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Preface 

 

This research project was carried out at the Molecular Epidemiology Group of the Global 

Surveillance Department, National Food Institute, the Technical University of Denmark, collaborating 

with ten coauthors. This was conducted from February 2017 to March 2022. The research stays were done 

between Food and Drug Administration, at Food Inspection Laboratories in Jordan, and the National food 

institute at DTU in Denmark. Islamic Development Bank at Jeddah in Saudi Arabia financed this project.  

The thesis responds to the lack of quantitative tools for evaluating the Salmonella surveillance 

system in border control, using Jordan as a model country in the region. The main goal of the thesis was 

to develop a Quantitative Microbiological Risk Assessment (QMRA) model. Accordingly, the thesis 

focused first on investigating the number of frozen meat imports to Jordan and their detected 

contaminated batches with microbiological zoonosis for the period 2015 to 2019, secondly on 

determining the limit of detection (LOD) of the Rapid’Salmonella method in the surveillance settings. 

The two studies lead to developing a stochastic Quantitative Microbiological Risk Assessment (QMRA) 

model for assessing the effectiveness of a surveillance system on the risk for the consumers – in this case, 

salmonellosis due to imported poultry meat and poultry products. 

As supplementary to the thesis, in Appendix, note no.1, I present the experience I faced from the 

publication process of one of the manuscripts included in this thesis, focusing on how I interacted with 

reviewers and developed the research study according to their inputs. Although the bitterness of the long 

publication process, I learned a lot about how to interact with reviewers’ valued comments to produce 

scientific results and conclusions. In note no.2, I present the developed R codes and scripts as 

supplementary material for the QMRA manuscript.  

 

 

 

Amman, March 2022 

Tariq Hantash 
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Summary 

 

During the last decades, the Middle East and North African countries, including Jordan, have 

gone through fast development with significant increases in population numbers, pressures on agriculture 

production, and water resources. In addition, there is a continuous change of preferred dietary and 

consumption patterns. Simultaneously, the international food trade has grown, negotiated their 

agreements. According to Food and Agriculture Organization (FAO) study in 2017, there are enormous 

demands on different food products globally (Bruinsma, 2017). It was expected that poultry meat imports 

into developing countries would grow 3-4% per year until 2025, while the African and Middle East 

countries will likely share about 65% of this rise in world poultry imports (Bruinsma, 2017).  

Up to date, poultry meat is considered one of the primary sources of disseminating hazardous 

pathogens, especially non-typhoidal Salmonella (NTS), to consumers, and salmonellosis is the major food 

safety issue worldwide, including the Middle East and North Africa (MENA) population. In these 

developing countries, including Jordan, sporadic cases and outbreaks of salmonellosis are common, and 

World Health Organization (WHO) linked most of the cases to consumption of contaminated poultry 

meat products. These products can become contaminated with NTS throughout the food chain, from 

primary production in the poultry farms through slaughtering and cutting plant to consumption.  

To ensure the entrance of safer imported poultry meat products to Jordan at the border control, 

Jordan Food and Drug Administration (JFDA) applied a Salmonella surveillance system for imported 

poultry meat and poultry products. Border control takes place at ten entry points and has taken place since 

the 1980s. Since initiated, the border control has been continuously updated, focusing on the size of the 

picked packages for sampling and the diagnostic method. However, there is no such available tool to 

evaluate the effectiveness of the current or alternative Salmonella surveillance system in imported poultry 

meat and poultry products. 

In response to the lack of objective and quantitative tools for evaluation of the Salmonella 

surveillance system, using Jordan as a model country, the research presented in this thesis has the 

following objectives:    

Objective I: Investigating the number of frozen meat imports to Jordan between 2015 and 2019 

that was contaminated with microbiological zoonosis.  

Objective II: Determining the limit of detection (LOD) of the Rapid’Salmonella method in the 

surveillance settings.  
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Objective III: Developing a stochastic Quantitative Microbiological Risk Assessment (QMRA) 

model for assessing a surveillance system's effectiveness on the risk for the consumers – in this case, 

salmonellosis due to imported poultry meat and poultry products. 

The specific outcome of the research performed during the PhD scholarship is a Quantitative 

Microbiological Risk Assessment (QMRA) model were i) the occurrence of Salmonella in the poultry 

meat of different products and export countries, ii) the sample size for microbiological analysis, iii) 

performance of the diagnostic test (Rapid'Salmonella) and iv) criteria for compliance are integrated. The 

model includes a consumer phase module, which makes it possible to assess the effectiveness of the 

surveillance on the likelihood of salmonellosis (the risk) in the consumer population.  

This quantitative tool will support decision-makers to have a quantitative, data-driven evaluation 

of the applied inspection systems – both current and potential systems in the future. This is reliable 

toward reducing the anticipated risk among consumers attributable to imported poultry meat specifically 

and imported meat generally.  

Chapter 1 of the thesis describes the problem analysis and research hypothesis in depth.  

Chapter 2 described the JFDA's active surveillance system for imported poultry meat and poultry 

products. In the thesis, I considered the surveillance system as two parts - monitoring (assessing the risk) 

and actions (managing the risk). The monitoring part had three consecutive procedures: 

- Sampling procedure for detection of Salmonella in imported poultry meat. 

- Applying the Salmonella detection method used in JFDA laboratories. 

- Interpretation of laboratory results and report the interpretation in a formal report, 

including decision complying / non-complying of the batch.  

The actions part that initiated according to the results of monitoring which had the following 

procedures: 

- The direct actions on the batch that non-compliant to destroy it or return it to the country 

of origin or other destinations. 

- Proactive actions toward countries where the non-compliant batches originate, such as 

banning the import or more strict sampling and further detection. 

In Chapter 3, I described the main objectives in research activities I have performed, including 

the used methodologies.  
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Chapter 4 includes the three manuscripts (manuscript I, II, and III), wherein the core of the 

research is presented and discussed. Chapter 5 includes the overall discussion and conclusion, bringing 

the obtained results into a broader context and outlining the work's pros and cons. In chapter 6, based on 

the obtained results and needs for reducing the risk, I outline the future perspectives especially facing the 

needs and challenges in developing countries regarding food safety issues.    

The manuscript I addresses objective I - Investigating the number of frozen meat imports to 

Jordan between 2015 and 2019 that was contaminated with microbiological zoonosis. In this study, I 

investigated the frequency of detected foodborne pathogens in frozen red meat and frozen poultry meat 

imports to Jordan: Salmonella enterica subsp. enterica ser. Typhimurium and Salmonella enterica subsp. 

enterica ser. Enteritidis, Listeria monocytogenes, and Escherichia coli (E. coli) O157:H7. The data was 

obtained from the JFDA's Laboratory Food Examination System (LFES) portal database, and covered the 

period from 2015 to 2019. This investigation was essential to focus on the most frequent detected hazard 

in meat imported to Jordan. Overall, the main product that was contaminated with microbial hazards was 

the poultry product, and the dominant detected pathogen was Salmonella. These results gave the right 

path to reach both Objectives II and III. 

In manuscript II, I studied the limit of detection (LOD) of the laboratory method 

(Rapid'Salmonella) used in the border control in Jordan. Knowledge of the LOD for Salmonella in frozen 

imported poultry products into Jordan, and especially for the Salmonella serotypes typically found in the 

imported products, is crucial when using the estimated LODs in the context of the Jordanian surveillance 

at border control. The LOD was studied using a spiking experiment. Salmonella Typhimurium and 

Salmonella Enteritidis field serotypes were spiked on Salmonella-free poultry meat with different 

concentrations and subsequently were tested using the Rapid'Salmonella method. The observed results 

(detected/not detected) were utilized to fit the probability function of detection (POD). The POD function 

gives the likelihood of detection, given concentration in the poultry product. The estimated POD 

functions were integrated into the QMRA model, assessing the performance of the border control for the 

risk. 

In manuscript III, I presented the Quantitative Microbiological Risk Assessment (QMRA) 

developed to estimate the quantitative effect on the risk of the current and alternative monitoring systems 

for Salmonella in imported poultry products, using imports to Jordan as a case. The model is a further 

development of an existing QMRA model for campylobacteriosis due to poultry meat in European Union 

(EU) countries. The assessment model consists of a consumer phase module, a risk estimation module, 

and a risk reduction module. The main model outputs were public health impact expressed as the 
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Minimum Relative Residual Risk (MRRR) given the rejection of batches and the percentage of Batches 

that do Not Comply with the Microbiological Criteria (BNMC).  

Strictly speaking, the MRRR is the relative residual risk given border control compared to the 

size of the risk if no border control was performed. The overall MRRR is based on the weighted sum of 

risk for each different poultry product from each country. The weight is the relative amount of imported 

poultry products from each country. The current border control based on one sample per batch gives an 

overall MRRR value of 10.5%. Alternative border control based on three samples per batch is 4.1% and 

five samples per batch 2.6%. Theoretically, the model will always reduce risks for consumers by 

increasing collected samples from each batch at the border control. However, the effect decreases as the 

number of samples increases. The added effect of increasing the number of samples is primarily due to 

detecting batches with reducing contamination. However, because the risk originating from these batches 

is relatively low, risk reduction is limited.  

In an attempt to check the model's validity, the estimated model output parameter BNMC was 

compared with the observed parameter obtained from the national survey observed data. For country and 

products, updated data about Salmonella's occurrence in poultry products were available, the estimated 

and the observed BNMC was at the same magnitude, whereas estimated based on old data or even 

imputed data were significantly different from the observed BNMC. It was surprisingly difficult to obtain 

data about hazards in poultry products from other countries.  

Based on the experience and results obtained in the studies, to strengthen the possibilities to 

assess the risk reduction obtained by the border control, I think future studies should focus on: 

i) Obtaining more valid and up-to-date data about the occurrence of Salmonella in poultry 

products. Obtaining updated records, including the current prevalence and occurrence of pathogens in 

food, is considered vital inputs to QMRA models and an accurate estimate of risk and risk reduction. As 

an alternative to observational studies, a method for expert elicitation could be applied. A combination of 

expert elicitation and observational studies is probably a robust and efficient approach to obtaining valid 

data about the occurrence. In addition, there is a need to facilitate data sharing between private and public 

sectors, both within and between countries.  

ii) It can expect that new laboratory technologies will make it possible to investigate the 

presence of several pathogens in one sample within the near future. These technologies might also have a 

higher analytical sensitivity. When assessing the potential performance of these new technologies in 

surveillance, it is necessary to have a holistic view focusing on the risk because many steps of the process 
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food chain industry are interlinked. The QMRA model presented in this thesis and other similar QMRA 

models can facilitate this holistic approach.  

iii) To increase the transfer of knowledge generated in the risk assessment models to 

decision-makers, it is necessary to make the application of these models more user-friendly. The focus 

should be on easiness to feed the models with data and no computer coding in the application. 

The most important output of the research presented in this PhD thesis is the model framework 

estimating the effect of current and alternative monitoring approaches used in the border control of 

imported meat and microbiological hazards. The quantitative estimate of the effect on the human risk 

aligns with the focus for the decision-makers designing better border control, and there is no need for 

"extra interpretation" before the model output can be used as decision support.   
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Sammendrag (Summary in Danish) 

 

I løbet af de seneste årtier har Mellemøsten og de nordafrikanske lande, herunder Jordan, 

gennemgået en hurtig udvikling med en betydelig stigning i befolkningstal, pres på landbrugsproduktion 

og vandressourcer, samt ændring af det foretrukne kost- og forbrugsmønster. Samtidig er den 

internationale fødevarehandel vokset. Ifølge FAO, 2017, er der store krav til forskellige fødevarer globalt, 

og det forventes, at importen af fjerkrækød til udviklingslandene ville vokse med 3-4% om året frem til 

2025. Heraf vil de afrikanske og mellemøstlige lande stå for omkring 65% af stigningen af denne import. 

Fjerkrækød anses for at være en af de vigtigste kilder til spredning af sygdomsfremkaldende 

patogener til forbrugerne. Salmonellose er en af de største fødevaresikkerhedsproblem på verdensplan. I 

Mellemøsten og Nordafrika, herunder Jordan, er sporadiske tilfælde og regulære udbrud af salmonellose 

almindelige, og WHO knyttede de fleste tilfælde til forbrugeres indtag af Salmonella kontaminerede 

fjerkrækødprodukter. Produkterne kan blive kontamineret med Salmonella i hele fødekæden, fra 

fjerkræbedrifterne, gennem slagtning og opskæring og frem til konsumenten. 

For at sikre adgang for sikre importerede fjerkrækødprodukter til Jordanere har de jordanske 

myndigheder (Jordan Food and Drug Administration (JFDA)) etableret et Salmonella -

overvågningssystem for importeret fjerkrækød og fjerkræprodukter. Grænsekontrollen finder sted ved alle 

10 grænseovergange og har fundet sted siden 1980'erne. Grænsekontrollen er løbende blevet ajourført 

med hensyn til i) prøveudtagning fra importerede partier af fjerkrækød, og ii) anvendte diagnostiske 

metoder. Imidlertid er disse opdateringer og justeringer foretaget uden forudgående kvantitative vurdering 

af effekt af ændringer, hvilket skyldes at der mangler et værktøj til at evaluere effektiviteten af det 

nuværende sammenholdt med et alternative Salmonella -overvågningssystem i importeret fjerkrækød og 

fjerkræprodukter. 

Det overordnende formål med PhD studiet har været at udvikle et kvantitativt matematisk værktøj 

til evaluering af Salmonella -overvågningssystemer, med udgangspunkt i import af fjerkræprodukter til 

Jordan. Studiet er delt op i følgende 3 formål: 

Formål I: Undersøge forekomsten af partier af importeret frosset kød til Jordan, som er 

kontaminerede med mikrobiologisk zoonoser for perioden 2015 til 2019. 
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Formål II: Bestemmelse af detektionsgrænse (LOD) for Rapid’Salmonella-metoden, som er den 

laboratoriemetode, der pt. bruges af de Jordanske myndigheder for at påvise Salmonella i importeret kød. 

Formål III: Udvikling af en stokastisk kvantitative mikrobiologisk risiko vurderingsmodel 

(QMRA) til vurdering af effekten af et overvågningssystem på risikoen for forbrugerne – i dette tilfælde 

salmonellose på grund af importeret fjerkrækød og fjerkræprodukter. 

Resultatet fra forskningen udført i PhD studiet er en kvantitativ mikrobiologisk risiko 

vurderingsmodel, som inddrager i) forekomsten af Salmonella i fjerkrækødet fra forskellige produkter og 

eksportlande, ii) antal prøver til mikrobiologisk analyse, iii) den diagnostiske test’s (Rapid'Salmonella) 

følsomhed og iv) fastsatte kriterier for afvisning/accept af et parti givet resultat fra diagnostisk test. 

Modellen indeholder et forbrugerfasemodul, som gør det muligt at vurdere effektiviteten af 

overvågningen af sandsynligheden for salmonellose (risikoen) i forbrugerpopulationen. 

Modellen vil fungere som et værktøj, hvis output vil støtte beslutningstagere med en kvantitativ, 

datadrevet evaluering af de anvendte overvågningssystemer – både for nuværende systemer og potentielle 

fremtidige systemer. En forbedret beslutningsgrundlag vil styrke mulighederne for at designe et 

overvågningssystem, som giver en reel reduktion af risikoen for salmonellose forårsaget af importeret 

fjerkrækød specifikt og importeret kød generelt. 

I afhandlingens 1:e kapitel præsenteres problem analysen, samt de forskningshypoteser denne 

analyse har resulteret i. 

I kapitel 2 beskriver jeg de overvågningssystem, som i dag bruges af de jordanske myndigheder 

for importeret fjerkrækød og fjerkræprodukter. I afhandlingen betragtede jeg overvågningssystemet, som 

i) overvågning (vurdering af risikoen), og ii) handlinger (styring af risikoen). 

Overvågningsdelen består af tre på hinanden følgende procedurer: 

1. Udtagningsprocedure af prøver fra importeret fjerkrækød, som indsendes til laboratorie til 

påvisning af Salmonella. 

2. Anvendelse af laboratoriemetode for at påvise Salmonella. 

3. Fortolkning af laboratorieresultater, herunder beslutning om overholdelse/manglende 

overholdelse af de krav, som er opstillet for at partiet kan indføres til konsum. 

Handlingsdelen, der iværksættes som konsekvens af overvågnings resultater, reducerer risikoen 

gennem: 
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- den direkte handlinger for partiet som ikke overholder kravene. Typisk vil dette være 

destruktion eller returnering til oprindelseslandet eller anden destination. 

- den proaktive effekt over for det land, hvorfra det kontaminerede parti stammer fra, såsom 

importforbud eller strengere prøveudtagning og undersøgelser. 

I kapitel 3 beskriver jeg udførte forskningsaktiviteter herunder de anvendte metoder. 

Kapitel 4 indeholder tre manuskripter (manuskript I, II og III), hvor hovedpunkterne i min 

forskning præsenteres og diskuteres. Kapitel 5 omfatter den overordnede diskussion og konklusion, der 

bringer de opnåede resultater ind i en bredere sammenhæng, og skitserer også fordele og ulemper ved 

arbejdet. I kapitel 6 skitserer jeg, på baggrund af de opnåede resultater og behov for at reducere risikoen, 

de fremtidige perspektiver, der især står over for udviklingslandenes behov og udfordringer vedrørende 

fødevaresikkerhedsspørgsmål. 

Manuskript I beskriver formål I - Undersøge forekomsten af partier af importeret frosset kød til 

Jordan, som er kontaminerede med mikrobiologisk zoonoser for perioden 2015 til 2019. 

Her undersøger jeg, hvor hyppigt der bliver påvist fødevarebårne patogener i importerede partier 

af frosset rødt kød og fjerkrækød til Jordan, men fokus på Salmonella Typhimurium, Salmonella 

Enteritidis, Listeria monocytogenes og Escherichia coli (E. coli) O157:H7. Data grundlaget blev 

erhvervet fra JFDA's Laboratory Food Examination System (LFES) for perioden 2015 til 2019. 

