellaserotypes,

and remain an important part of epidemiologicakstigation.

Detection, isolation, and quantification ofSalmonellain food

The majority of cases of human salmonellosis are ¢t the consumption of
contaminated foodsSalmonellacontrol is therefore necessary at all the keysstpfood
production to ensure safe products for consumehngs dontrol requires rapid and reliable
methods in the detection, isolation, charactemratind quantification ofalmonella It is
essential that methods for detectionS#lmonellain foods have the ability to detect low
levels of pathogens that are healthy, as well asetlthat are stressed/injured due to conditions
in the food and/or during food processing. The cteia of low numbers of cells is

particularly important foiSalmonellaspp., since epidemiological evidence suggestslthmat
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doses of certairSalmonellastrains can cause disease in a significant progpomf the

consumers (Hedberg et al., 1992).

Culture and colony counting methods, PolymeraserCRaaction (PCR) as well as
immunology-based methods are the most common tasésl for pathogens detection
including Salmonelladetection (Lazcka et al., 2006). They involve coumnbf bacteria, DNA
analysis and antigen-antibody interactions, respagt These methods are often combined

together to yield more robust results.

Detection of Salmonellain foods by conventional culture methods include-p
enrichment culturing, selective enrichment in défg@ media, plating on selective and
indicative media and subsequent biochemical andlaggcal identification of suspected
colonies (ISO 6579, 1993). The culture methodnsetconsuming and labour intensive when
handling many samples requiring a minimum of 4-gsd@®ndrew et al., 2003; Uyttendaele et
al., 2003). Pre-enrichment &almonellain buffered peptone water is commonly used for
most foods, though some foods require a more spaoiédium (European Committee for
Standardization, 1997%elective enrichment aims at increasing the nurobesalmonellae,
while at the same time reducing the riealmonellapopulation. In ISO Standards 6579
Rappaport—Vassiliadis (RV) broth and selenite ags{iSC) broth are used in parallel for the
enrichment of salmonellae. The additional use of l8Gth often does not result in more
positive results (O’'Donoghue and Winn, 1993) andiactice when only one enrichment
medium is used, RV broth or a modification of tmedium is usually used. The superiority
of RV medium to other selective enrichment medrastdmonellae has been shown in several
studies (Maijala et al., 1992; June et al.,, 1998)e selectivity of enrichment media at
elevated temperature (42-43°C for RV) is greatemtlat lower temperatures (35-37°C);

prolonged (48h) enrichment usually does not raaudt substantial increase in the recovery of
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salmonellae (D’Aoust et al., 1992a). Waltman et(#93) found that the optimum time for
incubating the enrichment cultures was 24 h folldwg delayed secondary enrichment after
5 days. D’Aoust et al. (1995) found that interroptiof the Salmonellaanalysis by
refrigeration of pre-enrichment and enrichmentwel$ during the weekend did not result in
lower recoveries. In several comparative studiestjlity enrichment on Modified Semisolid
Rappaport—Vassiliadis (MSRV) medium has been furttenfirmed as a very effective
procedure for the isolation of salmonellae fromde@Bolderdijk and Milas, 1996; Afflu and
Gyles, 1997). The results with MSRV medium are Uguaetter than or equal to those

obtained with RV broth.

Besides being time consuming, the conventionalicelinethod has also been reported
to show poor sensitivity for low-level contamination samples (D’Aoust, 1992b). Because
only a minority of bacterial cells present in anyeyn environmental samples can be cultured
with these techniques, and since the correlatidwdsn culturability and infectivity has not
been properly determined, this technique remainsstipnable, especially in the light of
increasing numbers @almonellacases worldwide. In addition, works have been iphbtl
indicating that viable but non-culturable bactemalls might still be infectious (McKay,
1992). Rapid isolation and identification $almonellain food will increase the chances of
preventing diseases caused by this pathogen. opthpose, a variety of so called rapid
methods have emerged, the majority of these methodgver including immunological and
molecular methods.

The field of immunology-based methods f8almonelladetection provides very
powerful analytical tools for a wide range of tdsgeFor example, immunomagnetic
separation (IMS), a pre-treatment and/or pre-comagan step, can be used to capture and

extract the targeted pathogen from the bacterigpesusion by introducing antibody coated
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magnetic beads in it. IMS can then be combined \ithost any detection method. For
example, Rijpens et al. (1999) described a metlased on PCR and IMS for the detection of
Salmonellain different dairy and egg products. Other detattnethods are only based on
immunological techniques; in this case the enzyimiestl immunosorbent assay (ELISA) test
is the most established technique nowdays. ELISshine the specificity of antibodies and
the sensitivity of simple enzyme assays by usingadies or antigens coupled to an easily

assayed enzyme (Lazcka et al., 2006).

Nucleic acid-amplification technology predominanihgluding standard or real-time
polymerase chain reaction (PCR) has been suggéstglabrten conventional methods. It is
based on the isolation, amplification and quardtian of a short DNA sequence including
the targeted bacteria’s genetic material. Methaalsetd on the PCR offer the advantages of
high specificity and sensitivity. A number of PCRBsled kits are commercially available for
testing of food or other samples for the presenc&aimonellanucleic acids: Probelia™
Salmonellaspp. of Sanofi Diagnostics Pasteur (Marnes La €tiguFrance), théagnan™
SalmonellaPCR amplification detection kit of Perkin Elmer gihalk, CT, USA) and
BAX™ for screeningbalmonellaof Qualicon (Wilmington, DE, USA) (Rijpens et &999),

etc.

For PCR, several primers specific fdalmonellaspp. have been described (Gooding
and Choudary, 1999). However, to detect low numBahsionellain food, PCR with specific
primers has tde preceded by appropriate procedures of enrichraedt DNA template
preparation. Enrichment in a single non-selectivedioim (Chen et al., 1997; Wang et al.,
1997), enrichment in a non-selective medium folldwey two parallel selective media

(Cohen et al., 1996) and a successive enrichmehtée media (Aabo et al., 1995) have been
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used prior to DNA extraction. Template DNA was afea from the cells by boiling in water
(lida et al., 1993; Kwang et al., 1996), by theatreent with proteinase K (Soumet et al.,
1997), detergents (Aabo et al.,, 1995; Wang et1&97) or using various commercially-

available DNA extraction kits (Jones et al., 1998gn et al., 1997;).

The application of the PCR assay after culturalchnment offers distinct advantages
in testing of food samples:

1. It ensures that target DNA is obtained from viatgés.

2. It increases the amount of target DNA, which is dfmml because the
concentration of target organisms may be initildy and they may not be
uniformly distributed.

3. It allows proliferation ofSalmonellawhile reducing or diluting out non-
Salmonella organisms and other components (inhibitors) thaghtn
interfere in the PCR assay.

4. Preenrichment allows recovery of any stressed asgemn

Several conventional PCR methods for detecBafinonellacells have been published
which use specific gene sequences as targets iticataand Strobaugh, 1998; Gou et al.,
2000; Ferretti et al., 2001). Although most reskdnas focused on diagnostic and clinical
microbiology, only recently have commercial PCRttéw food-safety been introduced
(Bailey, 1998; Hines, 2000). Unfortunately, unlitkee specificity of &lmonelladetection by
PCR, which was satisfactory, the detection limitLlof cfu 25 g* remained problematic for
most of the conventional PCR methods describegaiticular with naturally-contaminated

food sample (Shearer et al., 2001).
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The recent development and availability of rapidlHtene PCR assays have allowed
for advancement of conventional PCR techniquesl-fRea PCR permits to obtain quicker
results without too much manipulation. This tecluicgpases its detection on fluorescent
emission by a specific dye as it attaches itselftie targeted amplicon. Given that
fluorescence intensity is proportional to the antooinamplified product, it is possible to
follow the amplification in real time, thus elimiimg laborious post-amplification processing

steps such as gel electrophoresis.

Real-time PCR assays for the sensitive and speddtection ofSalmonellahave
targeted genes such mwA (Eyigor and Carli, 2003; Hong et al., 200B)mA (Chen et al.,
2000),iagA (Liming and Bhagwat, 2004)imA (Jothikumar et al. 2003agfA (Doran et al.,
1993),sefA(Medici et al. 2003), and the 16S rRNA (Trkov andgAstin, 2003; Lin et al.,
2004). Several papers have currently appeared whal¢ime PCR application for pathogen
detection has been reported (Jothikumar and Gsffie002; Medici et al., 2003; Liming and
Bhagwat, 2004). The main advantages of real-timR Bf@ high sensitivity, high specificity,
excellent efficiency, reduced amplicon size and lesks of cross-contamination (Lazaro et
al. 2003). published literatures describing reaetiPCR-based detection $&lmonellafrom
either spiked or naturally contaminated foods haaened detection limits ranging from 1 to
less than 1D CFU/g or ml after enrichment at different timesgig from 6 h to overnight
incubation (Eyigor et al., 2002; Medici et al., 3)Bhagwat., 2004; Wang et al., 2004;

Mercanglu et al., 2005; Nam et al., 2005).

The real-time PCR has many PCR-based detectionoaetBuch as fluorogenic

detection methods which utilizes the 5’nucleasevitigiof TagDNA polymerase to hydrolyse

an internal fluorogenic probe for monitoring amightion of DNA targets (referred to as
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TagMan assay) (Chen et al., 1997; Hoofar et al., Zjriguez-Lazaro et al., 2003) while
the other like iQ-check system utilizes a fluorageprobe which has flanking GC-rich
sequences complementary to one another (LimingBdwagjwat, 2004) (referred as molecular
beacon, MB). These fluorescent-probe-based aseaysre the availability of primers and
probes that must be selected according to veryg ginditions, which can not always be
easily applied.

Use of the double-stranded DNA (dsDNA) binding $¥BR Greerl for detection of
PCR products can allow real-time PCR to be apphé@tout the need for probes linked to
fluorescent molecules (Aarts, 2001). Recently, masearchers rely upon real-time PCR
studies using this simple and the less expensii@R5®&reen dye. A number of SYBR Green
real-time PCR assays for detection of microbialhpgéns such agscherichia coli
(Jothikumar and Griffiths, 2002)Campylobacter(Inglis and Kalischuk, 2004) have been
reported. In addition, several SYBR Green real-tP@&R assays for detection $&lmonella
from different types of samples have been describtlici et al. (2003), Bhagwat (2004)
and Hyang-Mi et al., (2005) reported SYBR GreeneldaBCR assay with poultry samples,
vegetable rinse water and dairy farm environmestahples, respectively. Additionally,
multiplex real-time PCR using SYBR Green for sirankous detection ddalmonellaand
Listeria monocytogene®s raw sausage meat (Wang et al. 2004), and spi#edvater and

pasteurized milk samples (Jothikumar et al., 20@3k been reported.

One limitation to the adoption of PCR f@almonelladetection is that despite the
number of validation studies reported in the litera there are few studies that report the
sensitivity and specificiy of PCR for the detectiohSalmonellain naturally contaminated
samples (Oliveira et al., 2003). The viability ofadberia from samples artificially

contaminated with stock cultures may differ fronattlof naturally contaminated samples,

30



which have been exposed to a variety of unfavorabtelitions or suffered some degree of
injury while in transport, storage and/or in pragag (Gouws et al., 1998). In addition, the
sensitivity of a test when applied to an artifigzadosed sample may differ significantly from
its ability to detect the much smaller bacteriads that can be anticipated in a sample with
naturally occurring bacterial contamination (Gowstsal., 1998). Comparing results between
studies for the evaluation of PCR is also madacadliff by the lack of standard protocols for
sample handling and equipment. Previous studieg hesulted in recommended standard
protocols for conducting the PCR assay and usenofnternal amplification control to
indicate false-negative results (Malorny et alQ20Hoorfar et al., 2004). However, standard
protocols for collection, handling, enrichment, asdlective enrichment ofalmonella
isolates being detected by PCR due to naturallymicg contamination of food products

have yet to be established (Myint et al., 2006).

The real-time PCR assays is substantially fastan tonventional PCR, and can be
employed as a routine procedure for the definitdentification of Salmonellain a diverse
range of food matrices, and when combined with glibe of enrichment broths from PCR-
positive samples, provide in some cases an isofatee pathogen. Therefore, these methods
should be of great benefit to the food industry &mdegulatory or public health authorities
engaged in establishing the safety of food prodactsthe management of salmonellosis. In a
routine basis for diagnosis, it should be considi¢hat a large number of samples may be
processed in a relative short period of time udimg PCR assays. However, one of the
limitations of using these methods is the costnaflygsis.

In conclusion, rapid tests f@almonellaidentification might contribute to, but not
replace, bacteriological culture techniques. Indemganism isolation is still needed for

serotyping and determination of resistance proféesl also for epidemiological studies.
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Quantification ofSalmonellain foods can be done by the standard plate c&mRC{,
or by traditional Most-Probable-Number (MPN) meth®dPN method provides statistical
estimates of viable cell concentration. The metlsodost frequently used to estimate low
populations of foodborne pathogens in foods (Gostcal., 2001). The traditional MPN uses
conventional culture and biochemical techniquesléntify isolates. Generally, the MPN can
be used to estimate numbers of pathogens cellsmirasless than 10 or 100 CFU/g of food,
which otherwise cannot be enumerated by direcingaifThe MPN results are more likely
than the standard plate count method to consiftemt one laboratory to another. However,
the traditional MPN technique is limited by somawbacks. These include the large volume
of glassware that is required, which is costlyamis of both time and labor, the inability to
detect nonculturable cells, the selectivity of tdt media, the lack of opportunity to observe

the colonial morphology of the organisms (Seo gt28106).

Quantitative real-time PCR assay are often usedjémntification of initial target
DNA. Unfortunately, amplification efficiencies cée different from sample to sample due to
the effects caused by inhibition of amplificatidyman failures or preparation errors. This
implies that quantification, even with external tois, does not always represent a correct
calculation of initial amount of target in each gden(Klerks et al., 2004). To eliminate part
of these drawbacks, different approaches of usm@eernal amplification control (IAC) in

each real-time PCR have been described (Hoorfr,&2000; Vandesompele et al., 2002).

Recently, an alternative approach is presenteddbasethe combination of most-
probable-number method (MPN) and conventional-P€say Martin et al., (2004) reported
that MPN-PCR assay proved to be a rapid and relialéthod for enumeratingisteria

monocyogenens fermented sausages, including low contaminagedples. Mantynen et al.,
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(1997) developed a simple and sensitive MPN-PCRyafs the detection and enumeration
of enterotoxin C producin§taphylococcus auredsom fresh cheese. The analysis with this
MPN-PCR took one day to perform compared with thdegs analysis time with plate
counting. The MPN-PCR assay was also used for ¢ection and quantification of specific
flagellate species in soil (Fredslund et al., 200he MPN-PCR method yielded significant
labor and time savings, as opposed to the traditiamethods. Since the real-time PCR is
substantially faster and more sensitive than coiimeal PCR. This real-time PCR assay,
therefore, can be combined with MPN statisticstii@r enumeration of pathogens in a diverse
range of food matrices which could lead to moratgming of the time for analysis compared
to MPN-conventional PCR assays. One of the objestof this thesis was to develop a MPN-
real-time PCR for the detection and enumeratiorsaimonellain artifically and naturally
contaminated milk samples. This rapid method shbeldf great benefit to food industry and
regulatory or public health authorities engagedstablishing the safety of food products and

the management of salmonellosis.

Salmonellasurveillance and monitoring programs

Bacterial enteropathogens account for up to 20%aofite diarrhea observed
worldwide, with Salmonella Shigella andCampylobactebeing the principle species. These
same pathogens were the primary (89%) causes tdrtz@astroenteritis infections within
the European and Latin American medical centen®ifStt al., 2006). To minimize risk to
consumers particulary with respect to the globaldfesupply, surveillance of foodborne
disease is becoming an increasingly high priontyhie public health and food safety agenda
in many countries. Currently, only a few countrigs the world have fully adequate
surveillance programs. All other countries, inchgliall the developing countries, are in the

process of establishing and improving their naticyatems.
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A variety of surveillance systems exist but the mosmmon form encountered
throughout the world is epidemiologic surveillarvzgeerein the incidence of specific illnesses
is monitored. Depending on the public health syste@ndated reporting of illnesses may be
involved or the occurrences of illnesses may besipaly collected through physician
notification. In general terms, foodborne diseaseveillance is essential for: (1) estimating
the burden of foodborne disease, and monitoringdse(2) identifying priorities and setting
policy in the control and prevention of foodbornisedses; (3) detecting, controlling and
preventing foodborne disease outbreaks; (4) idgngfemerging food safety issues; and (5)
evaluating foodborne disease prevention and costrategies (WHO, 2002). In addition to
the programs addressing human illnesses, epidegnogurveillance of diseases in animal
populations is also important as such data are fmsdabth implementation and evolution of
disease control programs as well as for internatitrade. Some examples of French and

international epidemiologic surveillance systemdescribed below.

French Surveillance systems

The National Institute for Public Health Surveikan(InVs), in collaboration with
other structures, plays a central role in the agdion and collection of data concerning the
impact of foodborne diseases due to pathogens mrahtealth (Leclerc et al., 2002). InVS is
a public technical agency that coordinates the ipuialth surveillance system in France

(http://www.invs.sante.jt The general aim of InVs is to monitor continuguke health of

the population and its evolution.

Foodborne disease outbreaks surveillance prognarhgance are being established to

track foodborne disease outbreaks and their gebmapdistributions. These foodborne

disease outbreaks includingalmonella outbreaks are reported a3oxi-Infections
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Aalimentaires CollectiveéTIACs) (De Buyser et al., 2001)IACs are investigated by local
agencies (district veterinary services, or DSV,eblion des services vétérinaires) of the
Ministry of Agriculture and Fisheriefirection général de I'alimentatignand/or by local
agencies (district health directorates) of the Btnyi of Public Health, theDirections
departementales des affaires sanitaires et soci@EASS) All reports are centralized by
the coordinator of the national institute for puabli health surveillance

(http://www.invs.sante.jr which records the outbreaks and publishes therthénweekly

Bulletin Epidemiologique Hebdomadai(BEH). TIAC reports in BEH constitute the main

source of information fobalmonellaoutbreaks.

The National Reference Centres (Pasteur Instifdeis), network of laboratories or
hospitals and sentinel networks are involved in &ainealth surveillance. This surveillance is
based on characterization of the strains isolat@t hhuman specimen. These data coupled to
those obtained from notification of the diseases wged to inform InVs and DDASS of a
public health problem (Leclerc et al., 2002). Tbentre is another source of information for
Salmonella outbreaks, which serotypeSalmonella strains isolated from patients and

submitted by field laboratories.

Surveillance of antimicrobial resistance in baeedrom animal origin in France is
organized by the French Agency for Food Safety (fgefrancaise de sécurité sanitaire des
aliments) (AFSSA) through two types of networks (Mbet al., 2000). The first collects non-
human zoonoticSalmonellastrains in one centre (AFSSA-Paris) where theytaséed for
their antimicrobial susceptibility. The others, raged by AFSSA-Lyon, deal with bovine
pathogenic strains and are multicentric, that eythre collecting antibiotic sensitivity and

other data from the local public veterinary diagmo$aboratories. Non-humagalmonella
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isolates together with epidemiological informatiare routinely sent to the AFSSA, Paris
(SalmonellaNetwork) for confirmation of species identificatiand serotyping. More than
150 laboratories all over the national area pgaie in this network of which 50% are public
laboratories (French antibiotic reference). Thesults show the important role played by
animals in the spread &almonellaat the national level in animal health and foodcpssing,

in food hygiene and in the environment. The aimthe& two other networks managed by
AFSSA-Lyon is the monitoring of bovine pathogens. ESABO (Réseau
d’épidémiosurveillance des bactéries résistantesaatibiotiques chez les bovines) network
has been considered as a pioneer model for mutticaretworks. The rules of this network
were established by the AFSSA-Lyon. Isolation, tdeation of the bacterial species and
antibiotic susceptibility tests are performed roaly by the LVDs (laboratoires vétérinaires
départementaux, district veterinary labs). Spes#tscted for this epidemiological monitoring
of resistance includéescherichia coliand Salmonellaspp. The second network is the
RESSAB network which is a specific network that laates the prevalence of clinical
salmonellosis in adult cattle (Dufour et al., 199T) France, the RESSAB (Réseau
d’épidémiosurveillance des salmonelloses bovinesjvork, managed by AFSSA-Lyon has
159 sentinels, volunteer veterinary practitionemveting 33,415 herds in 16 French
departments. When a clinical case of bovine salftasie is suspected, the sentinel
veterinarian makes an initial visit to the farmgoals clinical parameters of the disease and
takes a sample of faeces from the sick animal #mtdyial analysis. The associate LVD
carries out aSalmonelladetection test and if it is positive continues wdh serotype
determination and in vitro antibiotic susceptilyiliests. Data are first sent to the departmental
steering committee (Groupement technique vétéen&@mV and Groupe de défense sanitaire,

GDS) and then, are sent to AFSSA-Lyon.
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Selected international surveillance systems in puigl health and food safety programs:

Other examples of international surveillance systempublic health and food safety
programs and their roles include:
First, epidemiological  surveillance systems such afl) FoodNet

(http://www.cdc.gov/foodnewhich is a collaborative project of the CDC, Foaad Drug

Administration, and the United States Departmenfgficulture, and 10 sites within the
United States. More than 650 clinical laboratoriesthe Food\et sites are conducted
regularly to collect information on laboratory-confed cases of diarrheal illness.
Salmonella is one of the pathogens monitored; (Bnter-net surveillance system

(http://www.enter-net.org.0k Enter-net conducts surveillance for enteric dtifns

(Salmonellaand VTEC 0157) within Europe. Over 25 European mesitare participating
together with Canada, Japan, South Africa, Austrabhnd New Zealand; (3MHealth
Protection Agency (HPA) Communicable Disease Sllemee Centre (CDSCpperates a
system of surveillance for general outbreak ofahéais intestinal disease (IID) in England
and Wales since 1992. The surveillance system wptmformation on outbreaks of IID
whatever the mode of transmission (Djuretic et &B96). The main advantage of the
surveillance system for outbreaks of IID in Englardl Wales over other systems is that all
IID outbreaks are recorded, no matter what the mufd#ansmission (Adak et al., 2002).

Second, laboratory surveillance system such apuybeNet littp://www.cdc.gov/pulseneta

national network of public health and food regutgtagency laboratories coordinated by the
CDC. All participants perform standardized molecutabtyping of foodborne disease-
causing bacteria by pulse-field gel electrophor@2GE); (2WHO Global Salm-SurfGSS

(www.who.int/salmsuly global network of laboratories and individuaterh 141 countries

initiated by WHO in 2002, in order to reduce foodim diseases worldwide. Initially, GSS

focused on the surveillance 8almonella but it has now expanded to diseases caused by
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other foodborne pathogens suchEasoli and Campylobacter;(3) National Antimicrobial
Resistance Monitoring System (NARM&s¥yystem based in the US that monitors changes in
antimicrobial susceptibilities to 17 antimicrobeikligs of zoonotic pathogens from human and
animal clinical specimens, from healthy farm ansnand from carcasses of food-producing
animals at slaughter plants.

In conclusion, public health concern and poteritefoodborne zoonotic transmission
have madesSalmonellathe main subject of the international, nationadl docal surveillane
programs. These monitoring networks and surveilamrograms provide the most
comprehensive data available to support publictheldcision making. However, Leclerc et
al. (2002) reported that whatever system is usath dre underestimated. He recommended
the development of networks to exchange data asgktbata must not only exist in a country
but it is also very important to develop links amekworks with other countries. With the
development of rapid transportation, products am quickly dispatched all over the world
and pathogens need to be detected as soon as lpos3ite should always be aware;

Salmonellas not stopped by national frontiers.

Implication of milk and milk products in Salmonellaoutbreaks

The importance of various etiological agents inkivorne disease has changed over
time. However, more than 90% of all reported casfedairy related illness continued to be
bacterial origin, with at least 21 milkborne or g@uatially milkborne diseases currently being
recognized (Bean et al., 1996). Pathogens that baeea involved in foodborne outbreaks
associated with the consumption of milk and milkdarcts includelisteria monocytogenes
Salmonella Campylobacter Staphylococcus aureuBacillus cereuspathogenid=cherichia
coli and Clostridium botulinum Assessment of epidemiological data, pathogerdamze in

milk and characteristics of individual pathogensevevaluated to prepare risk ranking for
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cheese (Johnson et al., 19908almonella L. monocytogenesand enteropathogente.coli
pose the highest risk.

Raw bulk tank milk can contain one or more speoifegathogenic bacteria including
Salmonella(Jayarao and Henning, 2001) and previously regateveys of bulk tank milk in
Europe, United States and Canada have shown laagations in the prevalence of
Salmonellain raw milk ranging from 0.17% to 12.6% (Rohrbasthal., 1992; Steel et al.,
1997; Hassan et al., 2000; Karns et al., 2005). [ahge variations in levels of bulk tank
Salmonellacontamination observed in these studies have be#ebuted to several factors
such as variations in sampling and detection tegles, seasonal differences, herd size,
geographic area, hygiene, and farm managemenigascEeveral factors have been linked to
the presence dalmonellain animals including exposure to new animals withguarantine,
use of lagoon wastewater, not properly monitoriegdf components, presence of rodents or
wild animals, rendering trucks, and inadequate hiagcbf sick animals. Stress applied to
animals such as transportation, food deprivationconfinement may also increase the

shedding and thus the spreadsafmonella

Cheese is a well-known milk product which has gaigesat popularity throughout the
world for its health-promoting and organoleptic pedies. Cheese contains various proteins,
minerals and vitamins, all of which contribute tts ihigh nutritional qualities. The
microbiological characteristics of cheese dependhenquality of raw milk, the procedures
and the conditions of production, the personnelthedstorage conditions. After the ripening
period, some pathogens suchSadmonellamay still cause serious food safety problems for

consumers, in spite of added salt and antimicrab&thbolites and low pH.
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Milk products implicated in salmonellosis outbreakdten contain low and
undetectable numbers 8almonellecells which can be severely injured but still biectious.
For example, the dose 8almonellaEnteritidis in an outbreak caused by the consumptio
ice-cream (Hennessy et al., 1996) was determindzet6.093 cells §or 6 cells in a 65 g
serving size. Samples from this outbreak were &urtinalyzed to estimate the potential
infective dose oSalmonella(Vought and Tatini 1998). These researchers fohedsamples

to vary in the level oSalmonellafrom 0.004 to 0.46§(Vought and Tatini 1998).

Data from published investigation reports from esal/ countries were reviewed to
determine the implication of different types of kniind milk products in outbraks of
foodborne disease. In the USA, between 1972 a00,28 total of 58 raw-milk-associated
outbreaks were reported to CDC, of which 17 (29%Yencaused byalmonella(CDC,
2000). In early 1997, health officials in Yakimaw@dy, Washington, noted a 5-fold increase
in salmonellosis among the county’s Hispanic pojpama Multidrug-resistantSalmonella
Typhimurium DT104 emerged as a cause of salmonelinghis county (Villar et al., 1999),
and Mexican-style soft cheese made with unpastdinzilk was the vehicle for this strain. In
the same year two other outbreaks caused by the sanotype were linked to raw-milk
cheese in Northern California (Cody et al.,, 1998)2003, an outbreak due to multidrug-
resistantSalmonella entericaerotype Typhimurium infections occurred in Pelhvesyia and
New Jersey (Olsen al., 2004). A case-control studplicated pasteurized milk and an

inspection indicated the potential for contaminatidter pasteurization.

In Canada, there have been several reports of lengese-associated outbreaks of

Salmonellaserotypes including Enteritidis, Typhimurium, Helioerg, Oranienburg, Javiana,

Berta, Muenster and Dublin (D’Aoust, 1989). In abhevery outbreak, the cheese was made
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from unpasteurized milk or was contaminated by naWk during processing. Between 1980
and 1982, &almonellaoutbreak occurred in Ontario, Canada linked to nalk Cheddar
contaminated witiSalmonellaMuenster (Wood et al., 1984). The source of comated
milk was traced to a farm where one cow was sheddipproximately 200 CFU of
Salmonellanl in her milk. With the pathogen source confirmedrare opportunity was
available for determining survival & Muenster during commercial tested positive in 11 of
181 vats. Two of these lots were still positiveeafpressing. During curding at 5°C, one lot
was negative after 30 d, but one lot was positifterd25 d. There were no significant
composition differences between the lots of contameid cheeses. In 1984, another large
Canadian outbreak of salmonellosis from the consiam@f Cheddar cheese occurred during
March-July in the four Canadian Atlantic provingBsAoust et al., 1985). Over 2700 persons
were infected withSalmonellaTyphimurium. Epidemiological evidence implicatededdar
cheese as the vehicle, and the production locatias traced to a single plant on Prince
Edward IslandSTyphimurium was sporadically detected in Chedd&eske manufactured at
the plant which produced cheese from either pageaimilk, 73.8°C for 16 s, or heat-treated
milk 66.7°C for 16 sSalmonellawas initially confirmed in a cheese trim buckemfoyees
used their hands to transfer curd to a forming nmechOne employee who performed this
task tested positive fd8Typhimurium. Testing of the raw milk supply ultinest identified
two cows in separate herds, one shedddyphimurium from one quarter, the other one

sheddingS.Heidelberg.

In England and Wales, between 1992 and 2003, 7688rgl outbreaks of infectious
intestinal disease were reported to the Commurec8lidease Surveillance centre (CDSC)
(Hughes et al., 2006). In 1729 of these outbre@a%0), the mode of transmission was

described as foodborn8almonellaspp. as a whole were implicated in over half (58%all
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foodborne outbreaks. Milk and milk products wereoreed in 46 outbreaks (3.6% of total
outbreaks) and the majority 8lmonellaoutbreaks (47%) were linked to the consumption of
milk and milk products. In total, 39 625 people weaffected in the 1729 foodborne
outbreaks, with 1573 cases admitted to hospit&i&deaths reporte&almonellaaccounted
for the majority of people affected (22 585; 57%).

In France, an overview OFIAC yearly reports from the BEH over a 10-year period
(1988-1997) gives a total of 3839 notified outbieéiRe Buyser et al., 2001). Milk and milk
products were implicated in 5% of the total baetieoutbreaks reported in France, and in 1-
5% of the total bacterial outbreaks, from the defsorted in six other countrieSalmonella
outbreaks were by far the most frequent (49%) anbagotifiedTIACs. However, milk and
milk products were involved in only 1.8% of tl&almonellaoutbreaks. Tabel 1.2 shows

Salmonellaoutbreaks implicating milk and milk products iraRce.

