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Salmonella is a globally important foodborne bacterial pathogen that poses a high risk to human health. This study aimed to estimate the risk to Cambodian consumers from acquiring salmonellosis after consuming chicken and pork salad, using a quantitative microbial risk assessment (QMRA). Chicken and pork salads are typical Cambodian dishes containing raw vegetables and boiled chicken meat or pork. As previously described, chicken meat and pork samples (n = 204 of each) were collected from traditional markets in 25 Cambodian provinces to generate data on Salmonella contamination. Salad preparation and consumption practices were surveyed in 93 Cambodian households and this information was used to design an experiment to assess Salmonella cross-contamination from raw meat to ready-to-eat salad. In the part of the study reported here, data on consumption, Salmonella in salad, dose-response, and predicted salmonellosis were modeled using Monte Carlo simulations at 10,000 iterations. The prevalence of Salmonella in chicken meat and pork were set to 42.6 and 45.1%, respectively, with average most probable number (MPN) per gram of Salmonella in chicken meat was 10.6 and in pork 11.1 MPN/g, based on an earlier study. Half of the interviewed households cooked meat for the salad directly after purchase. The QMRA model showed that the modeled annual risk of salmonellosis from consuming chicken salad, pork salad and both chicken and pork salad were 11.1% probability of illness per person per year (90% CI 0.0–35.1), 4.0% (90% CI 0.0–21.3), and 14.5% (90% CI 0.0–33.5), respectively. The factors most influencing the estimate were cross-contamination while preparing the salad, followed by the prevalence of Salmonella in chicken meat and pork at the market. The wide confidence interval for the incidence was mainly due to the variability in reducing bacteria concentration by cooking and salad consumption. The predicted risk of salmonellosis due to chicken and pork salad consumption is high, and the study provides evidence supporting control measures of improving the safety of retailed chicken and pork obtained from markets to households and improving food preparation methods in the household.
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1. Introduction

The World Health Organization (WHO) has estimated that foodborne diseases (FBD) cause 33 million disability adjusted life years (DALYs) globally, and a loss of more than US$110 billion in productivity and medical expenses each year in low- and middle-income countries (LMIC) (Havelaar et al., 2015; Devleesschauwer et al., 2018). Annually, around 200 different types of foodborne pathogens cause disease in 600 million people, and FBD has been reported to result in around 420,000 deaths every year (World Health Organization Regional Office for South-East Asia., 2016). People living in LMIC are at particular risk for contracting FBD due to challenges related to insufficient hygiene practices, poor knowledge and reduced access to safe food (Grace, 2015; Varijakshapanicker et al., 2019). FBD thus constitute a significant health challenge globally, and non-typhoid Salmonella serovars have been reported as the most common foodborne bacteria causing FBD (Havelaar et al., 2015; World Health Organization Regional Office for South-East Asia., 2016; Boqvist et al., 2018).

Most Salmonella serovars are human pathogens and may cause a wide range of symptoms, of which diarrhea is the most common (Oscar, 2004; Majowicz et al., 2010; Crump and Wain, 2017). Animal-source food (ASF) is often implicated in human salmonellosis. It is estimated that globally Salmonella causes approximately 230,000 deaths annually, mainly in elderly and children under 5 years (Majowicz et al., 2010; Havelaar et al., 2015; World Health Organization Regional Office for South-East Asia., 2016; Devleesschauwer et al., 2018). Salmonella is carried by many animal species and can be transmitted by ASF, contributing to food safety concerns in LMIC (Unger et al., 2020).

In Cambodia, ASF (especially chicken meat and pork) are essential parts of the diet eaten by all age groups (General Directorate of Animal Health Production of Cambodia, 2021) and contribute important micronutrients (Tum, 2008; Sary et al., 2019). Chicken and pork are commonly sold at traditional markets where most people buy fresh food. Meat is commonly stored without chilling at the markets and in most households (People in Need, 2015; Rortana et al., 2022). Several popular dishes are prepared from boiled chicken meat or pork mixed with raw vegetables (Baker, 2009; Saorath, 2019; Cambodia Recipe, 2020).

In LMIC, chicken and pork are easily contaminated with Salmonella, which can occur at slaughterhouse facilities, markets, and storage facilities with insufficient cooling (Cliver, 2006; Carrasco et al., 2012; Aizaabi and Khan, 2017; Possas et al., 2017). Storing of meat in warm temperatures provides good conditions for the growth of Salmonella (Possas et al., 2017; Dang-Xuan et al., 2019). Improper handling and poor practices also contribute to the transmission of bacteria along the food chain, especially from markets to ready-to-eat (RTE) foods (Kristina and Sophal, 2018)). In addition, recent studies have found that poor handling of meat before and during cooking causes bacterial cross-contamination to RTE food, including chicken salad in Cambodia (Rortana et al., 2022) and boiled pork in Vietnam (Dang-Xuan et al., 2018). In Cambodia, a recent study detected 43% prevalence of Salmonella in chicken meat, 41.9% on chicken cutting board, 45% on pork, and 30% on pork cutting board; and the mean MPN of Salmonella per gram was 10.6 MPN/g in chicken and 11.1 MPN/g in pork samples (Rortana et al., 2021).