Undersøgelse var væsentlig for at kunne fokusere på den videre forskning af hyppigste påviste patogener 

for importeret kød fra Jordan. Konklusioner på undersøgelse er, at fjerkræprodukter er det kød, som 

hyppigst er kontamineret med zoonotiske mikroorganismer, og at det for fjerkræprodukter er 

kontaminering med Salmonella som er alt dominerende. 

I manuskript II undersøgte jeg detektionsgrænsen (Limit of Detection - LOD) for den 

laboratoriemetode som bruges i grænsekontrollen i Jordan for påvisning af Salmonella – 

”Rapid'Salmonella”. Kendskab til LOD for Salmonella i frosset importeret fjerkrækød, og især for de 

Salmonella -stammer der typisk findes i produkterne, er afgørende for vurdering af den jordanske 

grænsekontrol, da resultaterne giver sandsynligheden for at detektere Salmonella i et kontamineret parti. 

LOD blev undersøgt i et spiking forsøg med flere forskellige feltstammer af Salmonella Typhimurium og 

Salmonella Enteritidis blev podet ind i Salmonella -frit fjerkrækød med forskellige koncentrationer og 

efterfølgende testet efter Rapid'Salmonella-metoden. De observerede resultater (detekteret/ikke 

detekteret) blev brugt til at estimere en sandsynlighedsfunktion for detektion (POD). POD-funktionen 

giver sandsynligheden for påvisning af Salmonella i testen (0 %< - <100 %), givet koncentrationen i 
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fjerkræproduktet. De estimerede POD-funktioner blev efterfølgende integreret i QMRA-modellen, der 

vurderer grænsekontrollens præstation med hensyn på at reducere risikoen for konsumenter. 

I manuskript III præsenterer jeg den kvantitative mikrobiologiske risikovurderingsmodel 

(QMRA), udviklet med det formål at estimere den kvantitative effekt på risikoen af nuværende og 

alternative overvågningssystemer for Salmonella i importerede fjerkræprodukter. Til at illustrere 

modellen bruges import af fjerkræprodukter til Jordan. Modellen er en videreudvikling af en eksisterende 

QMRA-model for campylobacteriose årsaget af fjerkrækød i EU. Modellen består af tre moduler; 

forbrugerfasemodul, risikoestimeringsmodul og risikoreduktionsmodul. De vigtigste resultat fra modellen 

er effekten af overvågning på folkesundeheden, udtrykt som den relative resterende risiko (MRRR) givet 

afvisning af partier grundet påvisning af Salmonella. Endvidere estimers procentdelen af importerede 

partier der ikke overholder fastsatte grænseværdier, som skal opfyldes for import (BNMC). Helt præcis 

udtrykker MRRR den relative resterende risiko givet grænsekontrol sammenlignet med størrelsen af 

risikoen, hvis der ikke blev udført grænsekontrol. Den samlede MRRR er baseret på den vægtede sum af 

risiko for hvert fjerkræprodukt fra hvert land. Vægtene er den relative mængde importeret fjerkræprodukt 

fra hvert land. I den nuværende grænsekontrol baseret på én prøve pr. parti er MRRR 10,5%. En 

alternativ grænsekontrol baseret på tre prøver pr. parti giver MRRR på 4,1%, og fem prøver pr. parti giver 

2,6%. Teoretisk set vil modellen altid give en reduktion af risici for forbrugerne ved at øge de indsamlede 

prøver fra hver parti ved grænsekontrollen. Effekten er dog aftagende, efterhånden som antallet af prøver 

stiger. Den ekstra effekt af at øge antallet af prøver skyldes primært påvisning af partier med lavere 

kontamineringsgrad. Men fordi risikoen fra disse partier er relativt lav, er effekten på risikoreduktion 

begrænset. 

I et forsøg på at undersøge modellens validitet blev den estimerede proportion afviste partier 

(BNMC) sammenlignet med den observerede proportion afviste partier, som kunne estimeres ud fra 

nationale overvågningsdata. For lande og produkter var der opdaterede data om forekomsten af 

Salmonella i fjerkræprodukter tilgængelige, der er den estimerede og den observerede BNMC i samme 

størrelsesorden, hvorimod estimerede BNMC baseret på gamle data eller endda imputerede data var 

signifikant forskellige fra de observerede BNMC. Det var overraskende vanskeligt at finde opdateret data 

om forekomsten af Salmonella i forskellige fjerkræprodukter fra forskellige lande. 

Med baggrund i erfaringer og resultater opnået i det præsenterede arbejdet, mener jeg at for at 

styrke mulighederne for at vurdere risikoreduktionen opnået ved grænsekontrollen, bør fremtidige 

undersøgelser fokusere på: 
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i) indhentning af mere valide og ajourførte data om forekomsten af Salmonella i 

fjerkræprodukter. Brug af opdateret data, herunder aktuel prævalens og forekomst af patogener i 

fødevarer, er afgørende for at fremskaffe nøjagtige skøn over risiko og risikoreduktion ved brug af 

QMRA modellering. Som alternativ til observationsstudier kan man anvende metoder for at fremskaffe 

kvantitative data fra faglige eksperter. En kombination af ekspert-udsagn og observationsstudier vil 

sandsynligvis være en robust og effektiv tilgang til at opnå valide data om forekomsten. Der er også 

behov for at understøtte deling af data mellem private og offentlige sektorer, både indenfor og mellem 

lande. 

ii) hvordan nye laboratoriemetoder kan bruges til at forbedre overvågningsprogrammer. Det kan 

forventes, at nye laboratorieteknologier inden for den nærmeste fremtid vil gøre det muligt at undersøge 

tilstedeværelsen af flere patogener i en prøve. Disse teknologier kan også have en højere analytisk 

følsomhed. Når man vurderer den potentielle ydeevne af disse nye teknologier inden for overvågning, er 

det nødvendigt at have et holistisk syn med fokus på risikoen, fordi procestrinene i fødevareindustrien er 

indbyrdes forbundet. QMRA-modellen præsenteret i denne afhandling kan sammen med andre lignende 

QMRA-modeller facilitere denne holistiske tilgang. 

iii) hvordan man forbedrer overførslen af viden genereret i risikovurderingsmodellerne til 

beslutningstagere. Fokus bør være på at understøtte at man med lethed kan fodre modellerne med data og 

at der ikke er behov for computerkodning i applikationen. 

Det vigtigste resultat som præsenteres i denne ph.d.-afhandling, er hvordan jeg med brug af 

modellering estimerer effekten af nuværende og alternative overvågningsmetoder i grænsekontrol af 

importeret kød på folkesundheden relateret til salmonellose. Det kvantitative estimat af effekten på den 

menneskelige risiko er i overensstemmelse med det fokus der er for beslutningstagere ved design af 

overvågningsprogram til brug i grænsekontrol. Da modellen estimerer effekten på human risiko, er der 

ikke behov for en "ekstra fortolkning" før modellens output kan bruges som beslutningsstøtte. 
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Chapter 1: Problem Analysis  

1.1 Introduction  

Foodborne pathogens are the main etiology of diarrheal diseases in adults and children 

worldwide. The World Health Organization (WHO) estimated that globally, foodborne illnesses account 

for more than 600 million infected people (nearly 40% are children) and 420,000 deaths annually 

(Havelaar et al., 2015). Each year, according to the Centers for Disease Control and Prevention (CDC), in 

the United States (US), there are 48 million individuals infected by foodborne pathogens; 128,000 are 

hospitalized, and 3000 died (Scallan et al., 2011). In 2019, Europe reported more than 300.000 cases of 

foodborne diseases, including almost 100.000 cases of salmonellosis which resulted in 140 fatal cases 

(EFSA/ECDC, 2021). Studies performed by Gargouri et al. in Jordan between 2003 and 2004 found that 

the burden of foodborne diseases reached 124 cases per 100,000 population, and the rate of diarrhea is 0.8 

episodes per person/year (Gargouri et al., 2009).  

Salmonella is considered one of the most (maybe the most) frequent foodborne pathogen 

worldwide. Salmonella is a rod-shaped gram-negative facultative anaerobic bacteria and member of the 

family Enterobacteriacea (Escherichia coli, Klebsiella, Shigella…etc.). It is a ubiquitous microorganism 

and colonizes diverse environments. The versatility of this pathogen resides in its ability to swiftly adapt 

to broad shifts in temperature, pH, water activity, and oxygen concentrations (Spector and Kenyon, 2012). 

Salmonella usually grows at temperatures between 5 and 45°C, depending on the specific serovar and the 

environmental conditions. Optimal growth takes place at neutral around pH values. However, it can grow 

at a much broader range of pH values (4 to 9.5) (Metzger et al., 2015). These bacteria are generally 

motile, having flagella uniformly distributed over the outer membrane (Li et al., 1993). Some metabolic 

traits of the Salmonella species that distinguish it from other gram-negative, rod-shaped enterobacteria are 

catalase production, the absence of the cytochrome c oxidase, and the inability to ferment lactose and 

produce urease and indole (Popoff and Le Minor, 2005). The unique Salmonella environmental 

pervasiveness, its ability to cause disease in humans and animals, and the multiple routes of infection 

(Van Asten and Van Dijk, 2005) make this pathogen a public health threat that is extremely hard to 

eradicate from food production. Instead, most of the activities in food production are to identify the 

bacteria when it is present and implement control measures that reduce the amount of Salmonella in food 

items.   

Non-typhoidal Salmonella (NTS) is the most frequent foodborne pathogen, the core cause of 

diarrheal diseases, and remains the major hazard to food safety and public health worldwide. Yearly, there 
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are 93.8 million people in the world experience salmonellosis, representing about 86% of those infected 

people are attributed to contaminated food with NTS, and 155,000 fatal cases are reported (Abraham et 

al., 2014; Majowicz et al., 2010). In the Middle East and North Africa (MENA) population, the estimated 

enteric NTS pooled prevalence is 6.6% (Al-Rifai et al., 2019). In addition, the widespread multidrug-

resistant (MDR) forms of NTS in production animals, including poultry, are also posing global health 

problems (Abraham et al., 2014; Gupta et al., 2003).  

Human salmonellosis is a self-limiting gastroenteritis illness with prominent symptoms of 

diarrhea, fever, abdominal pains, and vomiting (de Knegt and Hald, 2015). However, this illness probably 

causes deterioration and threatens individual life among the children, compromised-immunity, and elderly 

people (Sánchez-Vargas, et al., 2011). Globally, the infected people who sought medical help are treated 

with ciprofloxacin and cephalosporin as drugs of choice (Téllez, et al., 2011). In developing countries, 

including Jordan, traditional first-generation antimicrobials are still widely used to treat infections due to 

their low cost and availability (Téllez, et al., 2011). In Jordan, about 20-40% of diarrheic people seek 

medical assistance (Gargouri et al., 2009). 

It is generally known that salmonellosis in humans is mainly linked to food contaminated with 

NTS. The World Health Organization, Foodborne Disease Burden Epidemiology Reference Group 

(FERG) expert elicitation for MENA countries found the highest food source attribution of foodborne 

salmonellosis in poultry meat, which estimated over 30% of NTS illnesses (Dogru et al., 2010). Poultry 

meat can be contaminated with NTS during various stages, starting from production farms, slaughter 

processing, packing, storage, transportation, preparation, and consumption (Rajan et al., 2017).  

In the Middle East and North Africa (MENA) countries, there are drastic changes in population 

numbers, economic status, pressures on agriculture production and water resources, dietary changes, and 

growth on international food trade agreements. These factors create vast demands on various food 

products (Bruinsma, 2017). It is anticipated that the imports of poultry meat into developing countries 

will grow 3-4% per year until 2025, while the African and Middle East countries will likely share about 

65% of the rise in world poultry imports (OECD/FAO, 2016).  

In Jordan, the poultry industry consists of large-scale industrialized poultry farms close systems, 

medium and small semi-closed poultry farms, and a few scattered backyards household farms in rural 

areas. The total production amounts of poultry meat reached about 250,000 tonnes, which represents 50% 

of the entire livestock sector in Jordan (Abudaieh, 2020). At least 70% of the consumption of poultry 

meat goes to over meat slaughtered in slaughterhouses. In comparison, 30% goes to meat processed by 
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“Natafat” (informal slaughter facilities), and the remaining that less than 1% goes to meat of chicken 

backyard processed by in house or Natafat slaughtering (Abudaieh, 2020).  

However, over recent years, in Jordan, there have been growing demands of importation of 

chicken meat to fill the shortage in local retail markets and other processing meat plants that cover the 

local and foreign markets (JFDA, 2015). Consequently, 50,000 to 70,000 tonnes of frozen poultry meat is 

imported to Jordan annually (JFDA, personal communication). This amount is around 25% of the total 

consumption of poultry meat in Jordan. The imported poultry meat is frozen and ranges from whole and 

halves carcasses, leg quarters, whole boneless chickens, breasts fillet, by/product chicken edible offal, and 

mechanically deboned meat. The leading exporter countries are the USA, Brazil, Ukraine, Belgium, and 

Turkey. Although many strict NTS control programs are applied, like sanitation, vaccination, and culling, 

these exporter countries do not use any eradication rules to free poultry meat from this foodborne 

pathogen (Salmonella) like Denmark and Sweden (Christensen and Andersen, 2007). This situation in 

exporter countries implies and expects a risk on consumers. 

Globalization affects population habits towards substantial increase demands on consumption the 

“fast food” and “take away food” that commonly prepared from poultry meat. In many MENA countries, 

along with the steadily increasing import of frozen chicken meat, it noticed there are in-commitment with 

the Hazard Analysis Control Point (HACCP) rules, sanitation, and sustaining cold chain logistics, 

especially at summer months in storage and transportation at many local restaurants and retails points 

(Habib et al., 2020). In Jordan, in local restaurants, NTS in Shawarma and other prepared poultry meat 

meals have been reported periodically. Between 2006 and 2007, there were 1,600 people hospitalized and 

one death recorded (JFDA, personal communication) due to salmonellosis. However, most of these 

incidences of infection and outbreaks were not documented, and the occurrence of salmonellosis is 

underestimated. In Jordan, there are about two-thirds of diarrheic people do not reach medical centers for 

help (Gargouri et al., 2009). 

There are initiatives from the WHO to establish a regional surveillance system including Jordan 

to report the outbreaks, identifying the serogroups and drug resistance microbial profiles for foodborne 

salmonellosis by laboratory surveys of stool and blood samples from food handlers and consumers 

(Cohen et al., 2010). However, the epidemiological investigations from the Ministry of Health (MOH) in 

Jordan that focused on foodborne salmonellosis had a lack of efficient specimen transportation, laboratory 

capacity, and reporting systems. Since there is no sentinel site laboratory-based surveillance for 

Salmonella, the ‘‘non-MOH’’ data were unavailable. (Leventhal et al., 2016)  
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Hence, it is important to anticipate the emerging risks of chicken meat imports in such a 

challenging context. This is rise concern of governments to establish specialized food safety authorities as 

the Jordan Food and Drug Administration (JFDA) to ensure the hygiene and quality of different local and 

imported food items since 2002. Imported poultry meat consignments are categorized as high-risk food. 

Most sanitary measures for importing poultry meat in international standards, including Jordan, do not 

allow strains of Salmonella Typhimurium and Enteritidis contaminants from entering borders.  

Therefore, JFDA applied surveillance programs to detect these contaminated consignments. 

According to the JFDA guidelines, all poultry meat at customs ports requires a scheduled sampling for 

detecting strains of Salmonella Typhimurium and Enteritidis (JFDA, 2015). Each food consignment 

contains one or several batches. From each batch, one sample is collected. A batch of poultry meat is 

equivalent to one product produced on a specific date in one establishment (JFDA, 2015). Sample units 

are transported to the accredited JFDA laboratories “ISO 17025” where 25 g is apportioned, thawed, and 

analyzed according to the Rapid’Salmonella method (Bio-Rad, Marnes-la-Coquette, France) as an 

alternative to the reference method “ISO 6579:2017” for rapid detection of Salmonella enterica subsp. 

enterica ser. Typhimurium and Salmonella enterica subsp. enterica ser. Enteritidis in imported poultry 

product into Jordan.  

In 2015, with the use of the Rapid’Salmonella method, 29 batches of poultry meat (represented about 200 

tons) out of 3,109 examined (represented about 25,000 tons) were rejected at the border because they 

were found positive for strains of Salmonella Typhimurium or Enteritidis (JFDA, 2015). The rejected 

batches were either destroyed or exiled to the country of origin or to another destination. However, the 

performance of the applied JFDA’s sampling schedules and microbiological analysis of foodborne 

pathogens is not estimated. It is unknown to which extent contaminated batches are classified as a false-

negative, thereby entering the market and imposing an increased risk for the consumers. It is vital to 

predicting the posing risks arising from frozen poultry meat imports into Jordan in this challenging 

context.  
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1.2. Research Hypothesis  

Twenty years ago, an extensive report released by FAO with joint WHO described the core pillars 

to build models for QMRA analysis of Salmonella in poultry (FAO/WHO, 2002). This comprehensive 

review is still relevant, although the poultry industry practices in many countries have changed, and new 

strains of Salmonella have emerged. Today, pyramid-shaped breeding systems, including large and 

organic farms with a minimum of internal biosafety and intensive capacity of the slaughterhouses, which 

increasing the cross-contamination of Salmonella between carcasses (Finstad et al., 2012), has led to an 

increase in the prevalence of Salmonella serovars in poultry in many countries (Foley et al., 2013). 

However, few countries like Denmark and Sweden applied extensive control programs for Salmonella, 

such as strict rules of agriculture good practices, vaccination, and culling to decrease NTS in poultry meat 

(Christensen and Andersen, 2007). 

 An essential tool for reducing the consumers’ exposure to Salmonella in poultry meat is border 

control, where poultry meat imported from a country is tested for the presence of Salmonella. During the 

last decade, the development of sensitive detection methods, including molecular techniques, has 

increased the ability to identify and track Salmonella in food. Naturally, there is an interest to integrate 

new and more sensitive diagnostic methods in border control in general, with the overall aim to reduce 

human exposure to foodborne pathogens, including Salmonella in poultry meat.  