In 2002, two community outbreaks of salmonellosisuwred simultaneously in the
South West of France (Haeghebaert et al., 2003 fdsults of the epidemiological,
veterinary and laboratory investigations indicatieat those two episodes were linked to the
consumption of Cantal cheese made from raw milkkd@5, the French National Reference
Centre for Salmonella NRC-Salmreported a nationwide outbreak 8&lmonellaAgona
infection (Espié et al., 2005). Twenty-one infaases were identified. Investigation linked
the outbreak to consumption of infant powdered fdemIn May 2005, an outbreak of
salmonellosis from the consumption of contaminapedvdered milk occurred in three
hospitals located in three administrative distr{ttd/s, 2005). Forty-nine elderly people were
infected withSalmonellaworthington and 92% of cases were identified itigoés who had
already been admitted to hospitals for other rems®he investigation conducted by local

veterinary service isolatefalmonellaworthington from environmental samples taken at th
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manufacturing plant and in milk powder producedMiarch 2005. On April-June 2005,
following the Enter-net request for information cecent cases ddalmonellaStourbridge
infection reported in Europe (Vaillant and Espi®03), the National Reference Centre for
Salmonella identified 16 cases affected who resided in 13fedBht administrative
departments in France. The raw milk goat's chedsiehwvas incriminated in Sweden was
suspected to be the source of the outbreaks.

In summary, outbreaks of human salmonellosis haen liraced to the consumption
of unpasteurized milk or milk products and haveo dieen traced back to pasteurized milk.
Entry of Salmonellavia contaminated raw milk into dairy food procegsplants can lead to
persistence of this pathogen in biofilm, and subsat contamination of processed milk
products and exposure of consumers to the pathoGensumers, especially the most
susceptible ones (the immunocompromized, the eldembung children, and pregnant
women), must be informed that a zero risk cannat/éeanted for raw milk products or even
for pasteurized ones. Collective prevention mustdreied out at several levels: in farms, in
particular if their production is intended for theanufacturing of raw milk products, during

the production process, and also during distrilbusimges to ensure high safety standards.
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Table 1.2: Examples oSalmonellaoutbreaks implicating milk and milk products iraRce

Serotype Year No. of cases Food Type of Reference
(death) implicated milk
Paratyphi B 1990 277 Goat's milk  Raw Grimont and Bouvet
cheese 1991
Paratyphi B 1993 273 (1) Goat's milk  Raw Desenclos et al.1996
cheese
Dublin 1995 25 (5) Mont d’or Raw Vaillant et al. 1996
cheese
Typhimurium PT 12 1997 113 Morbier cheese Raw Delaroque and De
atypical Walk 1998
Enteritidis phage type 8 2002 155 Cantal cheese Raw Haeghebaert et al.
2003
Typhimurium ? ?

Soft cheese Raw

De Valk et al. 2000
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Table 2.2: Examples oSalmonellaoutbreak implication milk and milk products inféifent countries

Country Year No. of cases (death) Food implicated Typeitk m Serotype Reference
USA 1997 54 Mexican-style soft cheese unpaseurizégphimurium DT 104  Villar et al. 1999
Canada 1994 35 soft cheese unpasteurized Berta se Etlial. 1998
Spain 1994 48 Infant powder milk pasteurized Vigho Usera el al. 1996
USA 1989 164 Mozzarella pasteurized Javiana, Obange Hedberg et al. 1992
England and Wales 1989 42 Soft cheese unpasteurized Dublin Maguire et al. 1992
England and Wales 1986 300 Milk Raw Typhimurium rrée 1989
USA 1985 > 1600 (7) Milk pasteurized Typhimurium Aoust 1989
Canada 1984 > 1700 Cheddar unpasteurized TyphimWii10 D’Aoustetal. 1985
Canada 1982 Unspecified Cheddar Raw Muenster DAete. 1985
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Growth of Salmonellain dairy products

Predictive modelling has been widely developedesithe 1980s (Van Impe et al.,
1992; McMeekin et al., 1993; Baranyi and Rober@94t Rosso et al., 1995). This field
combines the knowledge of bacterial growth resp®rser a range of conditions with the
power of mathematical modelling to enable predigiof growth. The main objective is to
simulate bacterial growth as function of tempemtH and water activity. MacDonald and
Sun, (1999) proposed a classification scheme of nloelels according to Whiting and
Buchanan (1993) (Table 3.2). Primary models descttite change of the bacterial number
over time under given environmental conditions ageherate information about the
microorganism such as generation time and lag ptlassion. Secondary models describe
the evolution of one or more parameters of a prymandel in relation to one or more
changes in environmental conditions. Tertiary medake modelling to its final form. There
are applications to one or more primary or seconaaodels, incorporated into a user-

friendly computer software package (MacDonald and,3999)

Table 3.2:Classification of some growth models (derived fristacDonald and Sun, 1999)

Primary models Secondary Models Tertiary models

Modified Gompertz function Response surface modeld?athogen modelling program

Logistic model Modified Arrhenius model Growth pretdr
Baranyi model Square root model Pseudomonas Poedict
Rosso model I'-models Seafood spolaige predictor
(Modified) Monod model Z values ComBase
D values of inactivation Sym’Previus

In many cases, the growth of a homogeneous malrpbpulation can be described by

a curve (Fig. 1.2) with three phases: a lag phasagl which the microbial cells adapt to
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their new environment, followed by exponential gtioywhase during which the cells multiply
exponentially and, finally, a stationary phase aginvhich the maximum population density
is reached. Environmental conditions, food compmsitand growth status of the
microorganisms (lag, exponential, stationary phase) affect the growth rate (Table 4.2).
They are not the only source of variation: straiha same genus may grow differently under
the same intrinsic and extrinsic conditions.

Figure 1.2 Hypothetical bacterial growth curve

Stationary phasec

Log
numbers
(CFU-ml)

Death

Logarithmic
phase

phase

Time

Hypothetical bacterial growth curwve.

Table 4.2:Main factors affecting microbial growth and suniirafoods (Gould, 1989)

Physical Physical Chemical Microbiological
Intrinsic Water activity Nutrients present Nutrisntsed
Content Redox | Solutes present End products fdrme
Acidulant identity Senstivity/resistance
Extrinisic Temperature Antimicrobial agents Numbed types
Relative humidity Atmospheric gas
Light intensity Oxygen status

Packaging characteristics

In general,Salmonellacan grow at temperature between 5.2°C and 46.21%0; the

pH of Salmonellagrowth is between 4.1 and 9.0 (Jay, 2000). Howewer minimum growth
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depends on the acid. For example, minintsatmonellagrowth in lactic acid and acetic acid
envirnments has been observed at a pH of 4.40 atdrBspectively (Chung and Goepfert
1970). The pathogen is killed by pasteurization aaghitizing agents, while freezing,
refrigeration and drying fail to destroy it, but goevent or slow its growth (FDA, 1998).
Under optimal conditions of nutrients, water adyivitemperature and pH, however,
Salmonellamay double in numbers every 20 min. Consequenttyst foods of high pH are
most likely to support the growth &almonella especially under temperature abuse (>5°C)
conditions. It is very important to keep such foaither refrigerated (<5°C) or heated at
temperature above 60°C in order to minimize rislsalimonellosis (CDC, 2000). However,
these simple but effective measures were oftenrgghby food handlers or consumers (Bryan
et al., 1997). As a result, food-associated salithasie cases usually result from the ingestion
of raw meats, poultry, seafood, eggs, and milk dabty products contaminated with the

pathogen (Tietjen and Fung, 1995).

Modern technology and adequate sanitary practicage hhelped to minimize
pathogenic salmonellae found in heat-treated gagucts. However, there are certain types
of cheese, which are manufactured from nonheatetleailk. Whenever such dairy products
are associated witBalmonellafood poisoning outbreaks, serotypes suck.ds/phimurium
S. Dublin, S. Heidelberg and S. Enteritidis are usually implicated as the respdesib

pathogens (Bryan, 1981; Medina et al., 1982).

The presence and growth of salmonellae in milk sowhe dairy products have been
investigated because of health significance. Thewer of these microorganisms during the
manufacture, ripening, and storage of most comnaory goroducts is reported (Marth, 1969,

El-Gazzer and Marth, 1992). For example, D’Aousalef{1985) investigated the survival of
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S. Typhimurium in contaminated Cheddar cheese lotsemi@dm either heat-treated or
pasteurized milk. The final pH values of the contaated cheese lots were all between 5.1
and 5.4, which is within the acceptable range ftyedtiar. Analysis of six contaminated
cheese lots indicated that the cheese containe8dl 1@.39.3 Salmonellaper 100 g.S.
Typhimurium survived for up to 8 months in 1 ofdéd of Cheddar cheese curd stored at 5°C,
which demonstrated th&almonellain commercially-prepared cheese survived past thd 6
holding requirement.

Papadopoulou et al. (1993) investigated the ghiitSalmonellaEnteritidis to grow
during the Feta cheese-making process and to surdiwing ripening and storage.
Unpasteurized whole ewe’'s milk was inoculated tontam 16-10 CFU/ml. The
enumerations have shown th&t Enteritidis was entrapped in curd with the popolati
increasing to a maximum during the first 48 h. Hadter, the growth o§. Enteritidis was
inhibited and surviving cells persisted in the ctodup to 20 days.

Modi et al. (2001) investigated the ability almonellaEnteritidis to survive in the
presence of phage, during manufacture, ripenind, starage of Cheddar cheese produced
from raw and pasteurized milk. Raw milk and paszear milk were inoculated to contain“10
CFU/ml of S.Enteritidis and 1®PFU (plaque forming unit). Cheese samples werentaker
a period of 99 days and countsS#lmonellaEnteritidis decreased by 1 to 2 log cycles in raw
milk and pasteurized milk cheeses made from milkt@ioing phage. In cheese made from
milk to which phage was not added, there was arase irSalmonellacounts of about 1 log
cycle. Lower counts oSalmonellaEnteritidis were observed after 24 h in pastedrizelk
cheese containing phage comparedaimonellacounts in raw milk cheese with phadge.
Enteritidis survived in raw milk and pasteurizedkraheese without phage, reaching a final
concentration on FOCFU/g after 99 days of storage at 8°C. Howe@aimonelladid not

survive in pasteurized milk cheese after 89 dayhenpresence of phage. The results of this
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study (Modi et al., 2001) and those previously aaned (White and Custer, 1976; Wood et
al., 1984; D’Aoust et al., 1985; Papadopoulou et &P93) clearly demonstrate that
Salmonellacan survive during the manufacture and ripeningCbéddar cheese made from
raw milk for at least 60 days at a temperaturetgrahan 2°C.

White et al. (1976) and Charles and Edward (1906@tpd out that pH value below
5.7 would apparently contribute to the declinehia umber of viabl&almonellawhere as
an average pH value of 5.85 would provide a greatance for survival of this this organism
in the cheese. Erkmen and B@ho(1995) obtained also results in agreement withs¢ of
White et al. (1976) and Charles and Edward (197@Yed that pH value, the salt
concentration, and the storage temperature, hadnaulative effect on the growth and
survival of viableS. Typhimurium cells. However, the pH was the majastda responsible
for a reduction in the viable number of microorgama in Feta cheese during the processing
and ageing periods. The results of Erkmen and 8az¢1995), showed that an attained pH
value lower than 5.7 during storage was effectine S Typhimurium and this could be
achieved by using suitable starter cultures thailevdrop the pH during the processing and

ripening period.

Predictive food microbiology is a promising andgiddy developing area of food
microbiology, which has achieved significant sdint attention in recent years.
Mathematical models are an important tool for theargitative estimation of microbial
behavior (McMeekin et al., 1993). It requires aagramount of detailed technical data related
to the growth and death responses of microorganismsr a variety of conditions. Despite
the progress made by predictive microbiology, sasm@ects have not been totally considered.
One of the difficulities in conducting a microbiakk assessment is in determining the

number of microorganisms in food at the time itcnsumed, i.e., exposure assessment
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(Walls and Scott, 1997). Numbers of bacteria indfaan change at all stages of food
production and processing, depending on the natutbe food and the way it is handled,
stored and processed. Predicative microbiologybmansed to estimate changes in bacterial

numbers, allowing exposure of an individual to thpgen to be assessed.

Risk assessment an®&almonella

Globalisation and the increasing international éréetl to the foundation of the World
Trade Organization (WTO) and the Sanitary and Pdaytdary Measures Agreement (SPS
Agreement) in 1995. The goal was to promote gldbe¢ trade and non-discriminatory
trading systems. The SPS Agreement requires theldeBtates to justify their sanitary and
phytosanitary measures with scientific evidence QVI995). Since that, risk assessment on
health risks related to food consumption has becmmeeincreasingly used option to do it, and
along with this development the quantitative midotdiyical risk assessment (QMRA) arose
in the 1990’s with well-defined stages and procedufescribed by the Codex scheme (Codex

Alimentarius, 1995).

A risk in the context of food safety is the prob#piand the consequence of adverse
health effects following the ingestion of food. Téeparation of risk into two components is
useful, since risk may be managed both by actiangetiuce the probability and the
consequences of the adverse event. The second nentps not overlooked in microbial risk
assessments, as it is explicity be considereddarsétection of the biological end-point in the

dose-response relationship.

It is extremely difficult for any government body imternational agency to quantify

the level of risk that a society is willing to todée or accept, or even to specify who has the
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ultimate responsibility to make such a decisiomjuantification of the risk can be viewed as
the “cost” society is willing to bear to achievespecific degree of control over a hazard,

whether human, economic, ethical, medical or legal.

In principle, the methodology described in the Godecument is meant to be used by
governments or by expert bodies in the contextadeX Alimentarius. Food industries have
little experience with this methodology for estimgt microbiological risks and are not
particularly in favour of using it. The food indoginterested in producing safe food assures
safety by applying Good Hygienic Practices (GHPJl &me Hazard Analysis and Critical
Control Point (HACCP) system as prescribed by Cd@odex Alimentarius, 1999). It means
that potential hazards in raw materials and in @semg lines are identified and analysed.
Significant ones are identified and measures twgme product contamination, to ensure

elimination or reduction to acceptable levels aieh.

An evaluation of risk can be undertaken at manfedght levels, ranging from the use
of one or more experts through an extensive righilprto the use of formal qualitative or
quantitative risk assessment. Although there ie@gent in general that risk assessment
should be used, there is no general agreementvasaio to use it or what level of quantitative
rigour the assessment process should .Haisk analysis consists of three components; risk
assessment, risk management and risk communicatioh¢an be described as a frame-work
to analyse and manage any activity that may hagative consequences. In the context of
food safety, it is a tool, which in a formalizedjseematic and transparent way, enables
responsible authorities and international orgaronatto understand and if necessary evaluate

options to reduce a health risk. Risk assessmens@sence-based process in which questions
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that have been formulated during the risk evalmasiep of the risk management process are
addressed to develop an understanding of the pro&hel to come up with risk estimates.

The first step of Microbiological Risk AssessmeiRA) is to decide on &tatement
of PurposeThe specific purpose of the risk assessment nedos tlearly stated. The output
and possible alternatives also need to be defiféd second step is one éfazard
Identification This identifies the microorganisms or microb@tith of concern and evaluates
whether the microorganism or the toxin is a hazeinén present in food. If the focus of the
Risk Assessment is on a pathogen, then availalidemplogical and related data need to be
used to determine if foodborne transmission is irtgrt to the disease and the foods that are
implicated. If hazard identification is orientatémvards the food, then the focus will use
available epidemiological and microbiological dédadetermine which pathogens could be
associated with the product. To carry out succégshazard identification, quality public
health data and information on the occurrence awnel$ of pathogenic microorganisms in the
foods of concern need to be readily available. Tib&t step in the Risk Assessment is
Exposure Assessmeifithe ultimate goal of exposure assessment is atuate the level of
microorganisms or microbial toxin in the food a¢ tfime of consumption. This may include
an assessment of actual or anticipated human ergo8un accurate exposure assessment
needs three types of information: (a) the presefiche pathogen in the raw ingredients; (b)
the effect that food processing, distribution, Hengd and preparation steps have on the
pathogen; and (c) consumption patterns e.g, posiza Because the occurrence of a specific
pathogen tends to be heterogeneously distributddadd, both the frequency and extent of
contamination are needed. The fourth stepHmzard Characterisation which is the
gualitative and/or quantitative evaluation of tregune of the adverse effects associated with
biological, chemical and physical agents that maypkesent in foods. The most important

component of a hazard characterisation step issa-tesponse assessment. The purpose of
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hazard characterisation is to provide an estimatde nature, severity and duration of the
adverse effects associated with harmful agenteod.flmportant factors to consider relate to
the microorganism, the dynamics of infection anel sensitivity of host. The integration of
the exposure and dose-response assessment givéitithstep of the process, thieisk
Characterisation. This gives an overall probability of occurrenced ageverity of health
effects in a given population. To be meaningfug tisk characterisation should include a
description of statistical and biological uncertes. The final, sixth, step of the Risk
Assessment is to produce a Report. This shouldagomt full and systematic record of the
Risk Assessment. To ensure its transparency, RA kport should indicate any constraints
and assumption relative to the risk assessment.

The degree of confidence in the final estimatiomisi will depend on the variability,
uncertainty, and assumptions identified in all pvas steps. Differentiation of uncertainty
and variability is important in subsequent selediof risk management options. Uncertainty
is associated with the data themselves, and weghctivice of model. Data uncertainties
include those that might arrive in the evaluatiow &xtrapolation of information obtained
from epidemiological, microbiological, and labongtoanimal studies. Uncertainties arise
whenever attempts are made to use data concermngdcurrence of certain phenomena
obtained under one set of conditions to make estima or predictions about phenomena
likely to occur under other sets of conditions Wanich data are not available. Biological
variation includes the difference in virulence tlexist in microbiological populations and
variability in susceptibility within the human pdation and particular subpopulations.

Risk management: in this element, the risk is eatalh and a decision can be made
about the accepted risk within the wider framewoflpublic health objectives (appropriate
level of protection). Options for improvement ammsidered and new or modified criteria are

eventually laid down in guidelines, regulationslegislation. Risk communication involves
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transparent communication between risk assessigis,nmranagers and all other intersted
parties, which is important, because they haveewdfit interests. Finally, the results of risk
assessment and risk management are communicatedwiaely with the relevant links in

the food chain, up to, and including consumerssuh means as specifications and labelling.

The typical approach to conduct a quantitative askessment model (QRSM) is in a
computer spreadsheet using probability distributcoomodel the variability and uncertainty of
important risk factors, such as time, temperatur@ pathogen density. The QRAM is then
simulated using a spreadsheet add-in program thatomly samples the probability
distribution and uses the random numbers genetatgerform calculations and generated
outputs distributions (Vose, 1998). Once a risleassient model has been developed, it can
be used in many ways to identify and evaluate péessnterventions to reduce risk. One
approach is to run the model with different setsnplut parameters, representing the effects
of different control options.

In general, relatively few papers dealing with ditative risk assessment models for
Salmonellaof food origin have been published in the scientifierature. Risk assessment
models of the consumption of dairy products hawvipusly been developed for pathogens
such ad.isteria monocytogeng8emrah et al., 1998; Sanaa et al., 2004) Staghhylococcus
aureus(Lindqgvist et al., 2002) but not f@almonellaspp. infection. Estimation of the risk for
public health linked to the consumption of raw nslift cheese contaminated glmonella
provides useful information for the managementhef tisk. The major aim of the present
thesis is therefore to report a risk assessmentehaicdalmonellosis from the consumption of

soft cheese made from raw milk.
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Table 5.2: Examples of quantitative risk assessment modelfofmd pathogens published in
the scientific literature

Pathogen Food commodity Reference
Salmonella enteritidis Pasteurized liquid eggs ~ Whiting and Buchanan, 1997
Salmonellaspp. Cooked poultry patty Whiting, 1997
Salmonellaspp. Whole chicken Oscar, 1998
Escherichia coliO157:H7 Ground beef hamburgers Cassin et al., 1998
Listeria monocytogenes Soft cheese Bemrah et al., 1998
Salmonellaspp. Chicken products Brown et al., 1998
Bacillus cereus Chinese-style rice McElory et al., 1999
Listeria monocytogenes Smoked salmon and trout  Lindqvist and Westoo, 2000
Salmonella enteritidis Shell eggs Whiting et al., 2000
Escherichia coliO157:H7 Raw fermented sausages Hoornstra etOéll, 2
Salmonellaspp. Turkey corden bleu Bemrah et al., 2002
SalmonellaTyphimuriumDTI04  Dry-cured pork sausages Alban et al., 2002
Salmonella enteritidis Shell eggs and egg Hope et al., 2002
products
Staphylococcus aureus Unripened cheese Lindqvist et al., 2002
Escherichia coliO157:H7 Apples Duffy and Schaffner, 2002
Compylobactespp. Chicken Rosenquist et al., 2003
Listeria monocytogenes Soft Cheese Sanaa et al., 2004
Salmonellaspp. Whole chicken Oscar, 2004
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Chapter 3: Combination of Most-Probable-Number Method with LightCycler real-time
PCR assay (MPN-real-time PCR) for Rapid Quantificaton of Artificially Contaminated

Salmonellain Milk Samples
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Abstract

As a part of our effort in quantitative risk argy of food-borne diseases, we
developed a rapid, simple, and reliable methodl&tection and quantification &almonella
spp. from artificially contaminated milk sampleshel method combined the principles of
most-probable-number (MPN) statistics with a Ligyt@r real-time PCR assay (MPN-real-
time PCR) based on the double-stranded (dsDNA) Didding SYBR Green |. The
Salmonellaspecific primers ST11 and ST15 were used to agnpld29-bp region specific to
all Salmonellaspp. This primer set successfully detectalmonellastrains tested and
produced a product with a melting temperature o2 &70.5°C. To test this combined method
for the enumerating abalmonella Salmonella entericaerotype Typhimurium DT104 was
inoculated into milk samples at different levels aintaminations. Low inoculum level of
Salmonella(1-5 CFU per mL of milk) could be detected andrertated after 8 h of a single
non-selective pre-enrichment step in buffered peptwater. This MPN-real-time PCR
method proved to be a rapid and reliable methodefameratingSalmonellain artificially

contaminated milk, including low contaminated sasspl

Keywords SalmonellaMPN-real-time PCR; detection; quantification; knil
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Résumeé

Dans le cadre de l'analyse quantitative de risgeemaladies transmies par les
aliments, nous avons développé une méthode ragiiple, et fiable pour la détection et la
guantification des salmonelles dans des échartiltia lait artificiellement contaminés. La
méthode a combiné les principes statistiques dubnerte plus probable (NPP) avec une
analyse PCR en temps réel-basée sur la techndidB&R Green. Les amorces spécifiques
des salmonelles ST11 et ST15 ont été utilisées goyptifier une région de 429-bp commune
a toutes les espéces de salmonelles. Ce coupleotasa détecté les salmonelles testées
avec une température de fusidip de 87.2 £ 0.5°C. Pour tester cette méthode codebite
dénombrement des salmonelles, le sérotype DT104hifypium a été inoculé dans des
échantillons de lait & différents niveaux des comtations. 1-5 UFC par ml d'échantillon de
lait a pu étre détectée et dénombré apres 8 h d@tape de pré-enrichissement dans I'eau
peptonée tamponnée. Cette méthode de NPP-PCR @s téel s'est avérée étre rapide et
fiable pour dénomrer des salmonelles dans du fificeellement contaminé, y compris avec

une contamination faible.

Mots-clés :Salmonelles ; NPP-PCR en temps réel; détectiomntification ; lait
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1. Introduction

Human salmonellosis is a common food-borne ilineds over the world.
Contaminated food products of animal origin areqdently implicated in human
salmonellosis (Oosterom, 1991). Milk and milk prottuhave been associated with severe
food poisoning outbreaks caused ®y entericaserotypes in Europe and the United States
(Maguire et al., 1992; Vought and Tatini, 1994; difall et al., 1998; Cody et al., 1999; Villar
et al., 1999; De Valk et al., 2000; Haeghebae#dl.e2003). Contamination of milk by these

pathogens therefore poses a great health riskn@ahs (Headrick et al., 1998).

Conventional cultural methods for the detectionSafimonellain foods are time
consuming and usually require 4-6 days to preswmalptidentify Salmonellan a test sample
and to confirm the identity of the isolate (Admingion, 1995). Methods based on
polymerase chain reaction (PCR) have been incrgigsirsed for the detection &almonella
cells in various foods including dairy products (&vg et al., 1996; Ferretti et al., 2001;
Aslam et al., 2003). However, these assays usually on visualizing the amplification
product by ethidium bromide staining after agargseé electrophoresis which is labor and
time-intensive and lacks sensitivity and speciicifo reduce the time required for detection
of Salmonellaspp. in foods, the development of rapid and seesirotocols for the detection
and quantification of low levels @almonelldikely to be present in foods including milk are
needed. In recent years, therefore, the time-comguoonventional PCR assays are gradually
being replaced by more convenient real-time PCRaasswhich represent a significant
progress to PCR-based methods for a broad ranggplications. A number of real-time
PCR-based assays for the detectionSafmonellain foods have already been described
(Jothikumar et al., 2003; Fukushima et al., 200Badgvat, 2004; Liming and Bhagwat,

2004). This technology which combines amplificataord detection in a one step closed-tube
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reaction, presents many advantages such as raphilily sensitivity, high specificity, and

lower risks of cross-contamination (Rodrigez-Lazeiral., 2003).

Salmonella cells can be enumerated by applying the classicalrolmological
quantification technigues, such as the plate cagntiethods and the most-probable-number
(MPN) method. Some of these techniques require aip6tdays for detection and
quantification, thus once again pose the problerbenfig labor-intense and time-consuming.
Recently, the use of real-time PCR assays for fiGation of initial target DNA has
overcome this disadvantage of the time factor. Waofately, amplification efficiencies of
these quantification assays can be difficult touemsand their suitability for exact
quantification of initial amount of target DNA h#éserefore been questioned (Klerks et al.,

2004).

In this study, an alternative approach is preserR&R products can be quantified by
combining the principles of the most-probable-numd&PN) statistics with the LightCycler
real-time PCR. Through the use of this approachsaugght to develop a rapid and simple
MPN-real-time PCR protocol (MPN-real-time PCR) lihsen the double-stranded DNA
(dsDNA) binding dye SYBR Green | for the detecteomd quantification oSalmonellaspp.
in artificially contaminated milk samples. To ourdwledge, this is the first report in which a
LightCycler real-time PCR detection method has beambined with the MPN method to
enumerate&Salmonellaspp. in inoculatednilk samples. However, detection methods based on
MPN-Conventional PCR (MPN-PCR) have previously bdeacribed for the detection and
enumeration of different micro-organisms (Méantyretnal., 1997; Fredslund et al., 2001;

Martin et al., 2004).
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2. Materials and methods

2.1. Bacterial strains and culture conditions

The bacterial strains used in this study are listedable 1.3. They were obtained
from the collection of the LERQAP (Laboratoire dide et de recherche sur la qualité des
aliments et des procédés agroalimentaires) of tlemdh Food Safety Agency (Agence
francaise de seécurité sanitaire des aliments (AFSSRisons-Alfort, France). They were
used to determine the specificity and the sengptivi the LightCycler real-time PCR assay.
Stock cultures were maintained in Brain Heart lidagBHI, Difco) containing 20% glycerol
(Difco) and stored at -80°C. Fresh bacterial celuior use in the experiments were produced
by inoculating frozen stock cultures into BHI amdubating them for 20-22 h at 37°C with
continuous agitation (100 rpm) in incubator shaKbBlew Brunswick Scientific). For
enumeration oSalmonellain milk, S. entericaserotype Typhimurium DT104 was used and
suitable dilutions were subsequently used to cateuthe estimated number $almonella
cells inoculated into sterilized milk.
2.2. Specificity of the real-time PCR assay

To determine the specificity of the LightCycler Iiiene PCR assay, frozen stock
cultures of 3 different serotypes 8almonella entericand 7 norsalmonellastrains (Table
1.3) were transferred into BHI broth and incubated 20-22 h at 37°C with continuous
agitation (100 rpm) in incubator shaker (New BruitéwScientific). These overnight
bacterial cultures were subsequently subjected\td Bxtraction and real-time PCR assay.
2.3. Sensitivity of the real-time PCR assay withr@aultures

The sensitivity of the real-time PCR assay wasuwatad using pure cultures of three
serotypes ofSalmonella enteric§Table 1.3). Cells were grown overnight at 37°CBiAI
broth Ten-fold serial dilutions (2@ 1 CFU/mL) of pure cultures were prepared in Brefi

Peptone Water (BPW,; Difco, Becton Dickinson). Tdedaine cell numbers, appropriate
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diluted cultures were spread-plated on Xylose-Lgsiergitol-4 agar (XLT-4; Difco) in ten
replicate plates and incubated overnight at 379CdiAutions were then incubated at 37°C for
6, 8 and 16 h. After each pre-enrichment perio8, rhl-aliquot was collected from each
dilution into microcentrifuge tubes and subjecteddNA extraction and real-time PCR assay.
Reproducibility of the real-time PCR was assessgdumning samples independently on
different days.
2.4. Artificial contamination of milk

For the artificial inoculation procedure, ultra-hitemperature (UHT) sterilized whole
milk (3.6g fat) was purchased from a local supek®etand artificially inoculated witls.
entericaserotype Typhimurium DT104. The number of CFU watermined by plating 0.1-
mL aliquots of suitable 10-fold dilutions onto Xl4-agar plates in ten replicate and
incubating them at 37°C for 24 h. The dilutions evénen kept refrigerated at 4°C for 24 h.
When theSalmonellaadded to the milk, the estimated cell concentnatibthe inoculum was
determined for a second time. 25 ml samples of mwke inoculated with the following
estimated levels of contamination: 1 to 5, 10 tp&td 100 CFU/mL and then homogenized
in 225 ml of BPW by mixing. The mixtures were th&ubjected to real-time PCR detection
protocol and to MPN-real-time PCR quantificatiootocol.

2.4.1. Real-time PCR detection protocol®élmonellain inoculated milk

For the real-time PCR detection assay, the honaigerwere enriched in BPW for 6,
8, and 16 h at 37°C in order to determine the ssbenrichment time needed to detect the
lowest level of contamination. At each time poidt] aliquots of appropriate 10-fold serial
dilutions of each spiked preenrichment broth weyeead-plated on XLT-4 agar plates in
triplicates and incubated overnight at 37°C befarenting colonies and calculating CFU. In
addition, 1.5-mL aliquots of each spiked preenriehirbroth were collected and subjected to

DNA extraction for the real-time PCR assay. Theeskpent was also performed with bulk
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tank milk samples collected from a dairy farm antfieally contaminated after being
confirmedSalmonellanegative by both culture methods and real-time REsay.