Quantitative microbial risk assessment (QMRA) can estimate health consequences and help in food safety management and communication. In Cambodia, QMRA has been conducted on Salmonella and different hazards and food type, but there are, to our knowledge, no publications on the risk of salmonellosis related to chicken meat or pork (Tum, 2008; Kristina and Sophal, 2018; Walia et al., 2018; Food and Agriculture Organization of the United Nations, 2021) although QMRA models of salmonellosis have been developed in other countries (Dang-Xuan et al., 2016; Perez-Rodriguez, 2020; Oscar, 2021a,b).

In Cambodia, there is a lack of comprehensive and solid evidence on the impact of FBD that can guide policymakers on health hazards related risks, and support meat production and donors to tackle food safety issues and public health notices (Tum, 2008; Public Health of Canada, 2017; Lam et al., 2019). Moreover, the household knowledge of FBD is low in Cambodia, and most people associate food safety challenges mainly with chemical contamination (Brown et al., 2022; Duong et al., 2022). This study aimed to estimate the risk of consumers acquiring Salmonella infection through consuming contaminated pork and chicken salad at the household level to generated new and actionable information.



2. Materials and methods


2.1. Study location

The study was conducted in Cambodia, located in the Mekong sub-region in Southeast Asia. In 2019, the total population of Cambodia was around 15 million (National Institute of Statistics of Cambodia, 2019). The country is influenced by tropical monsoon winds and has two seasons, the dry season (November–April) and the rainy season (May–October). In the rainy season, the average temperature in 2019 was 29°C, ranging between 27 and 36°C, with a humidity between 45 and 80 % (Department of Meteorology of Cambodia, 2019). Data for Salmonella contamination used in this QMRA was collected from all 25 provinces in Cambodia.



2.2. Study design

The QMRA model was built according to the Codex Alimentarius Commission quantitative microbial risk assessment framework (Codex Alimentatius Commission, 1999), consisting of hazard identification, hazard characterization, exposure assessment, and risk characterization (CAC/GL-30, 1999). This QMRA model was designed using data published earlier. Firstly, a cross-sectional market survey of the Salmonella prevalence in chicken meat and pork had been conducted in traditional markets in all 25 provinces in Cambodia (Rortana et al., 2021). Secondly, a household survey had been carried out in four provinces and cities (Battambang, Preah Sihanouk, Phnom Penh and Siem Reap) to explore handling and consumption patterns of chicken and pork salad in Cambodian (Rortana et al., 2022). Thirdly, experiments to identify cross-contamination scenarios during the preparation of chicken and pork salad at the household level had been done at the National Animal Health and Production Research Institute (Phnom Penh, Cambodia) (Rortana et al., 2022) and in Vietnam (Dang-Xuan et al., 2018). Lastly, data for the hazard characterization, of bacteria growth and dose-response model were obtained from the literature (Teunis et al., 2010; Velugoti et al., 2011). These surveys and experiments were conducted from November 2018 to June 2020 and are described briefly below.



2.3. Salmonellosis risk assessment model
 
2.3.1. Hazard identification

In a publication from WHO on the global burden of FBD, salmonellosis was identified as the most important bacteria hazard in DALYs (Havelaar et al., 2015). Salmonellosis is also considered one of Cambodia's most critical FBD (Rortana et al., 2021). The hazard identification of this study was made using data from a systematic literature review (Kristina and Sophal, 2018), from key stakeholder meetings in Cambodia (including representatives from a national food safety working group, policymakers, and international partners) (Nguyen-Viet, 2018), from a multi-hazard survey (Rortana et al., 2021), and from the cost of hospitalization for FBD performed by the Ministry of Health in Cambodia (Srey, 2019).



2.3.2. Hazard characterization

Non-typhoid Salmonella serovars are the most common foodborne bacteria causing FBD (Havelaar et al., 2015; World Health Organization Regional Office for South-East Asia., 2016; Boqvist et al., 2018). Most Salmonella serovars are human pathogens and may cause a wide range of symptoms, of which diarrhea is the most common (Oscar, 2004; Majowicz et al., 2010; Crump and Wain, 2017). Moreover, invasive Salmonella infection has been reported in Cambodia (Emary et al., 2012; Vlieghe et al., 2012; Kimsean et al., 2017; Kristina and Sophal, 2018; Kuijpers et al., 2018). Salmonella contamination in ASF is often implicated in human salmonellosis infection (Botteldoorn et al., 2003; Carrasco et al., 2012; Havelaar et al., 2015). In this study, the Beta-Poisson dose-response model developed from Salmonella outbreak data was used (alpha = 0.00853; beta = 3.14) (Teunis et al., 2010). That dose-response model presented an infection ID50 of 7 colony forming unit (CFU) and an illness ID50 of 36 CFU.