However, to obtain a risk reduction by integrating new methods in any border control, it is vital to 

assess the overall effect, taking into account the actual occurrence of Salmonella in the food item of 

interest and the sampling plan. This assessment can be performed in the frame of QMRA, where the 

effect of different interventions is estimated as the quantitative effect on human risk. Currently, no 

QMRA tool is available wherein we can assess the border control measures in Jordan to protect consumer 

safety. 

In a typical QMRA model, initially, the consumers´ exposure to the hazard given the 

consumption of a food item is estimated quantitatively. Subsequently, the exposure is “translated” to the 

number of cases in the population using a dose-response model, wherein the likelihood of diseases given 

different amounts of exposure is described mathematically. According to the scientific literature, 

examples of integrating border control (or other interventions implemented due to test results) into 

QMRA models are minimal. From a practical view, it is crucial to assess the absolute effect on human 

risk when implementing very high analytical sensitivity (test sensitivity) methods into control programs. 

To enhance the opportunity for the Jordan food safety authorities to protect the consumers getting ill from 

imported poultry meat, they need a dynamic tool that can help them to assess the effect of border control 
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on human risk, both now and in the future given changes in the occurrence of Salmonella in imported 

poultry products. Using these inputs in the classical decision-making tool, QMRA precedes the best 

actions to respond to estimated Salmonella contamination by public health officials (Lammerding, 2006; 

Oscar, 2004; Parsons et al., 2005).  

As a response to the problem analysis, the overall aim of the work presented in this thesis was to 

develop a quantitative tool for assessing surveillance systems of contaminants in imported food. As 

decisions need to be taken according to the risk for the consumer, the tool should be able to estimate the 

risk, and the potential risk reduction, given potential changes in the surveillance program.  

To fulfill this aim, more knowledge and work were needed concerning both the performance 

parameters of the diagnostic method used, how to model the risk for consumers taking into the chain from 

imported food to consumption, and how different surveillance activities influence the risk.  

Accordingly, the work presented in this thesis had tried to answer the following questions:  

- How can we obtain knowledge about the current presence of Salmonella (and other pathogens) 

in the frozen meat products imported to Jordan? 

- Which performance parameters of a diagnostic method are of exceptionally high interest in the 

context of surveillance, and how can these parameters be obtained? 

- How can the effect of a border control program be modeled in the context of risk for consumers, 

including the impact of an alternative monitoring program? 

To answer these questions, the following specific objectives were set; Objective I, Objective II, 

and Objective III of the thesis: 

Objective I 

- To investigate the total number of frozen meat imports to Jordan and their detected 

contaminated batches with microbiological zoonosis obtained from the JFDA’s Laboratory Food 

Examination System (LFES) portal as the database for the period 2015 to 2019. This is necessary to focus 

on the most frequent detected hazard of imported meat in Jordan, which was lead to evaluate the burden 

of NTS in imported frozen poultry products into Jordan to provide a descriptive insight on occurrences 

variability of Salmonella from a representative cohort of these products. 
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Objective II 

- To determine the limit of detection (LOD) of the used laboratory method, Rapid’Salmonella, 

when applied in the Jordan surveillance settings to observe the lowest contaminants levels in the imported 

frozen poultry meat. A spiking experiment does this with several field strains of different concentration 

levels. The observed LOD values are fitted by a probability function of detection (POD) to obtain more 

representative values as LOD50% and LOD90%. This will help in knowing the detection sensitivities for 

these Salmonella strains. Subsequently, to put the estimated LODs into the context of surveillance at 

border control. 

Objective III 

- To develop a stochastic Quantitative Microbiological Risk Assessment (QMRA) model were 

affected by the occurrence of the hazard in the imported poultry meat from different countries; the 

number of samples in the setting and performance of diagnostic test and measures for compliance are 

integrated. The model also includes a consumer phase to estimate the effect of the risk on consumers. 

The core benefit of this thesis is the innovative developing simultaneous dual-purpose QMRA 

approach for assessing the effectiveness of the Salmonella surveillance program implemented in the 

border and assessing the potential risk of salmonellosis among consumers caused by Salmonella in 

imported poultry meat. The output from this work will give an opportunity to evaluate continuously the 

applied JFDA’s inspection systems, which are necessary for reviewing their objectives that point toward 

estimating and decreasing the anticipated risk on the public.  

      

Chapter 2: Current Surveillance System and Method of Detection  

In this thesis, I defined surveillance as an active system consisting of monitoring (assessing the 

risk) and actions (managing the risk). The monitoring part is defined as assessing the health status or the 

presence of pathogens in the inspected food item (sampling, laboratory diagnostics, and data analysis). 

The action part is control measures taken as a response to the result of the monitoring when indicating the 

problem is unacceptably large. 

             Introduction  

Since JFDA's establishment in 2002, its main goal has been to ensure the hygiene of foods for 

safeguarding the public in the country. To get this point, JFDA is responsible for formulating approaches 

for efficient managing, enforcing inspection at the border, and post-border control of food products from 
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export countries. As a member of the global food inspection administrations, JFDA is continuously 

revising the food laws in Jordan by harmonizing their food safety standards according to the Codex 

Alimentarius, moving towards a food safety system having the risk for consumers in focus. The focused 

spending resources of high-risk products (risk-based sampling) have tremendously decreased laboratory 

analysis costs and clearance time. 

According to JFDA, all food imports are categorized on a risk basis: high, medium, and low-risk 

(see Table 1) and subjected to the different levels of the inspections process according to the risk 

category. From the surveillance system, the obtained previous collected data and results of inspections for 

imported food is fed into the application of the global United Nations Conference on Trade and 

Development (UNCTAD) Automated System for Customs Data (ASYCUDA, 

https://asycuda.org/en/usercountries-jordan/) that is selectivity depended on many factors including the 

degree health risk-based for testing imported foods. Depending on the inputs in the ASYCUDA system, 

about 65-85% of imported frozen meat went for further investigations in laboratories. The inspections 

start with document evaluations for all food imports, on-site examinations for high and medium-risk food 

imports, and lastly, the focused inspections that include sampling schemes for laboratory analysis (High-

risk, e.g., poultry meat products).  

 

Table 1: Examples of sampling percentages according to the selectivity based on degree of risk 

food item in the shipment. 

Degree of risk % of imported batches selected for laboratory 

analysis 

Type of food item 

High risk 85-65 Dairy products, red meat, poultry 

meat and fish products 

Medium risk 64-45 Cereals, oils, canned food 

Low risk 44-25 Fresh produce fruits and vegetables  
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Document evaluations refer to the inspection process for all documents required by the JFDA 

(e.g., packing list, halal certificate, health inspection certificate…etc.) (see Figure 1). The on-site 

inspection is performed visually of food imports to identify the item's characteristics, the packaging, and 

labeling status (see Figure 2). The sample inspection refers to the process of acquiring a sufficient 

quantity of the product and subsequently conducting organoleptic-physical, microbiological, and chemical 

laboratory analysis for compliance purposes with food product characteristics and sanitation standards. 

One of the main targets of focused inspection is identifying pathogenic microorganisms, including 

Salmonella. 

 

Figure 1: Photo of food shipment document verified by JFDA  

  

Figure 2: Photo of visual inspection at Amman Customs by JFDA 

There are three leading food compliance-testing laboratories; the two central governmental JFDA 

labs at Amman customs and Headquarters in the capital city Amman, and the private laboratory “Ibn 

Hayyan” at Aqaba city. The inspection procedures include sampling executed by JFDA committees at 

border and post border. JFDA laboratory at Amman customs specializes in analyzing imported frozen 

meat products, including poultry. The imported poultry meat products inspection is conducted based on 

the provisions of the Food Law no. 30/2015, the standards for various poultry meat products, and related 

regulations by JFDA, which are set by the Jordan Standards and Meteorology Organization (JSMO) based 

on the Codex Alimentarius. 



28 
 

2.1 Monitoring part of the Surveillance of Salmonella in Imported Poultry Meat 

2.1.1 Sampling procedure for detection Salmonella in imported poultry meat  

Poultry meat is considered high-risk food because of its potential for the presence and growth of 

microbial pathogens, especially Salmonella, which can cause illnesses ranging from diarrhea to 

widespread infections and death. The imported food items are transported as consignments, defined as the 

entire good in one container whose weight ranges from 500 kg to 27,000 kg. Each consignment consists 

of one or several batches of an item. A batch is a unit of specific items originating from one 

slaughterhouse facility or plant at one day of production. Typically, a consignment consists of several 

batches.   

According to the classification system, imported poultry meat is classified as a high-risk product, 

thereby going through complete inspections. The inspections entail document inspections, on-site 

consignments and batches inspections, and selective batches inspections, including sample analysis for 

Salmonella. Samples for laboratory analysis for the presence of Salmonella are collected from about 70% 

of imported poultry meat batches. The reasons for not collecting samples of all batches are due to 

limitations of resources. The sampled batches are considered randomly selected, even though there is no 

procedure to ensure the randomness of sampling. This is because the impossible unload and reload the 

frozen meat consignments to get arbitrary methods of picking samples.  

Determining the number of collected samples was depended on many factors:  

- The number of consignments of one shipment.  

- The type of items (whole carcasses, chicken parts, offal, etc.) in the consignments. 

- The number of batches of one item in the consignment. 

- The number of packages collected depends on the weight of the packages within the batch. This 

range from eight packages that weigh from 0.2 to 2.9 kg, or two packages that weigh from 3 to 6.9 kg, or 

one package that weighing from 7 to 20 kg, 

As random as possible, a portion size of 25 g was collected for microbiological analysis from 

these collected packages.   
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2.1.2 Updates of Salmonella detection method in JFDA  

The usefulness of a diagnostic test is strongly dependent on its analytical sensitivity (LOD), the 

robustness in respect to repeatability and reproducibility – all parameters mostly related to the diagnostic 

procedure irrespectively of occurrence of the pathogen of interest.  

In this thesis, the definition of detection level, level of detection, false-negative, false-positive, 

reproducibility, repeatability, sensitivity, and specificity is in accordance to ISO 16140. The detection 

level is the minimum concentration of organisms that produce evidence of growth in a defined culture 

medium and are incubated under specified conditions with a probability P = 0.95. The measured analyte 

concentration is considered as the level of detection. The false-negative is a negative result by the tested 

method that is confirmed as a positive result (a fewer false-negative result is a more sensitive method). In 

contrast, the tested method's false-positive is a positive result that is actually confirmed as a negative 

result (a fewer false-positive result is a more specific method). Reproducibility is a precision 

measurement of the condition sets that include different locations, operators, measuring systems, and 

replicate. While repeatability is a precision measurement of the condition sets with the same place, 

operators, measuring system, procedure, and replicate. Sensitivity is the ability of the reference method or 

alternative one to detect the analyte, but not to detect it is considered specificity. 

 The probability of the test given a positive reaction for a sample collected from a truly positive 

food item (epidemiological sensitivity) depends on the laboratory method's sensitivity, the pathogen's 

occurrence in the food item of interest, and the sampling schedule. In total, the epidemiological sensitivity 

is equivalent to the sensitivity of the surveillance program.  

As the volume and movements of food trade increase, JFDA has started using chromogenic 

media as sensitive, rapid detection of Salmonella in food. This method is named Rapid’Salmonella (Bio-

Rad, Marnes-la-Coquette, France). This method was launched in 2009. In 2015, JFDA started to use it as 

a substitute to the reference method “ISO 6579:2017” for rapid detection of Salmonella spp., including 

Salmonella Typhimurium and Salmonella Enteritidis and followed by biochemical latex tests. For final 

identification and confirmation, JFDA uses real-time (RT)-PCR (Maurischat et al., 2015). Isolation of 

Salmonella from foods can often be challenging because of low cell numbers and the competing 

microbiota present (Fakruddin, et al., 2013). Sampling and homogenization of the food are always 

dependent on the type of food. However, different specific broths (i.e., lactose broth, trypticase soy broth 

enriched with ferrous or potassium sulfate, tetrathionate broth, and universal pre-enrichment broth) are 

used to resuspend, homogenize, and pre-enrich the sample (Andrews and Hammack et al., 2007). This 

first pre-enrichment is generally followed by enrichment in a slightly acidic and hyperosmotic medium, 
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Rappaport-Vassiliadis (RV) broth, and tetrathionate broth. Both enrichments are streaked for single 

colonies on three selective and differential media: bismuth sulfite (BS), xylose lysine deoxycholate 

(XLD), and Hektoen enteric (HE) agar. Following incubation for 24 h, typical Salmonella colonies look 

brown, gray, or black with sometimes a metallic sheen and a brown or black halo on BS, pink with or 

without black centers on XLD, and blue-green to blue with or without black centers on HE. These 

conventional isolation procedures are included in the reference methods for the detection of Salmonella 

described by the International Organization for Standardization (ISO), and the Bacteriological Analytical 

Manual (BAM) from the US Food and Drug Administration are time-consuming and require several 

hands-on steps (from four to seven days with confirmation) (Uyttendaele et al., 2003). Besides the 

conventional ISO 6579 detection method, it has been widely reported that the other rapid methods for 

detecting Salmonella in foods (Löfstrom et al., 2010, Nde et al., 2008, Uyttendaele et al., 2003). For 

instance, chromogenic media (e.g., Rapid’Salmonella media), and RT-PCR offer fast results within 1 to 4 

days with confirmation (see Table 2). 

Table 2: Scheme of the Salmonella detection according to RAPID’Salmonella method. 

Schedule Steps Conditions 

Day 1: - Pre-enrichment (25 g sample into 225 ml buffered peptone water, BPW)    -  room temperature 

- Selective enrichment (1 ml of Salmonella Rapid’ capsule) - 18 h at 41.5  °C 

Day 2: - Plating out (Salmonella chromogenic medium)    - 24 h at 37 °C 

Day 3: - Reading (Select typical magenta colonies)                   - room temperature  

- Purification (Streak on nutrient agar) - 24 h at 37 °C 

Day 4: - Confirmation (Salmonella spp.)  by Salmonella latex; polyvalent and O-Somatic antigen) 

  

-  room temperature 

- Identification (Real Time-PCR; Salmonella Typhimurium and Salmonella Enteritidis) - 1.5 h at thermocycler temperature 

 

Salmonella detection in the conventional method has difficulties for technicians to distinguish 

between numerous Bactria types like Citrobacter, Proteus, and Salmonella, resulting in many false-

negative results. However, the principle of chromogenic media is to identify the Salmonella colonies by 

distinct color like movie or magenta other than a blue color produced by other Enterobacteriacea.  

The chromogenic media, in particular, contains an enzymatic substrate of C8-esterase activity 

(Perry, 2017). In contrast, simultaneous detection of β-glucosidase activity permits the differentiation of 

Salmonella from other Enterobacteriaceae, resulting in a unique magenta color (see figure 3). This 

application can be a suitable alternative to the conventional method.  
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Figure 3: Photo of magenta colonies of Salmonella spp. using chromogenic agar.  

This makes a high selectivity power (a few false-positives, high specificity of the lab method) and 

the easiness for the lab technician to focus on Salmonella colonies based on unique magenta coloration. 

Referring to the requirements of national poultry meat specification and standards, the presence of 

Salmonella Enteritidis and Salmonella Typhimurium is enough to be considered non-compliant regardless 

of the contamination level. Therefore, Salmonella isolation is carried on a defined weight of poultry meat 

25 g and according to the Rapid'Salmonella method. 

The Salmonella detection method approach is updated and keeps pace with new development. 

However, it was not reviewed for its efficiency in our local laboratory context with the targeted field 

Salmonella serovars in the frozen poultry meat products.                 

2.2 Interpretation of Laboratory Results and Actions initiated by results of monitoring  

The results of the tested imported poultry meat samples were interpreted as presence or absence 

of Salmonella Typhimurium and/or Salmonella Enteritidis using the Rapid’Salmonella detection method 

combined with RT-PCR. Once Salmonella serovars are detected, the interpreted results were pointed to 

their presence and considered a non-compliant detected item. As long as there was a high contamination 

level of Salmonella in the tested batch, it is expected to reveal contamination by the laboratory detection 

method. 

In the surveillance system of Jordan, it has been decided that if Salmonella Typhimurium and/or 

Salmonella Enteritidis is detected in a batch, the batch is classified as imposing an unacceptable risk on 

the consumers. Therefore, these batches are withdrawn from consumption. 
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There is a two-fold effect of actions initiated by results of monitoring: 

- Proactive effect for the non-compliant countries that to be banned or more strict sampling and 

detection. 

- The direct effect on the non-compliant batch destroys it or returns it to the country of origin or 

other destinations.  

This control measure aims to reduce the exposure to zoonotic Salmonella among the Jordanian 

population, thereby reducing the risk. Using the current surveillance program, the effect on this action, we 

do not know the actual effect on consumers. 

Chapter 3: Methodology and research activities 

From 2015, rapid microbiological methods were introduced in JFDA laboratories (including 

Rapid'Salmonella combined with RT-PCR). Therefore, this thesis investigates the period 2015 to 2019 of 

detected contaminated batches for frozen meat imports to Jordan with microbiological zoonosis. These 

notifications were extracted from the JFDA's Laboratory Food Examination System (LFES) for 2015 to 

2019. This is to know about the notifications trends of inspected pathogens in imported meat: Salmonella 

Typhimurium, Salmonella Enteritidis in poultry and meat products, Listeria monocytogenes in processed 

meat products, and E. coli O157:H7 in red meat and processed red meat. According to the reported 

notifications, the occurrence of these pathogens has decreased during the study period. Although the 

decrease, imported meat and meat products impose a significant risk for consumers in the Middle East 

region, including Jordan as zoonotic agents, especially Salmonella in imported poultry meat products. 

Due to the importance of Salmonella in poultry meat, I decided to focus on this problem in my Ph.D. 

work.   

3.1 Parametrization of the POD function 

The Rapid’Salmonella method was introduced as an alternative to the reference method “ISO 

6579:2017”. This method has been validated and certified by Association Française de Normalisation 

(AFNOR), Nordic Organization for Validation of Alternative Microbiological Method (NordVal), and 

Association of Official Agricultural Chemists (AOAC). In addition, at JFDA laboratories, proficiency 

tests are applied to ensure the successful execution of the used method. However, there is a need to 

evaluate the sensitivity of the whole surveillance program based on actual samples and the used method 



33 
 

(Rapid’Salmonella). This evaluation is because expectation a significant number of contaminated batches 

of poultry meat are not detected by the used method (false-negatives). 