2.4.2. The MPN-real-time PCR quantification protokco

MPN assays (ten-tube method) f8r entericaserotype Typhimurium DT104 were
performed according to the procedures describedarBacteriological Analytical Manual of
the U.S Food and Drug Administration (BAM/FDA) (Admstration, 2001). The tubes were
then incubated for 6, 8 and 16 h at 37°C in ordeoyitimize the incubation period for the
MPN-real-time PCR method. After each incubationiqeerl.5 mL of each enriched tube was
drawn and processed for DNA extraction. Immediatétgr DNA extraction, the MPN-real-
time PCR runs were carried out on DNA templategdtlpwing the procedures described in
the SYBR Green real-time PCR assay section. Frarathplification results the number of
positive and negative capillary tubes was scoretithe MPN calculations were made with a
computer-assisted spreadsheet (Garthright and Btod2p03). The spreadsheet can be found

website of the BAM \ww.cfsan.fda.gov/~ebam/bam-a2.hfmiThe repeatability of the

MPN-real-time PCR assay was determined by repeategsurements of the same sample.
The repeatability was estimated by computing theffment of variation of log MPN (CV%).
The CV was calculated as the mean divided the atdrikviation. If the CV values were less
than 20%, the repeatability was considered to begable.
2.5. DNA extraction procedures

DNA was extracted from both pure cultured straind preenriched cultures of milk
samples. Aliquot of enriched sample was transfetwesd microcentrifuge tube with a capacity
of 1.5 mL. The cell suspension was centrifugedlf@min at 12,000 g. The supernatant was
discarded carefully. The pellet was resuspended 0@ uL of sterile distilled water by
vortexing. The tube was centrifuged again at 12,§30r 10 min, and the supernatant was

dicarded carefully. The pellet was resuspended ageé in 10QuL of sterile distilled water
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by vortexingand boiled in a water bath for 10 min. After heatatment the cell debris was
pelleted by centrifugation at 12,000 g for 10 mirhe volume of the DNA containing
supernatant was estimated by pipetting to a newatentrifuge tube and varied from 40 to
60 pL, due to differences in removing the supernataming the different washing steps of
the DNA isolation method. The DNA stored at —20°ftiluthe real-time PCR assay was
performed. An aliquot of ZIL of the supernatant was used as the template DiNtAga real-
time PCR.

2.6. SYBR Green real- time PCR assay

To determine the optimal concentration of primansl SYBR Green real-time PCR
reactants and condition, preliminary tests werefopered using DNA extracted from
appropriate 10-fold serial dilutions 8almonellaHadar.

The Salmonellaspecific primers ST11 (5-AGCCAACCATTGCTAAATTGGCGC
3’) and ST15 (5'-GGTAGAAATTCCCAGCGGGTACTG-3) origally designed by Aabo et
al., 1993), and previously shown to be highly sfiedor Salmonella(Aabo et al., 1993;
Stefanoviova et al., 1998; Bansal et al., 2006) were pumtadsom Proligo and used to
amplify a 429-bp region.

Real-time PCR reactions were performed with a lGQylcter PCR System (Roche
Diagnostics) using the LightCycler FastStart DNA dtéa SYBR Green | Kit (Roche
Diagnostics). The PCR reaction mixture containedftilowing concentrations of reactants:
2 uL of LightCycler-Faststart DNA Master SYBR Gree(1LIX concentration), 4 mM MgGl|
0.4 uM of each primer, 21L of template DNA template and sterile PCR gradé&wto a total
volume of 20uL per capillary. Each LighCycler run contained omgative control consisting
of H,O without any DNA template to monitor for possildentamination. Mixing of the
reagents for the PCR was accomplished under larflovarin a clean room separate from the

one where DNA templates were prepared. Master maxé&und extracted DNA were placed
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into glass capillaries, sealed with a plastic acagntrifuged, (3000 rpm for 15 s) and placed
into the LightCycler™ carousel (Roche Diagnostic)e thermal cycling program for the
LightCycler™ has four phases: denaturation, angaltfon, melting and cooling. In the initial
denaturation phase the capillary is heated to 96f@0 min, followed by 40 to 45 cycles of
amplification phase of 10 s at 95°C, annealing¥ors at 66°C, and extension for 20 s at
72°C. Signal detection was performed at the endhef extension step with a single
fluorescence acquisition for each capillary. Thdtimg curve analysis phase began with 95°C
for O s, then cooled to 73°C for 30 s before thaperature was raised to 95°C at a rate of
0.1°C/s. Fluorescence acquisition was performedimaously during this phase. Finally, the
cooling phase lasted for one minute at 40°C. MgltamperatureTm) peaks were calculated
based on initial fluorescence curvésT) by plotting negative derivative of fluorescenaeo
temperature versus temperature AT versusT).
3. Results

3.1. Optimization of real-time PCR assay

The first step in developing a successful real-tlPER assay is to establish optimal
conditions of the real-time PCR parameters suchvg€l, and primer concentrations.
Therefore, preliminary tests were performed usingADextracted from appropriate 10-fold
serial dilutions ofSalmonellaHadar (see Appendix F). By following the optimipeati
procedures recommended by the manufacturer (RoablecMlar Biochemicals, Technical
Note No. LC 9/2000), we achieved the optimal cdodg described in SYBR Green real-time
PCR assay section of this paper.
3.2. Specificity of real-time PCR primers

PCR primers ST11 and ST15 were found to resulpetiic amplification products
with all the serotypes dbalmonellatested. As expected, no amplification was obseiwed

any of the norSalmonellaspecies, including strains in the family Bhterobacteriaceae
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closely related t&@almonella such as. coli, C. freundii K. pneumoniaeand Shigellaspp.
(Table 1.3). No amplification was observed in tlegative control, eliminating the possibility
of false-positive results due to potential crosstamination. Table 1.3 shows the T@g
(Threshold PCR cycle) anf, (Melting temperature) values from the SYBR Greeeal-time
PCR analysis. Specificity was assessed byTtigeof the amplification products immediately
after the reaction cycle. This amplification reedltin product with al, of 87.2 + 0.5°C.
Negative controls and samples confirmed negativé Kot show peaks inl, that
corresponded to 87.2 £ 0.5°C. Figure 1.3 showsribling peaks analysis of the amplified
products in real-time PCR for positivé.(Enteritidis, SHadar andS. entericaserotype
Typhimurium DT104) and representative negatikscherichiacoli, Enterobacter cloacae
Citrobacter freundiiandKlebsiella pneumonige
3.3. Detection limits in pure cultures

The study was performed on three individ@almonellastrains listed in Table 1.3.
Using our described real-time PCR assgath an 8 h pre-enrichment step in BPW, it was
possible to detect as few as 1 CFU/mL p8edmonellacultures. Experiments were carried
out three times and good reproducibility was obseridata not shown).
3.4. Detection of Salmonella from artificially coaminated milk samples

Milk samples inoculated withS. enterica serotype Typhimurium DT104 at the
estimated levels of contamination (1-5, 10-20, TRU/mL) gave negative results witout
enrichment, whereas the real-time PCR assay ddtdwebacteria in milk samples even at the
lowest levels of contamination after enrichment.eWlspiked milk samples were enriched in
BPW for 6 h an inoculum level of 10 and 100 CFU/m&s detected. When the inoculation
levels were 1 CFU/mL, 8 or 16 h of enrichment wasassary to identifthem. The relative
detection limits of the real-time PCR assay f®fyphimurium DT104 in artificially

contaminated milk samples were consistent witheahafsartificially contaminated bulk tank
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milk samples. These results suggest that at [€4<ERU/mI in enrichment broth (Table 2.3)
must be present to give a positive result by thétisne PCR.
3.5. Confirmation of real-time PCR products by DNAelting temperature analysis

In the SYBR Green | real-time PCR, the amplifioatof the DNA target is expressed
as a threshold cycl€(). TheCyrrepresents the number of reaction cycle at whiehréporter
fluorescence raises above a set baseline threstiodtdindicates that the DNA amplicon is
replicating exponentially. Immediately following aiification, the products were melted, and
the release of fluorescence dye measured to gensgralting curves from whici,, was
calculated T, is dependent upon the length of the amplified D& well as the G/C content
of the sequence (Bhagwat, 2003). As Theis reached, the DNA denatures and releases
SYBR Green |, causing a sharp decline in fluoreseedhis decrease in fluorescence is
plotted as the negative derivative of fluorescenger temperature versus temperature (-
d(F)/dT versusT) giving a melting peak andi,, for each PCR product. In our results the
average real-time PCR, value (mean plus standard deviation from a rari@to10 assays)
of the specific products was 87.6°C (x 0.4). TherageT, of the primer-dimers was
substantially different and was 79.7°C (+ 0.2). ThghtCycler" is capable of differentiating
two PCR products whosg&,’s differ by 2 °C or less (Ririe et al., 1997). Bjweat (2003)
reported that primer-dimers which are typically séoin length usually melt at a much lower
Tnthan the intended product and are therefore eadistmguish whereas secondary or non-
specific products can be of varying lengths andisages and therefore have a large range of
possible melting temperatures.
3.6. Enumeration of Salmonella in artificially comtminated milk samples

For artificially contaminated milk samples, a pretehment time of 8 h in BPW was
found optimal to obtain MPN-real-time PCR estimabtdsse to the contamination levels

(Table 3.3). With the developed MPN-real-time PC#day it was possible to enumerate
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approximately 1-5 CFUalmonellaper ml of milk within 11-12 h, which included ani8
enrichment and 3-4 h period to carry out the sampmearation and real-time PCR assay. The
MPN-real-time PCR estimates correspond well to éséimated level of contamination
inoculated into the samples. Clear positive peaksewobserved in most positive tubes
originating from milk samples inoculated with 108dal0-20 cells per ml of milk (Fig. 2.3,
A, B), while in the case of the samples inoculatgth low levels 1-5 cells per ml of milk,
weak fluorescence peaks were observed (Fig. 2.3,T6¢ MPN-real-time PCR assay
demonstrated acceptable repeatability with a odefit of variation> 3.5% for inoculum
levels of 100 and 10-20 CFU/mI; but larger variatibeing observed in samples with
inoculum level of 1-5 CFU/mI (Table 4.3). Arguabljis was because of the low level of
inoculum.
4. Discussion

Dairy cattle and their environment harbor pathogdrst pose a potential human
health hazard. Unpasteurized milk and dairy prazlatade from raw milk serve as vehicles
for the transmission of pathogenic bacteria ingigdbalmonellafrom cattle to humans.
Outbreak investigations and volunteer studies hehvawvn that very low doses of certain
Salmonellastrains can cause disease in a significant prigooof the consumers (Hedberg et
al., 1992). It has, therefore, become increasimgigortant to develop rapid and sensitive
methods not only for the detection but also for theantification of low numbers of
Salmonellacells in foods including milk. In risk assessmemvestigation, enumeration rather
than presence/absence is important to estimatath®f human exposure.

The major aim of the present study was to develgensitive, rapid, and reliable
MPN-real-time PCR based method for the quantiftcatiof Salmonellain artificially
contaminated milk. This is, to our knowledge, fingt report on quantification ddalmonella

in inoculated milk samples by the MPN method coradinvith LightCycler real-time PCR.
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The major advantage of the LightCycler real-timeRP&ssay is that it is easy to perform and
has been shown to save time and effort. In thiglystwe have shown that with little
optimisation steps of PCR conditions, the simpld Ess expensive option of SYBR Green
can be used as an effective alternative. Recemthyymber of SYBR Greehreal-time PCR
assays for detection dbalmonellafrom different types of samples have been reported
(Jothikumar et al., 2003; Medici et al., 2003; Bvay, 2004; Wang et al., 2004; Mercgho

et al., 2005; Nam et al., 2005).

The primer set of ST11 and ST15, originally des@yby (Aabo et al, 1993), is highly
specific forSalmonellaspecies (Stefanosova et al., 1998), and widely used in conventional
PCR for the specific detection &almonellaspp. in foods (Gouws et al., 1998; Li and
Mustapha, 2002; Croci et al., 2004; Bansal et24l06). In the present study, testing of the
specificity of this primer set to sever8kalmonellastrains and strains belonging to other
common foodborne bacterial genera also confirmedsgiecificity of these primers with real-
time PCR. All Salmonellastrains yielded positive products and all r®almonellastrains

were negative.

In our study,Salmonellacould not be detected in inoculated milk samplasmwDNA
was extracted directly and without enrichment (€ahB). Previously reported studies (Fleet,
(1999; Waltman, 2000; Liming and Bhagwat, 2004)gased the use of preenrichment step
prior to DNA extraction methods to improve the @#te of low numbers oSalmonellain
food, to overcome the problems of certain inhilstpresent in food including milk and to
allow the proliferation ofSalmonella while reducing or diluting out noSalmonella

organisms that might interfere in the PCR assay.
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. Therefore, we carried out one step enrichmemRiV prior to DNA extraction. In
our study, the preenrichment of artificially inoatdd milk samples in BPW provided enough
bacteria for DNA extraction, thus making it poseiblo detect the lowest level of
contamination. Various authors (Kwang et al., 1986oci et al., 2004; Mercagtu et al.,
2005) reported the use of such a pre-enrichmeptmster to the PCR assays, especially when

small numbers oBalmonellacells are thought to be present in the sample.

In the present study, experiments carried out tficzally contaminated milk samples
showed that real-time PCR could detect as few a<CFU/mL of Salmonellacontaminated
milk samples after 8 h of pre-enrichment. Theselltesagree with the work of Lin et al.
(2004) and Mercarighu et al. (2005) for the detection &almonellain inoculated chicken
meat andn spiked pasteurized milk, respectively. Howeymrblished literatures describing
real-time PCR-based detection $&lmonellafrom either spiked or naturally contaminated
foods have claimed detection limits ranging fromtolless than TOCFU/g or ml after
enrichment at different times ranging from 6 h temight incubation (Eyigor et al., 2002;
Medici et al., 2003; Bhagwat., 2004; Wang et 80042 Mercanglu et al., 2005; Nam et al.,
2005).

In the present study, we used artificially conteaéa milk. It has previously been
shown that certain inhibitors present in milk materfere with PCR when bacteria are grown
in milk (Khan et al., 1998). In our results, the RNxtraction procedures based on a simple
boiling method gave optimal results and no inhdmitwas seen in inoculated milk samples.
As a simple, but widely used method, boiling caadily lyse cell suspensions of Gram-
negative bacteria and achieve the same efficieamtleer template preparation protocols and
commercial kits (Meng et al., 1996; Lampel et 2000). In addition, studies have shown that

sufficient amounts of DNA can be obtained by bglivacterial cells for 10-15 min (Stewart
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et al., 1998). While our work and the work of Madat al. 2003 have supported these
findings, others (Li and Mustapha, 2002) reporthdt tboiling alone could not recover
satisfactory template DNA for the PCR assay whepliegh for the detection abalmonella
Typhimurium in ground chicken but not for groundefhendicating that the differences in
composition of food samples might influence thdacedhcy of DNA template preparation
methods. Based on our results it became obvioudtikng provides a fast and efficient way

of extracting DNA that can be used in PCR assayassim well equipped laboratories.

In this work, the potential of MPN-real-time PCR timed for the quantification of
Salmonellaspp. from artificially contaminated milk was invigsited and resulted in MPN
counts that corresponded well to the estimatedl leff&eontamination inoculated into the
samples. Generally, the MPN-real-time PCR tendedgit®@ higher estimates than the
inoculum level. However, the inoculum level estiggafell well within the 95% confidence
limits of the MPN estimates while remaining lowbah MPN-real-time PCR results. These
results are supported by the findings of (Mantyeeml., 1997). In their results they found
that MPN-PCR tended to give higher estimates thate gounting which was probably due to
DNA from dead and stressed cells, which were né¢ &t form colonies. Josephson et al.
(1993) reported that PCR reaction does not diffeaesnthe DNA from viable or non-viable

organisms.

As the post-PCR melting curve analysis of the afmepliproduct was performed, it
was very important to establish whether the le¥etantamination has an influence on the
position of the melting peak at 87.6°C (x 0.4°C}% éan be seen in Fig 2 A, B, and C, the
significant peak at 87.6 (£ 0.4°C) remains unatteae the different levels of contamination

even though a variety of lesser peaks are eviddower levels of contamination, presumably
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as a result of the amount of accumulated produ¥la@ony and Colin (2002) have also
indicated that the height of the peaks variesikadbt to the amount of accumulated product.
Generally, using the protocol described here, featisry peak heights were produced using a
40-cycle real-time-PCR.

In conclusion, the MPN-real-time PCR assay provedoé¢ a rapid and a highly
sensitive test for detecting and quantifying lowels of Salmonella in artificially
contaminated milk samples. This assay yields smant labor and time savings since the
quantification ofSalmonellaspp. can be completed within 12 h which includeg-fa non-
selective pre-enrichment step and 4 h to carnftleeitsample preparation and real-time PCR
assay as opposed to the classical methods, wigclireeat least 5 days of work. On the basis
of these results, further applications and modifices of the assay described in this study are
being investigated in our laboratory, including phaential to detect and quantify pathogens

in other food matrices both artificially and natly@ontaminated.
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Table 1.3Strains used in this study

Species Source Strain no. SYBR Green | real-time PCR

Cit T.= 87.2+ 0.5°C

Other strains

Escherichia coli Hospital 49 _
33.82
Klebsiella pneumoniae Hospital 84 _
> 36
Enterobacter cloacae Hospital 59 _
> 36
Shigella sonnei Hospital 65 _
> 36
Yersinia spp. Hospital 81 _
32.06
Citrobacter freundinol Hospital 55 _
31.07
Citrobacter freundino2 Bovine/kidney 4525.04 _
31.77
S. entericaserotype
S Hadar Steak/Cordon-bleti  TQA 042 11.72 +
S Enteritidis Bovine/feces 9211.02 12.24 +
STyphimurium DT104 Avian 13887.03 11.94 +

'Cr=Threshold PCR cycle is defined as the cycle at whisignificant increase in the
fluorescence is first recorded.

“The presence of PCR product (+) indicates an aioatién of specific product.

3Cordon-bleu = specific turkey product.
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Table 2.3Real-time PCR and bacterial countsSafimonella entericaerotype Typhimurium DT2104 in artificially contamaited bulk tank milk

samples after each period of pre-enrichment in BPW

Incubation time (h)

0 6 8 16
Inoculation level PCR Bacterial count PCR Bacterial count PCR Bacteoaint PCR Bacterial count
(CFU/ml)
_ _ N/CP
1-5 6.6 4 (+4.3)x10° + 2.9 (+1.3)x18 +
10-20 - 20 " 9.4 (+ 3.4)x16 . 1.4 (+.38)x16 ; N/C
100-200 - 280 " 1.8 (+.43)x16 . 9 (+.8.7)x16 ; N/C

2PCR = (+) presence of amplification product, (-3@tce of amplification product
PN/C = not-countable

¢ Standard deviation
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Table 3.3Enumeration ofSalmonella entericaerotype Typhimurium DT104 in artificially
contaminated milk samples using MPN-real-time PC&hwmd after 8 h pre-enrichment in
BPW (contamination level CFU/mL)

Sample  Contaminated level Estimated level MPN MPN confidence limits

Theoretical by Plating estimates (low/high)

1 1-5 2 5.9 24-145

2 1-5 3 5.9 24-45

3 1-5 1 3.1 1.0-9.8

4 10-20 12 14.7 7.2-29.9

5 10-20 9 12.7 6.0 - 26.7

6 10-20 12 19.2 9.5-39.1

7 100 128 239.7 110.1- 523.2

8 100 103 135.8 68.0-71.5

9 100 85 101.2 46.8 — 218
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Table 4.3 Repeatability of MPN-real-time PCR quantificaticmssays of artificially

contaminated milk samples

Inoculation Runs MPN estimate MPN confidence limits CV%
level (ml) (MPN/mL) (low/high)
1-5 1 0.94 0.1-6.7
2 3.15 1-9.8 96
3 4.47 1.7-12
1 23.12 10.7 - 49.8
10-20 2 19.29 9.5-39.2 3.5
3 23.12 10.7 - 49.8
1 101.22 46.9 - 218.1
100 2 129.55 68.3 - 246.1 3.1
3 101.22 46.9 - 218.5
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Figure 1.3 Melting curve analysis of amplified PCR productsngsST11 and ST15 primers
for Salmonellaenterica serotypes:S. Typhimurium DT104 ¢); S. Hadar @); and S.
Enteritidis (A); and nonSalmonellastrains:Escherichia coliA); Enterobacter cloacde);
Klebsiella pneumonide); Citrobacter freundiino® (¢);Citrobacter freundiind® (¢); and

water(negative control (x)
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Figure 2.3A MPN-real-time-PCR analysis of milk inoculated wiSalmonella enterica
serotype Typhimurium DT104. DNA extracted from kndamples after 8h non-selective
enrichment in BPW: (A) Inoculum level of 100 CFU/mL
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Figure 2.3B MPN-real-time-PCR analysis of milk inoculated wialmonella enterica
serotype Typhimurium DT104. DNA extracted from kndamples after 8h non-selective
enrichment in BPW: (B) Inoculum level of 10-20 Clrtl/
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Figure 2.3C MPN-real-time-PCR analysis of milk inoculated wiSalmonella enterica
serotype Typhimurium DT104. DNA extracted from kndamples after 8h non-selective
enrichment in BPW: (C) Inoculum level of 1-5 CFU/mL
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Chaptre 4. Application of MPN-Real-Time PCR Assay 6r Quantification of Salmonella

in Bulk Tank Milk Samples
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Abstract

Consumption of raw milk and raw milk products haem involved inSalmonella
outbreaks. The importance $almonellaenumeration technique has been enormously needed
to collect quantitative data for risk assessment previous study, we reported a MPN-real-
time PCR assay for the enumerationSaimonellain artificially contaminated milk samples
which allowed the detection and enumeration of inaculum levels (1-5 CFU/mL). In this
study, we applied it to naturally contaminated bialikk milk samples collected from selected
dairy farms located in western France. Eight (2.58%299 bulk tank milk samples were
found positive, with estimated MPN ranging from 8779.2SalmonellahL of milk sample.
Despite certain inhibition problems, the study dastmted that the combination of real-time
PCR assay with MPN were sensitive, rapid and eagpetform method for quantifying low

levels ofSalmonellan bulk tank milk samples.

Key words: SalmonellaMPN-real-time PCR, quantification, milk
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Résumeé
La consommation de lait cru ou dedpits au lait cru a été mise en cause dans des
épidémies de salmonellose. Le dénombremenSalenonellaest requis pour collecter les
données indispensables a une appréciation quarditii risque. Nous avons antérieurement
mis au point une technique de dénombrementSdémonelladans le lait contaminé
artificiellement, utilisant une combinaison NPP rtriwe le plus probable) et PCR en temps
réel, capable de détecter et de dénombrer 1-5 ufddans le présent travail, nous appliquons
cette technique a des prélévements de laits deefprovenant de I'Ouest de la France. Huit
(2,68%) des 299 laits testés se révelent poditiispmbre le plus probable allant de 3,7 a 79,2
SalmonlldmL. Ces résultats montrent que la technique NPR-BR temps réel constitue un
moyen efficace, rapide et facile & mettre en cepore quantifier de faibles concentrations de

Salmonelladans des échantillons de lait de tank de ferme.

Mots clefs: SalmonellaNPP-PCR temps réel, quantification, lait
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1. Introduction
Salmonellaremains the leading cause of human foodborne skseamany countries
(D’Aoust et al., 2000; WHO, 2002; Patrick et al002). In France, the number of foodborne
infections, hospitalizations, and deaths are eséichitom multiple data sources. For example,
information from French surveillance systems arfteosources of morbidity and mortality
due to foodborne infectious diseases in the lasadte of the 20 century, ranke®almonella

as the most frequent cause of morbidity and maoyt@¥aillant et al., 2005).

RecentSalmonellaoutbreaks in France, USA and other industrializedntries linked
to consumption of milk and milk products made frbaoth pasteurized and raw milk (Cody et
al., 1999; Haeghebaert et al., 2003; Mazurek eR@D4), together with the well documented
low human infectious dose of milkbor&almonella(D’Aoust, 1989), increased public health
concerns on the safety of these products. Thereifaceeasing emphasis has been placed on
addressingalmonellain raw milk products, including the developmentaofuantitative risk

assessment of the milkborne infection by this bacte

Salmonellaare frequently isolated from dairy cattle and freamious locations within
dairy farm environments (Davison et al., 2005; Fsst al., 2005; Lailler et al., 2005) and
the contamination of bulk tank milk occurs eitheat faecal contamination of the udder or
milk equipments (Van Kessel et al., 2004) or, mmarelyvia intramammary secretion (Radke
et al., 2002). Several surveys in Europe, Canada ESA have demonstrated the
contamination of bulk tank milk bypalmonella(Steele et al., 1997; Hassan et al., 2000;
Jayarao and Henning 2001; Murinda et al., 2002ln Kassel et al., 2004; Karns et al.,

2005). The incidence of report&hlmonellamilk contamination ranged from 0.17% (Steele
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et al., 1997) to 11.8% (Karns et al., 2005). Howgdata on the levels of contamination is

lacking.

At present, the “gold standard” for the detectioh ®almonellain foods is
conventional culture methods. These methods areerghy labor and time-consuming
processes, requiring a minimum of 4-6 days (Andeewal., 2003). Culture methods have also
been reported to show poor sensitivity for low-legentamination in samples (D’Aoust,
1992). To speed up the detection process, polymefzsn reaction (PCR) and more recently
real-time PCR assays have been developed for ttectme of salmonellae or specific
serotypes in a variety of foods (Ferretti et abD®2, Bhagwat, 2004; Liming and Bhawat,
2004). Real-time PCR method for the detectiosalimonellain raw milk has been reported
(Van Kessel et al., 2003; Karns et al., 2005). €hssdies have suggested that commercially
available real-time PCR assays proved to be udefuhe detection oSalmonellain bulk
tank milk samples when combined with an enrichnstep. These PCR assays were able to
detect the presence 8almonellaeven in samples that did not yield positive c@surThus, it
seems that the use of a real-time PCR assayseafiechment provides a rapid, accurate, and

sensitive method for surveying the presenc8almonellan bulk tank milk.

Generally, the most-probable-number (MPN) methauliges statistical estimates of
viable cell concentrations but is limited by somellvknown drawbacks. These include the
large volume of glassware that is required, whigleastly in terms of both time and labor,
and the inability to detect nonviable cells and ldk of opportunity to observe the colonial
morphology of the organisms (Seo et al., 2006)aAslternative, researchers have proposed
the use of the real-time PCR assay for the ideatibn and enumeration &almonella

(Nogva et al., 1999; Piknova et al., 2005; Seolet2806). This approach is an attractive
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alternative to the culture-based systems for ttantfication of foodborne pathogens because
the results are generated much faster, more speaifid because nonculturable but active
agents can be quantified. Unfortunately, amplifaratefficiencies of these quantification
assays can be difficult to ensure and their suitplior exact quantification of initial amount

of target DNA has therefore been questioned (Kletlka., 2004).

In a previous study (Chapter 4), we overcome thatditions of each method by
developing a mixed approach, combining both meth@ds developed MPN-real-time PCR
method for the quantification &almonellan inoculated milk samples proved to be rapid and
reliable. In the light of these results, the ohjexs of the current study, therefore, were (1) the
use of LightCycler real-time PCR assay to defaiimonellain naturally contaminated bulk
tank milk samples collected from dairy herds angt@ quantify Salmonellain positive-raw

milk samples by the developed MPN-real-time PCRuass

2. Materials and methods
2.1. Dairy herds

A total of 299 milk samples were aseptically cadiéet from bulk tank dairy farms
located in western France. Collection of milk sagsplvas done during routine visits to farms
by the departmental veterinary laboratories (LVDsoratoires vétérinaires départementaux)
for epidemiological monitoring of bacterial strainscluding Salmonella The collection of
milk from these dairy farms is intended for chessaking since milk producers are coming
from a geographical area protected by the FrendbelLaf Origin (Appellation d’Origine
Contréléee, AOC) and they are selected based orsdih@ary of their milk. All samples
collected for our study were stored at 4°C and thransported with cold packs to our

laboratory and analyzed within 24 h of collection.
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2.2. Detection of Salmonella by LightCycler reairte PCR

For bulk tank milk samples, 5 mL of each milk saegpvas added to 45 mL BPW
(Difco). After being thoroughly mixed, the mixturesere pre-enriched for 18 h at 37°C. 1.5-
mL samples of each pre-enrichment broth were deltband subjected to DNA extraction for
the real-time PCR assay as described below. Thaingmy quantities of raw milk samples
were stored at 4°C to be used for quantificatioatquool in case ofSalmonellapositive

results.

2.3. Enumeration of Salmonella by MPN-real-time PCR

Milk samples that testeBalmonellapositive with the real-time PCR detection assay
were subjected to enumeration assay with MPN-ig@d-tPCR and to isolation of
presumptive Salmonella colonies using conventional culture methods. 25 ofLeach
Salmonellapositive milk samples were homogenized in 225 nilBBW by mixing. MPN
assays (five-tube method) were performed accordmgthe procedures described in
Bacteriological Analytical Manual of the U.S FooddaDrug Administration (BAM/FDA)
(Administration, 2001). The tubes were then incaldaat 37°C for 8 h (optimal incubation
time determined by MPN real-time PCR assay of iarify contaminated milk samples).
After incubation period, 1.5 mL of each enrichebeuvas drawn and processed for DNA
extraction. The MPN-real-time PCR runs were caroetl on DNA templates by following
the procedures described in SYBR Green real-timé&k ROnditions section. From the
amplification results the number of positive andjateve capillary tubes was scored and the
MPN calculations were made with a computer-assistedpreadsheet

www.cfsan.fda.gov/~ebam/bam-a2.htrfGarthright and Blodgett, 2003). All DNA template

were stored at -20°C for further use.
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2.4. DNA extraction

For PCR analysis, aliquot of enriched milk sampleaswtransferred to a
microcentrifuge tube with a capacity of 1.5 mL. Tdel suspension was centrifuged for 10
min at 12,000 g. The supernatant was discardedfutlyr The pellet was resuspended in 100
uL of sterile distilled water by vortexing. The tulaas centrifuged again at 12,000 g for 10
min, and the supernatant was discarded carefulg. gellet was resuspended once again in
100 uL of sterile distilled water by vortexingnd boiled in a water bath for 10 min. After
heat treatment the cell debris was pelleted byrifegation at 12,000 g for 10 min. The
volume of the DNA containing supernatant was edichaby pipetting to a new
microcentrifuge tube and varied from 40 to @0 due to differences in removing the
supernatant during the different washing stepsi@fQNA isolation method. The DNA stored
at —20°C until the real-time PCR assay was perfdrma aliquot of 2uL of the supernatant
was used as the template DNA in the real-time PCR.