One reason for this concern is that the method is not evaluated for its efficiency in detecting the 

field stressed strains of Salmonella in frozen imported poultry meat from different countries to Jordan. 

One crucial parameter is the lowest level of detection for different field strains in the JFDA. It is well 

known that the laboratory methods' performance varies between laboratories due to both technical staff 

and equipment. It is also well known that the laboratory methods' performance varies between different 

strains and how stressed the bacteria are by storage conditions like freezing. Therefore, we used frozen 

field strains from the detected pathogens to avoid the overestimation of LOD. Theoretically, the 

likelihood to detect a contaminated batch depends on the actual occurrence of Salmonella in the batch 

(prevalence of contaminated items and concentration of Salmonella in those items) and LOD of the 

laboratory method used. This likelihood can be described by the probability of detection (POD) function 

(Wilrich and Wilrlich, 2009) and is a usefully quantitative measurement of the overall performance of a 

surveillance program. 

The Jordanian regulation requires detecting strains of Salmonella Typhimurium and Enteritidis in 

the contaminated imported frozen poultry meat batches. The detection results are expressed as the 

presence or absence of these strains in 25 g of the tested sample. However, the detection threshold of the 

current laboratory method used, Rapid’Salmonella, was not determined before the LOD study presented 

in this thesis. That implies the importance of LOD estimation, which is to know the sensitivity of the 

chosen diagnostic application and the occurrence of the false-positive that may fail surveillance 

objectives. The first part of this work is the estimation of the LOD of laboratory method 

“Rapid’Salmonella” and the likelihood to detect contaminated frozen imported poultry meat batches with 

strains of Salmonella Typhimurium and Enteritidis. In this study, we spiked used artificial contamination, 

which gave an almost known concentration (not the exact number of bacteria) of spiked bacteria cells to 

Salmonella-free chicken meat samples. This approach used to understand the minimum number of 

bacteria cells were required to be detected by a similar diagnostic method.  

The common variations in LODs values are due to a random variation between experiments and 

Salmonella strains. The limitations of the LOD estimation method can be the number of isolates, random 

variation in the expected number of bacteria between spikes, and no freezing stress applied to the bacteria 

after spiking. Even if we designed the study to control what we thought were the most critical factors, it is 

impossible to make a complete, valid experiment control for all known (and unknown) factors influencing 

the LOD. The choices made in the design were based on assumptions that we researchers thought were 

most important. 
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3.2 QMRA Model    

Epidemiological studies look into the past, whereas in modeling, we predict the future. Statistics 

from the past is an essential source of information to predict the future.  

Epidemiological observational studies and QMRA models are two main approaches to assess/ 

estimate, or predict the risk and risk reduction of certain diseases. Epidemiology is the science of 

measuring the actual distribution or occurrence of specific conditions and estimating their proportion, 

providing precise estimates of diseases' burden. However, this study needs a large population to get 

sufficient statistical power. Therefore, epidemiological studies will be expensive and time-consuming but 

provide an essential basis for understanding the health outcomes and burden of disease. The outcomes 

from epidemiological studies can be a critical source of information when predicting the effect of 

potential control measures. However, for decision-makers, the outcomes needed are often about the future 

and what will happen if a control measure is implemented. In these situations, a predictive model like 

QMRA can gather information obtained from epidemiological studies to give a qualified "guess" of what 

will happen. However, in most situations, the actual value of having an exact estimate of the risk size is 

limited. Decision-makers need to have robust and valid estimates on the relative effect on the risk of 

different control measures that can be implemented.    

In QMRA, we are building mathematical models representing reality. Even if time-consuming, it 

is cost-efficient and time-saving. In any situation, QMRA modeling can provide risk managers with the 

answers they need, well aware that the model is not a complete representation of the truth. 

A cost-efficient and flexible approach to assess surveillance programs is to build simulations 

models (QMRA), wherein the efficiency parameters or inputs of surveillance (e.g., likelihood of detecting 

contaminated batches) is estimated and weighing effects on varying sampling schedule, diagnostic 

method and change in the actual occurrence on the performance can be assessed. Modeling can facilitate 

the quantification of various food safety risks. Using QMRA, the effect of parameters or inputs of 

surveillance can be estimated quantitatively. For example, taking more samples in such a surveillance 

system will reduce the risk. Decision-makers need a quantitative measure of how much the risk will be 

reduced. Here, the value of QMRA is evident because, in these models, the risk reduction can be 

estimated quantitatively.   

In this work, I used stochastic simulation to assess the potential risk of salmonellosis among 

consumers caused by Salmonella in imported poultry meat. Taking into account factors such as the 
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occurrence level of Salmonella contamination in imported poultry products, the number of examined 

samples, the POD of the detection method in the estimation of risk and risk reduction. Strictly speaking, 

the outcomes of highest relevance was the relative risk reduction/ the relative residual risk, giving 

potential change of the number of samples from each batch at the border control. In addition, this model 

can be used to predict the relative effect on the risk of future change in the import pattern of frozen 

poultry products. 

In general, quantitative risk assessment modeling can be challenging because of its strong 

reliance on data and the actual availability of data needed in the model. In my study, there was limited 

data regarding the current occurrence and contamination level of Salmonella in imported poultry 

products. This information was obtained by searching the literature, governmental websites, and personal 

communication. Data about the prevalence of contamination was presented as the presence/absence in the 

literature based on screening tests of collected samples. The challenge was to obtain data about the 

concentration of Salmonella in contaminated samples. In my case, I assumed that the concentration in 

contaminated samples was following a lognormal distribution, with high likelihoods of the small number 

and low likelihood of high concentration values. I fitted lognormal probability distribution to the QMRA 

model fed by a complex set of microbial data, including presence or absence detection data and 

enumeration interval data, as it was a frequent fitting approach (Lorimer and Kiermeier, 2007, Pouillot 

and Delignette-Muller, 2010). Nevertheless, the Information about concentration was limited; most of the 

concentration data was interval-censored (0.0 ≤ 0.03 CFU/g; 0.03 ≤ 0.3 CFU/g, 0.3 ≤ 3 CFU/g, 3 ≤ 30 

CFU/g and 30 ≤ CFU/g).  

A developed dual-purpose (estimate the risk of Salmonella among consumers and assess the 

surveillance system) Monte Carlo simulation model was developed to simulate the risk of salmonellosis 

among consumers due to imported frozen poultry meat consumption. The stochasticity of the model takes 

into account the variability of Salmonella prevalence and the contamination concentration level between 

poultry from different countries of different types of products (whole carcasses, bone-in or off carcass 

parts, Mechanically Deboned Meat (MDM), and chicken-livers or giblets (edible offal)), batches weights; 

and the randomness of sampling. The likelihood of the laboratory method to detect Salmonella in the 

samples (the POD function) was integrated deterministically. Simultaneously, a consumer phase module 

is included to estimate the risk of salmonellosis given when consuming contaminated frozen imported 

poultry meat, according to JFDA regulations and different scenarios of sampling and lab method 

strategies. The Monte Carlo simulation model was developed in R Studio, Version 1.0.136 – © 2009-

2016, Inc., utilizing the software package mc2d (Pouillot and Delignette-Muller, 2010). 
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There were only a few publications wherefrom prevalence and concentration data could be 

extracted directly. Most of the papers report frequencies of samples in different intervals of concentration 

(not detected, 1-10 CFU/g; 10-100 CFU/g, etc.). To these data, the Salmonella presence/absence data 

were utilized to fit a normal distribution and then to estimate the mean concentration and standard 

deviation in log 10 based CFU/g. The estimated LODs and available prevalence data were necessary due 

to the resemblance of the true positive rate of Salmonella and their contamination situation in poultry 

meat products. However, when there were no prevalence and quantification data available (e.g., from 

Ukraine), it was assumed to be equal to the occurrence of Salmonella in products from another country 

(e.g., from Brazil). Beforehand, we have contacted the researchers in the field to give their expert opinion 

about making this assumption and impute the data. Although this assumption was necessary to perform 

the model, their validity was reduced. 

Furthermore, we made assumptions of serving size in the European consumer phase module that 

mimics our consumer serving size to estimate the potential risk and the risk reduction after applying 

control measurements at the border. In general, integrating both the variability (true heterogeneity in 

population) and the uncertainty (lack of knowledge) that often exist in microbial data and other inputs like 

diagnostic methods is essential in the development of microbiological risk assessment models and the 

interpretation of the output from the data.  

In the model presented in this thesis, the uncertainties originating from assumptions and data 

were not integrated into the quantitative model. Therefore, the precision of the absolute risk estimated in 

the model is very low. However, estimating the relative effect of changing the sampling schedule is more 

robust less influenced by different uncertainties. Therefore, in the modeling work, the focus was on the 

relative measures as MRRR and not on the estimated absolute risk. For assessing the precision of the 

model, we used the estimated number of batches that were classified as contaminated at the border; and 

compared that to the observed number of batches that were classified as contaminated with Salmonella at 

the border. The reason for using this as “validation” was that the observed number is available and that 

the estimated BNMC depends on many of the same parameters as the estimated risk. No data for the 

actual risk is known, and therefore it was not possible to validate the “core” output from the model with 

observed data. The drawback of focusing on the relative effect is that the relative impact cannot estimate 

the burden of diseases in the population.  
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Abstract: Jordan's Food and Drug Administration Laboratories are responsible for the surveillance of zoonoses in 

frozen meat imports. Results from the surveillance are stored in Laboratory Food Examination System (LFES) 

portal. In the period from 2015 to 2019, there was an apparent decrease in the occurrence of microbiological 

pathogens in imported meat and meat products. Poultry meat was the main product not fulfilling the criteria for 

compliment. The dominant detected pathogen was Salmonella Typhimurium. The other detected pathogens were 

Listeria monocytogenes and Salmonella Enteritidis. All red meat were tested for E. coli O157:H7 and there were no 

batches with positive findings. Overall, the occurrence of these pathogens has decreased in the period from 2015 to 

2019, which is probably due to the enforcement of food safety guidelines and Hazard Analysis Critical Control 

Point systems in the slaughterhouses in exporting countries. Still, the occurrence of microbiological pathogens in 

imported meat and meat products poses a risk for consumers in the region. Recommendations are required for the 

continuous evaluation and optimization of border inspection.  

Key words: Border inspection; Surveillance; Salmonella, Meat   
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Introduction 

Since 2003, inspection of food safety and quality products has been a responsibility of the Jordan Food and Drug 

Administration (JFDA) (JFDA, Annual Report 2015-2020). The approaches for border inspections in Jordan are 

document verification, visual inspection, hygiene-qualities, and zoonotic pathogen examination. These inspections 

are conducted on the sites of 17 ports and airports (JFDA, Annual Report 2020). Selection of batches for 

microbiological testing was done based on the degree of health risk-based for imported foods, especially frozen 

meat, using the global Automated System for Customs Data (ASYCUDA) (JFDA, Annual Report 2020). The 

selection of samples from batches was made convenient by taking samples from different places inside the 

consignments (in front, middle, back, and sides). For imported food to Jordan, there are six appointed laboratories 

for food safety-quality compliance testing according to Jordanian specific products' standards (JFDA, Annual Report 

2019).  

Material and methods 

One of the appointed laboratories, Amman Customs’ Food Laboratory, is specialized in testing imported frozen 

"meat and meat products" for selected organoleptic, chemicals and microorganisms. The total investigated number 

of Jordanian frozen meat imports and results from batches detected as contaminated with microbiological zoonosis 

are stored in the JFDA’s Laboratory Food Examination System (LFES) portal as a database. The data used in this 

study was extracted from this database for the period 2015 to 2019. 

In the period from 2015 to 2019, 61,356 batches of frozen meat were imported to Jordan. About 60% of these 

batches (36,136) were examined in the Amman Customs’ Food laboratory (JFDA, Annual Report 2015-2019). 

Forty-six percent of all imported products were "red meat and meat products," followed by "poultry meat and meat 

products" (45%) and "fish and seafood products" (9%). Of the imported batches of different frozen meat and related 

products, about 40% originate from Brazil, 15% from the USA, 10% from Belgium, and 5% from Ukraine and 

Turkey each. The remaining 25% originated from about 25 other countries, varying from year to year (JFDA, 

Annual Report 2015-2020). 
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The imported meat products, depending on type, are tested for microbiological foodborne pathogens including 

Salmonella species, Listeria monocytogenes, and E. coli O157:H7. The pathogen-specific test methods are listed in 

Table 1. 

Table 1. List of methods used in JFDA Laboratories for detection microbiological zoonosis in examined ‘meat and 

meat products (red meat and offal) and ‘poultry meat and meat products’ (poultry meat and offal). 

Meat Item Foodborne Zoonotic Pathogens tested Method of Analysis,  (confirmation) 

Red meat  E. coli O157:H7 ISO 16654:2001, (latex test and RT-PCR) 

Red meat offal E. coli O157:H7 ISO 16654:2001, (latex test and RT-PCR) 

Poultry meat  Salmonella species, Salmonella 

Typhimurium, Salmonella Enteritidis 

Rapid’Salmonella, (latex test and RT-PCR) 

Poultry meat offal Salmonella species, Salmonella 

Typhimurium, Salmonella Enteritidis 

Rapid’Salmonella, (latex test and RT-PCR) 

MDM poultry  Salmonella species, Salmonella 

Typhimurium, Salmonella Enteritidis 

Rapid’Salmonella, (latex test and RT-PCR) 

Processed Red meat Listeria monocytogenes ISO 11290-2017, (Microscopic and RT-PCR) 

Processed Poultry meat Listeria monocytogenes ISO 11290-2017, (Microscopic and RT-PCR) 

 

Results and Discussion  

In total, out of the 36,136 tested batches in the period 2015 to 2019, 98 batches (0.3%) were identified as non-

compliant with either Salmonella Typhimurium, Salmonella Enteritidis or Listeria monocytogenes. The number of 

batches contaminated with Salmonella Typhimurium and Salmonella Enteritidis from each country's and poultry 

product categories is present in Table 2. The presence of Listeria monocytogenes in examined country-processed 

poultry and red meat products is presented in table 3. Overall, the main products that were found to be non-

compliant were poultry products, and the dominant detected pathogen was Salmonella Typhimurium with a 

detection rate of 0.5% (78 detected batches out of 15,083 examined frozen poultry products imported batches). The 

second most frequently detected food pathogen found was Listeria monocytogenes, with a detection rate of 0.6% in 

tested batches (13 detected batches out of 2,094 examined frozen processed poultry and red meat products imported 

batches). The pathogen with lowest detection rate (0.05%) was Salmonella Enteritidis (Table 2). A total of 15,735 

batches of imported frozen red meat products were tested for the presence of E. coli O157: H7, with only negative 

test results.  
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When comparing the proportion of positive samples for specific products across countries, for chicken parts, the 

presence of Salmonella in parts from the USA is significantly higher than the presence of Salmonella in parts from 

Brazil, and apparently higher compared to the other countries (Table 2). 

Table 2. The product categories that compliant and non-compliant for the Salmonella Typhimurium and Salmonella 

Enteritidis tests from 2015 to 2019. 

Country-products No. of samples tested      
(Salmonella spp.) 

No. of positives 
(Salmonella Typhimurium) 

No. of positives 
(Salmonella Enteritidis) 

Positive 
Proportion 
(CI) % ** 

Brazil-Chicken parts 5687 16                         1 0.3 (0.2-0.5) 

USA^-Chicken parts 1995 48 3 2.6 (1.7-3.2) 

Turkey-Chicken parts 447 0 1 0.2 (0.0-1.3) 

Ukraine-Chicken parts 320 1 0 0.3 (0.1-1.8) 

UAE¨-Chicken parts 73 0 0 0.0 (0.0-5.0) 

Turkey- Turkey parts 33 0 0 0.0 (0.0-10.4) 

Poland- Turkey parts 15 0 0 0.0 (0.0-20.4) 

Belgium-MDM chicken 1228 1 0 0.1  (0.0-0.5) 

Brazil-MDM chicken 1058 2 0 0.2 (0.0-0.7) 

Turkey-MDM chicken 289 1 0 0.3 (0.0-0.2) 

Poland-MDM chicken 44 0 1 2.3 (0.4-11.8) 

Brazil-Chicken carcasses 1211 0 0 0.0 (0.0-0.3) 

Ukraine-Chicken carcasses  1116 0 1 0.1 (0.0-0.5) 

USA^- Chicken carcasses 173 0 0 0.0 (0.0-2.2) 

France-Chicken carcasses 143 0 0 0.0 (0.0-2.6) 

Turkey-Chicken carcasses 98 0 0 0.0 (0.0-3.8) 

Argentina-Chicken carcasses 52 0 0 0.0 (0.0-6.9) 

USA^-Turkey carcasses 28 0 0 0.0 (0.0-12.1) 

Russia-Chicken carcasses 22 0 0 0.0 (0.0-14.9) 

Brazil-Turkey carcasses 19 0 0 0.0 (0.0- 16.8) 

USA^-*Duck carcasses 8 1 0 12.5 (2.2-47.1) 

Brazil-Chicken livers 903 1 0 0.1 (0.0-0.6) 

USA^-Chicken livers 109 7 0 6.4 (3.2-12.7) 

Turkey-Chicken livers 12 0 0 0.0 (0.0-24.3) 

*game birds, ^USA = United States of America, ¨UAE = United of Arab Emirates.  

** Wilson’s 95% confidence interval of positive proportion calculated in the R package “PropCIs” 
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Table 3. The product categories that compliant and non-compliant for Listeria monocytogenes examination from 

2015 to 2019. 