The supernatant was carefully transferred to a meigrocentrifuge tube and
immediately tested by LighCycler real-time PCRul2 of the supernatant was used as the
template DNA in the real-time PCR. The rest of DifMplates were stored at —20 °C in case

they are needed.

2.5. LightCycler real-time PCR assay

Salmonellaspecific primers ST11 (5-AGCCAACCATTGCTAAATTGGCGE3I)
and ST15 (5-GGTAGAAATTCCCAGCGGGTACTG-3' Aabo et.al1993) previously
shown to be highy specific faBalmonella(Aabo et al., 1993; Bansal et al., 2006) were
purchased from Proligo and used to amplify a 423dgpon specific to alBalmonellaspp.
The Real-time PCR reactions were performed withightCycler PCR System (Roche

Diagnostics) using the LightCycler FastStart DNA d#a SYBR Green | Kit (Cat. No.
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2 239 264 Roche Applied Science, Meyla, Francekg Téaction contained the following
concentrations of reactants:u2 of LightCycler-Faststart DNA Master SYBR Greef(ll X
concentration), 4 mM MgGJ 0.4uM of each primer, 1L of DNA template, and sterile PCR
grade water to atotal volum of 3@ per capillary. Each LightCycler run contained one
negative control consisting of .8 without any DNA template to monitor for possible
contamination and one positive contr8l Typhimurium DT104; AFSSA 13887.03). Mixing
of the reagents for the PCR was accomplished ulad@nar flow in a clean room separate
from the one where DNA templates were prepared.tdfasixture and extracted DNA were
placed into glass capillaries, sealed with a ptasaip, centrifuged, (3000 g for 15 sec.) and
placed into the LightCycler™ carousel (Roche Diajims). The thermal cycling program for
the LightCycler™ has four phases: denaturation, ldicgtion, melting and cooling. In the
initial denaturation phase the capillary is hea@®5 °C for 10 min, followed by 40 to 45
cycles of amplification phase of 10 s at 95 °C,emtimg for 10 s at 66 °C, and extension for
20 s at 72 °C. Signal detection was performed extetid of the extension step with a single
fluorescence acquisition for each capillary. Thdtimg curve analysis phase began with 95
°C for 0 s, then cooled to 73°C for 30 s beforetdmperature was raised to 95 °C at a rate of
0.1 °C/s. Fluorescence acquisition was perfornmedicuously during this phase. Finally, the
cooling phase lasted for one minute at 40°C. Mgltemperaturelfn) peaks were calculated
based on initial fluorescence curvésT) by plotting negative derivative of fluorescenaeio

temperature versus temperature B)ddT versusr).

2.6. Isolation of positive colonies from raw millasiples.
For isolation of presumptiv€almonellacolonies from PCR-positive milk samples,
our procedures inspired by two methods AFNOR amthé¢hr Agency for Standardization (NF

U 47 100-101 Feb. 2005). 0.1 mL of non-selectivegmrichment mixture was transferred to
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10 mL of Rappaport-Vassiliadis (RV) medium and &aeot0.1 mL to 10 mL of Mueller-
Kauffman tetrathionate brotAESLaboratoire, France). RV selective enrichment vasied
out for 22-24 h at 42°C, and Muller-Kauffmann tétranate broth was incubated for 22-24 h
at 37°C. Both selective enrichment broths wereakird onto XLT-4 agar plates and xylose
lysine deoxycholate (XLD) agar plates. Plates wiben incubated for 22-24 h at 37°C. If
growth was slight or if no typical colonies wereufm, the plates were reincubated for a
further 24 h at 37°C.
3. Results

After 18 h of enrichment, eight (2.68%) outtbe 299bulk tank milk samples were
found positive foiSalmonellausing SYBR Green | real-time PCR.

Few milk samples showed inhibitors and requiredher dilution of the extracted
DNA to bypass the inhibitory effect. Among the 298k samples tested, 29 (9.6%) showed
inhibitory reaction when tested in LightCycler-réiahe PCR (i.e flat fluorescent curves)
(data not shown). However, all of the inhibitoryeets observed were overcome after 10-fold

dilution of the extracted DNA.

SalmonellaPCR products were identified by melting curve gsial and a distinct
melting point T, of about 87°C was observed f8almonellapositive. Samples confirmed

negative did not show peaksTp that corresponded to 87°C.

The real-time PCR positive samples were furthetyaed with the traditional cultural

methods while the negative ones were discardede Nddrithe eight real-time PCR positive

samples did yield positive cultures.
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The MPN real-time PCR assay enabled the enumeratiSalmonellgper mL in bulk
tank milk positive samples that ranged from 3.79@® (Tablel.4).

Table 1.4 Quantification estimates @almonellain bulk tank milk samples obtained with
MPN-real-time PCR assay after 8 h pre-enrichmeBiRiV

Sample MPNenumeration LogMPN/mL MPN confidence limits
MPN/mL
1 3.7 0.56 0.92-14.7
2 4.5 0.65 1.1-18.1
3 69.9 1.84 23.2-211.5
4 7.8 0.89 2.4-24.8
5 17.0 1.2 7.9-36.5
6 6.1 0.78 1.9-19.1
7 16.9 1.2 6.5-44.1
8 79.2 1.9 25.4-274.7

4. Discussion

In our previous work (chapter 3), a MPN-real-timéRPassay was successfully used
for the detection and quantification &almonellacells in artificially contaminated milk.
Therefore, the aim of the present study was touatalthis assay for eumeratiSglmonella
in naturally contaminated bulk tank raw milk, withihe aim to use the obtained results for
the development of quantitative risk assessmentSalimonella contamination of milk
products.

When the real-time PCR assay was used to exar@dé@k tank milk samples taken
from selected dairy herds located in the west @inEe, it indicated that 2.68% (8 of 299)
were contaminated b$almonella which is within the range of prevalence ratesortga in

the literature. This level of contamination is igreement with another French study
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(Desmasures et al., 1997), which showed the pregalefSalmonellan bulk tank milk to be
2.9%. However, previously reported surveys of kalkk milk in Europe, United States and
Canada have shown large variations in the prevalefiSalmonellan raw milk ranging from
0.17% to 12.6% (Rohrbach et al., 1992; Steel et1807; Hassan et al., 2000; Karns et al.,
2005). The large variations in levels of bulk t&@&monellacontamination observed in these
studies have been attributed to several factorl agcvariations in sampling and detection
techniques, seasonal differences, herd size, geloigrarea, hygiene, and farm management
practices. These reported findings clearly sug§estnonellado occur in bulk tank milk and
may pose a health hazard if raw milk or raw milkgarcts are consumed.

While the DNA extraction procedure based on a sinfqdiling method gave optimal
results and no inhibition was seen in inoculatelt samplegChapter 3), the method resulted
in PCR inhibition in few naturally contaminated kngamples. Therefore, DNAs of these
inhibited pre-enriched milk samples had to be diut:10 and PCR inhibitors were bypassed
in all cases. Other literature reported similaruliss with other extraction preparation
protocols and commercial kits (Meng et al., 199&miple et al., 2000; Liming and Bhagwat,
2004). In general, as a simple, but widely usedhoekt boiling method provides a fast and
efficiency way of extracting DNA that can be usedRCR assays in less well equipped
laboratories. However, extraction procedures havdodé improved to isolate DNA from
naturally contaminated milk samples, and the irgkeamplification control must be included
when a PCR-based method is used in routine andtyslstect false-negative results due the
the presence of PCR-inhibiting substances

Although the traditional culture method remains thecepted procedure for
confirming the presence @almonellain food because this method allows isolation and
culturing of salmonellae, the real-time PCR assagubstantially faster and usually more

sensitive than the standard culture procedure. dditian, real-time PCR assay can be

118



combined with subculture of enrichment broths frBRR-positive samples for the isolation
of the pathogen, which is of great benefit to tbedf industry and to regulatory or public
health authorities engaged in food safety and taragement of salmonellosis. The real-time
PCR assay of bulk tank milk samples performed is #tudy suggested that more milk
samples contained detectal8almonellathan previously reported in unpublished industry
data in 2000-2002 from the same region; in whicliuce methods indicated only 0.3%
prevalence rate. In our study, the detectionSafmonellain 2.6% of the samples tested
indicates that the degree of prevalence of theqgggth in raw milk in Western France is
higher than previously believed. Others have aksported more positive results when
analysing enrichments of different food commoditiesluding milk by real-time PCR than
by the traditional cultural methods. For examplan\Kessel et al. (2003) reported the use of
a real-time PCR for the detection &lmonellain raw milk samples. The method yielded
16.5% more positive samples than the culture tegles. Karns et al. (2005) detected
Salmonellain 11.8% of the samples using the real-time PCsaygswhereas conventional
culture methods detected the pathogen in only 226%e same samples (Van Kessel et al.,
2004). Hein et al. (2005) tested bovine and capmaterally contaminated raw milk samples
for the presence ddtaphylococcus aureughe real-time PCR method yielded 19.3% more
positive samples than plate count method. Therefidbr@appears that the real-time PCR
method is more sensitive and faster than traditicodure techniques for the detection of
Salmonellan bulk tank milk.

Identification of isolates is of particular impantae for epidemiological data and
public health authorities. PCR procedure, on therohand, can be used only as a screening
tool because it indicates only presence or absehtige pathogen. In our studgalmonella
were not isolated by cultural procedures from tlghtereal-time PCRSalmonellapositive

milk samples. This finding might not be surprisibgcause for a variety of reasons including
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the relatively low number of real-time PCR positsemples in this study. Moreover, in all
cases the number &almonellain the original milk samples was relatively low pla 1).
Conventional cultural procedures will not alwaysedé small numbers @almonellacells in
certain food samples. Bansel et al. (2006) repostede factors that can influence recovery
rates including sensitivity of the methods, thecepsibility of Salmonellastrains to inhibitors
in the food or media, and overgrowth by competitusing incubation. Karns et al. (2005)
mentioned many reasons wi8almonellawere not isolated from PCR positive raw milk
samples; bulk tank milk can contain many other nigras that may compete wigalmonella

in the enrichment broth; the presence of otherrosgas on the XLT4 selective agar plates
may interfere with the production of,8 by Salmonella H,S production is required for the
formation of the black colour iBalmonellecolonies.

A data gap that is routinely identified in quartiita risk assessment is the lack of
enumeration data of pathogens contaminated foodderf@an and Marks, 1999). The
application of MPN method combined with LightCycleeal-time PCR to quantify
Salmonellain raw milk proved to be rapid and highly sengtiand small numbers of
Salmonellacould be found in bulk tank milk samples. Thisagsgields significant labor and
time savings since the quantification@®dimonellabe completed within 12 h which included
a 8-h non-selective enrichment step and 4 h to/@aut the sample preparation and real-time
PCR assay as opposed to the classical methodd) vagjaire at least 5 days of work.
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Abstract

The growth of twoSalmonellastrains;S. Typhimurium andS. Montevideo in milk
incubated at constant temperatures (9, 15, 2538037, 40, and 43°C) was investigated and
modelled. Growth curves at each temperature wete firimary model, namely the logistic-
with-delay model to determine specific growth rated lag time. The model fitted growth
data well while measurers of goodness-of-fit shoveedigh pseudo-R (> 0.99) at all
temperatures. The effect of temperature on the mmaxi growth rate was described by
cardinal model and thpseudo-R values for this secondary model were 0.98 and €87
SalmonellaTyphimurium andSalmonellaMontevideo, respectively. The estimated cardinal
temperatures foBalmonella Tmin , Topr and Tmax by means of nonlinear regression were in

accordance with data from published literature.

Keywords: Predictive microbiologySalmonella Temperature effect, growth rate
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Résumeé

La croissance de deux souchessaémonellal'yphimurium etSalmonellaMontevideo
dans le lait incubé a température constante (928,530, 35, 37, 40, et 43°C) a été mesurée et
modélisée. Le modele primaire utilisé pour ajusgercourbes de croissance et déterminer la
latence et le taux de croissance spécifique etamddele logistique-avec-délai. La valeur
élevée du parametre d'ajustemestudo-R{> 0,99) montre que le modéle convient bien. Le
taux de croissance spécifiqgue dépendait de la soethde la température. Le taux de
croissance maximum obtenu au moyen du modéle peraagnsuite été modélisé en fonction
de la température au moyen du modele cardinal. dingi été possible de calculer les

températures cardinal@gin, Topt€t Tmax

Mots clefs: Microbiologie prévisionelle Salmonella Température ; Taux de croissance
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1. Introduction

Salmonellais one of the most common pathogens associatedfeetiborne illness.
Consumption of raw milk and raw milk products which favoured by a number of
individuals for taste, cultural, nutritional andoeomic reasons (Desenclos et al., 1996;
Headrick et al., 1997), continue to be sourceSalmonellaD’Aoust et al., 1989; Maguire et
al., 1992; Desenclos et al., 1996; De Buyser eP8D1), and outbreaks of salmonellosis have
been linked to raw dairy products (Maguire et 4892; Vaillant et al., 1996; Ellise et al.,
1998; Villar et al., 1999). A community outbreak $&lmonellaTyphimurium infections
linked to eating unpasteurized soft cheese in lramd 998 caused one-hundred and thirteen
cases (De Valk et al., 2000). In 2001, a seconddhr®utbreak of salmonellosis was related
to the consumption of Cantal cheese. Over 155 pewmre infected withSalmonella
Enteritidis phage type 8, and the presenc8almonellain the cheese was attributed to raw
milk (Haeghebaert et al., 2003). One of the mogtartant environmental factors that affect
bacterial growth in food is temperature. Therefonathematical models that can successfully
predict bacterial growth under environmental caodg such as temperature, pH, and water
activity (a,) are needed to adequately describe the changimgjtmms generally associated
with processing and storage of foods. In the assessof potential risks associated with
Salmonellain raw milk and raw milk products it is necessaoyexamine the ability of
Salmonellato grow in milk and dairy products under seveeshperature profiles. Scientific
data related to the effect of temperature on thewthr of Salmonellain milk and milk
products are extremely limited. Therefore, the aimhe study presented in this paper is to
develop primary and secondary models to describthenatically the experimental data
collected in our laboratory to the growth $&lmonellain milk under constant temperatures
during different incubation periods. In this studlye logistic-with-delay model was used for

fitting microbial growth data (Rosso et al. 1996he growth rate obtained from the primary
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model was then modeled as a function of temperatsireg the cardinal model (Rosso et al.,
1993; 1995).

2. Materials and methods
2.1. Bacterial Strains

The two strains oSalmonella SalmonellaTyphimurium andSalmonellaMontevideo
used in experimental studies were obtained from dhiéure collection ofMASQ (Unité
Microbiologie des Aliments, Sécurité et Qualité)atinal Veterinary School of Alfort,
Maisons-Alfort, France. These strains were previousolated from manure and slurry in
dairy herds in western France (Lailler et al., 20@ock cultures were preserved by freezing
at -80°C in vials containing brain-heart infusidH{) broth (Difco) supplemented with 20%
(v/v) glycerol.

2.2. Inoculum preparation

Ultra-High Temperature (UHT) sterilized whole m{|8.6 g fat), used as the growth
medium, was purchased from a retail supermarkedas before the experiment, fresh
cultures for use in experiments were prepareducaiNials were thawed at room temperature
and 0.1 mL of the thawed culture was transferre® 9amL of BHI broth and incubated for 24
h at 37°C. One ml of cell suspension of each stwas serially diluted (1:10) in buffered
peptone water (BPW) (Difco) and 100 pL samplesppfrapriate dilutions were spiral plated
onto xylose lysine deoxycholate (XLD) agar in foaplicate plates using Whitley automatic
spiral plater (WASP) AES laboratories), followed by incubation at 37°C fa4 h to
determine the viable cell concentration. The dilns were then kept in refrigerator at 4°C.
2.3. Sample preparation, and inoculation

On the day of experiment, a test quantity (50 mhaswransferred into sterilized flasks
(85mL). Milk samples were inoculated with aliquai appropriate dilutions resulting in
inoculum level of approximately 100 CFU/mL. The eage of inoculums levels (Leg

CFU/mL) of Salmonellastrains are shown in Table 1.5. After inoculatisamples were
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mixed gently by hands for 2 min to ensure evenritigion of the organisms in the milk
samples. Negative control consisted of milk sarmmpth no bacterial cells was also prepared.

Table 1.5 Means (standard deviations) of initial levels $lImonellaTyphimurim and
Salmonellaviontevideo inoculated in milk.

Storage temperature (°C)  Strain

S. Typhimurium S. Montevideo
7 #1.94+0.11 2.80 £ 0.80
9 1.94+£0.16 2.07 £0.12
15 2.03+£0.05 1.99+0.11
25 2.06 +0.17 2.00£0.19
30 2.16 £ 0.06 1.92 +0.30
35 2.19+0.05 1.68 £0.26
37 2.17 £0.02 1.90+0.13
40 2.54+0.17 2.31 £ 0.005
43 2.09+£0.16 1.88 £ 0.03

& Mean + SD (Logy CFU/ml) (n=9). The average inoculum level of thseparate experiments
2.4. Incubation temperatures, sampling time and bextal enumeration

All incubators were adjusted to the required terapges before the milk in test tubes
being inoculated with the estimated inoculum leveisculated milk samples were sampled
immediately after inoculation (time 0). In additjot00 pL aliquots of appropriate dilutions
were spiral plated onto XLD agar in four replicagiates with WASP spiral plateAES
laboratories), followed by incubation for 24 h &°G to determine the initial contamination
level (Log CFU/mL). All samples were then incubatgctonstant temperatures 9, 15, 25, 30,
35, 37, 40, and 43°C until they reached the statpphase. Sampling frequency was based
on the objective of the study and the growth terafee, i.e. every 24 h at 9°C; every 12 h at
15°C; every 2 h at 25 and 30°C and every 1 h at335,40 and 43°C experiments. Total
sampling time ranged from 15 days at 9°C to 12 #38C. At each sampling time, samples
were collected, serially diluted (1:10) in BPW iéagessary and spirally plated in triplicates
onto XLD plates. The plates were incubated overtrégi87°C followed by counting using an
automated colony counter and WASP 2 user manudh thie results being expressed in

CFU/mL before being converted to LedCFU/mL. Three independent experiments were
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performed for each temperature. For each repliesperiment, an average L@ FU/mL of
three platings of each sampling point was useceterthine estimates of the growth kinetics
for eachSalmonellastrain. In total, 3 independent growth curves whbktained for each
temperature an8almonellastrains(3 x 8 x 2) = 48 curves
2.5. Primary Model

In our study, a primary model described a bactegralwth curve exclusively as a
function of time at constant temperature. The maxmgrowth rates and thr population lag
times were estimated from growth kinetics by fiftithe logistic-with-delay equation. (Rosso
et al., 1996; Augustin and Carlier, 2000):

X(t) =

X max

1+ (Xmax _ 1}6)([:{_ 'umax.(t—lag)]

Xo

t<lag
Tt>lag

wherex(t) is the bacterial concentration (CFU/cfu.ml) at timg), %o is the initial bacterial
concentration, xax is the maximum bacterial concentratitayg is the lag time (h), angmnax IS
the maximum specific growth rate (Ln CFU/h). Thgdathm of this function was fitted to
the logarithm ok(t)
2.6. Secondary Model

In our study, a secondary model described the tsffe€ the temperature on the
parameters of the primery model, particularly theximum growth rate. A cardinal model
with inflection was used to analyse the effecteshperature on maximum growth raten{

(Rosso et al. 1993):

2
Hmax (T) = Hopt X = (T =T max).(T -T mln)
(Tom =T min )'[(T"pt =T min )(T _Topt) - (Topt -T maX)-(Topt +T min—2T )]
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where T is the temperaturel,, is the value or the temperature below which no gnow
occurs,Topt is the value at whiclimaxis equal to its optimal valuegpt (h™h), and Tmaxis the
value above which no growth occurs.

2.7. Primary Model Fitting.

A plot of microbial count versus time at each terapg&re was used to calculate the
starting values for the parameterg,and Xnax A nonlinear regression procedure, PROC
NLIN, in SAS package (Release 9.13, SAS Institate, ICary, NC) was used to fit data to the
model. The Newton method was the iterative methsetifor estimation of the parameters.
The NLIN procedure was used to produce least squesémates of the parameters of a
nonlinear primery model. Estimation of a nonlineawdel is an iterative process. To begain
this process, the NLIN procedure we specify a gfidnitial values for the different model
parameters. The iterative method we used was Newiethod. We calculatpseudo-R to
assess the goodness-of model fithess (Schabenp200&):

Pseudo -R= 1-SS (Residual) / SS (Totglecte)
The maximum growth rates {g) as function of serotype and incubation tempeeaturd
their interaction were analysed using the Genénelt model (GLM). LSMEANS in GLM
procedure was used for the effects of temperatseedtype interaction on growth rate. Means
of maximum growth rates fj4) of the two serotypes various temperatures werapeoed
with a Tukey mean comparison test (SAS 9.1) agaifstance level of 95%.
2.8. Secondary Model Fitting.

The maximum growth rates {i) estimated from the model at different temperature
was then fitted using the cardinal model. The apipnate lowest temperature (7°C) at which
Salmonellacan grow was given as the starting value for thempeterT,. Similarly, the
approximate highest temperature at whsdimonellacan grow (50°Cyas given as starting

value for the parametdin.. PROC NLIN procedure was used to estimate thenpatexs of
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the secondary model. The performance of the secpndadel on predicting the obtained
maximum growth rate from thr primery model was ea#td using the accuracy factor as

described by Baranyi et al. (1999):

A = ex;{JM]

Where p hat is the predicted growth rate from theoedary model and p is the estimated
growth rate from the primary model.
3. Results and discussion

As a part of our efforts to provide data for risdss@assment dbalmonellafoodborne
disease, the objective of these experiments waegsoribe mathematically the experimental
data collected in our laboratory on the growtlSafmonellain milk. The Salmonellastrains
used in these experiments were chosen becausevéreyisolated from manure and slurry in
dairy herds in western France (Lailler et al., 200%ey were the most common isolates in
the study. Literature data reported tBaMontevideo was often isolated independently from
the presence of clinical disease (Heuchel et &Q02 Wells et al., 2001), where&
Typhimurium was the main serotype associated widkine clinical cases ofalmonella
(Martel et al.,, 2000; Warnick et al., 2003). MoregvS. Typhimurium has been used
extensively in laboratory for investigating and ratwg the growth ofSalmonellain
laboratory medium (Oscar, 1999a, Oscar, 1999kkhtbits the same growth kinetics as other
strains ofSalmonellathat are commonly found in foods and thus, it goad strain to use for
developing growth models f&almonella
3.1. Primary modelling curve fitting

Growth of the twdSalmonellastrains in milk was studied at constant temperat(®e
43°C). The results shown in Fig.1.5 to Fig. 8. @&)fom the adequacy of milk as a substrate

for Salmonellagrowth at different temperatures and incubatiores. Fifteen days at 9°C and
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12 h at 43°C were more than enough to allow ine@g&s numbers of cells to levels higher
than >8 log CFU/mL of milk. It can be noted thaalmonellagrowth is rapid at higher
temperatures, while at 9 and 15°C it is lower wlvempared to the other temperatures,
although it is important to notice that growth {8l ®bserved at these temperatures. The lag
time (h) and growth rate (LegCFU/h) of Salmonellastrains are listed in Table 2.6. Different
ranges of lag time at different incubation tempéeg were observed for the two strains.
However, there was not a defined lag time at moestibation temperatures. No differences
were observed for the growth rate between the tvains except at 30 and 43°€ € 0.05).

As expected, the growth rates were lower at low@rage temperatures. The US department
of Agriculture (USDA) Agriculture Research Servie€?athogen modeling Program (PMP) is
probably the most-known predictive software packagethe world. Anybody can free

download and use the progranmttp://www.arserrc.gov/mfs/pathogen.htmThe PMP

software program was designed using broth-basecinaadcluding broth-base8almonella
growth models (liquid environment). Applying brabased models, such as the PMP growth
model, to specific foods can help to validate tbeuaacy of these simulations. Therefore, we
choose the growth model of PMP for the comparigdar findings demonstrated that the
PMP growth model foSalmonellan broth culture was consistent with the observactdrial
growth in milk at temperature compared (10, 15, 3B5°C). 30°C is the maximum
temperature found in PMP for the grov@almonellan broth culture.

Representative data on the growthSoflyphimurium andS. Montevideo on milk at
different temperatures are shown in fig 1.5 to Bith fitted growth curves produced using
the logistic-with-delay model; this provided a gosthtistical fit to the data. The curves

obtained at all temperatures showed a fpisgudo-R(>0.99).

Table 2.5Means (standard error of the mean) of growth ré@&#8, Logo cfu/h) and lag time

(LT,h) of STyphimurium ands.Montevideo grown in milk at different temperatures
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Temperature (°C)  S.Typhimurium S.Montevideo

GR (Logcfu/hy LT (h)® GR (Log,cfu/h) LT (h)

9 0.0536 (0.0021) 40.17 (9.47) 0.0535 (0.0023) A812.77)
0.0416 (0.0008) 36.27 (6.11) 0.0482 (0.0005) NO
0.0436 (0.0007) 1.909 (6.54) 0.0443 (0.0008) NO

15 0.2155 (0.0026) NO 0.2302 (0.0047) NO
0.2140 (0.0033) NO 0.2323 (0.0060) NO
0.2193 (0.0027) NO 0.2284 (0.0091) NO

25 0.7082 (0.0109) 0.414 (0.292) 0.7943 (0.0185)  569(0.922)
0.7050 (0.0120) 0.506 (0.311) 0.7435 (0.0097) NO
0.6811 (0.0089) NO 0.7155 (0.0141) 0.255 (0.387)

30 0.9712 (0.0348) NO 1.123 (0.0222) 0.395 (0.264
1.027 (0.0262) 0.489 (0.344) 1.064 (0.0184) 0.@P41)
0.9353 (0.0213) 0.707 (0.368) 1.043 (0.0149 NO

35 1.283 (0.0284) 0.618 (0.283) 1.281 (0.0349) B (00346)
1.291 (0.0189) 0.641 (0.185) 1.228 (0.0167) NO
1.266 (0.0202) 0.809 (0.204) 1.268 (0.0263) 0(EB261)

37 1.290 (0.0355) 0.143 (0.345) 1.396 (0.0400) 0 (82320)
1.407 (0.0258) 0.581 (0.209) 1.374 (0.0261) 0.(TDZ36)
1.318 (0.0324) 0.524 (0.295) 1.393 (0.0280) 0(IBZ31)

40 1.327 (0.0341) 0.414 (0.265) 1.354 (0.0436) Q@3327)
1.356 (0.0370) 0.278 (0.287) 1.423 (0.0418) 065382)
1.319 (0.0378) 0.051 (0.307) 1.378 (0.0424) 0.45299)

43 0.838 (0.0302) 0.066 (0.502) 1.111 (0.0268) 0(88318)
0.884 (0.0236) NO 1.196 (0.0366) 0.339 (0.398)
0.846 (0.0234° NO 1.117 (0.0313) 0.172 (0.365)

#Values are means of triplicates samples, and atdretror of the means
® NO= no time lag was observed

3.2. Secondary Model (Cardinal Temperatures)

The effect of temperature on the maximum growteg&almonellal'yphimurium and
SalmonellaMontevideo is shown in Fig 9.5 A, B, respectiveMt the optimum growth
temperatures of 38.44 and 38.52°C, the maximum troates were 1.36 and 1.39 for S.
Typhimurium andS. Montevideo, respectively (Table 3.5). The optin&hperature can be
defined as the temperature at which the growth (ia}g), is the greatest. Depending on the
environmental conditions such as pH, water actiydy), Francis et al., (1999) reported
optimum temperaturesl4,) ranging from 35 to 43°C, the growth rate beingpstantially

reduced at <15°C, and prevented at <7°C. Rossal..e(1993) reported cardinal values
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estimate obtained witBalmonella Tmin, Toptand Tmax to be 4.6, 39.5 and 45.6°C, respectively
which is close to the values obtained in our expernts (Table 3.5). However, the minimal
temperatures fo8. Typhimurium andS. Montevideo (Table 3.5) were lower than the mean
values reported in literature (Rosso et al., 19898¥act, the growth of most salmonellae is
prevented at temperatures lower than 7°C. The dgpaé salmonellae to grow at
temperatures lower than 5°C has been reported (BAD991), but in some cases it has not
been confirmed except by observation of colonieselrctive media. However,, should

be regarded as a theoretical lower temperature fonthe growth below which the predicted
growth rate is close to zero (Ratkowski et al.,1)99he performance of the secondary model
obtained from the primery model was evaluated waduated with a higlpseudo-R(0.97-
0.98) indicate that the secondary cardinal model ba used to describe the effect of
temperature on the maximum growth rates. The acguiactors are 1.026 and 1.034 far
Typhimurium andS. Montevideo, respectively. Accordingly, the digmacy between the
secondary models and the data used to fit the nmaréeR.6% and 3.4% f& Typhimurium
andS. Montevideo, respectively. In conclusion, the gitowata ofSalmonellastrains in milk

at various temperatures were fitted with a logistith-delay model that fitted the data well.
The maximum growth rate derived from the primarydelovas then fitted as a function of
temperature using the cardinal Rosso model. Thensiecy model derived from the logistic
model fitted well.

Table 3.5Estimated cardinal temperatures, optimum growtdsrand 95% CI.

Strain Hopt (M) Trmin Topt Tmax Accuracy
factor

S.Typhimurium 1.36 +0.021 3.02+1.33 38.44+0.33 4451+0.30 1.026

S.Montevideo 1.39+0.03 3.40+1.87 38.52+043 4697+1.25 .034
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Figure 1.5 Experimental data of growth &almonellaTyphimurium (A), andSalmonella
Montevideo (B) underq°C) fitted into primery model (logistic with delay rdel). Dark
squares represent raw data. Mathematical growthelmedepresented by heavy solid line.

The dotted lines are upper and lower predictiorntéirat 95% confidence level.
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Chapter 6: Quantitative Risk Assessment of Human Sanonellosis Linked to the

Consumption of Camembert Cheese Made from Raw Milk
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Abstract

This work reports a quantitative risk assessmeiuofian salmonellosis linked to the
consumption of Camembert cheese made from raw miik. risk assessment was based on
data on the frequency, concentration and growtBabfnonellan milk. Different distributions
were assumed for parameters of the model and aeMoatlo simulation was used to model
the process and to quantify the resulting risk goblic health. The probability of milk
contamination before cheese making was estimateed ©@8.7% with a concentration ranging
from 0 to 138 CFU mL. The simulated proportion of 25 g serving of cleeesth no
Salmonellawas 75%. The 99 percentile ofSalmonellacell numbers in servings of 25 g of
cheese was 5 cells at the time of consumptiongspanding to 0.2 cells @almonellaper
gram. The risk of salmonellosis per 25 g servimgeal from 0 to 1.2 x 10with a median of
7.4 x 10%. For 100 million servings of 25g, the expected hemof cases of salmonellosis
predicted by the model is in average 7.4. Wherptkegalence was reduced in the model by a

factor of 10, the number of cases per 100 millierviigs was reduced to less than 1 case.

Keywords: quantitative risk assessme8glmonellaCamembert
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Résumeé

Un modele d’appréciation quantitative de risqu@ B de salmonellose humaine liée
a la consommation de Camembert au lait cru a éélagpe. L'AQR est basée sur des
données relatives a la frequence, la concentratidam croissance de salmonelles dans le lait.
Différentes distributions ont été posées en hymala@hacun des parametres du modele. Une
simulation de Monte Carlo a été employée pour mseeléle processus et pour éstimer le
risque résultant pour la santé publique. La prdiéhbide contamination du lait cru (avant
fabrication) a été estimée a 93,7% avec une coratintt s'étendant de 0 & 138 CFUTLa
probabilité de consommer une portion de 25 g dmdige sans salmonelles a été estimée a
75%. Le 98' percentile du nombre de cellules de salmonelless das portions de 25
grammes était 5 cellules a I'heure de la consonematiorrespondant a 0,2 cellule des
salmonelles par gramme. Le risque de salmonellas@grtion de 25 g était compris entre 0O
et 1,2 x 10 avec une médiane de 7,4 x®1@our 100 millions de portions de 25g, le nombre
de cas de salmonelloses prévu par le modele esbganne de 7,4. Quand la prévalence est
réduite dans le modele d'un facteur 10, le nomleecas par 100 millions de portions est

réduit a moins de 1 cas.

Mots clefs: Appréciation quantitative de risque ; salmonelBamembert
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1. Introduction
For many years, different views on the acceptablellof public health risk associated
with soft cheese made from raw milk is under distus within the Codex Committee for
Food Hygiene (CCFU) of the Codex Alimentarius Coisian (CAC). While U.S maintains
that scientific evidence demonstrates that raw raitkki raw milk products are “potentially
hazardous foods”, the European commission, on tiier tnand, considers consumer safety is
protected when strict veterinary and sanitary [cast are followed from production to

consumption for ready-to-eat raw milk dairy produicicluding cheese.

Based on the epidemiological evidence, microorgasissuch as Listeria
monocytogene<. Coli O157:H7,Salmonella and toxin-producingstaphylococcus aureus
can contaminate milk and grow in cheese when rilkat pasteurized (Johnson et al., 1990).
Therefore, riskassessmerfor public health linked to the consumption of rawlk cheese
contaminated by these hazards provides usefulnrEbon for the management of the risk.
Quantitative risk assessments of risks linked toesof these hazards to the consumption of
cheese made from raw milk have been published.ekample, Bemrah et al (1998) and
Sanaa et al (2004) reported risk assessments nafdedteriosis linked to the consumption of
soft cheeses made from raw milk. Lindqvist et @02) presented a risk assessment of
Staphylococcus aureus unripened cheese made from raw milk. To ourvkedge, a
quantitative risk assessment of salmonellosis tinkethe consumption of soft cheese made
from raw milk has not been done. The present whekefore reports a first risk assessment
model of salmonellosis linked to the consumptiorCaimnembert cheese made from raw milk

using, a Monte Carlo simulation @RISK software.
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2. Materials and methods
Risk assessment is a science-based process in wjebtions that have been
formulated during the risk evaluation step of tlek imanagement process are addressed to
develop an understanding of the problem and to agmeith risk estimates. In our study, the
hazard isSalmonellaand the risk qualifies the probability of humainsanellosis associated

with the consumption of 25 g serving of Camembkesse made from raw milk.

2.1 Hazard identification

Salmonellais the most frequently reported cause of foodbdtness in the world. It
is the major cause of childhood mortality in dey&hg countries and constitutes a permanent
threat in industrialized countries. Salmonellosipatients with no underlying risk factors is a
self-limiting illness that may require fluid andeetrolyte replacement. However, the disease
can spread systemically and degenerate into a ichommdition such as reactive arthritis,
osteomyelitis, cardiac inflammation or neural ditos. Groups dtigher risk of severdness
and death fron®almonellainfection are infantsglderly persons, and persomgh impaired

immune system@ell, 2002).

Epidemiology of cheese-related outbreaks in the.,UGanada, and Europe
demonstrated that soft cheeses, which in many cageproduced in small, family sized
establishments, are at significantly greater rigsktransmit pathogens than other cheeses
(Johnson et al., 1990). The presence&almonellain soft cheese made from raw milk is a
known health hazard and outbreaks of salmonelllisied to the consumption of such
cheeses have been reported (Ellis et al., 199&n\4t al., 1999; De Valk et al., 2000). Even
though few positive findings ddalmonellain Europe were reported in cheese in 2005, the
majority of these findings were from soft or semftscheeses (Anonymous, 2007). The

frequency of samples tested seemed to be very lhvhb potential for this organism to grow

154



in improperly stored raw milk and in products mdaen raw milk presents a public health

risk, particularly to susceptible members of theydation.

2.2. Exposure assessment

In order to develop a risk assessment model of husagmonellosis associated with
the consumption of Camembert cheese made from réky we attempted to estimate the
potential exposure t8almonellain a single serving. The exposure was charactbiigethe
probability distribution ofSalmonellacolony-forming units (CFUS) in 25-g servings of eke
at the time of consumption. This mass represenestemh of a 250-g cheese. A list of
variables was identified and distribution was assdinfor each variable (Table 4.6). An
accurate exposure assessment needs information a&sicthe frequency and level of
contamination of the selected foods and the gravftthe pathogen during the preparation

steps. This information will be discussed below.

Monte Carlo simulation was done using @Risk safen®'4.5, Palisade Corporation,

Newfield, NY, USA) (with a practical value of 1000 iterations).

Nomenclature of distribution®ormal (x, y) stands for normal distribution with mean
x and standard deviation ¥riangular (x, y, z) stands for triangular distribution with
minimum X, most likely y, and maximum Roisson(x) stands for Poisson distribution with
parameter xBionmial (n, p) stands for binomial distribution with countand success.
Discrete Uniform (X ,...... , Xn) specifies a discrete uniform distribution with possible

outcomes with an equal probability of each outcar®urring.

2.2.1. Collection of data on raw milk contaminatég Salmonella

2.2.1.1. Contamination of milk by Salmonella.
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To estimate the prevalence and concentratioBabinonellain raw milk, we used our
data from a study conducted in randoregtecteddairy farms in a limited geographical area
of western France in spring 2006. These farms miadumilk intended for making soft raw
milk cheese which is produced under the Frenchl laberigin (AOC, appellation d’origine
contrdlée), and their production of milk is reglyyasubmitted to analytical controls including
bacterial analysis of disease-causing pathogenscifggally: Listeria monocytogenes
SalmonellaStaphylococcuandE. coli.

A total of 299 dairy farms were selected and thespnce oSalmonellain bulk raw
milk was investigated using the real-time PCR deiacassay (chapter 4 of this thesis). The
results of this study indicated that 2.68% of hialikk milk samples were positive.

2.2.1..2. Level of Salmonella contamination in milk

In general, literature data on the contaminatioma@f milk or raw milk products by
Salmonellaare qualitative and presented as presence or @séBalmonellain 10 or 25 g
of samples analyzed. The absence of quantitatite dauld be due to the difficulty of
applying enumeration methods to quantify low lew@isontamination. In a previous work,
we developed a method for the quantificatiorBafmonellain artificially contaminated milk
based on the real-time PCR assay combined with M@hapter 3 of this thesis). This
developed MPN-real-time PCR assay was used to geayuantitative data by estimating the
level of contamination of positivBalmonellabulk tank milk samples (chapter 4 of this
thesis). The MPN real-time PCR assay enabled theneration ofSalmonellain bulk tank
milk Salmonellapositive samples that ranged from 33almonella per ml (log

MPN/mI=0.56) to 79.5almonellaml (log MPN/mI=1.9) (Table 1.4 chapter 4).

By combining the findings of the study on the fregqay and level of contamination in

milk (Chapter 4 of this thesis) and bacterial gfowt milk (chapter 5 of this thesis) a risk
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assessment model was developed. Variables arenpedse table 3.6 and are explained

below.

The number of contaminated fariNgper day milk collection is modelled Bsonmial
distribution 6, p). The first parametan is the number of bulk tanks collected per day iand
assumed variable diangular (65, 98, 160). The second parameter p is the [meva of

farm with contaminated milk.

The enumeration provided data on the concentratiddalmonellain bulk tank milk
(Cstm) (Table 1.6). Because of the low number of posittamples with enumeration, the

Discrete Uniformseemed to be the most appropriate distribution.

Table 1.6 Quantification estimates @&almonellain bulk tank milk samples obtained with

MPN-real-time PCR assay

Sample MPN enumeration LogMPN/mL MPN confidence limits
1 3.7 0.56 0.92-14.7
2 4.5 0.65 1.1-18.1
3 69.9 1.84 23.2-211.5
4 7.8 0.89 2.4-24.8
5 17.0 1.2 7.9 -36.5
6 6.1 0.78 1.9-19.1
7 16.9 1.2 6.5-44.1
8 79.2 1.9 25.4 - 274.7

To estimate the concentration $&Iimonellain truck, the volume variability in bulk
tanks had to be known. To account for this vanghika coefficient,C;, is calculated using
milk quota statistic from the considered collectanga. This is done by dividing each farm
volume by the total volume collected. The resultlggribution of logp C; is fitted asNormal

(-0.158, 0.611).

The concentration dalmonellan tanker milk is then calculated from
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Crr =Yt “(Ci x Cgrm / n)

WhereNc is number of contaminated farnmsis the number of bulk tanks (from which milk
has been collected) in the tank@gv the concentration bulk tank; the coefficient as

above.

2.3. Cheese processing

Making a Camembert cheese takes about three weeditional Camembert is made
from the fresh raw milk of Normandy breed’s cowdjieh is high in fat content as well as
very rich in proteins and vitamins. The main preueg steps for making Camembert cheese
is usually as follows: after collection, the mitkheated (but not above body temperature) and
poured into large vats in a room kept at a tempesgadf 28°C to 33°C. Natural rennet is
added to aid curdling. This curdled milk is thedléal carefully by hand, without breaking,
into individual cheese moulds. Five ladling pasaesrequired so as to fill each mould and
give the Camembert its creamy texture. When thess#®ehave drained sufficiently, they are
turned over. These successive operations take abeutlay. On the second day, the cheeses
are removed from the moulds and taken to the galimom, which is at a temperature of
about 18° to 20°C. Here dry salt is scattered afliteurfaces of each cheese, followed by the
addition of thePenicillium camembertacterium. On the third day, the cheeses are ¢hlece
the drying room, which is kept at 10° to 14°C. Thpening period is twelve days, depending
on the season, after which the cheeses are reagpdking. They are further aged for four or
five days at about 9°C. After checking the resoltighe bacteria analysis for each lot, the
Camembert cheeses are finally ready to be shigpeck into the market, the maximum “best
before date” is 15 days, yet the products are lysgahsumed much earlier. The standard

Camembert cheese mass is prepared as a 250 g produc
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2.4. Growth model
Growth was simulated with a modified logistic mo@®&anaa et al., 2004) the relevant
equations are shown in table 3.6 and 4.6 The maxigrowth rate at time t in the dynamic

condition of temperature for a given strain jgt).

The effect of temperature on,j(t) was calculated using a cardinal model (Rosso et
al., 1995) (table 3.6). Nomenclature includes ttlmaffixes: the suffixopt designates the value
of temperature where the growth rate is maximunoptimum conditions for growth; the
suffixes min and max designate, respectively, the temperature undechwhir above which,
growth is not observed (Table 3.6). Data regardmeggrowth ofSalmonellan milk and the
effect of temperature on the growth were obtaimethfexperimental studies conducted in our

laboratory and detailed information can be foun¢chmpter 5 of this thesis).

While theSalmonellgpopulation can increase in bulk tank, tanker, @mang ripening
of milk, the population declines during curd adchtion in cheese vats and molds. This
observation could be explained by stress causedhédo cells by acidification, and/or
competition with, and/or inhibition by lactic acétlarters. To our knowledge, no reports were
found in the published literature describing thie faf Salmonelladuring the manufacture and
ripening of camembert cheese. Therefore, the regarumbers of decimal reductions due to
acidification step (log apparent kill) were estigthtfrom published literature that described
the fate ofSalmonelladuring the lactic fermentation of milk stored amfgeratures close to
the one used in the ripening of milk during camernhlbbeese making (Shen et al., 2007,
Mufandaedza et al., 2006). Givére available data and due to the low number cétrepn,
the following distribution was used to model thenmer of log kills: Triangular (3, 4, 5).
This triangular distribution has to be consideredrenthan an expert opinion describing

variability and uncertainty rather than a real difexation of the killing factor.
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2.4.1. Growth of Salmonella during cheese ripenit@yconsumption

The predicted growth/no growth interfacesSafimonellafrom cheese ripening to the
consumption were calculated with Microsoft Excelv@a This period included ripening for
12-14 days at 14°C, packaging in wooden boxes arttidr aged or stored for 5-7 days at
9°C, at market for 7 days at 4°C and finally takpessimistic scenario, and assuming time-

temperature abuse during transport and at the ocoersirefrigerator 20 days at 10°C.

The logistic polynomial regression model (Koutsonmeet al., 2004) was applied to
assess the probability of growth 8falmonellain cheese on the basig, gH, and time-
temperature from day three of cheese productigdha@xtreme time of consumption. Data on
ay, pH are reported in Table 2.6. For modelling psma, was transformed to,pdefined as
the square root of 1,aas in Gibson et al., (1994). The model is of thenf@hown in the

following equation:

Logit (P) = & +a&T + &bw+ a pH + a pH.by + & T.pH + & T? + ab,® + as pH?

Logit (P) is an abbreviation of IR/(1-P)], P is the probability of growthT is temperature,
and @ & are the parameter estimates: -438.1, 5.465, 232%0, -235.6, -0.236, -0.074,

1,606 and -5.186, respectively (Koutsoumanis e2aD4).

The pH and gvariations according to time from molding to thedesf shelf life could be
accurately modeled as

pH=a.t®+b.t* +c.t+d.

a,= a.t'+b. +c.t?+d.t+e
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Figur 1.6 Probability ofSalmonellagrowth in Camembert Rind and Core as predicatetthéy

logistic regression model (in days from third dégleesse making until consumption)

As shown in Figure 1.6 the probability of growththin the core is almost lower than

5 x 108. For the rind we observe a peak of probabilitgaiwth (10°) at day 15. Before and

after day 15 remained less thar®1Because of low probability of growth we could sister

that there is absence of growth in Camembert durarghal ripening.

Table 2.6 Parameters of the equations describing pH anchanges according to time (in

hours from molding to the end of shelf life) in dimnd core of the modeled Camembert

cheese.
Camembert
Parameters pH of core pH of rind w @ core & of rind
a -1.15 x 10 8.59 x 10" 1.51 x 10 2.61 x 10"
b 3.04 x 10 -3.08 x 10 -5.08 x 10 -9.61 x 10"
c -5.20 x 1d 4.72 x 10° 5.48 x 1C° 1.19 x 10/
d 4.58 4.25 -4.82 x 10 6.93 x 10°
e 9.63 x 10 9.60 x 10"
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2.5. Number of Salmonella in cheese

About 2.4 | of milk are needed to make a chees256f g. Milk assigned to cheese
manufacture is stored in vats of 1000 |. We assuthatithe number ofalmonellain one
cheese vat (N§) has a Poisson distribution: WMS= Poisson (Va * Cemg*(10°9). This
assumption is done because we consider that millkeismixed and homogenised during the
first steps of cheesmaking. In 2.4 | of milk needed to make one 250f gleeese, Poisson
distribution was also attributed to the number elisctransferred to 250 g of cheese with a
mean equal to: Nfeese= Poisson (Ng:*2.4*0.9/1000). The factor 0.9 is added because we
assumed that 90% of ti8almonellacells are transferred to the curd and 10% of thethe
whey (Bemrah et al., 1998). The same distributias wsed to the number of cells for a

typical serving of 25 g with a mean equal to:phan 25 ~P0isson (N§eese” 25/250)

2.6. Control programs of Salmonella at farms

An analysis was performed to determine the infleeat the prevalence rate of the
infected farms on the concentration $&lmonellain cheese. Two scenarios were studied
according to the existence of control programsSafmonellaat the farm level. The first
simulation is to use the observed prevalence d8%.@nd we assumed that no preventive
measures are applied. In the second simulationssenaed that the application of preventive

actions at the farm level will permit to reduce tieserved prevalence by factor of 10.

Generally, the surveillance strategy applied in A@C area (Camembert collection
area) consists of two actions: at farms where fndkn each bulk tank is analyzed one time a
month. Sorting of farms is done based on two sépaallection (1) milk from farms where
no Salmonellavas detected can be collected for cheese makihgni(R from farms where a

bulk tank was previously detected as positive ifected separately. However, the presence
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or absence oBalmonellais not the sole criterion of milk conformity toetlrequirements of
the processing plants. Other bacterial and soneaticcounts are used as well for selecting
farms (mesophilic countStaphylococcus aureus, Listeria monocytogenes, Escherichia
coli). Salmonellaanalyses are also done in samples of cheesesebefi@ase. In case of

positive results, the lot is withdrawn.

Presence oBalmonellais checked using standardized techniques (Anongniz02)
together with a confirmation technique validatedtfoy French Standardization Organization,
AFNOR (Saint Denis-La Plaine, France), AccuProbepi®aDNA Identification Test
(Biomérieux). We incorporate in the model the enodpcts sampling in assuming different

levels of laboratory techniques limit of detection.

2.7. Dose-response model

A dose-response model gives the probability afedls according to the amount of
ingested pathogenic microorganisms. AmdrAggested microorganisms, some might survive
human barriers and later initiate infection andsealliness. lliness probability was defined as

the probability of achieving this sequence of esent

Several dose-response models have been publisdedgsad forSalmonellabased on
different types of data (feeding trials, outbreaksytcomes (infection or illness) and
assumptions on the dose-response relationshipnexpial (Rose et al., 1996), Beta-Poisson
(Rose and Gerba, 1991; Fazil, 1996; USDA-FSIS, 1888 Gompertz (Coleman and Marks,

1998). Actually, the exponential and the Beta-Rmissiodels are the most commonly used.

The probability of infection was described by tbé#dwing equation:

PI=1- (1)"
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Wheren is the number of consumed microorganismsraagarameter with a valueBetaf,
B), o and B were equal to 0.3126 and 3 .9espectively (Haas et al., 1999). We considee her
the principle of single hit model. The parametés the probability of on&almonellacell to

survive to the different host immune barriers amtlice infection.

For each consumed 25 g serving we simulated thébauof bacteria per serving)(
sampled from the beta distribution the paramete(which represent the consumer
susceptibility) and applied the formula 1- @) to assess the probability of infection per

serving.

2.7.1. Probability of illness

lliness was defined as the occurrence of gastragst@abdominal cramps, diarrhea,
nausea, vomiting). According to feeding studies mman volunteers (McCullough and
Eisele, 1951a,b), the average probability of illhasong infected naive subjects was varying
between 0 and 75% with a mean of 16%. To build aemealistic model, we decided to

reduce the reported probability of illness to 1®érfirah et al., 2003)
2.8. Risk characterization

Risk characterization integrates the results okdesponse and exposure assessment
into a risk statement that include one or more gtsive estimates of risk. An essential
prerequisite to risk characterization is the cldafinition of output. Examples of possible
outcomes are expected risk infection to a typieabspn, expected number of illness or deaths
in a community, upper confidence limit to expeatesnber of illness, upper confidence limit
for iliness to a highly exposed person, or maximumber of illness in a community at any
one time. The choice between all the possible onésohas to be decided in relation the

needs of decision maker.
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We first assess the distribution of the probapildf illness per serving. This
distribution encapsulates the variability and utaiaty inherent to the different model input
parameters. Second, we calculate the arithmetiairokthe probability of illness per serving.
This constitutes the “marginal risk” (MR) which @me of the central possible outcomes. It
can be defined as the “expected risk of illnessofoe random individual after one intake of
the considered food product”. To predict the expgatumber of salmonellosis cases one

could multiply the MR by the number of consumed/sey for the considered period of time.

Table 3.6Equations and parameters for growth modeling

Variable Description Unit Distribution/model

Xo Salmonellanumber Cell

Xinax Maximum number cells fo

T Temperature °C

Topt Optimum growth °C 38.4
temperature

Trnax Maximum growth temp. °C 445

Tiin Minimum growth temp. °C 3.00

v (T) Temp.fraction of optimal (T -T max)(T -T min)z

(Topt -T min).[(Topt -T min).(T - Topt) - (Topt -T max)(Topt +T min— 2T)]

growth
Hopt(Milk)  Optimal growth rate in milkk 1.36
T Time H
Mmax Maximal growth rate at time CFU/h* Hmax=Hopt * v (T)

t
a, b, cd Parameters of pH (t) See table
a,b,c,d e Parameters gf@® See table
pH (1) pH over time pHa t+b.t?+c. t+d
ay (t) a, over time azat'+b.tt+ct?+d.t+e
IC Number Increase on In-basis  InCFU/h

t Xmax —  maxt
zolnXmax_In(:L"' je
Xo
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Table 4.6Description and distribution of variables

Variable Description Unit Distribution/model
N Number of farms per collection per day Herds Triangular(65,98,160)
tanks

P Prevalence oBalmonellan bulk tank milk - 2,6%

Nc Number of contaminated farms Herds Binomial ( N,p)

Casm Concentration in bulk tank milk CFU/mrt Discrete Uniform (table)

G Volume variability in bulk tanks Normal (-0.15@,611)

Crr Concentration in the tanker truck before transport Uit Crr=Yi-™™Ci x Carm /' N)

Transport

T™MT Temperature during transport °C Triangular (8)6

DMC Duration of milk collection h Triangular (469

v (T) Effect of temperature on growth rate - Sdreta

Mmax Maximal growth rate at time t InCFU/h mkk=Hopt * v (T)

ICt Concentration during transport CFUmI See table for equation IC

Storage

TMS Temperature during storage at the manufacture c -

DMS Duration of milk storage h Triangular (6, 1@)1

vy (T) Effect of temperature on growth rate - Sdaeta

Mmax Maximal growth rate at time t InCFU/h mbk=Hopt * v (T)

ICs Concentration during storage CFU/mI See table for equation IC

First step of milk

ripening

RT Ripening temperature °C 14

RD Ripening duration h 14

v (T) Effect of temperature on growth rate - Sdrda

Hmax Maximal growth rate at time t InCFU/h mbk=Hopt * v (T)

ICemr Concentration during first step of milk ripening QR See table for equation IC

Second step of

milk ripening

RT Ripening temperature °C 33

RD Ripening duration h 0.5

v (T) Effect of temperature on growth rate - Sdrda

Hmax Maximal growth rate at time t InCFU/h mbk=Hopt * v (T)

ICrur Concentration during second step of milk ripening CFU/mf* See table for equation IC
before cheese making

Effect of

acidification

DC Decimal logarithm of the concentration decrease Triangular(3,4,5)
caused by pH decrease and increase of acid lactic Or Trinagular (1.5, 2, 2.5)
concentration

\% Volume of milk needed for one cheese | 2.4

M Mass of one cheese g 250

S Mass of serving g 25

Vyat Vat volume | 1000

NS, Number ofSalmonellain one vat CFU/mt Poisson (Va* Cemr *(107¢)

NS:heese Number ofSalmonellain 2.4 | (the amount needed to CFU/250 g Poisson [N§(2.4*.9/1000)]

NSZS g /cheese/ serving

make a cheese of 2509)
Number ofSalmonellgper 25 g cheese serving CFU/25 g

portion

Poisson (Ngeess25/250)
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3. Results

3.1. Milk contamination

A simulated distribution of the concentration $&lmonellain milk before cheese
processing (after transport, during storage in rfeturer) was obtained (Fig. 2.6). The
distribution of the concentration &almonellain milk before cheese processing ranged from
0 to 138 CFU/ml with a mean of 10.0 CFU/ml. The hability of milk not being
contaminated was estimated to be 93.7%. The expeptrcentages of concentration
exceeding 2, 6, and 12 CFU/ml were respectively8%5 52.0% and less than 31.0% (no
value over 140 CFU/ml were found after 100 OOOatiens). The model predicted that
82.75% ofSalmonellaconcentration before cheese processing would Behes 10 CFU/m.
Percentiles (CFU/mI) of the distribution &almonellain milk before cheese making are

presented in table 5.6

cooocoooool
L L L L L L L L |

Probability

ol=]elelelele]o])
ORNOEIOIDOR

..

35 70 105 140
CFU/mL

o

Figur 2.6 Simulated frequency distribution fdBalmonellaconcentration before cheese
processing (93.7% of milk was expected not to beaminated): 100 000 iteration
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Table 5.6 Percentiles of the distribution @almonella(CFU/mI) in milk before cheese

processing
Percrntiles
25th Median 75th Ei) 95" 9g"
after transport 0.16 0.50 1.10 1.87 2.43 3.74
After storage 2.10 6.4 14.4 24.1 314 48.7

3.2. Cheese contamination

The simulated concentration 8almonellain 250 g of cheese ranged from 0 to 171
Salmonellacells with a median of 2 cells. About 67.0% of ebe was expected not to be
contaminated. The expected percentage of cheebecwittamination greater than 5, 10 and
100 Salmonellacells were 23.8%, 12.1% and 0.03%, respectivety. & typical cheese
serving of 25 g, the number of bacteria ranged ffbto 26Salmonellacells with a mean of
0.47 cells (Fig. 3.6). The estimated probabilitycohsuming a contaminated cheese serving
was 25%. However, the estimated probabilities afscming a dose dbalmonellagreater
than 1, 10, and 15 cells were 10%, 0.08% and 0.0&%pectively (no value over 25 were

found after 100 000 iterations).

0,9
0,8 +
0,7 +

0,6 +
0,5 +
0,4 +
0,3 +

Praetility

0,2 +

> h
o

-2 2 6 10 14 i8 22
CFU

Figur 3.6 Simulated frequency distribution f@almonellaconcentration in 25 g serving

(75% cheese serving was expected not to be corddaain 100 000 iteration
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Percentiles of the distribution &almonellan 250g and 259 serving of cheese at time
of consumption are presented in Table 6.6. THe@9centile ofSalmonellacell numbers in

servings of 25 g of cheese was 5 cells at the sihoensumpion

Table 6.6Percentiles of the distribution 8&almonellan cheese

Percrntiles
25th Median 78 oQ" 95" og"
2509 cheese Absence 2 5 12 20 42
25 g cheese Absence Absence 1 2 2 5

The results in Table 7.6 show a decrease in coratemt of Salmonellain milk and
cheese assuming that the prevalencgatmonellan milk would be reduced by a factor of 10

as a result of applying control measures at tha fawel.

Table 7.6Percentiles of the distribution 8almonellan milk and cheese assuming reduction

in prevalence by a factor of 10 due to the appboeof preventive action.

Percrntiles
25th Median 75th 90 95" 99"
250 g cheese Absence Absence Absence 1 2 10
25 g cheese Absence Absence Absence Absence Absencel

Assuming that each lot is analysed with 25 g cont@posample from 5 different

cheeses we calculate the expected number of rdjetteper year (Table 8.6)
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Table 8.6 Number of expected rejected cheese lots accorthnthe limit of detection

(xCFU/25g) and farm milk contamination prevalence

Expected number of rejected lot per year
for different farm milk prevalence

Limit of detection

CFU/25¢g 2.68% 2% 1% 0.30%
1 36.3 28.0 11.3 3.4
2 16.4 12.0 4.7 1.4
3 8.7 6.1 2.5 0.8
4 4.9 3.5 1.2 0.3
5 2.7 2.1 0.7 0.2
8 1.7 1.2 0.3 0.1
9 1.0 0.7 0.3 0.1
10 0.6 0.4 0.2 0.0

3.3. Risk of salmonellosis

The risk of salmonellosis per 25 g serving ranigeth 0 to 1.2 x 18 with a median of

7.4 x 10°.

For 100 million servings of 25 g, the number ofesapredicated by the model is in
average 7.4. The number of cases has a probatil9.9% to be less than 17. One hundred
million servings of 25 g correspond more or lesot@ year production. If we assume a
seasonal pattern during winter months, the expaut@aber of cases in high risk season will
be probably less than 17. And if it is divided lme thumber of lots, the risk to observe an

outbreak (more than 2 cases per lot) is very low.

However, when the variable DC shown in table 4eghdistribution parameters of the
decimal logarithm of the concentration decreaseseauy pH decrease and increase of acid

lactic concentration, table 4) is reduced by 2dgacthe number of expected cases per 100
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million servings became in average equal to 560&8)despectively for farm contamination

prevalence of 2.68% and 0.268%,

4. Discussion
Despite the amount of raw milk cheese consumedy dailFrance, outbreaks of
infection remain comparatively rare. As far as weld know, no outbreak of salmonellosis
associated with the consumption of camembert cheeste from raw milk was reported.
However,Salmonellaoutbreaks due to the consumption of other sofesbg made from raw

milk were reported (Maguire et al., 1992; Haeghetbeieal., 2003).

Human cases of salmonellosis occur sporadicallgsopart of outbreaks. The role of
raw milk products in sporadic cases is not welleassed. Under-notification of sporadic
salmonellosis cases and non systematic case igagsti complicate the demonstration and

guantification of raw milk productions role in spdic cases.

The strict hazard analysis critical control poHACPP) based procedures are
developed and implemented for unpasteurised dawmgyets and monitoring of milk and
cheese made from raw milBalmonellacontamination could explain this good apparent
epidemiological situation in regard to salmoneBosiases linked to the consumption of
camembert type cheeses. Producers should alsot nepsitive results of end production
internal sampling to public health authorities. €amers-particularly those susceptible to
infectious diseases (for example, infants, eldedgpple and immunocpmpromised patients)

should also be warned that a nil risk can not beaméed from raw milk products.