Country-products No. of samples tested       
(Listeria monocytogenes) 

No. of positives 

(Listeria monocytogenes) 

Positive Proportion   

(CI) % ** 

UAE¨-processed Chicken meat 782 1 0.1 (0.0-0.7) 

KSA*- processed Chicken meat 729 9 1.2 (0.7-2.3) 

Egypt- processed Chicken meat 33 2 6.1 (1.7-19.6) 

Ukraine- processed Chicken meat 24 0 0.0 (0.0-13.8) 

Turkey- processed Chicken meat 16 0 0.0 (0.0-20.6) 

Kuwait- processed Chicken meat 13 0 0.0 (0.0-24.7) 

USA^- processed Chicken meat 4 0 0.0 (0.0-49) 

Lebanon- processed Chicken meat 3 0 0.0 (0.0-56.2) 

KSA*- processed Red meat 170 1 0.6 (0.1-3.3) 

Turkey- processed Red meat 340 0 0.0 (0.0-1.1) 

Brazil- processed Red meat 52 0 0.0 (0.0-6.9) 

UAE¨- processed Red meat 40 0 0.0 (0.0-8.8) 

Kuwait- processed Red meat 20 0 0.0 (0.0-16.1) 

USA^- processed Red meat 4 0 0.0 (0.0-49) 

** Wilson’s 95% confidence interval of positive proportion calculated in the R package “PropCIs” 

¨UAE= United Arab Emirates, *KSA= Kingdom of Saudi Arabia, ^USA= United States of America 

According to Figure 1, the presence of Salmonella in chicken parts in poultry from the USA has decreased from 

2015 to 2019. The presence of Salmonella in chicken parts from other countries was stable and low throughout the 

period. 

The general increase in Salmonella positive proportion from 2018 to 2019 (Figure 1) was a result of increased 

detection of Salmonella Enteritidis in poultry products. The number of batches positive for Listeria monocytogenes 

varied from zero to nine between the years. (Supplementary material, Table 1).  
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Figure 1: The percentages of Salmonella-contaminated batches of imported chicken parts from 2015 to 2019 (BR= Brazil, US= 

United States, UKR= Ukraine, TK= Turkey, UAE= United Arab Emirates). 

In the period from 2015 to 2019, the notifications decreased for Salmonella Typhimurium, Salmonella Enteritidis in 

"poultry and meat products" and Listeria monocytogenes in "processed meat products". E. coli O157: H7 was not 

reported in the period. This indicates the occurrence of these pathogens is decreasing, probably due to the strict 

application of food safety rules and Hazard Analysis Critical Control Point systems in food exporting countries.  

Although the apparent decrease in the occurrence of microbiological pathogens in imported meat and meat products 

poses a risk for consumers in the region, including Jordan, as zoonotic agents spread globally within the 

sophisticated world trade system. This is a motivation for the continuous evaluation and optimization of border 

control, especially increase the likelihood of detected batches with lower concentration of zoonotic pathogens. In 

addition to the direct effect of border control, with the judgments of products that did not meet the recommended 

food safety requirements being returned or destroyed, it also has a preventive effect, forcing the exporting countries 

to improve the safety of their exported products continuously. 

Conflict of interests: there is no conflict of interests. 
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Supplementary Material: 

 

Table 1. The compliant and non-compliant product categories of Listeria monocytogenes examination from 2015 to 

2019. 

Country-products year No. of samples tested       
(Listeria monocytogenes) 

No. of positives 
(Listeria monocytogenes) 

UAE-processed Chicken meat 2015 91 1 

Other- processed Chicken meat 2015 532 0 

Other- processed red meat 2015 354 0 

EG- processed Chicken meat 2016 15 2 

KSA- processed Chicken meat 2016 145 6 

KSA- processed red meat 2016 170 1 

Other- processed Chicken meat 2016 365 0 

Other- processed red meat 2016 198 0 

KSA- processed Chicken meat 2017 180 1 

Other- processed Chicken meat 2017 289 0 

Other- processed red meat 2017 157 0 

All- processed Chicken meat 2018 280 0 

All- processed red meat 2018 345 0 

KSA- processed Chicken meat 2019 190 1 

Other- processed Chicken meat 2019 112 0 

Other- processed red meat 2019 187 0 
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ABSTRACT 

The Jordan Food and Drug Administration (JFDA) applies a border control ¨surveillance system¨ for 

Salmonella Typhimurium and S. Enteritidis in frozen poultry products. A quantitative microbiological 

risk assessment (QMRA) model was developed to evaluate the effectivity of this system to control the 

risk for consumers. 

The model consists of three modules; a consumer phase module, a risk estimation module and a risk 

reduction module. The model inputs were the occurrence of Salmonella in different types of imported 

poultry products, the Limit of Detection (LOD) of the diagnostic test (Rapid’ Salmonella), the number of 

tested samples of each batch and the criteria for rejection. The model output was public health impact 

expressed as the minimum relative residual risk (MRRR) given rejection of batches and the percentage of 

batches that are not in compliance with the criteria of rejection (BNMC). To estimate the overall MRRR 

of the border control, the country and product specific MRRR, were summarized weighted by the total 

import of each product from each country. The current border control based on one sample per batch 

gives an overall MRRR value of 10.5%.  

Although there is a focus on Salmonella control in the poultry sector, there is lack of data on the 

Salmonella concentrations in poultry products from different countries. This lack of data is the major 

source to the uncertainties in the model and reduce our opportunities to obtain precise estimates of the 

absolute risk. The relative estimates MRRR and BNMC are less influenced by this uncertainty. 

 

Key words: Salmonella Typhimurium; Salmonella Enteritidis; Rapid’Salmonella; Poultry meat; 

Surveillance 
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1. INTRODUCTION 

Foodborne pathogens are the main etiology of diarrheal diseases in adults and children worldwide (1), with 

varying incidence between regions. In Jordan, the burden of foodborne diseases reached 124 cases per 

100,000 population and the rate of diarrhea is 0.8 episodes per person/year (2). The main cause of diarrhea 

in Jordan, and in the Middle East and North African countries is Salmonella (3). About one third of 

foodborne salmonellosis cases is attributed to poultry meat (4–6). 

Despite Jordan’s well-developed poultry industry, imports of poultry meat are required to meet consumers 

demand (7,8). Imported poultry meat is around 25% of total consumption (8). The Jordan Food and Drug 

Administration (JFDA) has a surveillance system at borders to reduce Salmonella exposure from 

imported poultry meat. The JFDA applied a food safety standard for detecting Salmonella Typhimurium 

and Enteritidis (presence/absence) in 25 g of meat sample using a defined sampling scheme and method 

of detection to test for compliance of selected imported poultry meat batches (9). The surveillance system 

has been applied since 2003, and has been continuously optimized, including change of diagnostic 

method, with the aim to reduce the risk for consumers (9). However, the overall performance of the 

surveillance when applied in a real context has never been assessed quantitatively.  

For a continuous assessment of improvement of a surveillance system in respect to risk reduction, there is 

a need to develop a model were the occurrence of the hazard in the population of interest; the number of 

samples from different units of the population and performance of diagnostic test and criteria for 

compliance are integrated. Furthermore, in order to estimate the effect on risk, the model should include a 

consumer phase, which models how the result and actions in the surveillance system influence the 

exposure among consumers and the probability of disease in the population.  

We developed a Quantitative Microbiological Risk Assessment (QMRA) model with the aim of creating a 

tool for evaluating the impact of current and alternative surveillance strategies of the border control 

surveillance. The model can be used to assess the relative effect of changing the border control of 
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Salmonella in imported frozen poultry meat on human risk. The model takes into account: i) the 

occurrence of Salmonella in poultry meat from different countries and in different products, ii) the 

amount of products imported from different countries, iii) the Limit of Detection (LOD) of the used 

diagnostic test, iv) the number of samples tested of each batch and v) the criteria for compliance 

(Microbiological Criteria). The QMRA model also includes a consumer phase module that converts the 

actions at the border (rejection of detected contaminated batches) to the actual risk reduction in 

consumers.        

2. MATERIAL AND METHOD  

Our QMRA model is based on the approach of QMRA presented by Nauta et al., 2012 (10). The output of 

interest in our model is the risk and risk reduction in consumers, whereas the probability of detection of 

contaminated batches is an intermediate output. 

The poultry meat imports are frozen and ranges from whole and halves carcasses, leg quarters, boneless 

whole chickens, breasts fillet, by/product chicken offal and mechanically deboned meat. The absolute 

majority of imported poultry meat originates from Brazil, USA, Ukraine, and Belgium. The imports of 

these countries constitute 95% of imported poultry meat into Jordan. 

We used the model estimate; the relative reduction of risk of illness among consumers of imported 

poultry products in Jordan given current and alternative sampling schedules used at the border. 

The QMRA includes three modules:  

i) A consumer phase module: estimating the likelihood of disease given different concentrations 

of Salmonella in chicken products brought into the consumers kitchen. 

ii) A risk estimation module: estimating the likelihood of disease in the consumer caused by 

different poultry products originating from different countries. 
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iii) A risk reduction module: estimating the likelihood that different poultry products originating 

from different countries are detected at the border control given the LOD of the used 

diagnostic test; Rapid’Salmonella. 

Initially, the risk assessment was performed for each poultry product from each country, taking the 

specific occurrence of Salmonella in the specific product from the specific country into account.  

Secondly, to estimate the overall risk due to imported poultry products, the estimated risk for each 

different poultry products from each country were weighted by the relative amount imported of each 

product from each country.  

2.1. Export countries baseline data 

Both the prevalence and the mean concentration of Salmonella in contaminated products are needed as 

inputs to the QMRA. The sparse Information on the occurrence of Salmonella in different poultry meat 

products from Brazil, USA, Ukraine and Belgium were obtained by searching in: i) scientific literature 

that include peer-reviewed articles, ii) research reports, conference proceedings, official reports and fact 

sheets published on governmental websites (local health authorities and ministries of each country) iii) 

unpublished data sets provided by personal communication. The main topic words; “Salmonella”, 

“Incidence” , “occurrence” , “prevalence”, “contamination”, “concentration”, and “meat” searches were 

conducted using combinations of keywords in bibliographic databases: PubMed, Sciencedirect, CAB 

Direct and Global Health Library (WHO), Web of Science, Scopus, and Google Scholar were used for the 

literature search. Widening the search process by checking references of the yielded articles from initial 

searches. In addition, online common search engines were included to reveal media and official reports 

and general publications on the occurrence of Salmonella in different poultry meat products from each of 

the countries (Brazil, USA, Ukraine and Belgium) in English and local languages.   
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In the literature, the prevalence of Salmonella was presented as proportion of positive samples (the 

presence/absence screening test) and Information about concentration was null or varying in respect to 

both unit, format and completeness (11–18).  

Hence, for each export country, from the baseline survey data, we estimated the prevalence of 

contaminated batches p, and the mean and standard deviation of the Gaussian distributed log10 

concentrations, μ and σ of Salmonella in contaminated batches. 

The concentration of Salmonella in chicken parts from USA, chicken giblets from USA and Brazil, and 

MDM from Brazil were presented as the mean and standard deviation in the publications (16,17,19). For the 

other products, the concentration in positive samples was measured using an interval scale (< 0.03 

CFU/g; 0.03 < − 0.3 CFU/g, 0.3 < − 3 cfu/g, 3 < − 30 CFU/g and 30 < CFU/g). In the estimation, 

samples with < 0.03 CFU/g was left censored and samples with 30 < CFU/g was right censored. The 

mean and standard deviation of the concentration in these products were estimated using the fitdistrplus R 

package and the log transformed enumeration data (20–22).  

In Table 1, the prevalence was presented as it is in literature without further estimations. However, other 

data about concentration was mostly presented in form of fitted distributions based on data retrieved from 

the literature. For instance, the data obtained from BR- chicken parts using scores from the miniaturized 

most probable number assay for samples that tested positives (12), we used Fitdistrplus R package to fit 

lognormal distribution. In the modelling, μ and σ of Salmonella in BR- giblets and MDM products (there 

were no quantification data available) was assumed be equal to occurrence of Salmonella in products 

from USA. The occurrence of Salmonella in Ukraine products (there were no prevalence and 

quantification data available) was assumed be equal to occurrence of Salmonella in products from Brazil.  
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Table 1: The occurrence of Salmonella in poultry products imported into Jordan from other countries 

(prevalence P, mean μ and standard deviation σ of concentrations on the meat (10 log CFU/g) as derived 

from published literature.  

# = observed prevalence, - / * = observed data (μ and σ) according to Reference, ** = using fitdistrplus R package.  

 

2.2. Risk assessment QMRA model 

In this section, we adapted the equations in Nauta et al (2012) (10). The model was developed for 

Campylobacter in poultry meat. We have adapted the model for Salmonella, especially in regards to dose 

response relationship and risk reduction module to estimate risk reduction in border control.  

2.2.1 Consumer phase module (CPM) 

The risk of a consumer developing salmonellosis from poultry products depends on:  

Countries –Products P (%) # Type of data  Distribution fitted to data        μ [log10 cfu/g ]     σ [log10 cfu/g ] Reference  

BR-Chicken Carcasses 19.2 (11) Interval  Lognormal ** 0.85 0.32 (11) 

BR- Chicken Parts 31.6 (12) Interval  Lognormal **  -0.63 0.69 (12) 

BR- Chicken Giblets 20 (23) - -  0.9 * 1.34 * (17)  

BR- Poultry MDM 25 (14) -  -  -1.5 * 0.03 * (19)  

USA-Chicken carcasses 2.4 (15) Interval  Lognormal **  -0.93  0.19 (15) 

USA- Chicken parts 26.3 (16) - - -1.06 * 0.74 * (16)  

USA- Chicken Giblets 59.4 (17) - - 0.9 * 1.34 * (17)  

UA-Chicken carcasses” 19.2 (11) Interval  Lognormal ** 0.85 0.32 (11) 

UA- Chicken parts” 31.6 (12) Interval  Lognormal **  -0.63 0.69 (12) 

BE-Poultry MDM 29.3 (18) Interval Lognormal ** 1.34 0.73 (18) 
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i) The concentration of Salmonella in a frozen poultry product 𝐶𝑚𝑒𝑎𝑡, [CFU per g of meat] (we 

assume that the concentration of Salmonella is the same at the border as when the product is 

brought into the kitchen) 

ii) The likelihood for each Salmonella bacteria to re-contaminate the portion after preparation 

but before consumption 𝑃𝑡𝑟. 

iii) The portion size [gram] 

iv) The relation between number of ingested Salmonella and likelihood of disease (dose-response 

relation)  

The output of the CPM is the population average likelihood of developing salmonellosis, given different 

concentration of Salmonella in the frozen poultry product that brought into kitchen (Figure 1).  

The CPM was applied separately on a range of 91 values (n=1, 2, …, 91) of possible Salmonella 

concentration with a poultry meat product of 𝐶𝑚𝑒𝑎𝑡 [log CFU/gram] = {−3, −2.9, …, 6}. For each of the 

91 values of 𝐶𝑚𝑒𝑎𝑡, the CPM was executed as Monte Carlo simulation of 50,000 iterations representing 

50,000 servings of poultry products with a given  𝐶𝑚𝑒𝑎𝑡 prepared and consumed. In each iteration, 

subsequent equations were executed: 

1) Weight of portion  (𝑤) [gram] was obtained from the distribution lognormal (189, 127) with 

truncation at 1000 gram which is derived from Danish data for young adult males (24,25)   (1) 

2) The discrete number of Salmonella bacteria in a portion frozen poultry product (𝑁𝑝𝑜𝑟𝑡𝑖𝑜𝑛) was 

obtained from the distribution 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝐶𝑚𝑒𝑎𝑡 ∗ 𝑤)                                                         (2) 

3) The likelihood per bacteria to re-contaminate the prepared portion (𝑃𝑡𝑟𝑐) was obtained from a 

discrete distribution of 55 values with equal probability of each value. The likelihoods were 

obtained from an observational study for volunteers preparing a salad containing cooked chicken 

breast (26). The likelihoods are given in the Data set A1 (see Appendix).                          (3)  
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4) The ingested dose of Salmonella bacteria (𝑑) was obtained from the distribution 

𝑏𝑖𝑛𝑜𝑚𝑖𝑎𝑙(𝑁𝑝𝑜𝑡𝑖𝑜𝑛, 𝑃𝑡𝑟𝑐).                                                                                                   (4) 

5) The probability of infection give ingested dose d was obtained using the Beta-Poisson dose 

response model for Salmonella presented by WHO/FAO (2002) (27).  

               𝑃𝑖𝑛𝑓(𝑑) = 1 − (1 +
𝑑

𝛽
)

−𝛼
                                                                                                             (5) 

  

where 𝛼 =  0.1324  and 𝛽 =  51.45 

6) For each of the 91 values of 𝐶𝑚𝑒𝑎𝑡, the mean of the 50,000 probability of infection was used as 

the estimated population risk of infection  (𝑃𝑖𝑛𝑓|𝐶𝑚𝑒𝑎𝑡,𝑛),                                                  (6)  

where 𝑛 represents the 91 values of the initial concentrations.                      

A Monte Carlo simulation model was implemented in R studio, using the mc2d package to execute the 

CPM with 91×50,000 iterations.  

The output of the consumer phase module is a 2x91 matrix [𝐶𝑚𝑒𝑎𝑡,𝑛 , 𝑃𝑖𝑛𝑓]. 

2.2.2 Risk estimation module   

It is assumed, that the concentration of Salmonella in a batch (𝑏) of frozen poultry product is normally 

distributed following 𝑁(𝜇𝑏 , 𝜎𝑏), where 𝜇𝑏 is the mean concentration in the batch and the 𝜎𝑏is the 

variation in concentration between the portions in the batch.  

Given the concentration of Salmonella in batch 𝑏. 𝑁(𝜇𝑏 , 𝜎𝑏), the probability (𝑃) of a portion from batch 

𝑏 to have a concentration of the nth 𝐶𝑚𝑒𝑎𝑡 (𝐶𝑚𝑒𝑎𝑡,𝑛), was obtained by:  

𝑃 (𝐶𝑚𝑒𝑎𝑡,𝑛|𝑁(𝜇𝑏,𝜎𝑏,)) = 𝐶𝐷𝐹 (𝐶𝑚𝑒𝑎𝑡,𝑛|𝑁(𝜇𝑏,𝜎𝑏,)) − 𝐶𝐷𝐹 (𝐶𝑚𝑒𝑎𝑡,𝑛−1|𝑁(𝜇𝑏,𝜎𝑏,))  (7) 

where:  
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𝐶𝑚𝑒𝑎𝑡,𝑛 is the 91 values (𝑛 = 1, 2 …  91) of 𝐶𝑚𝑒𝑎𝑡 = {−3, −1.9, … ,6}. 