The use of new and more sensitive laboratorieshodst such as real-time PCR

indicated that the prevalence of farm milk contaation is underestimated when using
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classical and routine methods fealmonellamonitoring (Van Kessel el al. 2003; Karns et al.,

2005). The impact of this underestimation is désatiin this current risk assessment.

In lieu of the origin of data and assumptions madhde results of this risk assessment
should be interpreted carefully. The simulationsspnted herein were based on our own data
collected specifically to assess the risk of salefiosis from consumption of Camembert

cheese made from raw milk. The model incorporated @ata in published literature.

For the enumeration, we used the MPN-real-time RE€%ay to enumeragalmonella
in bulk tank milk samples. The assay enabled thenemation ofSalmonellain bulk-tank
milk samples that ranged from 3.7 to 79.2 miSaimonellaper mL. We believe that these
estimates overestimated the original concentratbrihe organism in milk. It has been
previously reported (Mantynen et al., 1997; Mastmal., 2004) that assays based on MPN-
PCR tended to give higher estimates than traditienameration methods. These results
clearly indicated that these higher estimates aeetd the detection of DNA from dead and
stressed cells, which were not able to form cownighese results are also supported by our
findings for the enumeration &almonellain inoculated milk samples using the MPN-real-

time PCR assay (chapter 3 of this thesis).

For the frequency of contamination, we also ob=gra higher prevalence rate of
Salmonellain bulk tank milk in western France 2.68% than tmeeviously reported
prevalence of 0.3% of industry data surveys in 20002 in the same region (unpublished
data). This large variation in the prevalence i railk, we attributed mainly to the detection
technigues used. In our study we used the real-B@R assay. Others have also reported
more positive results when analysing milk by reaet PCR than the traditional cultural

methods (Van Kessel et al., 2003; Karns et al.5200
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As regards assumptions, they belong to severalthgpes. The first one concerns the
number of decimal reduction due to lactic acid picdt] fermentation. Because of the lack of
data on the fate ddalmonelladuring the manufacturing and ripening of Camembbkedese,
we chosed to estimate this reduction Sdlmonellacells during the first days of cheese
making based on literature data describing the fafteSalmonella during the lactic
fermentation in milk stored at different temperagir(mainly close to the ripening
temperature) (Shen et al., 2007; Mufandaedza e2@06). The triangular distribution was
used taking into account the variability and ureietyy. The importance of this factor on the
risk assessment output was considered using ditfeparameters of the triangular
distribution. The number of expected cases of saéthasis is very sensitive to the reduction
factor due to decrease of pH and increase of acticlconcentration during cheese ripening.
To increase the risk estimate accuracy it will lBeassary to get new data Salmonella

survival during the first stage of cheese procegsin

The evolution of the&salmonellapopulation from the third day of cheese making to
the consumption was not included in the model. Bseeaof the low probability of growth
obtained by the logistic regression model, we aarsithat the probability of growth of

Salmonellan Camembert cheese during these steps is ndgligib

The third assumption, considers similar consumpiiothe susceptible and general

population. Assuming an equal number of servingseferybody is likely to dilute the risk

among the general population, and to overemphédiaethe population at risk.

The used dose-response model published by Hads(&099) was fitted to the naive

human data fronSalmonellafeeding trials and outbreaks investigations. Thegleh did not
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take into account the acknowledged, but not welilkde serovar variation. We did not use
the dose response model developed for the WHO/R&Oassessment &almonellain eggs

and broilers (Anonymous, 2002b). The later mode$ waveloped using various outbreak
data where the exposure doses estimate are judgezhaugh accurate and that led to high

uncertainty on risk estimate.

The model simulation did not take into account pussible cross-contamination
occurring during cheese ripening, transport anttidigion or in the consumer’s fridge. Yet,
provided basic hygiene rules are followed along wimle chain, the model remains a
practical value and fairly low numbers of expectedes tends to confirm that Camembert

chesses are low risk foods as far as salmonei®siancerned.

The expected number of rejected lots simulated wh#h current model is highly
dependent on the practical limit of detection aftnee microbial tests and on the farm milk
concentration prevalence. In the absence of pabviailable data on end products inspection,
it is difficult to compare the model results withet observed data. In order to validate our

model output, the inputs from dairy industry antevi@ary inspection are crucial.

Despite the limitations that we underscored, thesg@nt work is the first attempt to
model the risk oSalmonellainfection linked to the consumption of Camembéaese made
from raw milk which tended to show that the risk s#lmonellosis could be considered
relatively low and is manageable at the farm aratgssing levels. The importance analysis
showed clearly the need of further studies onSknonellasurvival during the first stages of

cheese making e.g. effect of pH and lactic acicceatration.
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Detection and quantification ofSalmonellain milk

Although expensive, the usefulness and the advestanf the real-time PCR
technology using the LightCycler™ instrument web&ious in our work. This is because the
amplification reaction, detection of PCR produ@sgd their melting curve analysis can be
performed with a single capillary tube which redudbe risk of experiencing laboratory
product contamination. SYBR Greéns used as the fluorescent dye and subsequenhgelt
curve analysis of PCR products generates a spgeiide that can be used to determine the
specificity of the reaction. This curve permitsfeliéntiation of the signals from the amplified
target from those of the PCR by-products, by refeego melting temperaturé,) values. In
this work, we optimized a sensitive and specifalt#téne PCR assay f@almonelladetection
in milk using SYBR Greed based detection and LightCycler analysis. The ingelturve
analysis was sufficient to determine the specifiof the reaction. PCR product gave a
distinct Ty, of about 87°C for allSalmonellatested. As expected, any fluorescence in the
negative capillary gave a much lowky, usually 79°C. We observed also that the height of
the peaks varied, indicative of the amount of aadated product in both artificially and
naturally contaminated milk samples analysis. Otiegorts (O’Mahony and Colin, 2002)
have indicated that the height of the peaks vaeésively to the amount of accumulated
product.

Application of real-time PCR for the detection dftipogens in food samples is often
limited by the presence of substances that inhit@t PCR reaction, poor quality of target
DNA, or insufficient enrichment of target DNA (Chegt al., 1997; Heller et al., 2003).
Published reports (Liming and Bhagwat, 2004; Cetdcal., 2004) suggested the use of pre-
enrichment step or an immuno-magnetic separatitin additional enrichment (Mercagio
and Griffiths, 2005) prior to DNA extraction metreodn our work the artificially and the

naturally contaminated milk samples were pre-emdcim BPW as suggested by Liming and
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Bhagwat (2004) and also because the BPW mediumsésl dor pre-enrichment in the
horizontal ISO method for the detection &falmonellaspp. (Anonymous 2002). For
Artificially contaminated samples, the detectiomstvity of real-time PCR was 1-5
CFU/mL on inoculum after 8 h of pre-enrichment.clSpre-enrichment time, in fact, allowed
the Salmonellatarget to multiply until reaching detectable camtcation, which in our
experiment conditions was i€ells/mL. It has been previously reported the diirdimit of

the real-time PCR is 2@FU/mL (Seo et al., 2006). These results agree thitise of other
reports. Croci et al. (2004) indicated that 5 Ip#-enrichment allowed the targgalmonella

to multiply until reaching a detectable concentmatof 10 cells/g by PCR in meat products,
and in some cases, PCR was able to identify pesgamples after only 4 h of incubation.
However, to assure the positive detection of lovele of Salmonellathat might be present in
bulk tank milk samples; a 18-h pre-enrichment &epPW was carried out prior to the PCR.
The assay detected 8 positi@aimonellasamples (2.68%). These findings clearly suggested
that the prevalence ddalmonellain dairy farms in western France might be higheant
previously reported (0.3%) in unpublished data (@002). This large variation might be
due to the use of different detection techniquekas been previously reported that the real-
time PCR assay is more sensitive than traditionliial techniques (Rodrigez-Lazaro et al.,
2003) and more positivBalmonellain milk samples have been reported using the themss-
PCR compared to cultural methods (Van Kessel e2@03; Karns et al., 2005).

The productivity of enrichment broth used is catit order to ensure the presence of
sufficient quantities of the target for the DNA &dtion and PCR reaction. Overall, in the
present work, the enrichment of artificially contaated milk samples seemed to be more
efficient than naturally contaminated milk. Thisué is supported by the findings of (Gouws

et al., 1998; Uyttendaele et al., 1998) who indidathat in naturally contaminated samples,
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stressed cells may be present in the food mathus treducing the efficiency of the
enrichment procedures.

There are many commercial kits available for eadsaetion and preparation of DNA
template for PCR assays. In our work, a preliminexgeriment was performed to compare
the performance of the traditional boiling methothwva commercially kit (QlAamp® DNA
Mini kit) for recovering template DNA from milk sastes artificially contaminated with
Salmonella entericaerotype Typhmurium DT104. Both methods facilitatieel detection of
the organism and produced similar results (datashoivn). However, in the present work, we
chose to use the boiling method for the DNA isolatprotocol because of its simplicity and
rapidity. The method gave optimal results, and mwhition was observed in pre-enriched
inoculated milk samples as indicated by the shdpte fluorescent amplification curves.
However, the method resulted in PCR inhibitionaw fpre-enriched bulk tank milk samples.
Therefore, the DNAs of these inhibited samples tade diluted up to 1:10 and PCR
inhibitors were bypassed in all cases. Other liteeareported similar results with other
extraction preparation protocols and commerciat KiPerelle et al., 2004; Liming and
Bhagwat, 2004).

The use of real-time PCR can be combined with dulreuof enrichment broths from
PCR-positive samples for the isolation of the pg#mo Several previously reported real-time
PCR have reported the isolation of pathogens imetu&almonellausing the traditional
cultural methods when analysing PCR enrichmentdiftérent commodities including milk
(Van Kessel et al., 2003; Karns et al., 2005). Wufrately, in the present woralmonella
were not isolated by cultural procedures from ahthe eightSalmonellapositive bulk tank
milk samples. This might be due to the low numldrseal-time positive samples with the
relatively few numbers oBSalmonellain the original milk samples. Bansel et al. (2006)

reported some important factors that might inflieetiee recovery.
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Rapid tests forSalmonella identification might contribute to, but not reptac
bacteriological culture techniques. Organism igofatis still needed for serotyping and
determination of resistance profiles, and also dprdemiological studies. However, in a
routine basis for diagnosis, it should be considdlat a large number of samples may be
processed in a relative short period of time usivegreal-time PCR assay.

The FDA BAM-MPN method is the most frequently usecestimate low population
of foodborne pathogens in foods (Gooch et al., 200he BAM-MPN method uses
conventional culture and biochemical techniquesdemtify isolates. This method provides
statistical estimates of viable cell concentratibat is limited by some well-known
drawbacks. As an alternative, researchers haveopeapthe use of the real-time PCR assay
for identification and enumeration 8almonella(Nogva and Lillehaug, 1999; Piknova et al.,
2005). The real-time PCR approach is an attraalternative to the culture-based systems
for the quantification of foodborne pathogens beeatlne results are generated much faster,
and because non-cultivable but active and poténtiafectious agents can be quantified.
Unfortunately, amplification efficiencies of theatdime analyses, on the other hand, can be
difficult to ensure and their suitability for exapaantification of initial amount of target DNA
has therefore been questioned (Klerks et al., 2004)

In our work, we introduced a simple technique thagrcome the inconveniences of
the traditional MPN method regarding both time dalblour and solved the problems of
quantification efficiencies that arise from quaatite real-time PCR. The technique
combined the both methods, the MPN method togettir the real-time PCR (MPN-real-
time PCR). The performance of the MPN-real-time PERay was investigated by analysing
artificially and naturally contaminated milk sampleith Salmonella When analysing the
artificially contaminated milk samples, the assagded to give higher estimates than the

estimated levels of contamination (CFU/mL) inocethinto milk samples which is probably
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due to DNA from dead and stressed cells, which @/het able to form colonies (Sails et al.,
2003). However, the estimated levels of contanonafell well within the 95% confidence
limits of the MPN estimates. The detection of deadhjured cells has been recognized as an
inherent disadvantage of DNA-based detection assagh as real-time PCR. Josephson et
al.(1993) reported that PCR reaction does notrdifféate the DNA from viable or non-viable
organisms. However, recently, ethidium bromide naae has been applied to block the
DNA of dead bacteria for PCR amplification (Noguaag, 2003). This procedure could lead
to a better agreement between real-time PCR amelpdaint method.

On the basis of the MPN-real-time PCR quantifmatiresults ofSalmonellain
inoculated milk samples, the assay had to be eteluaith regard to the quantification of
Salmonellacells in bulk tank milk samples naturally contaated with Salmonella The
MPN-real-time PCR described for bulk tank milk sa@spproved to be rapid and sensitive
andSalmonellacould be enumerated even at low levels. Becausereuiously enumeration
results in inoculated milk indicated higher estiesathan the inoculum levels estimated by
direct plating, the results of enumeration in nallyr contaminated milk may also
overestimate the original concentration of the nrgras present in the milk since the real-
time PCR detection assay amplify DNA from viablensd| as from and non-viable cells that
might be present in naturally contaminated foodrixat

Because of the low turnaround-time and its sionyli the MPN-real-time PCR could
serve as a rapid alternative for direct quantifaratof bacterial pathogens in foods. The
method enabled the completion of enumeration wigdrhours minimizing the need to use
selective enrichment, selective plating, and comdition steps of the traditional MPN method.
However, care should be taken to further optimiz e step of the procedure.

Further experiments should focus on the following:
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(1) Further work is needed to improve DNA isolation tpoml in order to free
SalmonellaDNA of milk components, which may facilitate thetection and
quantification of low levels oBalmonella This can be done by comparing several
extraction methods and protocols

(2) To investigate the potential of the MPN-real-tinssay as a rapid quantification
method, analysis of other naturally contaminatemtifshould be considered. These
assays must include an internal amplification aantr

(3) Further work is needed to improve and optimize itiaaal isolation methods

when analysing PCR enrichment of milk and othedfowtrix.

Predictive modelling of Salmonellagrowth in milk

Predictive microbiology provides a powerful tooldial the exposure assessment phase
of quantitative microbial assessment. A limitatmfithe growth models ddalmonellafound
in the literature is that their output cannot gaskrve as input in the risk assessment of
Salmonellalinked to the consumption of soft cheese. Theegfan the present work, a
predictive model for growth oSalmonellain milk was developed that covered a broader
range of temperature. In addition the developed ehadhs designed to provide the input
settings (optimum growth rate, cardinal temperat{if@in, Topt aNdTmay for growth events in
the development of risk assessment modeSdmonellan cheese made from raw milk. The
predictive model was developed by following theldaling four steps: (1); kinetic data
collection; (2) database creation; (3) primary miigg and (4) secondary modelling.

One of the steps in evaluating a predictive masléd compare its predications with
other data, generated by other laboratories irewfft media/food substrates. Therefore, we
choose the growth model of PMP for the comparigduar findings demonstrated that the

PMP growth model foSalmonellan broth culture was consistent with the resultaoted by
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our model at the following temperatures (10, 15, 3B°C). 30°C is the maximum
temperature found in PMP for the grov@almonellan broth culture.

In the present work, the effect of temperature lo@ tmaximum growth rate was
described by the cardinal temperature model. Wendicconsider the comparison of this
model with other secondary models since the pedoe of the cardinal model used in this
study provided a best fit with a higrseudo-R (0.97-0.98). However, the performance of
secondary models for predicting specific growthesaas a function of temperature has
previously been compared. Zwietering et al., (199fhpared the Ratkowsky 2 and 3 models
for growth rate and found that Ratkowsky 3 modeal kightly better goodness-of-fit. Rosso
et al. (1993) compared the cardinal temperatureeinedh the Ratkowsky 2 and 3 models
and found similar but slightly better goodnessibftér the cardinal temperature model.
Likewise, Oscar, (2002) reported that the cardieahperature model, although similar in
goodness-of-fit to the Ratkowsky 2 and 3 modelss easier to fit and yielded more accurate
parameter estimates than Ratkowsky 2 and 3 models.

The predictive model developed in the current sfudvided specific data which was
used to build our risk assessment model. Howevemesimportant factors were not
considered in the development of this model. Thededed the effect of other environmental
factors such as pH and, aon the growth, fluctuating temperatures and comget
microorganisms. Further studies are needed to elxf@ncurrent model in order to include
the aforementioned factors. We also recommend #éwveldpment of studies descrbing the
effect of dynamic temperatures of the growttfsafmonellafor example, during the raw milk
cheese processing.

In conclusion, our study revealed the growtlarabteristics ofSalmonellain milk
under constant temperature conditions. The fghudo-R values for the primary and the

secondary model indicated that the both modetbditdata well.
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Risk assessment model

Microbiological risk assessment is an important | toor evaluating and
communicating the impact of raw material qualitypgessing and changes on food safety.
QMRA is a unique scientific approach able to lifi, the first time, data from food (in the
farm-to-fork approch) and the various data on huntiasase to produce a clear estimation of
the impact of contaminated food on human publidthed is also the most powerful tool
available today to clearly assess the efficacyashepossible mitigation strategy. The current
QMRA for Salmonellaand Camembert was not complete because it did ootao
potentially important pathogens events and becatisiata gaps and incomplete predictive
models. Assumptions had to be made where dataadiexnst in order to model the pathogens
events. Minimizing data gaps and assumptions apeitant steps towards producing QMRA
that provides better predictions. The key issuesvgnting effective QMRA remain the
uncertainty (i.e. lack of relevant data) and valhgb(i.e. data available indicates that the
variability of a feature may limit effective assent of the risks associated with it). In our
study, the process of Camembert cheese from rak wals modelled from milking to
consumption. In the exposure assessment the patexposure tdGalmonellain a single
serving was estimated. The calculations were domailating situations including high
prevalence against low prevalence due to preveatitiens taken at the farm level.

In the current study, predictive model for growthSalmonellafrom cheese ripening
to the consumption was used outside the QMRA ieféort to keep the model simple. This
step explained adbecause of the vetgw probability of growth we could consider thaeth
iIs absence of growth in Camembert during these itapb steps of risk model"This low
probability assessed by growth/no growth logistigression model which included a number

of important consideration or variables such gs& and time-temperature abuse. However,
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it should realize that such exclusion could havplications in relation to the final outcome
of the assessment process.

Dose-response assessment, this stage is by fasrtie most difficulties for the
evaluation of the risks related to food. With theestion, which model to use in front of the
significant number suggested for some pathogersSktmonellaa, it is recommended to use
several according to the targeted population andmbe satisfied with only one estimate of
them. However, in the present risk assessment ekemed to use the model published by
Haas et al. (1999), rather than the one proposdedebWHO/FAO (Anonymous. 2002). Even
though the later model was developed using varaubreaks data, the estimated exposure
are judged not enough accurate which may leadgto imcertainty on risk estimate

Even though, in this work, we have demonstratedbdmeefit of risk assessment as a
risk evaluation tool, much of data remain impreaseincomplete. The data derived from
predictive microbiology, by example, come from esipents in laboratory and are not the
reflection of the real environment of growth or tlestion of the pathogen in food. The same
problem is posed for the dose-response relationwloich data are not available or too
approximate. The present risk assessment modelsiigBessible to define precise objectives
and priorities for future studies. Studies on thevival of Salmonelladuring the first stages
of cheese making taking into account the effecpldf and acid lactic concentration are
needed.

The results provided by the QRA must be moreess coherent with the reality. If the
estimates are too different from the data obsebyethe monitoring systems, the model and
the data must be totally reviewed. Consideringréseilts of the present work, the model is of
a practical value and the very low risk predictgdhie model seemed to confirm surveillance
and monitoring systems data of that Camembert elseese low risk foods as far as

salmonellosis is concerned.
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ABSTRACT

As a part of our effort in quantitative risk arsily of food-borne diseases, the
objective of this study was to develop rapid andabée protocols for detection and
quantification of Salmonellain milk samples. First, for the detection 8almonellain
artificially and naturally contaminated milk sampl&YBR Green | real-time PCR assay was
used, and quantification d&almonellawas achieved by combining this assay with most-
probable-number (MPN) method (MPN-real-time PCR).SAlmonella entericaserotype
Typhimurium DT104 strain was inoculated into millangples at different levels of
contamination. Data indicated that both detectiod gquantification protocols were able to
detect and enumerate as few as 1 CFU/mL of milkr&th of a single non-selective pre-
enrichment step in buffered peptone water. All M&timates corresponded well to inoculum
levels. The two protocols were then applied to radityicontaminated bulk tank milk samples.
Eight (2.6%) of 299 bulk tank milk samples were rfdupositive, with estimated MPN
ranging from 3.7 to 79.&almonellahL of milk sample. This study demonstrates that the
combination of real-time PCR assay and MPN methastitutes an effective, rapid and

easy-to-perform method for quantifying low levetsSalmonellan milk samples.

Key words: SalmonellaMPN-real-time PCR, quantification, milk
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INTRODUCTION

Salmonellacontinues to be a major food-borne pathogen fonals and humans and
in many countries it is the leading cause of foodak infections and outbreaks (Tirado and
Schmidt, 2001, Vaillant et al., 2004). Raw andt@aszed milk as well as different types of
cheese have been associated with severe food puisontbreaks caused yalmonella
entericaserotypes in Europe and the United States (Maglied., 1992; Villar et al., 1999;
De Buyser et al., 2000; Haeghebaert et al., 200%refore, for food safety, rapid, sensitive,
and specific detection and quantification of foaurie pathogens in food products, including
dairy products are needed. Conventional culturthads for the detection &almonellain
foods are time consuming and usually require 4y¥& da presumptively identifgalmonella
in a test sample and to confirm the identity of idmate. For this reason, methods based on
polymerase chain reaction (PCR) have been incrglgsiised for the detection &almonella
cells in various foods including dairy products rfleéi et al., 2001; Aslam et al., 2003).
However, these assays usually rely on visualizimg amplification product by ethidium
bromide staining after agarose gel electrophoredigch is labor and time-intensive. To
reduce the time required for detection ®lmonellaspp. in foods, the time-consuming
conventional PCR assays are gradually being reglagemore convenient real-time PCR
assays, which represent a significant progressGR-Pased methods for a broad range of
applications. A number of real-time PCR-based asday the detection oSalmonellain
foods have already been described (Jothikumar.e?@03; Bhagwat, 2004; Liming and
Bhagwat, 2004). This technology which combines #mption and detection in a one step
closed-tube reaction, presents many advantagesasulkigh sensitivity, high specificity, and
lower risks of cross-contamination (Rodrigez-Lazetral., 2003).

Several studies have identified the lack of quatme data on levels of contamination

in contaminated foods as a key data gap for theldpment of risk assessment for pathogens
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(Coleman and Marks, 1999almonellacells can be enumerated by applying the classical
microbiological quantification techniques, suchtlas plate counting methods and the most-
probable-number (MPN) method. Some of these teciesigequire up to 6 days for detection
and quantification, thus once again pose the pnobté being labor-intense and time-
consuming. Recently, the use of real-time PCRyassa quantification of initial target DNA
has overcome this disadvantage of the time fathofortunately, amplification efficiencies of
these quantification assays can be difficult touemsand their suitability for exact
quantification of initial amount of target DNA h#éserefore been questioned (Klerks et al.,
2004).

In this study, an alternative approach is preserR&R products can be quantified by
combining the principles of the Most-Probable-Num@&PN) statistics and LightCycler
real-time PCR. Through the use of this approaah saught to develop a rapid and simple
MPN-real-time PCR protocol (MPN-real-time PCR) lihsen the double-stranded DNA
(dsDNA) binding dye SYBR Green | for the detecteomd quantification oSalmonellaspp.
in contaminated milk samples. To our knowledges tls the first report in which a
LightCycler real-time PCR detection method is camelli with the MPN method to enumerate
Salmonellaspp. in milk samples. However, methods based on M&Nentional PCR
(MPN-PCR) have previously been described for thieaimn and enumeration of different
micro-organisms (Fredslund et al., 2001; Martinaét 2004). The first objective of the
present work was to develop MPN-real-time PCR a$sathe quantification oSalmonella
enterica serotype Typhimurium DT104 in experimentally contaated milk. The second
objective was to apply this developed assay to emata Salmonella in naturally
contaminated bulk tank milk samples obtained framydfarms located in western France.

MATERIALS AND METHODS

Bacterial Strains and Culture Conditions
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The bacterial strains used in experimental studreslisted in Table 1. They were
obtained from the collection of the LERQAP (Laboreg d’étude et de recherche sur la
qualité des aliments et des procédés agroalimenjaof the French Food Safety Agency
(Agence francaise de sécurité sanitaire des alsn&iSSA), Maisons-Alfort, France. They
were used to determine the specificity and theigeityg of the LightCycler real-time PCR
assay. Stock cultures were preserved by freezZin@QC in vials containing brain-heart
infusion (BHI, Difco) broth supplemented with 20%/\() glycerol (Difco). Fresh bacterial
cultures for use in experiments were produced bgutating frozen stock cultures into BHI
broth and incubating them overnight at 37°C. Founearation ofSalmonellain sterilized
milk, Salmonella entericaerotype Typhimurium DT104 was used to inoculail&.m
Specificity of the Real-Time PCR Assay

To determine the specificity of the LightCycler Iiiene PCR assay, frozen stock
cultures of 3 different serotypes $&lmonella entericand 7 strains of other bacteria (Table
1) were transferred into BHI broth and incubatecroight at 37°C. These overnight
bacterial cultures were subsequently subjectedN@ @xtraction with boiling method, and
real-time PCR assay as described below.

Sensitivity of the Real-Time PCR Assay with PureltDtes

The sensitivity of the real time-PCR assay wasuatald using pure cultures of three
serotypes oBalmonella enteric@Table 1). Cells were grown overnight at 37°C inlRirbth.
Ten-fold serial dilutions of each pure culture weneepared in Buffered Peptone Water
(BPW; Difco, Becton Dickinson). To determine cellmbers, appropriately diluted cultures
were spread-plated on Xylose-Lysine-Tergitol-4 a@érT-4; Difco) in ten replicate plates.
Plates were incubated overnight at 37°C. All ddos were then incubated at 37°C for 6, 8
and 16 h of nonselective enrichment. After eachgmeéchment period, 1.5 mL-aliquot was

collected from each dilution into microcentrifugédés and subjected to DNA extraction and
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real-time PCR assay. Reproducibility of SYBR Greeal-time PCR was assessed by running
samples independently on different days.
Milk Samples

For the development of detection and quantificapootocols, ultra-high temperature
(UHT) sterilized whole milk (3.6 g fat) was purclkdsfrom a local supermarket and
artificially inoculated withS. entericaserotype Typhimurium DT104 at different levels of
contamination.

The application of developed protocols was perfalme naturally contaminated bulk
tank milk samples, a total of 299 milk samples waseptically collected from bulk tank dairy
farms located in western France. Collection of nsi#fmples was done during routine visits
(two to three times a month) to farms by the depantal veterinary laboratories (LVDs,
Laboratoires vétérinaires départementaux) for epidi@gical monitoring of bacterial strains,
including Salmonella The collection of milk from these dairy farmsirdended for milk
cheese making. All samples collected for our stwdye stored at 4°C and then transported to
our laboratory where analyzed within 24 h of cdila.

Real-Time PCR Detection Protocol of milk samples

Development of the Detection Assay on Artificiallontaminated Milk. For the
artificial inoculation procedures, the exact nunsbef Salmonellacells were determined by
plating 0.1-mL aliquots of suitable 10-fold diluti® onto XLT-4 agar plates in ten replicates
and incubating them overnight at 37°C. The dilwiovere then kept refrigerated at 4°C for
24 h. When thé&almonellacells were added to the milk, the estimated aaficentration of
the inoculum was determined for a second time. RPfmmilk samples were inoculated with
the following estimated levels of contaminationtol5, 10 to 20, and 100 CFU/mL before
being homogenized in 225 mL of BPW by mixing. THwnogenates were then pre-enriched

for 6, 8, and 16 h at 37°C in order to determireeghortest enrichment time needed to detect
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the lowest level of contamination. At each time rppialiquots were withdrawn and
appropriate 10-fold serial dilutions of each spiked-enrichment broth were spread-plated on
XLT-4 agar plates in triplicates and incubated oigint at 37°C before counting colonies and
calculating CFU. In addition, other aliquots of lkaspiked pre-enrichment broth were
collected and subjected to DNA extraction for tealitime PCR assay. The experiment was
also performed on bulk tank milk samples collectemm a dairy farm and artificially
contaminated after being confirm&hlmonellanegative by both culture methods and real-
time PCR.

Application of the Detection Assay on Naturally Caminated Bulk Tank Milk For
bulk tank milk samples, 5 mL of each milk samplessvadded to 45 mL BPW. After being
thoroughly mixed, the mixtures were pre-enriched1f® h at 37°C. 1.5-mL aliquots of each
pre-enrichment broth were collected and subjeaeNA extraction for the real-time PCR
assay as described below. The remaining quantitiessw milk samples were stored at 4°C to
be used for quantification protocol in casesafmonellapositive results.