Thereby, for any given batch with the concentration 𝑁(𝜇𝑏 , 𝜎𝑏), the population probability of 

salmonellosis by consuming portions of poultry product from this batch (𝑅𝑖𝑠𝑘𝑏) was obtained as the 

scalar product of the two vectors 𝑃(𝐶𝑚𝑒𝑎𝑡,𝑛|𝑁(𝜇𝑏 , 𝜎𝑏)) and (𝑃𝑖𝑛𝑓|𝐶𝑚𝑒𝑎𝑡,𝑛) 

𝑅𝑖𝑠𝑘𝑏|𝑁(𝜇𝑏 , 𝜎𝑏) = ∫ 𝑃(𝐶𝑚𝑒𝑎𝑡,𝑛|𝑁(𝜇𝑏 , 𝜎𝑏)) ∗ (𝑃𝑖𝑛𝑓|𝐶𝑚𝑒𝑎𝑡,𝑛)
∞

0
𝑑𝐶𝑚𝑒𝑎𝑡,𝑛                                     (8)   

For all products from all countries, the batch prevalence was less than 100%. The prevalence was 

integrated in the Risk by multiplying the integral of [Eq. (8)] with the country and product specific 

prevalence.  

For each country and each product, 𝜇𝑏 is varying between batches. The total variance between portions of 

one product from one country is the sum of variance between portions within a batch, and variance 

between mean concentration of batches. The fraction (𝜑) of the total variance attributable to within batch 

variance was assumed to be 30% and the variance attributable to between batch variance was 70%(1 −

𝜑) (10).  

For any given country and product, it was assumed that the 𝜇𝑏 varying according to 𝑁(µ, 𝜎), where: 

µ =  average concentration 𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑝𝑟𝑜𝑑𝑢𝑐𝑡 

𝜎2 = (1 −  𝜑) ∗ total variance 𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑝𝑟𝑜𝑑𝑢𝑐𝑡 

To obtain the probability for different values of Salmonella concentration in batches (𝜇𝑏) with one 

product from one country, the normal distribution was split into 61 bins with equal width, ranging 

between 𝜇 ± 3𝜎. The probability of each of the 61 (𝑚 = 1 𝑡𝑜 61) values of 𝜇𝑏 was obtained using the 

cumulative distribution function CDF given 𝑁(µ, 𝜎)  

𝑃(𝜇𝑏,𝑚|𝜇, 𝜎) = CDF(𝜇𝑏,𝑚|𝜇, 𝜎) − CDF(𝜇𝑏,𝑚−1|𝜇, 𝜎).                                                              (9)           
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The probability of infection when eating prepared portions of a poultry product originating from a given 

country (𝑅𝑖𝑠𝑘𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑝𝑟𝑜𝑑𝑢𝑐𝑡) was obtained as the scalar product of the probabilities of each of the 61 

bins of 𝜇𝑏 and the probability of infection (Risk) given batches with 𝜇𝑏 following equation (10): 

 

𝑅𝑖𝑠𝑘𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑝𝑟𝑜𝑑𝑢𝑐𝑡 = ∫ 𝑃(𝜇𝑏,𝑚| µ, 𝜎) ∗  𝑅𝑖𝑠𝑘𝑏| (𝑁(𝜇𝑏𝜎𝑏)𝑑𝜇𝑏                        (10)

+∞

−∞

 

The overall risk of salmonellosis eating imported poultry products was obtained as the summary of all 

𝑅𝑖𝑠𝑘𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑝𝑟𝑜𝑑𝑢𝑐𝑡, weighted for the number of batches of product imported per county per product. 

 2.2.3 Risk reduction module  

The risk reduction effect of border control based on sampling and testing using the Rapid’Salmonella 

method was estimated by integrating the probability of detection (POD) (and thereby rejection) of 

Salmonella in each individual sample of batch as positive given 𝜇𝑏.   

 The function of POD for one sample (POD1) given 𝜇𝑏is estimated by Hantash et al 2020 (28) using 

inoculation studies:  

𝑃𝑂𝐷1,𝜇𝑏
= 1 − exp(𝐴0 ∗ 𝐹𝑖 ∗ 10𝜇𝑏)                                                                                                (11)     

                              

where: 

 𝐴0 is the sample size of 25 gram 

𝐹𝑖 is the matrix effect, that is the deviation of the POD curve from the ideal POD curve that has estimated 

LOD =1.  For the Rapid’ Salmonella” test, 𝐹𝑖 was estimated to be 0.007 for Salmonella Enteritidis, in 

frozen poultry meat (28).  
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The probability of detection Salmonella Enteritidis and Salmonella Typhimurium in at least one sample 

out for 𝑘 samples from a batch with concentration 𝜇𝑏  was estimated using equation:  

𝑃𝑂𝐷𝑘, 𝜇𝑏 = 1 − (1 − 𝑃𝑂𝐷1,𝜇𝑏
)

𝑘
                                                                                                                    (12)  

where 𝑘 is the number of samples of 25 gram that are analyzed by the Rapid’Salmonella method from a 

batch of frozen poultry meat. 

In this study we used scenarios with three different number of samples (𝑘) per batch: 1 (current), 3 and 5 

(alternative).  

The probability of a batch with concentration 𝜇𝑏 is passing the border control when taken 𝑘 samples from 

the batch is (1 − 𝑃𝑂𝐷𝑘,𝜇𝑏
). To estimate the risk imposed by a batch with concentration 𝜇𝑏 given the 

border control with 𝑘 samples per batch, the function (1 − 𝑃𝑂𝐷𝑘,𝜇𝑏
) was integrated in [Eq. (8)]: 

𝑅𝑖𝑠𝑘𝑏(𝜇𝑏),𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑘
= ∫ 𝑃(𝐶𝑚𝑒𝑎𝑡,𝑛|𝜇𝑏 , 𝜎𝑏) ∗

+∞

0
(1 − 𝑃𝑂𝐷𝑘,𝜇𝑏

|𝜇𝑏) ∗  (𝑃𝑖𝑛𝑓|𝐶𝑚𝑒𝑎𝑡,𝑛)𝑑𝐶𝑚𝑒𝑎𝑡,𝑏     (13)  

The mean risk for all batches of a specific product imported from a specific country given border control 

(Risk - control) was estimated using the same approach as described for the baseline risk in [Eq. (10)], but 

instead using the 𝑅𝑖𝑠𝑘𝑏(𝜇𝑏),𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑘
.   

𝑅𝑖𝑠𝑘𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑝𝑟𝑜𝑑𝑢𝑐𝑡
= ∫ 𝑃(𝜇𝑏,𝑚|𝜇, 𝜎)

+∞

−∞

∗ 𝑅𝑖𝑠𝑘𝑏(𝜇𝑏),𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑘
𝑑𝜇𝑏                                (14) 

The overall risk of salmonellosis eating imported poultry products given the border control was obtained 

as the summary of all 𝑅𝑖𝑠𝑘𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑝𝑟𝑜𝑑𝑢𝑐𝑡
, weighted for the number of batches of product imported 

per product. 

The residual risk after border control was estimated from [Eq. (10) and (14)] to indicate the potential 

public health benefit percentage of setting Microbiological Criteria as the minimum relative residual risk 

(MRRR):  
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𝑀𝑅𝑅𝑅 =
𝑅𝑖𝑠𝑘𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑝𝑟𝑜𝑑𝑢𝑐𝑡

𝑅𝑖𝑠𝑘𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑝𝑟𝑜𝑑𝑢𝑐𝑡
                                                                                                           (15)   

                        

For the calculation of MRRR (Eq. (15)), it is assumed that the batches imported remains equal, and that 

the batches are replaced by batches that are complying from the same country with the same product. For 

instance, with MRRR =100% implying no health benefit, whereas MRRR=0% implying the best possible 

result of zero residual risk.    

The probability of batches from a country with a given product not complying with the microbiological 

criteria (𝐵𝑁𝑀𝐶𝑐𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑝𝑟𝑜𝑑𝑢𝑐𝑡) was estimated as the scalar product of probabilities of and the POD for 

that 𝜇𝑏: 

𝐵𝑁𝑀𝐶𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑝𝑟𝑜𝑑𝑢𝑐𝑡= ∫ 𝑃(𝜇𝑏,𝑚|𝜇, 𝜎) ∗ 𝑃𝑂𝐷𝑘, 𝜇𝑏 
+∞

−∞
𝑑𝜇𝑏                                                             (16)   

Three different scenarios of border control were simulated, representing 1, 3 and 5 samples from each 

batch (k =1, 3 and 5).  

2.2.4 Uncertainty analysis: 

In the QMRA model, only variability was integrated, whereas the uncertainty in the information feeding 

the model was ignored. The uncertainty in the parameters defining the POD function and the occurrence 

of Salmonella in different products from different countries is relatively large, and to investigate how 

these uncertainties can influence the output of the model, the MRRR was re-estimated using alternative 

values of occurrence and POD.  

For the analysis of uncertainty originating from the POD-function, the F-value estimated to be 0.014 from 

data on Salmonella Typhimurium were utilized (28) (see Appendix, Table A2, and A3-A5).  

For the analysis of uncertainty originating from the occurrence of Salmonella in different products from 

different countries, the uncertainty in the data originates from that the retrieved data is relatively old. The 
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current occurrence of Salmonella in poultry production in many countries has been reduced due to 

implementation of control programs. Therefore, two alternative scenarios were simulated representing 

lower occurrence: i) the unlogged 𝜇𝑏 in the distribution of the concentration was reduced by 50%, and ii) 

also the prevalence of the occurrence was reduced by 50%.  

In the uncertainty analysis we only changed the input value for one of the variable of interest at a time, 

keeping all the other values unchanged compared to the baseline model. 

3. RESULTS 

The occurrence of Salmonella in different poultry products from different countries exporting to Jordan is 

given in Table 1. The variation in amount of Salmonella between different products from different 

countries is reflected in the estimated risk without control for each product from each country presented in 

Table 2. Poultry giblets have the highest risk and the highest contribution to the estimated overall risk 

from imported poultry meat without control. However, poultry giblets had the highest likelihood to be 

detected by the examination of one sample per batch with a low residual risk (MRRR=1.2%). The high 

likelihood to detect contaminated poultry giblets imposed a significant reduction of overall weighted 

percentage MRRR of all products of different countries to be 10.5%, despite poultry giblets is the least 

imported poultry product to Jordan. 

The performance of different sampling schemes for the overall weighted risk and MRRR values is 

presented in Figure 2, details are provided in Table A1 (see Appendix). An increase in number of 

samples, results in lower MRRR. However, the relative reduction is not increased much with an 

increasing number of samples. The overall weighted residual risk MRRR of the current surveillance 

system with one sample per batch is 10.5%, three samples per batch is 4.1%, and five samples per batch 

2.6%. 
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The observed and simulated Batches not-complaint with Microbiological Criteria (BNMC) of different 

sampling schemes for individual poultry products of different countries where presented in Table 3 and 

Figure 3.  

Table 2:  Estimated risk without (w/o) and with (w) current control program (with k= 1 sample per batch) at the 

border, minimum relative residual risk (MRRR) for consumers per export country, product and overall weighted 

results of imported poultry products batches to Jordan.  

*Accumulated 5 years (2015-2019) data. 

 

 

 

 

 

Export Countries – Product Total batches* Risk w/o 

control  

Weighted Risk 

w/o control 

Risk w control 

 

Weighted Risk 

w control 

MRRR %    

 BR-Chicken Carcasses 1072 0.0328 0.0031 0.0061 0.0006 18.5 

BR- Chicken Parts 4116 0.0050 0.0018 0.0029 0.0010 57.8 

BR- Chicken Giblets 784 0.2160 0.0148 0.0026 0.0002 1.2 

BR- Poultry MDM 941 0.0002 0.00002 0.0002 0.00002 99.4 

USA-Chicken carcasses 241 0.0001 0.000001 0.0001 0.000001 97.3 

USA- Chicken parts 1649 0.0019 0.0003 0.0013 0.0002 69.0 

USA- Chicken Giblets 71 0.6372 0.0039 0.0078 0.00004 1.2 

UA-Chicken carcasses 1091 0.0328 0.0031 0.0061 0.0006 18.5 

UA- Chicken parts 221 0.0050 0.0001 0.0029 0.00006 57.8 

BE-Poultry MDM 1254 0.0329 0.0036 0.0049 0.0005 14.8 

Overall weighted results 11440 _ 0.0308 _ 0.0032 10.5 
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Figure 1: The estimated population risk of infection as a function of the Cmeat, the Salmonella concentration on 

contaminated meat. +  

+ The output of the consumer phase module- equation no. 6. 
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Figure 2: Overall weighted mean values of the percentages for MRRR obtained for defined sample size numbers k   

(1, 3, 5), with relation to total weighted risk; accumulated five years (2015-2019) data of imported poultry products 

from (BR, USA, UA, and BE). The dot labelled zero in the figure represent MRRR without control (=100%)   
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Figure 3:  The relation between the percentage of non-complying batches (BNMC) and the minimum relative 

residual risk (MRRR) for the different export countries and product, for one sample. The values of MRRR are given 

in Table 2 and BNMC are given in Table 3. 
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Table 3:  Observed and simulated BNMC percentages for Salmonella Typhimurium and Salmonella Enteritidis at 

the border of imported poultry meat products  

 

 

 

 

 

 

 

 

 

 

         *() = the observed percentage of batches in which Salmonella spp.were detected, so including other species 

than Salmonella Typhimurium and Enteritidis. 

 

4. DISCUSION 

4.1. Model 

In this paper, we present a QMRA model for estimating the risk reducing effect of the surveillance system 

used as border control of Salmonella in imported frozen poultry meat to Jordan. The model takes into 

account the performance of the laboratory method, consumer behavior, presence of Salmonella in 

different products imported from different countries and the actual amount imported, as well as likelihood 

of illness given exposure.  

 

Countries –Product 

                                            BNMC % 

         Observed *()                     Simulated   

 k =             1 1 3 5 

BR-Chicken Carcasses 0.1 (1.3) 13.2 17.7 18.7 

BR- Chicken Parts 0.3 (6.3) 3.2 6.9 9.3 

BR- Chicken Giblets  0.1 (16.6) 12.1 14.5 15.5 

BR- Poultry MDM  0.3 (14.3) 0.2 0.6 0.9 

USA-Chicken carcasses 0.4 (0.8) 0.1 0.2 0.3 

USA- Chicken parts  3.0 (5.2) 1.3 3.1 4.4 

USA- Chicken Giblets  11.3 (14.1) 35.6 42.8 45.7 

UA-Chicken carcasses” 0.1 (1.8) 0.1 17.7 18.7 

UA- Chicken parts” 0.5 (0.8) 0.5 6.9 9.3 

BE-Poultry MDM  0.9 (15.9) 9.2 14.3 16.8 
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The model framework incorporates both Monte Carlo simulation in the consumer phase module, 

integration of density functions of Salmonella occurrence in the batches and the likelihood of disease 

given exposure in the risk module, and the integration of the POD function in the risk module, which then 

becomes the reduction module. When compared to performing Monte Carlo simulation on the entire 

model, integrating of density functions in the risk and risk reduction module was a computational efficient 

and robust approach.  

As a final part of the model, because the sampling schedule is equivalent for all products from all 

countries, we estimated the overall effect of the border control by calculating the weighted sum of the 

country and product specific values of absolute risks and minimum relative residual risk (MRRR). 

Although not done in the presented work, this part of the model can be used to predict the relative effect 

on the risk of future change in import pattern of frozen poultry products.  

4.2. Results 

The presented results indicate that border control based on k=1 sample only already has a strong effect on 

total risk reduction. The risk of disease is reduced to less than 10.5% compared to if no border control 

were present. The strong effect is because taking one sample result in a relatively high likelihood to detect 

batches that are highly contaminated, and impose the largest risk to the consumers. Batches that are 

contaminated at a relative lower level has a relatively lower likelihood to be detected and will thereby 

pass the control and result in exposure of the consumers, but these batches will not impose such a high 

risk as the highly contaminated batches that are rejected at the border control.  

The risks for the consumers will be reduced if more samples are collected from each batch at the border 

control. However, the effect is decreasing as the number of samples increases. The added effect of 

increasing the number of samples is primarily due to the detection of batches with decreasing 

contamination, but because the risk originating from these batches is relatively low, the effect on risk 

reduction is limited.  
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4.3. Uncertainties 

In total, the model has 13 input parameters. In my view, the three primary sources of uncertainty in the 

QMRA model is i) the lack of data related to Salmonella levels in the imported products, ii) the 

uncertainty of the parameter estimates of POD function of the diagnostic test, and iii) the deviation 

between the implemented dose-response model and the actual likelihood of salmonellosis due to exposure 

of Salmonella by poultry meat. 

The values of the parameters were derived from data in scientific literature or from import data from 

Jordan. The largest uncertainty to this is the limitation of data regarding the level of Salmonella in 

different products from each country. Most of the data were several years old, and due to a general focus 

on Salmonella control in the global poultry sector, it can be expected that the estimated absolute risks for 

most countries and products is overestimated. In the model, we also estimated the proportion of batches 

that will not pass the border control (BNMC). To assess the accuracy of the model, we compared the 

estimated BNMC to the observed proportion of batches of each product from each county. For the 

chicken parts and carcasses products from Brazil we obtained the most current data of Salmonella (11,12), 

and for these products, the estimated and observed BNMC was in the same order of magnitude. The 

alignment of observed and simulated results indicates that the POD function is a valid expression of the 

performance of the diagnostic test. Opposite, BNMC estimated using very old data such as the BE-MDM 

products data collected in 2003 (18), was far from the observed BNMC.  