The MPN-Real-Time PCR Quantification Protocol of thkisamples

Development of the method on Artificially Contamited Milk. MPN assays (ten-
tube method) fos. entericaserotype Typhimurium DT104 were performed accaydmthe
procedures described in the Bacteriological AneaftiManual of the U.S Food and Drug
Administration (BAM/FDA) (Administration, 2001). Entubes were then incubated for 6, 8
and 16 h at 37°C in order to optimize the incubateriod for the MPN-real-time PCR
method. After each incubation period, 1.5 mL offeanriched tube was drawn and processed
for DNA extraction. Immediately after DNA extramti, the MPN-real-time PCR runs were
carried out on DNA templates by following the prdaees described in the SYBR Green real-
time PCR assay section. From the amplification Iteghe number of positive and negative

capillary tubes was scored and the MPN calculatwasee made with a computer-assisted
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spreadsheet (Garthright and Blodgett, 2003). Tineagisheet can be found on the website of

the BAM (www.cfsan.fda.gov/~ebam/bam-a2.hymrhe repeatability of the MPN-real-time

PCR assay was determined by repeated measurenfieghéssame sample. The repeatability
was estimated by computing the Coefficient of Vioia of log MPN (CV%). The CV was
calculated as the mean divided by the standardatieni If the CV values were less than
20%, the repeatability was considered to be acbepta

Application of the method on Naturally Contaminate8ulk Tank Milk. Milk
samples that teste®almonellapositive with the real-time PCR detection assayrewe
subjected to enumeration assay with MPN-real-tin@dRPand to isolation of presumptive
Salmonellacolonies using conventional culture methods. 25ahkachSalmonellapositive
milk sample homogenized in 225 mL of BPW by mixidgPN assays (five-tube method)
were performed according to the procedures destiibb®AM (Administration, 2001). The
tubes were then incubated at 37°C for 8 h (optimaibation time determined by MPN real-
time PCR assay of artificially contaminated milkrgdes). After incubation period, 1.5 mL of
each enriched tube was drawn and processed for &raction. The MPN-real-time PCR
runs were carried out on DNA templates by followiihg procedures described in SYBR
Green real-time PCR conditions section. From thepldication results the number of
positive and negative capillary tubes was scoretithe MPN calculations were made with a
computer-assisted spreadsheet (Garthright and Btod203).
DNA Extraction Procedures

DNA was extracted from pure cultured strains armmfrpre-enriched cultures of
artificially and naturally contaminated milk samgleAliquot of enriched sample was
transferred to 2-mL microcentrifuge tube. The selspension was centrifuged for 10 min at
12,000 rpm. The supernatant was discarded carefiitly pellet was resuspended in 100

of sterile distilled water by vortexing. The tubesvcentrifuged again at 12,000 rpm for 10
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min, and the supernatant was discarded carefulig. gellet was resuspended once again in
100pL of sterile distilled water by vortexingnd boiled in a water bath for 10 min. After heat
treatment the tube was immediately centrifugedf@rmin at 12,000 rpm. The supernatant
was carefully transferred to a new microcentriftigiee and stored at —20 °C until the real-
time PCR assay was performed. An aliquot ofil2 of the supernatant was used as the
template DNA in the real-time PCR assay.

SYBR Green Real- Time PCR Assay

The Salmonellaspecific primers ST11 (5-AGCCAACCATTGCTAAATTGGCGC
3") and ST15 (5-GGTAGAAATTCCCAGCGGGTACTG-3'), origally designed by Aabo
et al., 1993), and previously shown to be highlgcsiic for Salmonella(Aabo et al., 1993;
Bansal et al., 2006) were purchased from Proligbiesed to amplify a 429-bp.

Real-time PCR reactions were performed with theht@ycler PCR instrument
(Roche Diagnostics) using the LightCycler-FastSDaftA Master SYBR Green | Kit (Roche
Diagnostics). The reaction mixture contained tHe®¥ang concentrations of reactantsuP
of LightCycler-Faststart DNA Master SYBR Green IXIconcentration), 4 mM MgG| 0.4
UM of each primer, 2iL of template DNA, and sterile PCR grade water total volume of
20 uL per capillary. Each LightCycler run contained oregative control consisting of.8
without any template DNA to monitor for possiblentamination and one positive contré (
entericaserotype Typhimurium DT104; AFSSA 13887.03). Mixiof the reagents for the
PCR was accomplished under laminar flow in a clesom separate from the one where
DNA templates were prepared. Master mixture andaet¢d DNA were placed into glass
capillaries, sealed with a plastic cap, centrifyg@d00 rpm for 15 sec.) and placed into the
LightCycler™ carousel (Roche Diagnostics).

The thermal cycling program for the LightCycler™shimur phases: denaturation,

amplification, melting and cooling. In the initidenaturation phase the capillary is heated to
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95°C for 10 min, followed by 40 to 45 cycles of difipation phase of 10 s at 95°C,
annealing for 10 s at 66°C, and extension for a0 &°C. Signal detection was performed at
the end of the extension step with a single flumease acquisition for each capillary. The
melting curve analysis phase began with 95°C feythen cooled to 73°C for 30 s before the
temperature was raised to 95°C at a rate of 0.4. ®ldorescence acquisition was performed
continuously during this phase. Finally, the cogliphase lasted for one minute at 40°C.
Melting temperatureTm) peaks were calculated based on initial fluoneseeurvesK/T) by
plotting negative derivative of fluorescence ovemperature versus temperature RddT
versusT).
Isolation of Positive Colonies from Raw Milk Samle

For isolation of presumptiv@almonellacolonies from PCR-positive milk samples, 0.1
mL of non-selective pre-enrichment mixture was gfarred to 10 mL of Rappaport-
Vassiliadis (RV) medium and another 0.1 mL to 10 oflMueller-Kauffman tetrathionate
broth AESLaboratoire, France). RV medium selective enrichinveas carried out for 22-24
h at 42°C, and Muller-Kauffmann tetrathionate bratis incubated for 22-24 h at 37°C. Both
selective enrichment broths were streaked onto XL&gar plates and xylose lysine
deoxycholate (XLD) agar plates. Plates were timenbated for 22-24 h at 37°C. If growth
was slight or if no typical colonies were founde fhlates were reincubated for a further 24 h
at 37°C.

RESULTS

Optimization of Real-Time PCR Assay

The first step in developing a successful real-tlr@&R assay is to establish optimal
conditions of the real-time PCR parameters suchMg€l, and primer concentrations.
Therefore, preliminary tests were performed usingADextracted from appropriate 10-fold

serial dilutions ofSalmonellaHadar. By following the optimization proceduresaetenended
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by the manufacturer (Roche Molecular Biochemic@lschnical Note No. LC 9/2000), we
achieved the optimal conditions described in SYBReR real-time PCR assay section of this
paper.
Specificity of Real-Time PCR Primers

PCR primers ST11 and ST15 were found to resulpectific amplification products
with all the serotypes dbalmonellatested. As expected, no amplification was obseimed
any of the norSalmonellaspecies, including strains in the family Bhterobacteriaceae
closely related t&@almonella such as. coli, C. freundii K. pneumoniaeand Shigellaspp.
(Table 1). No amplification was observed in theaieg@ control, eliminating the possibility
of false-positive results due to potential crosstamination. Table 1 shows th€r
(Threshold PCR cycle) ang, (Melting temperature) values from the SYBR Greesal-time
PCR analysis. Specificity was assessed byTtgeof the amplification products immediately
after the reaction cycle. This amplification reedltin product with al, of 87.2 + 0.5°C.
Negative controls and samples confirmed negativé Kot show peaks inl, that
corresponded to 87.2 + 0.5°C. Figure 1 shows thkingepeak analysis of the amplified
products in real-time PCR for positivé.(Enteritidis, S. Hadar andS. entricaserotype
Typhimurium DT104 and representative negatizscherichiacoli, Enterobacter cloacae
Citrobacter freundiiandKlebsiella pneumoniag
Detection Limits in Pure Cultures

The study was performed on the th&smonellastrains listed in Table 1. Using our
described real-time PCR assaith an 8 h pre-enrichment step in BPW, it was fidsso
detect as few as 1 CFU/mL of pure cultures fromhezche three strains. Experiments were

carried out three times and good reproducibilitwhserved (data not shown).
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Detection ofSalmonellafrom Artificially Contaminated Milk Samples

Milk samples inoculated withS. entericaserotype Typhimurium DT104 at the
estimated levels of contamination (1-5, 10-20, afd CFU/mL) gave negative results
without enrichment, whereas the real-time PCR asledgcted the bacteria in milk samples
even at a low level of contamination after enrichtné@Vhen spiked milk samples were
enriched in BPW for 6 h inoculum levels of 10 a0 ICFU/mL were detected. When the
inoculation levels were 1 CFU/mL, 8 or 16 h of ehment was necessary to detect them,
thus leading to the definition of the optimal ehn@ent time as 8 h. The relative detection
limits of the real-time PCR assay f8r entericaserotype Typhimurium DT104 in artificially
contaminated sterilized milk samples were consistéth DNA purified from serial dilutions
of broth cultures of the thregalmonellastrains and with inoculated bulk tank milk samples
These results suggested that at leastCBU/mL in enrichment broth (Table 2) must be

present to give a positive result by the real-tP@R assay.

Detection ofSalmonellafrom Naturally Contaminated Milk Samples

After 18 h of enrichment, eight (2.6%) out thfe 299bulk tank milk samples that
were collected and analyzed for the presencB8abionellaby real-time PCR using SYBR
Green | were positive fdsalmonella

Among the 299 milk samples tested, 29 (9.6%) shameithitory reaction when tested
by LightCycler-real-time PCR. Therefore, DNAs ok#ie samples had to be diluted 1:10 in
sterile water to bypass the inhibitory effect. Thigatment of the inhibitory samples was
enough to obtain a successful amplification but shenples gave negative amplification
results.

The real-time PCR positive samples were furthetyaed with the traditional cultural
methods while the negative ones were discardede ddrithe eight real-time PCR positive

samples did yield positive cultures.
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Enumeration of Salmonella in Artificial and naturdly Contaminated Milk Samples

For UHT-sterilized whole milk samples inoculatedth S. enterica serotype
Typhimurium DT104, a non-selective pre-enrichmeémietof 8 h in buffered peptone water
was found optimal to obtain MPN-real-time PCR eaties close to the contamination levels
(Table 3). With the developed MPN-real-time PCRagsg was possible to enumerate
approximately 1 CFUsalmonellaper ml of milk within 11-12 h, which included ani8
enrichment and 3-4 h period to carry out the sarppdparation and real-time PCR assay.
The MPN-real-time PCR estimates correspond weth®estimated level of contamination
inoculated into the samples. Clear positive peaksewobserved in most positive tubes
originating from milk samples inoculated with 1060dal0-20 cells per mL of milk (Figure 2
A, B), while in the case of the samples inoculatgith low levels 1-5 cells per mL of milk,
weak fluorescence peaks were observed (Figure 2T@¢. MPN-real-time PCR assay
demonstrated acceptable repeatability with a odefit of variation (CV%) of less than 20%
for inoculum levels of 100 and 10-20 CFU/mL; bugker variation were observed in samples
with inoculum level of 1-5 CFU/mL (Table 4). Argugbthis was due to the low level of
inoculum.

For naturally contaminated bulk tank milk samplége MPN real-time PCR assay
enabled the enumeration 8almonellgper mL in bulk tank milk positive samples thatgad
from 3.7 to 79.2 (Table 5).

Confirmation of Real-Time PCR Products by DNA Meit§ Temperature Analysis

In the SYBR Green | real-time PCR, the amplificatof the DNA target is expressed
as a threshold cycl€¢). TheCrrepresents the number of reaction cycle at whiehréporter
fluorescence raises above a set baseline thresottlindicates that the DNA amplicon is
replicating exponentially. Immediately following aiification, the products were melted, and

the release of fluorescence dye measured to gensralting curves from whici,, was
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calculated. Ty, is dependent upon the length of the amplified DE#&well as the G/C content
of the sequence (Bhagwat, 2003). As Theis reached, the DNA denatures and releases
SYBR Green |, causing a sharp decline in fluoreseedhis decrease in fluorescence is
plotted as the negative derivative of fluorescenger temperature versus temperature (-
d(F)/dT versusT) giving a melting peak and,, for each PCR product. In artificially
contaminated milk assay, the average real-time PgRalue (mean plus standard deviation
from a range of 8 t010 assays) of the specific pctslwas 87.6°C (+0.4). These results were
consistent with naturally contaminated bulk tankknsiamples in which the mean real-time
PCRT,, of eight positive samples was 87.2°C (+0.4). Otieal-time assays (Mercaglo and
Griffiths 2005) have reported similar results. Hee®e variations of more than 1°C in the
minimum and maximumls have been reported from other studies (EyigoaleR002;
Medici et al., 2003). The averadg, of the negative controls was 79.7°C (+0.2). Bhagwa
(2003) reported that primer-dimers which are tyihycahorter in length usually melt at a
much lower T, than the intended product and are therefore easyistinguish whereas
secondary or non-specific products can be of vgryangths and sequences and therefore
have a large range of possible melting temperatures
DISCUSSION

Dairy cattle and their environment harbor pathogdrst pose a potential human
health hazard. Unpasteurized milk and dairy prazlatade from raw milk serve as vehicles
for the transmission of pathogenic bacteria inacigdalmonellaspp. from cattle to humans.
Outbreak investigations and volunteer studies hethvawvn that very low doses of certain
Salmonellastrains can cause disease in a significant prigmoaf the consumers (Hedberg et
al., 1992). It has, therefore, become increasimglgortant to develop rapid and sensitive

methods not only for the detection but also for theantification of low numbers of
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Salmonellacells in foods including milk. In risk assessmevestigation, enumeration rather
than presence/absence is important to estimatatbef human exposure.

The aim of the present study was first to develgemsitive, simple, and rapid MPN-
real-time PCR based method for the quantificatib@amonellain artificially contaminated
milk. The method has been successfully used ftgction and quantification dalmonella
in artificially contaminated milk. Therefore, weauated the utility of this developed method
to enumerate&Salmonellaspp. in naturally contaminated bulk tank milk s#spof selected
dairy farms from western France, within the ainuse it afterwards for the development of
quantitative risk assessment of food-borne contatiwn of milk products. This is, to our
knowledge, the first report on quantification 8klmonellain artificially and naturally
contaminated milk samples by the MPN method contbiwgh LightCycler real-time PCR
based on the double-stranded DNA (dsDNA) bindingg 8¥BR Green |. The major
advantage of the LightCycler real-time-PCR assayas it is easy to perform and has been
shown to save time and effort. In this study, weehshown that with little optimisation steps
of PCR conditions, the simple and less expensit®o@f SYBR Green | can be used as an
effective alternative. Recently, a number of SYBR&I real-time PCR assays for detection
of Salmonellarom different types of samples have been repgidethikumar et al., 2003; De
Medici et al., 2003; Bhagwat., 2004; Mercghoand Griffiths, 2005).

In our studySalmonellacould not be detected in inoculated milk samplasmwDNA
was extracted directly and without enrichment (€ald). Previously reported studies
(Waltman, 2000; Liming and Bhagwat, 2004) suggetiteduse of preenrichment step prior to
DNA extraction methods to improve the detectiomoaf numbers oSalmonellan foods and
to overcome the problems of certain inhibitors pnesn food including milk. Therefore, we
carried out one step enrichment in BPW prior to Dékraction. While the DNA extraction

procedure based on a simple boiling method gavienaptesults and no inhibition was seen
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in inoculated milk samples, the method resulted PE@R inhibition in few naturally
contaminated milk samples. Therefore, DNAs of thieéébited pre-enriched milk samples
had to be diluted 1:10 and PCR inhibitors were bgpd in all cases. Other literature reported
similar results with other extraction preparatiantpcols and commercial kits (Meng et al.,
1996; Lample et al., 2000; Liming and Bhagwat, 2(®@drelle et al., 2004).

In general, as a simple, but widely used methodinigomethod provides a fast and
efficiency way of extracting DNA that can be usedRCR assays in less well equipped
laboratories. However, extraction procedures havdd improved to isolate DNA from
naturally contaminated milk samples.

The detection of low numbers of cells is particiylamportant for Salmonellaspp.,
since epidemiological evidence suggests that thbereaks can occur with concentration in
the range of 10-100 cells (Bhagwat, 2004). In thesent study, experiments carried out on
artificially contaminated milk samples showed thesdl-time PCR could detect 1 CFU/mL of
Salmonellacontaminated milk samples after 8 h of incubationthe non-selective pre-
enrichment medium (Table 3). Published papers desgrreal-time PCR-based detection of
Salmonellafrom either spiked or naturally contaminated fobdse claimed detection limits
ranging from 1 to less than LGFU/g or mL after enrichment at different timesgag from
6 h to overnight incubation (Eyigor et al., 2002 Dledici et al., 2003; Bhagwat., 2004;
Mercanglu and Griffiths, 2005).

The potential of MPN-real-time PCR method for tjuantification ofSalmonellaspp.
from artificially contaminated milk was investigdteand resulted in MPN counts that
corresponded well to the estimated level of comaton inoculated into the samples.
Generally, the MPN-real-time PCR tended to givehbigestimates than the inoculum level
(Table 3). However, the inoculum level estimatdbviell within the 95% confidence limits

of the MPN estimates while remaining lower than Mfdl-time PCR results. These results
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are supported by the findings of Mantynen et @9{). In their results, they found that MPN-
PCR tended to give higher estimates than platetoayrthis difference was probably linked
to the fact that DNA from dead and stressed celtsch were not able to form colonies, is
also extracted. As the post-PCR melting curve amlpf the amplified product was
performed, it was very important to establish wbketthe level of contamination has an
influence on the position of the melting peak ai68C (+ 0.4°C). As can be seen in Fig 2 A,
B, and C, the significant peak at 87.6 (+ 0.4°Gpaes unaltered at the different levels of
contamination even though a variety of lesser peales evident at lower levels of
contamination, presumably as a result of the amofiatcumulated product. O’Mahony and
Colin (2002) indicated also that the height of pesaks varies according to the amount of
accumulated product. Generally, using the protoesicribed here, satisfactory peak heights

were produced using a 40-cycle real-time-PCR.

When the real-time PCR assay was used to examiéw@f tank milk samples taken
from dairy herds located in the West of Franceindicated that 2.6% (8 of 299) were
contaminated bysalmonella which is within the range of prevalence ratesortgg in the
literature. This level of contamination is in agrent with another French study (Desmasures
et al.,, 1997), which showed the prevalenceSafmonellain bulk tank milk to be 2.9%.
However, previously reported surveys of bulk tarikrnm Europe, United States and Canada
have shown large variations in the prevalenc8almonellain raw milk ranging from 0.17%
to 12.6% (Rohrbach et al., 1992; Steel et al., 188&san et al., 2000; Karns et al., 2005).
The large variations in levels of bulk taBklmonellacontamination observed in these studies
have been attributed to several factors such astwars in sampling and detection
techniques, seasonal differences, herd size, galoigrarea, hygiene, and farm management
practices. These reported findings clearly sug§astnonellado occur in bulk tank milk and

may pose a health hazard if raw milk or raw milkgarcts are consumed.
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Although the traditional culture method remains thecepted procedure for
confirming the presence @almonellain food because this method allows isolation and
culturing of Salmonellae from samples, the reaktiRCR assay is substantially faster and
usually more sensitive than the standard cultucequure. In addition, this real-time PCR
assay can be combined with subculture of enrichroesths from PCR-positive samples for
the isolation of the pathogen, which is of greatddi to the food industry and to regulatory
or public health authorities engaged in food sa#etg the management of salmonellosis. The
real-time PCR assay of bulk tank milk samples cotetliin this study suggested that more
milk samples contained detectab®almonellathan previously reported in unpublished
industry data in 2000-2002 from the same regionyimch culture methods indicated only
0.3% contamination level. In our study, the detactof Salmonellain 2.6% of the samples
tested indicates that the degree of prevalendeegpathogen in raw milk in Western France is
higher than previously believed. Others have aksported more positive results when
analysing enrichments of different food commoditiesdluding milk by real-time PCR than
by the traditional cultural methods. For examplan\Kessel et al. (2003) reported the use of
a real-time PCR for the detection $&lmonellain raw milk samples. The method yielded
16.5% more positive samples than the culture tegles. Karns et al. (2005) detected
Salmonellain 11.8% of the samples using the real-time PCsaygswhereas conventional
culture methods detected the pathogen in only 206%e same samples (Van Kessel et al.,
2004). Hein et al. (2005) tested bovine and capneterally contaminated raw milk samples
for the presence dbtaphylococcus aureughe real-time PCR method yielded 19.3% more
positive samples than plate count method. Thergftr@appears that the real-time PCR
method is more sensitive and faster than traditicodure techniques for the detection of

Salmonellan bulk tank milk.
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Identification of isolates is of particular impante for epidemiological data and
public health authorities. PCR procedure, on themwohand, can be used only as a screening
tool because it indicates only presence or absehtige pathogen. In our studgalmonella
were not isolated by cultural procedures from thghtereal-time PCRSalmonellapositive
milk samples. This finding might not be surprisimgcause for a variety of reasons including
the relatively low number of real-time PCR positsemples in this study. Moreover, in all
cases the number @almonellain the original milk samples was very low (Table 5)
Conventional cultural procedures will not alwaysedé small numbers @almonellacells in
certain food samples. Bensal et al. (2006) repostede factors that can influence recovery
rates including sensitivity of the methods, thecepsibility of Salmonellastrains to inhibitors
in the food or media, and overgrowth by competitusing incubation. Karns et al. (2005)
mentioned many reasons wi8almonellawere not isolated from PCR positive raw milk
samples; bulk tank milk can contain many other nigras that may compete wigalmonella
in the enrichment broth; the presence of otherrosgas on the XLT4 selective agar plates
may interfere with the production of,8 by Salmonella H,S production is required for the
formation of the black colour iBalmonellecolonies.

A data gap that is routinely identified in risk @assment is the lack of quantitative data
on the level of contamination in the contaminateads with pathogen&oleman and Marks,
1999). The application of MPN method combined wthtCycler real-time PCR to quantify
Salmonellaspp. in raw milk proved to be rapid and highly sewe and small numbers of
Salmonellacould be found in bulk tank milk samples. Thisagsgields significant labor and
time savings since the quantification $&lmonellaspp. can completed within 12 h which
included a 8-h non-selective enrichment step ahdalcarry out the sample preparation and
real-time PCR assay as opposed to the classicdloohgt which require at least 5 days of

work.

210



ACKNOWLEDGEMENTS
The authors wish to thank Sandrine Oppici and MaBhergui for their excellent technical
assistance. This research was supported by the r. by .@grant from the...or by funding
from the ...or was supported in a part by grardmir.we also thank....... for critical reading

of the manuscript or for reviewing the manuscript

211



REFERENCES
Aabo, S., O. F. Rasmussen, L. Rossen, P. D. Sgrehse. Olsen. 199%almonella
identiication by the polymerase chain reaction. MG#ll. Probes 7:171-178.

Administration, U.S F.D.A. 2001. Bacteriologicaladytical manual. AOAC International,
Gaithersburg, MD. Available at: http:/www.cfan.gegbam/bam-toc.html. Accessed
Aslam, M., J. Hogen, K. Larry Smith. 2003. Develaprhof a PCR-based assay to detect

Shiga toxin-producind=scherichia coli Listeria monocytogenesand Salmonellain
milk. Food Microbiol. 20:345-350.

Bansel, N. S., V. Gray, F. McDonell. 2006. Validh#eCR assay for the routine detection of
Salmonellan food. J. Food Prot. 69:282-287.

Bhagwat, A. A. 2003. Simultaneous detectiorice€therichia coliO157:H7 Listeria
monocytogeneand Salmonellastrains by real-time PCR. Int. J. Food Microbiol.
84:217-224.

Bhagwat, A. A. 2004. Rapid detection@®dimonellarom vegetable rinse-water using real-
time PCR. Food Microbiol. 21:73-78.

Coleman, M. E., and H.M. Marks. 1999. Qualitatiwvel quantitative risk assessment. Food
Micrbiol. 10:289-297.

Croci, L., E. Delibato, G. Volpe, D. De Medici, Balleschi. 2004. Comparison of PCR,
electrochemical enzyme-linked immunosorbent assaysl the standard culture
method for detectin@almonellain meat products. Appl. Environ. Microbiol.70:1393
1396.

De Buyser, M.L., B. Dufour, M. Marie, V. LafargeO@1. Implication of milk and milk
products in foodborne diseases in France and fardiit industrialised countries. Int.
J. Food Microbiol. 67, 1-17.

De Medici,D, L. Croci, E. Delibato, S. Di Pasquale, E. Fdgtil. Toti. 2003. Evaluation

212



of DNA extraction methods for use in combinatiotim5YBR Green | real-time PCR
to detectSalmonella entericaerotype enteritidis in poultry. Appl. Environ. Mabiol.
69:3456-3461.

Desmasures, D., F. Bazin, M. Guéguen. 1997. Miotolgical composition of raw milk
from farms in the Camembert region of Normandygpl. Microbiol . 83, 53-58.

Eyigor, A., K. T. Carli, C. B. Unal. 2002. Implemtation of real-time PCR to tetrathionate
broth enrichment step obalmonelladetection in poultry. Lett. Appl. Microbiol.
34:37-41.

Ferretti, R., . Mannazzu, L. Cocolin, G. Comi,(lementi. 2001. Twelve-hour PCR-based
method for detection dbalmonellaspp. in food. Appl. Enviro. Microbiol. 67, 977-
980.

Fredslund, L., F. Ekelund, C. S. Jacobsen, K. Joira001. Development and application of
a most-probable-number-PCR assay to quantify flaggepopulations in soil samples.
Appl. Environ. Microbiol. 67:1613-1618.

Garthright, W. G., and R. J. Blodgett. 2003. FDptsferred MPN methods for standard,
large or unusual tests, with a spreadsheet. Foodolipl. 20:439-445.

Haeghebaert, S., P. Sulem, L. Deroudille, E. Vaoyrédenot, O. Bagnis, P. Bouvet,
F.Grimont, A. Brisabois, F. Le Querrec, C. Hervy,Bspie, H. de Valk. 2003. Two
outbreaks oSalmonellaEnteritidis phage type 8 linked to the consumptbiCantal
cheese made with raw milk, France, 2001. Eurosllawee 7:151-156.

Hassan, L., H. O. Mohammed, P. L. McDonough, RGNnzalez. 2000. A cross-sectional
study on the prevalence bisteria monocytogenandSalmonellain New York dairy
herds. J. Dairy Sci. 83:2441-2447.

Hein, I., H. J. Jgrgensen, S. Loncarevic, M. Wagh@05. Quantification dbtaphylococcus

213



aureusin unpasteurized bovine and caprine milk real-til@R. Res. Microbiol.
156:554-563.

Jothikumar, N., X. Wang, M. W. Griffiths. 2003. R¢iane multiplex SYBR Green I-based
PCR assay for simultaneous detection $almonella serovars andListeria
monocytogenesJ. Food Prot. 66:2141-2145.

Karns, J.S., J. S. Van Kessel, B. J. McClaskey, NMPerdue. 2005. PrevalenceS#Imonella
enterica in bulk tank milk from US dairies as determined pglymerase chain
reaction. J. Dairy Sci. 88:3475-3479.

Klerks, M. M., C. Zijlstra, A. H. C. van Bruggen0@4. Comparison of real-time PCR
methods for detection oBalmonella entericaand Escherichia coliO157:H7, and
introduction of a general internal amplificatiomtl. J. Microbiol. Methods 59:337-
349.

Lampel, K. A., P. A. Orlandi, L. Keonegay. 2000.praved template preparation for PCR-
based assays for detection of food-borne bactgrahogens. Appl. Environ.
Microbiol. 66:4539-4542.

Li, Y., and A. Mustapha. 2002. Evaluation of foanplate preparation methods for
polymerase chain reaction-based detectioSamonellain ground beef and chicken.
Lett. Appl. Microbiol. 35:508-512.

Liming S. H., and A. A. Bhagwat. 2004. Applicatioha molecular beacon-real-time PCR
technology to detecBalmonellaspecies contaminating fruits and vegetables. Int. J
Food Microbiol. 95:177-187.

Maguire, H., Cowden, J., Jacob, M., Rowe, B., Rsh@., Bruce, J., Mitchell, E., 1992. An
outbreak ofSalmonella dublirinfection in England and Wales associated witlofa s
unpasteurized cows’ milk cheese. Epidemiology arfieiction 109, 389-396.

Mantynen, V., S. Niemel&, S. Kaijalainen, T. PiraopK. Lindstrom. 1997. MPN-PCR-

214



guantification method for staphylococcal enterataxd gene from fresh cheese. Int. J.
Food Microbiol.36:135-143.

Martin, B., A. Jofré, M. Garriga, M. Hugas, T. Aynah. 2004. Quantification dfisteria
monocytogenes fermented sausages by MPN-PCR method. Lettl.Adfrobiol.
39:290-295.

Meng, J., S. Zhao, M. P. Doyle, S. E. Mitchel, $e$0vish. 1996. Polymerase chain
reaction for detectingscherichia coliO157:H7. Int. J. Food Microbiol.32:03-113.

Mercanglu, B., and M. W. Griffiths. 2005. Combination ehiimunomagnetic separation with
real-time PCR for rapid detection &almonellain milk, ground beef, and alfalfa
sprouts. Int. J. Food Microbiol. 68:557-561.

O’Mahony, J., and H. Colin. 2002. A real-time PC¥®ay for the detection and quantitation
of Mycobacterium aviumsubsp. paratuberculosisusing SYBR Green and the
LightCycler. J. Microbiol. Methods 51:283-293.

Rodrigez-Lazaro, D., M. Hermandez, T. Esteve, Driw, M. Pla. 2003. A rapid and
direct real time PCR-based method for identificatad Salmonellaspp. J. Microbiol.
Methods 54:381-390.

Rohrbach, B. W., F. A. Draughon, P. M. DavidsonPSOliver. 1992. Prevalence losteria
monocytogenes, Campylobacter jejuni, Yersinia eotéica, and Salmonellain bulk
tank milk : risk factors and risk of human exposurg=ood Prot. 55:93-97.

Steele, M. L., W. B. McNab, C. Poppe, M. W. Grlist S. Chen, S. A. Degrandis, L.C.
Fruhner, C. A. Larkin, J. A. Lynch, J. A. Odumet997. Survey of Ontario bulk tank
raw milk for food-borne pathogens. J. Food Prot1881-1346.

Tirado, C., and K. Schmidt. 2001. WHO Surveillapcegramme for control of foodborne
infections and intoxications results and trendossgreater Europe. J. Infect. 43:80-

84

215



Vaillant, V., H. De Valk, E. Baron. 2004Mprbidity and mortality of food borne infectious
diseases in Frang€in French). Institut de veille sanitaire: Saiaurice (France).

Van Kessel, J. S., J. S. Karns, M. L. Perdue. 2008ng a reportable real-time PCR assay to
detectSalmonellan raw milk. J. Food Prot. 66:1762-1767.

Van Kessel, J. S., J. S. Karns, L. Gorsk, B. J. Mskey, M. L. Perdue. 2004. Prevalence of
SalmonellaeListeria monocytogenesnd fecal coliforms in bulk tank milk on US
dairies. J. Dairy Sci. 87:2822-2830.

Villar, R. G., M. D. Macek, S. Simons, P. S. Hayds,J. Goldoft, J. H. Lewis, L. L. Rowan,

D. Hursh, M. Patnode, P. S. Mead. 1999. Investgatof multidrug-resistant
Salmonellaserotype Typhimurium DT104 infections linked tawvrmnilk cheese in
Washington State. J. Am.Med. Associ. 281:1811-1816

Waltman, W.D. 2000. Methods for cultural isolati@inSalmonellain: Wray, C., Wray, A.

(Eds.),Salmonellan Domestic Animals. Cabi, Wallingford, Englang,. (835-372.