It was not possible to find data regarding the occurrence of Salmonella in products from Ukraine. In the 

presented results, we utilize data from Brazil also in the modelling of risk and risk reduction due to border 

control of poultry products from Ukraine. As an alternative, we re-estimate both the product specific 

values of risk, as well as the overall effect of risk, utilizing data about Salmonella in products from USA 

in the estimation of risk imposed by products from Ukraine. Compared to when using Brazil data for 

Ukraine, when USA data was used instead, the estimated risk reduction in the public (MRRR) changed 

from 19%, and 58% (Brazilian data utilized as shown in Table 3) to be 97%, and 69% (USA data utilized 
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as shown in Table 3) for UA- whole carcasses and UA- chicken parts products, respectively. The 

contamination data used in the estimation has a large effect on the estimates. In addition, larger sample 

size increases the risk reduction but not as much as one sample basis.   

Another source of uncertainty is the choice of dose-response function. We identify the main source of 

uncertainty in the model to be; i) the Salmonella data availability (risk module) and ii) the uncertainty 

originated from POD function (risk reduction module). These uncertainties mainly influenced our 

opportunity to obtain valid and precise estimates of the absolute risk, whereas the effect on the relative 

estimates of effects (MRRR and BNMC) is less influenced.  

In the model, we did not integrate the uncertainty of these parameters. Therefore, the estimated values of 

risk for each product from each country is relatively uncertain, and interpretation of these values, as well 

as the weighted absolute risk should be done with caution, especially for products were the calculation is 

based on older data about Salmonella contamination. Instead, the attention should be on the estimated 

relative value of residual risk MRRR.  

The consumer phase module in our model is based on input parameter of consumer behavior representing 

European countries represented by Nauta and Christensen , 2011(29). Although the behavior of Jordanian 

citizen is different, we think using scientific data from European countries is a good representation of 

consumer behavior in Jordan, compared to the use of data based on personal opinion and guesses. The 

choice of dose-response relationship for estimating the likelihood of salmonellosis given exposure to 

Salmonella bacteria influence the estimated values of risks. In this model, we used the DR-relationship 

described by WHO/FAO 2002 (27), which is based mainly for Salmonella Typhimurium and Enteritidis in 

eggs and broiler meat. Both the product and the strains are in alignment with our model. Using other 

models will results in different estimates, whereas the estimates of relative risk reduction will be less 

affected by choice of DR relationship.  
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The probability of detection (POD) and thereby rejection of Salmonella in each individual sample of 

batch as positive given the mean concentration in tested batch was estimated and integrated with 

Rapid’Salmonella method by Hantash et al. 2020 (28).  In our case, the usefulness of the estimated POD 

function is high, given that the POD function was estimated in the surveillance laboratories of JFDA.  

 5. CONCLUSION 

We developed a model for estimating the risk reduction of a surveillance system, taking into account 

amount of imported products from each country, presence of Salmonella in each product from each 

country, number of samples and limit of detection of the laboratory method, and as well as consumer 

behavior. As a result, the model allows us to simulate the relative effect on human risk of changing the 

border control, particularly the effect of increasing the number of samples. 

The current border control based on one sample per batch of imported product has a strong preventive 

effect – compared to no border control, the residual risk is 10.5% in the control based on one sample of 25 

gram and use of the culture based Rapid’Salmonella laboratory method. Taking three or five samples 

instead will have a limited effect of reduce the risk even more (reduced to 4.1% and 2.6%), thereby the 

cost efficiency of taking more samples is low.  
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APPENDIX 

Table A1: Overall weighted mean values and the MRRR percentages obtained for defined sample size numbers k.*   

Sample size = k  0 1 3 5 

Total weighted Risk 0.0308 0.0013 0.0011 0.0008 

Overall MRRR % 100 10.5 4.1 2.6 

*: the estimated F-value = 0.007, which obtained from data on Salmonella Enteritidis, utilized POD function (28). 

 

Table A2:  Estimated occurrence risk without (w/o) and with (w) current control program (by examine 1 sample unit 

per batch) at border, minimum relative residual risk (MRRR) %.*  

*: the estimated F-value = 0.014, which obtained from data on Salmonella Typhimurium, utilized POD function (28). 

 

 

Export Countries - Product Total batches Risk w/o 

control  

Weighted Risk 

w/o control 

Risk w control 

 

Weighted Risk 

w control 

MRRR %    

 BR-Chicken Carcasses 1072 0.03281934 0.003075 0.002138 0.000202 6.5 

BR- Chicken Parts 4116 0.00500156 0.0018 0.002159 0.00078 43 

BR- Chicken Giblets 784 0.2160051 0.014803 0.001259 8.68E-05 0.6 

BR- Poultry MDM 941 0.00022663 1.86E-05 0.000224 1.85E-05 99 

USA-Chicken carcasses 241 6.5786E-05 1.39E-06 6.23E-05 1.32E-06 95 

USA- Chicken parts 1649 0.00073913 0.000107 0.000447 6.29E-05 60.5 

USA- Chicken Giblets 71 0.6415352 0.003982 0.00374 2.07E-05 0.6 

UA-Chicken carcasses 1091 6.58E-05 6.27E-06 6.23E-05 5.98E-06 6.5 

UA- Chicken parts 221 0.00073913 1.43E-05 0.000447 8.66E-06 43 

BE-Poultry MDM 1254 0.1824107 0.019995 0.001258 0.000139 8.4 

Overall weighted results 11440 _ 0.043802 _ 0.001325 
5.9 
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Table A3:  Estimated occurrence risk without (w/o) and with (w) current control program (by examine 1 sample unit 

per batch) at border, minimum relative residual risk (MRRR).* 

 

*: the estimated F-value = 0.014, which obtained from data on Salmonella Typhimurium, utilized POD function (28). 

 

Table A4: Overall weighted mean values for MRRR percentages obtained for defined sample size numbers k.*  

Sample size = k  0 1 3 5 

Total weighted Risk 0.0308 0.0018 0.0007 0.0004 

Overall MRRR % 100 6 2.3 1.5 

*: the estimated F-value = 0.014, which obtained from data on Salmonella Typhimurium, utilized POD function (28). 

 

 

 

 

 

 

 

 

 

 

 

Export Countries – Product Total batches Risk w/o 

control  

Weighted Risk 

w/o control 

Risk w control 

 

Weighted Risk 

w control 

MRRR %    

 BR-Chicken Carcasses 1072 0.033 0.0031 0.0061 0.00057 19 

BR- Chicken Parts 4116 0.005 0.00179 0.0029 0.00104 58 

BR- Chicken Giblets 784 0.216 0.0148 0.0026 0.00018 1 

BR- Poultry MDM 941 0.00022 1.86417E-05 0.00022 1.86115E-05 99 

USA-Chicken carcasses 241 6.5786E-05 1.38588E-06 6.40133E-05 1.35251E-06 97 

USA- Chicken parts 1649 0.0007 0.00011 0.00053 7.49011E-05 72 

USA- Chicken Giblets 71 0.641 0.0039 0.0078 4.35361E-05 1 

UA-Chicken carcasses 1091 6.58E-05 6.27386E-06 6.40E-05 6.14266E-06 97 

UA- Chicken parts 221 0.0007 1.42787E-05 0.00053 1.03053E-05 72 

BE-Poultry MDM 1254 0.182 0.01999 0.0035 0.00039 2 

Overall weighted results 11440 _ 0.0438 _ 0.0023 5 
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 Table A5:  Observed and simulated BNMC percentages for Salmonella Typhimurium and Salmonella Enteritidis at 

the border of imported poultry meat products.* 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                      

*estimated F-value = 0.014, which obtained from data on Salmonella Typhimurium, utilized POD function (28). 

**(); BNMC % for Salmonella spp. 

 

 

Data set A1: CPM used by Nauta and Christensen 2011: 

- The likelihoods were obtained from an observational study for volunteers preparing a salad containing 

cooked chicken breast (30) 

log (ptr) ≈ [2:24;−2:36;−2:37;−2:58;−2:82;−2:86;−3:16;−3:17; −3:47;−3:52;−3:57;−3:83;−3:83;−3:84;

−3:87;−3:89;−3:89; −3:90;−3:94;−4:03;−4:09;−4:42;−4:53;−4:54;−4:54;−4:62; −4:62;−4:68;−4:73;

−4:76;−4:84;−4:92;−4:93;−4:95;−4:97; −5:20;−5:25;−5:27;−5:39;−5:47;−5:60;−5:83;−5:89;−5:95; 

−5:96;−6:02;−6:23;−6:38;−6:96;−7:37;−7:90;−8:20;−9:00; −9:00;−9:00] 

 

 

 

 

 

Countries –Product 

BNMC % 

         Observed **()                       Simulated   

 k =             1 1 3 5 

BR-Chicken Carcasses (1.31) 0.09  13.2 17.7 18.7 

BR- Chicken Parts (6.25) 0.34 3.2 6.9 9.3 

BR- Chicken Giblets (16.58) 0.13 12.1 14.5 15.5 

BR- Poultry MDM (14.25) 0.32 0.2 0.6 0.9 

USA-Chicken carcasses (0.83) 0.41 0.1 0.2 0.3 

USA- Chicken parts (5.22) 3.032 1.3 3.1 4.4 

USA- Chicken Giblets (14.08) 11.27 35.6 42.8 45.7 

UA-Chicken carcasses (1.754) 0.09 0.1 17.7 18.7 

UA- Chicken parts (0.82) 0.45 0.5 6.9 9.3 

BE-Poultry MDM (15.87) 0.08 9.2 14.3 16.8 
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Chapter 5: Overall Discussion and Conclusion  

Despite relentless efforts applied to control Salmonella in poultry meat worldwide, Salmonella 

remains one of the most concerning pathogens in MENA countries, and poultry is one of the primary 

sources of salmonellosis (Al-Rifai et al. 2020). Before this thesis, the applied Salmonella monitoring 

program at the border in Jordan for imported meat, and its effect on the probability of consumers getting 

sick remained not assessed. 

One way to assess the proficiency of a control programs is by modelling the effect using 

mathematical modelling in a risk assessment approach. In this thesis, I presented a QMRA model for 

evaluating the effectiveness of the Salmonella surveillance program implemented in the border. The 

output of the model is the potential risk of salmonellosis among consumers caused by Salmonella in 

imported poultry meat and the quantitative effect of the border control on this risk. In the QMRA model, 

the effect of the border control was integrated as the likelihood of detection of contaminated batches. 

After finishing the model, we simulated different scenarios of sampling plans to evaluate the effect of 

alternative sampling plans on the risk in the population. 

The first paper presented in this thesis provides knowledge to the occurrence of pre-determined 

relevant microbiological hazards in frozen red meat and poultry meat imports to Jordan. The hazards of 

interest are Listeria monocytogenes, E.coli O157:H7, Salmonella Typhimurium, and Salmonella 

Enteritidis concerning the period 2015-2019. Focusing on these pathogens is in accordance with the 

authorities' standards.  

Globally, imported meat and meat products impose a risk for consumers by both well-known and 

emerging zoonotic pathogens due to continuously changing production systems and trading patterns. 

These emerging challenges motivate continuous evaluation and optimization of border control by 

introducing new diagnostic techniques (molecular biology; e.g., whole-genome sequencing).  

Data describing the occurrence of foodborne pathogens in imported food to Jordan have been 

published previously in annual reports in Arabic, but to the best of my knowledge, not in an international 

peer-reviewed journal. Due to the increasing international trade and excepted growing spread of 

foodborne pathogens, all countries participating in global trade must make their data available. Openly 

available data for many countries (e.g., Jordan) are scarce, and there is a need to make data available for 

improving food safety worldwide. 

  Studying the occurrence of foodborne pathogens in imported meat was possible because I have 

access to data due to my profession working at a government laboratory. This facility was the JFDA 
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laboratory at Amman customs, which specialized in analyzing imported frozen meat products, including 

poultry, in detecting any possible contamination with foodborne pathogens. 

According to the study in the thesis published in the paper “Zoonotic Pathogens in Frozen Red 

and Poultry Meat imports,” Salmonella Typhimurium and Salmonella Enteritidis are the most common 

pathogens in imported frozen poultry products, followed by Listeria monocytogenes in imported 

processed meat products. In neighboring countries, Salmonella contamination in frozen chicken carcasses 

in retail baseline studies in Egypt and Iraq was 16% (Abd-Elghany et al., 2015) and 12% (Harb et al., 

2018) respectively. Therefore, according to these findings, the priority was establishing a risk assessment 

study for Salmonella.  

In Jordan, we have had most concerns about the cost-effectiveness of both samplings schedules 

and the expensive new diagnostic method in our national monitoring program. At the start of this project, 

as a microbiologist working with diagnostic, I was mainly concerned about the analytical sensitivity of 

the laboratory method used at the border control and the minimum adequate number of samples 

withdrawn to be confident about the presence of contaminants in a food consignment. An inoculation 

study was conducted to strengthen our knowledge of the diagnostic test's performance we used at the 

borders to determine the ¨limit of detection¨ of the test. This experiment limits the uncertainty of my 

knowledge and strengthens the interpretation of laboratory results when used in the field. 

Nevertheless, low numbers of Salmonella in food could present a public health problem due to 

that depending on the virulence of the strain. It has been reported that the contamination level at 15–100 

CFU can cause infection with Salmonella (Almeida et al., 2013). Thus, many introduced techniques like 

fluorescent probe-based and TaqMan real-time PCR (qPCR) systems have been developed in the last 

decade to detect Salmonella nucleic acids in food samples. These techniques proved a high throughput, 

analytical sensitivity, and dispensable post-PCR steps. PCR methods reduce the risk of cross-

contamination, causing false-positive results (Schuurman et al., 2007; Almeida et al., 2013). 

Several studies reporting LOD of the culture enrichment combined with multiplex real-time PCR 

method is comparable to the conventional method and allows for detection of low levels (below 10 

CFU/25 g) of Salmonella in various (food) matrices (Hantash et al., 2020, Löfstrom et al., 2012, Heymans 

et al., 2018). The advantage of using the Rapid’Salmonella method combined with the multiplex real-time 

PCR method, instead of conventional culture methods, for screening of enrichments broths, the analysis 

time of samples is reduced from 48 h to 24 h. This method, therefore, facilitates effective and faster 

intervention when contaminated food products are on the way to enter the markets.   
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The ¨Rapid’Salmonella¨ detection method was known as the alternative to reference method “ISO 

6579:2017”, for the detection of Salmonella, according to the ISO 16140 protocol and validated for 

detection Salmonella in various sample types, including fresh meat (ADRIA Development, 2017; 

Anynomous, 2016, 2017; Lauer, 2009; Norli & Nielsen, 2018). However, frozen meat was not included in 

these validation studies, and the differences in LOD for fresh and frozen meat could be significant. In 

addition, the validation was not performed using field strains of Salmonella that were isolated from 

contaminated products. Therefore, I performed studies trying to estimate the probability of detection 

given different amounts of Salmonella Typhimurium and Salmonella Enteritidis in Frozen poultry meat. 

Although I tried to mimic the field situation in this study, the stressed Salmonella cells by intended 

artificial conditions were not used in the second study; instead, field Salmonella strains cells were used. 

The impact of LOD would most likely be affected by the state of Salmonella cells, not the meat itself, and 

this will be confirmed by the results obtained from the second study (Hantash et al, 2020).  

Nevertheless, I did not consider how to integrate this knowledge into an overall assessment of 

border control. However, as the project developed, focusing more on the evaluation of the health impact 

of the border control, it turned out the knowledge of the lab's performance was an essential input to the 

model because it influenced the likelihood of contaminated batches passing the border. During the 

project, I learned that when evaluating the performance of a test, it should be done in a (virtual) real 

context, considering several other facts, such as the occurrence of hazard and dose-response relationships. 

By estimating POD functions for different field Salmonella strains, we obtained a mathematical 

function that could be integrated into the QMRA model. If not generating a probability function of the 

detection performance, it would not have been possible to integrate this into a QMRA model.   

This thesis reveals the benefits and drawbacks of developing risk assessment models taking into 

the whole food chain and estimating the risk of consumers given potential interventions and control 

measures upstream of food production or supply chain.  

This developed model showed the possibility of quantifying the impact of sampling frozen 

imported poultry products at the border, analyzing these samples for presence of Salmonella and 

withdrawn the batches from market if positive, on reducing the risk of salmonellosis in Jordan. The 

established QMRA approach, adopting a consumer module for European Union countries consumers 

(Christensen et al., 2001, 2005, and Van Asselt et al., 2008), and integrated the POD function of 

implemented Salmonella detection method (Hantash et al. 2020).  

In the developed model, the most critical outputs parameters were the relative risk reduction/ the 

relative residual risk (MRRR), because it is considered as a key performance parameter for decision-
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makers. The significant benefit of the estimated relative risk reduction is that this parameter is very close 

to decision-makers need to know when deciding about control of foodborneF hazards. As an advantage, 

quantitative effect estimates consider the whole process. When including the consumer phase in the 

model, we also introduce a significant amount of uncertainty to the output of the model. However, the 

consumer phase is necessary when estimating risk for the consumers.  

In this model, specific risk assessment was essential in terms of evaluating the risk of each 

poultry meat product imports;  the occurrence of Salmonella in these products, including their numbers 

and weights of batches from many export countries that can be examined the likelihood to detect 

contaminated frozen imported poultry meat batches with strains of Salmonella Typhimurium and 

Salmonella Enteritidis. The overall effect of the border control on reducing the public health risk of 

salmonellosis in Jordan was done by calculating the weighted sum of the country and product-specific 

values of absolute risks and minimum relative residual risk (MRRR). The weighting was done to the 

relative amount of imported product from each country. Luckily, I am in a position where we can extract 

detailed data about the pattern of imports like the type of item, weight, country of origin. To build up a 

risk assessment model as the one presented, there is a need to enhance data sharing from both industry 

and authorities for public use. The shared data and knowledge crossed borders for decades that, in the 

end, had improved food safety significantly across the world. The problem is that institutions bossing and 

collecting data do not always see the meaning of sharing it or have economic/political interests supported 

by not sharing it.  