216



Figure 1. Melting curve analysis of amplified PCR produagtsng ST11 and ST15 primers
for SalmonellaentericaserotypesS. typhimuriunDT104 (); S. Hadar(m); andS. enteritidis
(A); and nonSalmonellastrains:Escherichia coliA); Enterobacter cloacde); Klebsiella
pneumoniag); Citrobacter freundiino® (¢);Citrobacter freundiino® (¢); and water(negative

control (x)

Figure 2. MPN-real-time-PCR analysis of milk inoculatediwsalmonella entericaerotype
Typhimurium DT104. DNA extracted from milk samplafer 8h non-selective enrichment
in BPW: Inoculum level of 100 CFU/mLAJ]; Inoculum level of 10-20 CFU/mLB|); and
Inoculum level of 1-5 CFU/mLE). Some positive and negative peaks were omitieoh f

these graphs for clarity.
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Table 1. Strains used in this study

Species Source Strain no. SYBR Green | real-time PCR

Crt T.= 87.2+ 0.5°C

Other strains

Escherichia coli Hospital 49 33.82 _
Klebsiella pneumoniae Hospital 84 > 36 _
Enterobacter cloacae Hospital 59 > 36 _
Shigella sonnei Hospital 65 > 36 _
Yersinia spp. Hospital 81 32.06 _
Citrobacter freundinao' Hospital 55 31.07 _

Citrobacter freundinc? Bovine/kidney 4525.04 31.77

S. entericaserotype

S Hadar Steak/Cordon-bleti  TQA 042 11.72 +
S Enteritidis Bovine/feces 9211.02 12.24 +
STyphimurium DT104 Avian 13887.03 11.94 +

'Cr= Threshold PCR cycle is defined as the cycle at whicsignificant increase in the

fluorescence is first recorded.
The presence of PCR product (+) indicates amptificeof specific product.

3Cordon-bleu = specific turkey product.
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Table 2. Real-time PCR detection and bacterial counts (@HLY/of Salmonella entericaserotype Typhimurium DT104 in artificially
contaminated bulk tank milk samples after eachogeoi pre-enrichment in BPW

Incubation time (h)

0 6 8 16
Inoculation level PCR Bacterial count PCR Bacterial count PCR Bactedaint PCR Bacterial count
(CFU/mL)
NC?
1-5 - 6.6 - 4 (+4.3)x10° + 2.9 (+1.3)x14 +
10-20 i 20 + 9.4 (+ 3.4)x18 ; 1.4 (+.38)x10 + NC
100-200 i 280 4 1.8 (+.43)x16 " 9 (+.87)x16 + NC

'PCR = (+) presence of amplification product, ($etice of amplification product
°NC = not-countable

¢ Standard deviation
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Table 3.3 Enumeration ofSalmonella entericaserotype Typhimurium DT104 in artificially
contaminated milk samples using MPN-real-time PC&hwmd after 8 h pre-enrichment in BPW

(contamination level CFU/mL)

Sample  Contaminated level Estimated level MPN MPN confidence limits

Theoretical by Plating estimates (low/high)

1 1-5 2 5.9 2.4-145

2 1-5 3 5.9 24-45

3 1-5 1 3.1 1.0-9.8

4 10-20 12 14.7 7.2-29.9

5 10-20 9 12.7 6.0 - 26.7

6 10-20 12 19.2 9.5-39.1

7 100 128 239.7 110.1- 523.2

8 100 103 135.8 68.0 - 71.5

9 100 85 101.2 46.8 — 218




Table 4. Repeatability of MPN-real-time PCR quantificaticsssays for artificially

contaminated milk samples

Contamination level (CFU/mL) Runs MPN estimateMPN confidence limits CV%

(MPN/mL) (low/high)
L5 1 0.94 0.1-6.7
2 3.15 1-0.8 96
3 4.47 1.7-12
1 23.12 10.7-49.8
10-20 2 19.29 9.5-39.2 3.5
3 23.12 10.7-49.8
1 101.22 46.9-218.1
100 2 129.55 68.3-246.1 3.1
3 101.22 46.9-218.5
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Table 5. Quantification estimates &almonellan bulk tank milk samples obtained with
MPN-real-time PCR assay after 8 h pre-enrichmeBHiV

Sample no. MPN estimate =~ LogMPN/mL MPN confidence limits
MPN/mL low/high
1 3.7 0.56 0.92-14.7
2 4.5 0.65 1.1-181
3 69.9 1.84 23.2-211.5
4 7.8 0.89 2.4-24.8
5 17.0 1.2 7.9-36.5
6 6.1 0.78 1.9-19.1
7 16.9 1.2 6.5-44.1
8 79.2 19 25.4-274.7
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Appendix (A)

The French Market of Milk
Key Figures 2005

Dairy farms
111 000 dairy farms
4.2 million dairy cows
35 dariy cows (average per herd)
Milk production
24.5 milliard litres (total milk production)
5 513 kg/year (average milk production/cow)
169 249 kg/year (average milk production/farm)

Milk processing
3 745 million litres
23.6% of milk is exported
10.10% of milk is imported

Milk consumption
65,1 kg per inhabitant
kg per inhabitant
Whole skimmed milk: 10.6
Half skimmed milk: 47.9
Non fat milk: 5.4
Flavoured milk: 1.2

Milk purchasing
Milk purchased 2454 million litres
Money spending 100 euros (milk products)
Of which 13,4 euros (milk)
1.7 milliard euros (total housekeeping expenses)

0.68 euro per litre (average price of milk)
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Milk distribution
Hypermarkets 46.5%
Supermarkets 46.8%

Other retailers

Milk industry
Turnover
2 milliard euros (fluid milk)
136 million euros (milk powder)

28 million euros (milk concentrated)

Major milk production regions
Pays de Loire 17,4%
Picardie 13,2%
Bretagne 12,4%
Nord-Pas de Calais 12,1%
Midi-Pyrénées 11%

Source: CNIEL, Secodip, CNIEL/TNS WORLDPANEL
www.cidilait.com
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Appendix (B)

The French Market of Cheese
Key Figures 2005

Cheese production
1 834 137 tons (total cheese production)
1 697 410 tons cow’s cheese (92.5% of total prodajt
80 615 tons goat’s cheese (4.4%)
56 112 tons ewe’s cheese (3.1%)

These quantities represent more than 1000 varietielseese

34 cheese types are protected by the French Lakdegin
Appellation d’Origine Contrélée (AOC)

31% of cheese produced is exported
14% of cheese consumed is imported
Major cheese production regions
Basse-Normandie
Pays de la Loire
Bretagne

Lorraine

Cheese consumption
23 kg per inhabitant
Fresh cheese 8.2 kg
Cooked pressed cheese 4.9 kg
Uncooked pressed/hard cheese 3.4 kg
Soft cheese 1.3 kg
Blue/Veined cheese 0.9 kg

Cheese distribution

Hypermarkets 42.4%
Supermarkets 34.9%
Hard-discount 19.4%
Other retailers 3.4%
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Cheese purchasing
627 699 tons (total French household’s purchase)
96% of cheese purchase at big distribution

4% other retailers

Cheese industry
Turnover
6 739 millions euros (without Fresh cheese)
5 725 millions euros: Cow’cheese (85% of total clege
2 117 millions euros : Soft cheese
1 566 millions euros: Cooked pressed cheese

1 224 millions euros: Uncooked pressed cheese

In 2003, 550 millions euros: Ewe’s cheese

465 millions euros: Goat’'s cheese

Source: CNIEL, TSN WORLPANEL,SECODIP
www.cidilait.com
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Appendix (C)

Definition of "Camembert of Normandie";

Source www.camembert-aoc.org

(AOC depuis 1983)
250 grams
45% fat content

Camembert was invented in 1791 by Marie HAREL, anan farmer from Camembert
advised by a recalcitrant priest. In 1890, an esgimMr RIDEL invented a wooden box
which was used to carry the cheese and helpedtbistor longer distances. Because of th
lack of sufficient protection rules, Camembert wagated outside of Normandy, and even
foreign countries. In 1926, the Court of Appeal©irleans stated that the name "camembe

IS a generic term, belonging to the public dom8&ince 1983, the ladle moulded Camembe

produced with raw milk in Normandy is protectedthg French Label of Origin (AOC).

(oonem craou )

e
f
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Appendix (D)

Production Steps of the "Camembert of Normandie
THE MAIN STEPS OF THE MANUFACTURING

The 'D" day is the manufacturing day.

D-1
Reception of the milk

Standardization of the fat content
(partial skinning)

Adding of lactic cultures
D
Primary ripening of the milk for 16 to 20 hours
Heating of the milk (under 40°)
Secondary ripening for some minutes
Coagulation in vats at 32° or 35°

Moulding of the first ladle

i
Operation repeated unfi
the fifth ladle

Straining for 50 minutes
Operation repeated until the fifth ladle
Straining
Reversal on plates
Straining
D+1
Removal from the mould
Salting with dry salt

D+12 to 15

f———

Maturing in drying store with reversal il —— ———
Maturing in box in cellar

Packaging
Maturing in box in cellar

Source: www.camembert-aoc.org
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Appendix (E)
Production and Economy of "Camembert of Normandie"

Conditions of manufacture

* In 2006, the 10 cheesemakers were supplied by ddil@(producers, which represent
about 8 % of the total milk from Normandy and proeldi about 13000 tons of
"Camembert de Normandie".

* Employ 500 persons in mainly rural areas (10 %hefworkers of the Norman milk
industry).

* Represent through their production 7 % of the totalll AOC French.

In 2006, the 10 cheesemakers working in Normangbyj\éate producers and 1 farm producer

Orbec en Auge Creyocoeur o
i

Source:www.camembert-aoc.org
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Manufacturing

* The "Camembert de Normandie" is made of raw milkcihs never heated to a
temperature superior to 37°.

» Its straining is spontaneous. It is ladle mouldaeda discontinuous way, (generally 5
fillings), which confers to the cheese its crearage

» Itis salted exclusively with dry salt.

* 2,4 litres of milk are necessary to produce oneerabert and the time necessary for

obtaining a fully ripened cheese is 30 to 35 days.

Control of quality

» As for all kinds of cheeses produced under AOCI|ahe production of "Camembert
de Normandie" is regularly submitted to analyticahtrols.

« Each month, the cheeses are tested by a collegxpsrts and noted on various
criteria, such as their form, aspect, body andoflay

» After three notifications, the Commission "Agrémdmtoduit” has the capacity to
cancel the right to use the label for a cheesemakese products do not comply with
the label.

e Therefore, the consumer is always sure to havgladuality authentic product.

Control of the manufacturing conditions

e Visits to the cheesemakers workshops are condubiedanother Commission
"Conditions de Production” in order to control ajuhrantee the strict respect of the
rules by the AOC Camembert manufacturers.

* This Commission controls among other things theaigmire raw milk, its origin, and

the ladle moulding process.
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Appendix (F)
Preliminary Experiments to Optimize a LightCycler Real-Time PCR
Conditions for amplifying SalmonellaTarget DNAs

An optimization of the real-time PCR conditions Isias Md*, primer concentration,
and annealing temperature is necessary since thasemeters can critically affect the
amplification efficiency of the PCR assay. Therefgoreliminary experiments were carried
out to optimize these parameters following the ropation strategy described by
manufacturer (Roche Molecular Biochemicals TecHriwate No. LC 9/2000). All reactions
were performed by the LightCycler instrument (Rod&hagnostics) using the LightCycler

FastStart DNA Master SYBR Green | Kit (Cat. No. @B®) (Roche Applied Science).

Stock cultures oBalmonellaHadar were maintained in 20% glycerol at -80°shr
bacterial cultures for use in the experiments wamaduced by inoculating frozen stock
cultures into Brain Heart Infusion broth (BHI) (Bd) and incubating them at 37°C for 20-22
h with shaking. These overnight bacterial cultusese serially 10-fold diluted (1010, 1C¢°

CFU/ml ) and subjected to DNA extraction method eeal-time PCR assay described below.

The Salmonellaspecific primers ST 11 (5-AGCCAACCATTGCTAAATTGGCOTA-

3’) and ST 15 (5-GGTAGAAATTCCCAGCGGGTACTG-3 (Aabet al., 1993) were used.

DNA templates of 10-fold diluted series were prepaby boiling method (see DNA
Extraction chapter 3 of this thesis). The Light@cPCR initial mixture was prepared by
following the instructions of the manufacturer. TRER mixture (20ul ) contained the
following concentrations of reactantspRof 1 X LightCycler-Faststart DNA Master SYBR

Green |, 2.4ul of MgCl, at 4 mM , 1l of each primer at 0.5M, 11.6 ul of sterile distilled
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water, and 2l of template DNA. Each LightCycler run containegbative control consisting
of H,O without any template DNA to monitor for possildentamination. Mixing of the
reagents for the PCR was accomplished under lanfioarin a clean room separate from
where DNA samples were prepared. Master mixture extchcted DNA were placed into
glass capillaries, sealed with a plastic cap, degtd, (3000 X g for 15 sec.) and placed into
the LightCycler™ carousel (Roche Diagnostics). Tthermal cycling program for the
LightCycler™ has four phases: denaturation, angaition, melting and cooling. In the initial
denaturation phase the capillary is heated to °ZD°C/s for 10 min, followed by 40 to 45
cycles of amplification phase of 10 s at 95°C, atfing for 10 s at 63°C, and extension for 20
s at 72°C. Signal detection was performed at thé eh extension step with a single
fluorescence acquisition for each capillary. Thétimg curve analysis phase began with 95°C
for 10 s, then cooled to 68°C for 30 s before #mafderature was raised to 95°C at a rate of
0.1°C/s. Fluorescence acquisition was performedimaously during this phase. Finally, the
cooling phase lasted one minute at 40°C. Meltirakpavere derived by plotting the negative

derivative of fluorescence over temperature vetisagsemperature (-&j/ dT versusT).

The optimization steps included titrating variety MgCl, (2-5 mM) and primer
concentrations (0.3 4uM). It also included optimization of annealing teengture (60-70°C).
The results are summarized below:

A concentration of MgGlof 4 mM was found to be optimal. This Mg€bncentration
resulted in the lowest crossing poir@r), with the highest fluorescence intensity and the
steepest curve slope (data not shown). In additrartiple melting peaks were not observed.
Mg®* concentration is an important parameter of PCRti@as because it can severely affect
the efficiency of the PCR assay. In general, aresx of M§* can result in increasing non-

specific priming (e.g primer dimer) whereas too Idg?* concentration will result in
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reducing fluorescence signal. Although @8, 0.4 uM, and 0.5uM primer concentrations
were found to be optimal, a final concentratiorOaf uM resulted in a greatest fluorescence
signal compared to the other primer concentratiddespite the fact that annealing
temperature of 64°C, 66°C and 68°C gave a higheordlscence signal. The reaction
performed with an annealing temperature of 66°C wismal with no additional product
peaks observed.

The final thermal cycling program and the optimiZ2&dBR Green reaction mixture
for all the PCR assays performed later of thisithase shown in Appendix G and Appendix

H, respectively.

Fluorescence (F1)
W

Cycla Number

Figure 1: The amplification curves of DNA produofslO-fold dilution series (Ibto 10°) of SalmonellaHadar

befor optimizing PCR parametrs.

e onom @A
Cyelo Nurmber

Figure 2: The amplification curves of DNA produofs10-fold dilution series (Ibto 10°%) of SalmonellaHadar

as a result of optimization of PCR parametrs.
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Fluorescence -d{F1)dT

Figure 3: The melting curve analysis of DNA produet 10-fold dilution series (10to 10°) of Salmonella

Hadar befor optimizing PCR parametrs.

Flucrescence -d{F1}'dT

& B

won az Ban L e i e

Temporatire ['C)

Figure 4: The melting curve analysis of DNA produet 10-fold dilution series (10to 10° of Salmonella

Hadar as a result of optimization of PCR parameters
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Appendix (G)

Thermal cycling program applied for the LightCycler real-time PCR assay

Program : Denaturation

Segment No. | Target Temp. (°C)| Incubation Time (s) Slop (°C/s) | Acquisition mode
1 95 600 20 None
Program : Amplification (40 cycles)
Segment No. | Target Temp. (°C)| Incubation Time (s) Slop (°C/s) | Acquisition mode
1 95 10 20 None
2 66 10 20 None
3 72 20 5 Single
Program : Melting Curve
Segment No. | Target Temp. (°C)| Incubation Time (s) Slop (°C/s) | Acquisition mode
1 95 10 20 None
2 73 30 20 None
3 95 0 0.1 Continuous
Program : Cooling
Segment No. | Target Temp. (°C)| Incubation Time (s) Slop (°C/s) | Acquisition mode
1 40 60 20 None
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Appendix (H)

SYBR Green | Master Mixture used for the amplificaton

Parameter Volume (ul) | Final Concentration
LightCyler-FastStart DNA Master SYBR Green | 2 1x
MgCl, 2.4 4 mM
ST11 Primer 0.8 0.4 uM
ST15 Primer 0.8 0.4 uM
H,O (PCR grade) 12
Total volume 18

In total, 18 ul of the master mix and 2 ul of thdDtemplate were added to each capillary.
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Appendix (1)

Assessment of pathogen risk in cheese (derived fralnhnson et al., 1990; parill)

Pathogen Comments

High Risk

Salmonellaspp.

Listeria monocytogenes

Enteropathogenig€scherichia coli

Involved in several cheese outbreaks;
widespread in environment, low infectious
dose, some heat resistant species. Survives in
cheese.

Involved in several soft or soft ripened
cheese outbreaks; grows at refrigeration
temperatures; survives in Cheddar and
Colby.

Involved in soft-ripened cheese outbreaks.
Very virulent. Just beginning to be
understood.

Medium Risk

StreptococcugGroup A)
Streptococcu@sroup C)
Yersinia enterocolitica

Brucella abortus
Mycobacterium tuberculosis
Pseudomonas aeruginosa
Coxiella burnetti

Vibrio species

Aeromonas hydrophila

Can cause mastitis, very virulent; suegiin
cheese.

Caused milk-borne outbreaks. Can cause
mastitis.
Grows at refrigeration temperatures. Source
of virulent strain not known.
Can cause mastitis; heat resistant
Can cause mastitis; heat resistant
Opportunistic pathogen
Can cause mastitis; heat resistant

Potential pathogen
Potential pathogen; predominantely aquatic

Low Risk

Staphylococcus aureus
Clostridium botulinum

Clostridium perfringens
Corynebacterium diphtheriae
Bacillus cereus
Campylobacter jejuni

Viruses

Hepatitis A

Control measures effective and well-known.
Control measures effective and well-known.
Rarely causes cheese transmitted outbreaks.
No known outbreaks in cheese

No known outbreaks in cheese

No known outbreaks in cheese

No known outbreaks in cheese. Apparently
does not survive in cheese

Known to contaminate milk. Transmission

Polio, Retrovirus Coxsackie, Adenovirus,modes and heat resistance not understood

Herpes, Oncogenic, Foot and Mouth

Disease.
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Appendix (J)
Summary of data on the growth ofSalmonellaTyphimurium in milk at 9, 15, 25, 30, 35,
37, 40, 43°C

Table shows the enumeration (je@FU/mL) of Salmonella Typhimurium incubated at
9°C. (Numbers are average counting of three plates)

Time (h) Spiral plates number Experiment 1 Experinent 2 Experiment 3
0 3 2.1 1.78 2.04
24 3 2.38 2.0 2.36
48 3 2.75 2.3 2.9
72 3 3.2 2.6 3.4
96 3 3.6 2.98 3.73
120 3 3.84 3.2 4.3
144 3 4.2 3.65 4.85
168 3 4.89 4.08 5.26
192 3 5.56 4.61 5.62
216 3 6.26 5.02 5.9
240 3 6.91 5.52 6.54
264 3 7.65 5.95 6.84
288 3 8.2 6.37 7.48
312 3 8.46 6.9 7.88
336 3 8.6 7.3 8.43
360 3 8.7 7.80 8.50
384 3 8.20

408 3 8.34

Table shows the enumeration (jle@FU/mL) of Salmonella Typhimurium incubated at
15°C. (Numbers are average counting of three plates)

Time (h) Spiral plates number Experiment 1 | Experinent 2 | Experiment 3
0 3 1.99 2.02 2.09
12 3 3.22 3.21 3.33
24 3 4.23 4.36 4.46
30 3 4.97 4.93 5.06
36 3 5.37 5.30 5.52
48 3 6.51 6.51 6.69
54 3 7.05 7.15 7.25
60 3 7.64 7.59 7.83
72 3 8.44 8.32 8.38
78 3 8.61 8.62 8.65
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Table shows the enumeration (je@FU/mL) of Salmonella Typhimurium incubated at

25°C. (Numbers are average counting of three plates)

Time (h) Spiral plates number Experiment 1 Experinent 2 Experiment 3

0 3 2.2 2.17 ?

1 3 2.19 2.1
2 3 2.64 2.56 2.45
4 3 3.20 3.20 3.20
6 3 3.86 3.90 3.79
8 3 4.56 4.44 4.28
10 3 5.25 5.14 5.85
12 3 5.76 5.82 5.35
14 3 6.30 6.33 6.06
16 3 6.93 6.91 6.67
18

24 3 8.89 8.56 8.6
30 3 8.8 8.86

Table shows the enumeration (e FU/mL) of Salmonella Typhimurium incubated at

30°C. (Numbers are average counting of three plates)

Time (h) Spiral plates number Experiment 1 | Experinent 2 | Experiment 3
0 3 2.1 2.17 ?
1 3 2.7 2.32 2.45
2 3 2.7 2.81 2.7
4 3 4.04 3.71 3.71
6 3 4.7 4.39 4.2
8 3 5.6 541 5.02
10 3 6.5 6.4 5.95
12 3 7.3 7.34 6.95
14 3 8.08 7.7
16 3 8.41 8.28
24 3 9 8.99 8.98
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Table shows the enumeration (Jle@FU/mL) of SalmonellaTyphimurium incubated at at

35°C. (Numbers are average counting of three plates)

Time (h) Spiral plates number Experiment 1 Experinent 2 Experiment 3

0 3 2.2 2.17

1 3 2.38 2.46

2 3 3.04 2.98 2.9
3 3 3.53 3.54 3.5
4 3 414 4.04 3.97
5 3 4.43 4.54 4.5
6 3 4.98 5.07 5.05
7 3 5.59 5.63 5.49
8 3 6.17 6.34 6.09
9 3 6.79 6.88 6.7
10 3 7.54 7.53 7.48
11 3 8.05 7.9
12 3 8.3 8.3
24 3 8.9 8.99 8.98

Table shows the enumeration (e FU/mL) of Salmonella Typhimurium incubated at

37°C. (Numbers are average counting of three plates)

Time (h) Spiral plates number Experiment 1 | Experinent 2 | Experiment 3

0 3 2.2 2.17 ?

1 3 2.93 2.5 ?

2 3 3.23 3.15 3.17
3 3 3.77 3.70 3.6
4 3 4.17 4.17 4.09
5 3 4.65 4.69 4.6
6 3 5.27 5.36 5.09
7 3 5.93 6.02 5.76
8 3 6.59 6.84 6.56
9 3 7.25 7.41 7.16
10 3 7.89 7.99 7.79
11 3 8.34 8.17
12 3 8.77 8.4
24 3 9.17 9.01 8.98
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Table shows the enumeration (je@FU/mL) of Salmonella Typhimurium incubated at
40°C. (Numbers are average counting of three plates)

Time (h) Spiral plates number Experiment 1 Experinent 2 Experiment 3
0 3 2.75 2.47 2.42
1 3 3.16 2.77 2.96
2 3 3.82 3.79 3.75
3 3 4.27 4.10 4.13
4 3 4.67 4.60 4.54
5 3 5.19 5.10 5.10
6 3 5.94 5.78 5.69
7 3 6.44 6.35 6.32
8 3 7.17 6.99 7
9 3 7.88 7.76 7.78
10 3 8.24 8.17 8.13
11 3 8.52 8.51 8.38
12 3 8.68 8.63 8.63

24 3 8.92 8.91 8.97

Table shows the enumeration (e FU/mL) of Salmonella Typhimurium incubated at
43°C. (Numbers are average counting of three plates)

Time (h) Spiral plates number Experiment 1 | Experinent 2 | Experiment 3
0 3 2.28 2.03 1.98
1 3 2.35 2.39 2.40
2 3 3.19 2.99 3.08
3 3 3.53 3.55 3.58
4 3 3.87 3.76 3.66
5 3 4.09 3.96 3.9
6 3 4.33 4.35 4.33
7 3 4.64 4.61 4.77
8 3 5.1 5.33 5.1
9 3 5.43 5.63 5.36

10 3 5.88 6.02 5.85
11 3 6.35 6.39 6.25
12 3 6.71 6.63 6.55
24 3 8.40 8.38 8.52
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Summary of data on the growth ofSalmonellaMontevideo in mlk at 9, 25, 30, 35, 37, 40,

Appendix (K)

43°C

Table shows the enumeration (JjeGFU/mL) of SalmonellaMontevideoincubated a®°C.
(Numbers are average counting of three plates)

Time (h) Spiral plates number Experiment 1 | Experinent 2 | Experiment 3
0 3 2.1 2.2 1.97
24 3 2.78 2.8 2.59
48 3 3.1 3.36 3.2
72 3 3.56 3.9 3.6
96 3 3.64 4.2 4.1
120 3 4.28 4.68 4.65
144 3 4.8 5.29 4.9
168 3 5.48 5.68 5.30
192 3 6.27 6.2 5.76
216 3 6.93 6.77 6.36
240 3 7.6 7.27 6.7
264 3 8.1 7.79 7.19
288 3 8.29 8.1 7.69
312 3 8.41 8.34 8.16
336 2 8.56 8.55 8.3

Table shows the enumeration (JeGFU/mL) of SalmonellaMontevideoincubated ai5°C.
(Numbers are average counting of three plates)

Time (h) Spiral plates number Experiment 1 Experinent 2 Experiment 3
0 3 2.07 2.04 1.86
12 3 3.48 3.50 3.42
24 3 4.59 4.71 4.81
30 3 5.23 5.36 5.25
36 3 5.80 5.93 5.89
48 3 6.94 6.97 6.75
54 3 7.67 7.66 7.46
60 3 7.94 7.98 7.83
72 3 8.57 8.52 8.45
78 3 8.81 8.77 8.66
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Table shows the enumeration (JeGFU/mL) of SalmonellaMontevideoincubated aR5°C.
(Numbers are average counting of three plates)

Time (h) Spiral plates number Experiment 1 Experinent 2 Experiment 3
0 3 2.23 1.9 1.95
1 3 2.4 2.3 2.28
2 3 2.8 2.74 2.44
4 3 3.5 3.35 3.15
6 3 4.1 3.96 3.9
8 3 4.7 4.67 4.26
10 3 5.35 5.24 4.9
12 3 6 5.8 5.57
14 3 6.8 6.5 6.3
16 3 7.7 7.1 6.9
18
24 3 8.9 8.9 8.89
30 3 8.96 8.9 8.8

Table shows the enumeration (JeGFU/mL) of SalmonellaMontevideoincubated aB0°C.
(Numbers are average counting of three plates)

Time (h) Spiral plates number Experiment 1 Experinent 2 Experiment 3
0 3 2.23 2.1 1.64
1 3 2.65 2.41 2.17
2 3 3.1 2.91 2.7
4 3 4 3.9 3.56
6 3 4.9 4.85 4.5
8 3 5.8 5.66 5.2
10 3 6.9 6.66 6.5
12 3 7.8 7.69 7.3
14 3 8.8 8.2 8
16 3 8.9 8.9 8.7
24 3 9 8.8 9
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Table shows the enumeration (JjeGFU/mL) of SalmonellaMontevideoincubated35°C.
(Numbers are average counting of three plates)

Time (h) Spiral plates number Experiment 1 Experinent 2 Experiment 3
0 3 1.9 1.5 1.88
1 3 2.3 2.1 2.47
2 3 3.1 2.76 2.9
3 3 3.6 3.1 3.66
4 3 4.0 3.68 3.93
5 3 4.67 4.1 4.56
6 3 4.9 4.67 5.2
7 3 5.53 5.19 5.5
8 3 6.27 6.77 6.19
9 3 6.97 6.3 6.8
10 3 7.58 6.9 7.45
11 3 7.98 7.5 7.96
12 3 8.29 7.88 8.24
24 3 8.78 8.7 8.69

Table shows the enumeration (jeGFU/mL) of SalmonellaMontevideoincubated aB7°C.
(Numbers are average counting of three plates)

Time (h) Spiral plates number Experiment 1 | Experinent 2 | Experiment 3
0 3 2.05 1.9 1.8
1 3 2.3 2 2.47
2 3 3.2 2.7 2.97
3 3 3.67 3.2 3.71
4 3 4.18 3.77 4.0
5 3 4.49 4.35 4.58
6 3 5.3 4.9 5.3
7 3 5.96 5.6 5.9
8 3 6.68 6.3 6.58
9 3 7.39 6.79 7.2
10 3 7.9 7.6 7.87
11 3 8.27 8.09 8.35
12 3 8.47 8.46 8.48
24 3 8.8 8.8 8.75
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Table shows the enumeration (JeGFU/mL) of SalmonellaMontevideoincubated a#t0°C.
(Numbers are average counting of three plates)

Time (h) Spiral plates number Experiment 1 Experinent 2 Experiment 3
0 3 2.32 2.32 2.30
1 3 2.70 2.59 2.59
2 3 3.35 3.29 3.29
3 3 3.78 3.87 3.9
4 3 4.31 4.36 4.41
5 3 4.96 5.01 4.95
6 3 5.64 5.73 5.48
7 3 5.92 6.15 6.10
8 3 6.79 6.84 6.84
9 3 7.55 7.81 7.7
10 3 7.98 8.03 7.87
11 3 8.23 8.21 8.05
12 3 8.25 8.39 8.37

24 3 8.80 8.76 8.67

Table shows the enumeration (jGFU/mL) of SalmonellaMontevideoincubated a#3°C.
(Numbers are average counting of three plates)

Time (h) Spiral plates number Experiment 1 | Experinent 2 | Experiment 3
0 3 1.90 1.84 1.90
1 3 2.18 2.27 2.31
2 3 2.69 2.67 2.93
3 3 3.17 3.34 3.34
4 3 3.79 3.88 3.78
5 3 4.10 4.21 4.15
6 3 4.48 4.76 4.45
7 3 5.13 5.1 5.2
8 3 5.33 5.45 5.53
9 3 6.15 6.33 6.33

10 3 6.77 6.91 6.90
11 3 7 7.61 7.15
12 3 7.33 7.84 7.45
24 3 8.26 8.29 8.21
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