Assessing the public health effect of the border control or other control programs based on 

monitoring is necessary, taking into account the actual occurrence of the hazard in the food item, the food 

preparation and consumption, and the likelihood that the hazard is present in the sample and detected by 

the laboratory method used in the monitoring program. Other studies that have sought to assess different 

approaches for controlling foodborne pathogens in poultry, specifically Salmonella and Campylobacter, 

using risk assessment models have also found net public health benefits from the implementation setting 

of microbiological criteria (Swart et al., 2013; USDA, 2015; Sampedro et al., 2019, Lambertini et al., 

2019).  

However, any criteria that must be fulfilled will always result in a net public health effect in a 

model. The pros of QMRA are that it gives a quantitative estimate of the impact. It is hard to compare 

models because each QMRA is developed for specific circumstances and answering particular questions. 

This is the same for any hazards in food, both more specific hazards such as antimicrobial-resistant strains 

of pathogens or chemicals. In this context, the structure of the presented framework can be generalized to 

other types of hazards and risks. It is not an easy task to adapt existing QMRA models for other food 
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items, production systems, different hazards, and maybe other parameters of interest using different data 

and answering other questions. The biggest challenge is to obtain data to feed the model in all cases. 

In the presented model, one of the absolute significant drawbacks is the lack of data to feed the 

model, the available data being old and unsupported assumptions about the overall modeled process. In 

addition, many countries are running Salmonella control programs, which reflects the possibility of 

overestimating the current risk.   

It was tough to validate the obtained or imputed/assumed data from literature review and expert 

opinions. Nevertheless, by using the calculated output parameter BNMC from the model, which was 

anchoring the model to some actual observed data.  

In general, it is a problem in risk assessments the lack of data, especially the occurrence of the 

hazards in the food. In the model presented in this thesis, these parameters had a significant effect on the 

model's outcomes. Although there is a lack of Salmonella concentration data in poultry products, the 

expert opinions were valuable to explore expected growth behaviors, and concentration levels of 

Salmonella can be predicted to feed up the QMRA model.  

Compared to previous work presented in the scientific literature, the novelty of the work 

presented in this thesis is:  

i) The parametrization of a probability model for the performance of a diagnostic to detect 

Salmonella in poultry meat;  

and subsequently  

ii) integration of this probability function into a QMRA model of border control, also taking into 

account the “true” occurrence of Salmonella in the product of interest when estimating the risk reduction 

obtained by the border control.   

This combination of competencies in microbiological analysis methods, data generation, and 

mathematical modeling will in the future be helpful for the practical implementation of microbial risk 

assessment, and thereby better decisions about food safety in Jordan and elsewhere. 
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Chapter 6: Future Perspectives 

Before the overall effort made in this project to build up the QMRA model, I was forced to 

perform the two initial studies present in this thesis focusing on the performance of the diagnostic tool 

used in the border control and the occurrence of Salmonella in the imported food. The modeling tool have 

been developed and applied, allowing quantification the likelihood of salmonellosis in the population due 

to Salmonella in imported poultry meat. This was done by using Salmonella Typhimurium and 

Salmonella Enteritidis data in different poultry meat matrices. In addition, by estimating the limit of 

detection of Rapid'Salmonella of these strains and applying a consumer phase model. It is necessary to 

combine these very different data for improving the quality of estimates in the risk assessments related to 

Salmonella in imported poultry meat at the border. However, the uncertainty due to lack of knowledge / 

lack of data about the Salmonella occurrence in different poultry products reduce the accuracy of the risk 

estimates and effect of border control. 

In the future, to improve the accuracy of the model output and thereby support better decisions, I 

present the following promising respects: 

Firstly, in this thesis, considerations, and suggestions for further improvement it was introduced 

about obtaining data:  

- The updated data records, including the current prevalence and occurrence of pathogens 

in food, are always necessary and give vital inputs to QMRA models. Therefore, there is still a need for 

fundamental epidemiological studies focusing on the quantitative occurrence of Salmonella (and other 

pathogens) in food items originating from different countries and regions. These data are vital to 

obtaining accurate estimates of risk and risk reduction. As an alternative to epidemiological studies, 

methods for expert elicitation could be applied. This could be an excellent choice to obtain data from 

countries and regions with limited economic resources compared to epidemiological studies based on 

expensive sampling and diagnostic testing. Expert elicitation can also be taken into account the expected 

reduction in the occurrence due to ongoing control programs of Salmonella in the poultry sector in many 

countries. It is not realistic to rerun epidemiological studies very frequently, and thereby ongoing changes 

will not be taken into account. A combination of expert elicitation and epidemiological studies is probably 

a way to obtain valid data about the occurrence. In addition, it will be a general increase in demands of 

data sharing between companies and countries. 

- In many developing countries, the major challenge is the complete lack of data needed in 

the development of food safety risk assessment. Recently, a questionnaire data collection tool was 

developed for two Middle East countries (Iraq and Egypt) for Campylobacter cross-contamination during 
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the handling of raw chicken meat at the consumer phase (Habib et al., 2020). This tool can be applied for 

other hazards like Salmonella in other Middle East countries like Jordan to support its value and 

applicability in settings where data limitations are a challenge. 

Secondly, because of the development of new lab technologies, the models should become even 

more holistic, being able to model the performance of many pathogens simultaneously: 

- For the current monitoring program, I investigated two pathogens (Salmonella 

Typhimurium and Salmonella Enteritidis) per sample. In the future, because of the development of 

diagnostic technology, it will be possible to investigate multiple pathogens in the same sample. Examples 

of new technologies are multiplex PCR and metagenomics. The optimal use of these methods also 

depends on the sampling schedule. Although many new laboratory technologies have a higher analytical 

sensitivity than conventional culture methods, when assessing the performance of these technologies in 

surveillance, it is necessary to have a holistic view focusing on the risk reduction among consumers 

because many steps of the process food chain industry it's interlinked.  

Finally, for the increased the transfer of knowledge generated in risk assessment models to 

decision-makers, it is necessary to make the use of these models more user-friendly so the decision 

makers themselves can utilize the models in a more interactive way. There should be no need for users 

being able to work in statistical tools like excel or R software programs or even ordinary consumer phase 

questionnaire tools. When developing interactive tools in addition to a general user-friendly interface, 

focus should be on that it is easy to "feed" the model with data and no need to be engaging in program 

coding or designing.    
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Appendix 

 

- Note no.1 : Experience from Publication Process and Interaction with Reviewers  

 

In this note, I summarize the experience that I got from the very long publication process of the 

limit of detection (LOD) paper. Focus is on how I interact with the reviewers and utilize their feedback to 

develop the study to become better and generate more valid and valuable results.  

We designed the LOD study according to our aims in objective II, which was estimating the 

sensitivity of the Rapid’Salmonella detection method. This started with an experimental design by 

determining the following: 

- The number of wild types and reference Salmonella strains to include in the study and 

their serial spiking concentration levels. 

- The type of poultry products used in the spiking experiment, and how many replicates for 

each concentration and for each strain. 

- The procedure of determining the LOD of the detection method.  

This was done after looking at other publications and experimental designs of similar studies and 

asking experts in this field.  

In the first setup of the study, we used three strains, and two replicates, and the sensitivity was 

determined as the observed lowest concertation that the bacteria was detected in the Rapid’Salmonella 

method. In this context, we submitted the manuscript of LOD to a related Journal. The journal editor's 

response was including the two reviewers’ replies. The overall assessment was that the study did not 

extend current knowledge in the field of food microbiology, however without mentioning exact reasons 

(reviewer #1), and the claim of sample and strains number were limited without further comment about 

doubling the samples and strains number would resolve the drawbacks of the paper (reviewer #2).   

According to the above shortcomings, we decided to replicate the experiment to increase the 

number of samples and strains, now having seven strains, of which five were wild-type strains isolated 

from the imported poultry meat products. The manuscript presenting the study was submitted to the same 

journal to get similar concerns from a new reviewer regarding the limited number of strains and samples 

were used in the study.  

The reviewer pointed out a possible overestimation of LOD because no injured cells were spiked 

in the poultry meat. Moreover, they asked to consider another approach to calculate the Probability of 

Detection (POD) and LOD50% to evaluate the outcome of a qualitative method (Rapid’Salmonella). At 
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this stage, we ignore the suggestion of calculation of POD. Instead, due to twice rejections from the same 

journal of the manuscript, we expanded the experiment even further, included more wild strains = 6 and 

samples, and tried to discuss the limitations of not using stressed cells and justify the experimental 

approach in the discussion.  

We suppose the conditions in the commercial enrichment broth used were "optimal," and the lag 

time could be assumed to be 1-2hr; therefore, there would be sufficient time in the incubation overall to 

minimize any effect of injured cells. We did not consider the calculation approach (POD) in this 

manuscript. The revised manuscript was submitted to a second journal to get a rejection decision from the 

reviewers. A key concern with this study was the conflict surrounding "frozen poultry meat" that was the 

product of interest in the surveillance program to be assessed (reviewer #3). This occurred in both the 

study design and the interpretation of the study results (reviewer #3). The other comments from the 

reviewer were minor. 

We thought that this rejection was not justified for us to improve the manuscript, so we drafted 

the manuscript for minor corrections and submitted it again to a third Journal.  

We got another rejection with reviewers’ replies and suggestions as to the following:  

- The paper did not meet the editorial criteria for publication (reviewer #4). 

- Reconsideration of calculating the Salmonella concentration in the different inocula (reviewer #5). 

- Recommendation to use the POD and LOD calculation program, version 9, dated 2017-09-23 (given the 

excel sheet link), for estimating the POD function and the LOD of a qualitative microbiological 

measurement method (reviewer #5). 

These straightforward suggestions from reviewer #5 gave me a light at the end of the tunnel to 

recalculate the LOD in the manuscript using the POD function and get new results and conclusions. The 

ability to integrate these findings into the QMRA model.  

Finally, I submitted the edited manuscript with the most taken above reviewers’ suggestions to 

get acceptance from the fourth journal without any revisions. This journey in the publication process 

taught me a lot about how to interact with reviewers’ valued comments. This was done by considering the 

reviewers' suggestions if applicable (if the resources are available and relevant to the aims of the 

manuscript). Taking the feedback from the reviewers into account throughout the process improved the 

quality of the experiment. It made the study more valid and the output more valuable, even though the 

publication period took about two years from the first submission to final acceptance.  
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- Note no.2: R script and their Codes 

######################################################### 

# the weights distribution of consumed portions of chicken meat wC is derived from Danish data for 

young adult males (Christensen et al., 2001, 2005), serving size in grams. 

m<-log((189^2)/(sqrt(189^2+127^2)))   #mean estimated Christensen et al., 2001, 2005   

s<-sqrt(log((189^2+127^2)/189^2))     #SD estimated Christensen et al., 2001, 2005  

# transfer rate from meat to portion to eat #55 transfer values (for volunteers preparing a salad containing 

(cooked) chicken breast (Nauta et al.,2008)   

# (observational study)# lambda = Eq.1 outputs * values of conc. meat # transfer rate in log 

logPtr<-c(-2.24,-2.36,-2.37,-2.58,-2.82,-2.86,-3.16,-3.17,-3.47,-3.52,-3.57,-3.83,-3.83,-3.84,-3.87,-3.89,-

3.89,-3.90,-3.94,-4.03,-4.09,-4.42,-4.53,-4.54,-4.54,-4.62,-4.62,-4.68,-4.73,-4.76,-4.84,-4.92,-4.93,-4.95,-

4.97,-5.20,-5.25,-5.27,-5.39,-5.47,-5.60,-5.83,-5.89,-5.95,-5.96,-6.02,-6.23,-6.38,-6.96,-7.37,-7.90,-8.20,-

9.00,-9.00,-9.00)  

Ptr<-10^logPtr                        #unlog the transfer rate from meat to portion. 

# discrete distribution is used with an identical likelihood of each value. #prob. of portion 

p_Ptr<-c(1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 

1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 

1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 1/55, 

1/55, 1/55)  

# using the widely applied dose response model for Salmonella based on the data of alpha and beta of 

(FAO/WHO, 2002), the probability of illness with (discrete) dose d is given by the Beta-binomial model: 

alpha<-0.1324  #the 2.5th = 0.0940 and 97.5 = 0.1817 percentiles for uncertainty analysis 

beta<-51.45      #the 2.5th = 43.75 and 97.5 = 56.39 percentiles for uncertainty analysis 

# to assess the risk of illness associated with a chicken meat product with a concentration of Salmonella 

Cmeat, (in cfu per gram of meat) we apply a consumer phase model (CPM) referred to as the 

"NautaCPM" by Nauta and Christensen(2011).  

set.seed(123) 
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library(mc2d) 

v<-c(10^(seq(-3, 6, by=0.1)))      #proposed full salm. coverage #nuata camp-2, 7, by=0.1  

result <- data.frame(matrix(nrow = 91, ncol = 2))  

colnames(result) <- c("cm", "Mean_Pill") 

for (i in seq_along(v))               #looping for each value of cm 

{ 

ndvar(50001) 

Wc<-mcstoc(rlnorm,meanlog=m,sdlog=s)#Eq1- weights consumed-Christensen et al., 2001, 2005 

Nportion<-mcstoc(rpois,lambda=(Wc)*(v[i]))#Eq2- discrete number of bacteria in raw portion 

P_trans<-mcstoc(rempiricalD, values=c(Ptr), prob=c(p_Ptr))#Eq3- disc. transfer rate to eat 

d<-mcstoc(rbinom, size=Nportion, prob=P_trans)#Eq4- Ingested doses sampled from Binom dis. 

Pill<-(1-((1+d/beta)^(-alpha))) #Eq5- DRM Salm.,Nauta Pill<-0.33*(1-((1+d/beta)^(-alpha))) 

mean_Pill<-mean(Pill, na.rm = TRUE) #Eq6-probability of d when the conc on meat is Cmeat 

result[i, 1] <- v[i] 

result[i, 2] <- mean_Pill  

} 

Do3<-result$Mean_Pill#values based on many runs MC of CPM  

# building a matrix of 61 rows and 91 columns to implement other Risk calculations 

k<-c(1:91) 

result_list<-list() 

for(i in seq_along(k)){ 

D0003<-rep.int(Do3[k[i]],61) 

result_list[[i]] <- matrix(D0003, 61,1, byrow = TRUE ) 

} 
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#result_list # create repeated 61 rows of 91 values 

D3 <- do.call(rbind, result_list)# listing vector of 91 times 61 equals a 5551 values   

# finding Risk b: eq.8 (Nuata et al., 2012) 

ms<- ms                #22  unlog Mean of conc. on meat(log cfu/25g)-in each country  

sdms<- sdms            #5.4 unlog Total Sigma between & within batches of conc.  

Pv<- Pv                #24% Prevelance of state- Belgium 

phi<-0.3               #variance fraction for all  

sdi<-sqrt(sdms^2*phi)  #Sigma within batches of conc. on the skin (log cfu/g)  

sdb<-sqrt(sdms^2-sdi^2)#Sigma between batches of conc. on the skin (log cfu/g)  

szn<-3          #sample sizes (1,3,5,10) 

m<- log10(5/25)        # critical concentration in log -limit of detection c(0,0.7,1,1.7) 

c<-0                   # critical number of sample c, that yeild a value larger than m. 

bins<-c(0:60)          # splitting up a normal distribution into equal width for integration. 

mub<-(ms-3*sdb)+(bins/10)*sdb # assign points of integ. to start & end (ms+-3Sigma(between) 

prob<-dnorm(mub,ms,sdb)#normal probability density function of the mean between the batches 

H0<-rep(prob,91)       # make a vector of prob for 91 colomns 

H01<-sum(prob)         # summation of probabilities of the mean between the batches 

H001<-rep(H01,5551)    #61 * 91 = 5551  

H1<-matrix.b<-matrix(H001, nrow =5551,ncol = 1, byrow = TRUE) 

colnames(matrix.b)<-c("H1") 

H003<-rep(prob,91) 

H3<-matrix.c<-matrix(H003, nrow =5551,ncol = 1, byrow = TRUE) 

colnames(matrix.c)<-c("H3") 
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# Eq 7, As Campylobacter reside on the skin or on the meat and not within the meat, this Cskin is likely 

to be larger than Cmeat. The uncertain difference between the observed Cskin and the model input Cmeat 

is included in model as unknown constant transition factor such that for the concentrations in any batch as 

Eq 7. We assumed as a default that =1 

vv<-seq(-3, 6, by=0.1)#Assume log Cskin=logCmeat(in Nauta paper is a 1 log difference(-1,8, by=0.1) ) 

result_list<-list() 

for(i in seq_along(vv)){ 

prob1<-dnorm(vv[i],mub,sdi) 

result_list[[i]] <- matrix(prob1, 61,1, byrow = TRUE ) 

} 

D005 <- do.call(rbind, result_list) 

vl<-10^vv 

A<-25                   # portion size of tested sample 

F<-0.007                # effect factor from POD function 

POD<-1-exp((-A)*F*vl)         

NPOD<-(1-POD)^szn 

NP2<-matrix.d<-matrix(NPOD, nrow =5551,ncol = 1, byrow = TRUE) 

colnames(matrix.d)<-c("NP2") 

j<-c(1:91) 

result_list<-list() 

for(i in seq_along(j)){ 

NP1<-rep.int(NPOD[j[i]],61) 

result_list[[i]] <- matrix(NP1, 61,1, byrow = TRUE ) 

} 

#result_list# create repeated 61 rows of 91 values 
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NP <- do.call(rbind, result_list)# listing vector of 91 times 61 equals a 5551 values   

RiskB<-(D005/10*D3*H3/H1)*Pv    #1# Eq 8 - the population risk for that batch   

RiskMsB<-sum(RiskB)*100          # Eq 9 - The mean risk for a set of batches in state country 

RiskBs1<-(D005/10*D3*NP*H3/H1)*Pv    #1# Eq 8 - the population risk for that batch   

RiskMsBs1<-sum(RiskBs1)*100      # Eq 9 - The mean risk for a set of batches in state country 

ResRis<- (RiskMsBs1/RiskMsB)*100  # MRRR 

RiskBs12<-(D005/10*(1-NP)*H3/H1)*Pv # Total MRRR  

RiskMsBs12<-sum(RiskBs12)*100 

BNMC<-RiskMsBs12 

######################################################### 
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