2.3.3. Salmonella exposure assessment
 
2.3.3.1. Meat sampling at market

A previous study investigated the prevalence and concentration of Salmonella in chicken meat and pork sold in traditional Cambodian markets (Rortana et al., 2021). In brief, samples from chicken meat (n = 204) and pork (n = 204) from markets in 25 provinces in Cambodia were included. The prevalence of Salmonella from all the markets in chicken meat was 42.6% and in pork 45.1%. The mean MPN of Salmonella was 10.6 MPN/g in chicken meat and 11.1 MPN/g in pork samples.



2.3.3.2. Cross-contamination study

Cross-contamination of Salmonella has been described in two published papers on chicken salad (Rortana et al., 2022) and boiled pork (Dang-Xuan et al., 2018). According to a recent study, cross-contamination of Salmonella in chicken salad was common in the four scenarios or sets of household practices used for salad preparation in Cambodia (Rortana et al., 2022). Briefly, Salmonella occurrence on cutting boards, knives and hands under four preparation scenarios (Table 1) was assessed. Similarly, Salmonella cross-contamination from raw pork to boiled pork via a hands and kitchen utensils was examined in Vietnam (Dang-Xuan et al., 2018). The similarity of the four scenarios is described in detail in Table 1. The proportion of households using each scenario, as well as the probability of contamination, were part of the modeling.


TABLE 1 Description of the four scenarios where cross-contamination of Salmonella may occur when preparing chicken and pork salad.
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2.3.3.3. Chicken and pork salad consumption

Chicken and pork salad consumption were assessed using focus group discussion (FGD) among 93 households in four provinces (Siem Reap, Preah Sihanouk, Battambang, and Phnom Penh) in Cambodia (Rortana et al., 2022). Three FGDs (with participants chosen to represent rural, peri-urban, and urban areas) in each of the four provinces were conducted by randomly selecting households within one commune. A discussion outline was developed in English and translated to Khmer language for FGD and back translated into English for analysis. The FGD was led by trained researchers using flipchart and notes, and lasted about 1.5 h. The information of chicken and pork salad consumption was determined for children below 5 years, youth (6–15 years old), adults (16–60 years old), and the elderly (above 61 years old).




2.3.4. Risk characterization of Salmonella infection

The data presented above was integrated into a stochastic risk model, including different input parameters (Table 2). The risk of salmonellosis (health outcome) was defined as the probability of illness per year per person, simulated by combining different transmission pathways through chicken and pork salad consumption. The parameters, statistics, distribution, and data sources used in the QMRA model are presented in Table 2 and Figure 1. In step 1, the prevalence of Salmonella from samples collected at the markets was used as representative of bacterial contamination in fresh chicken meat and pork (Rortana et al., 2021). In step 2, the rate of Salmonella entering chicken and pork salad was estimated at the household level, the temperature at the study site, duration of storage until cooking, and the laboratory experiment to measure the level of Salmonella in RTE chicken salad (Rortana et al., 2022) and boiled pork (Dang-Xuan et al., 2018). In step 3, the consumption rate was assessed including how often people consume chicken/pork salad and age groups (result from this study).


TABLE 2 Summary of the parameters, statistics, distribution, and data sources used in the QMRA model to estimate the risk of salmonellosis through chicken and pork salad consumption in Cambodia.
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FIGURE 1
 Model steps and input parameters in Salmonella QMRA from market to household related to chicken and pork salad preparation and consumption.





2.4. Data management and analysis

Data were managed and processed using MS Excel (Office 365). Descriptive statistical analysis was used to describe Salmonella prevalence using RStudio version 3.2.2 (R Core Team). The risk model was developed, and Monte Carlo simulation was performed using @Risk (Version 8.1, Palisade, Corporation, USA) for 10,000 iterations. The sensitivity analysis was conducted by selecting all the uncertainty parameters and running 1000 iterations at seven quantile values. Consumption data, prevalence and concentration of pathogen were described as mean and median. Final risk estimates were presented as mean and median with 90% confidence interval (CI).



2.5. Ethical considerations

Ethical approval of this study was done under the Safe Food, Fair Food Cambodia project and granted by the National Ethical Committee of Cambodia, coded 300NECHR, dated 26th December 2017. The participating researchers were informed and instructed on the safety procedures and provided their signed informed consent prior to starting the experiment. For the FGDs, participants invited to the discussion were asked for their written consent agreement prior to starting.




3. Results


3.1. Exposure assessment

The consumer survey on consumption of chicken and pork salad was conducted among 93 households in 12 FGDs. Detailed salad eating frequency (times/month) and amount of salad consumed (gram/meal) by age groups are presented in Table 3. In brief, the median frequency of consuming either chicken or pork salad was 1.6 times per month, ranging from 0–24, and the average amount consumed per meal was 130 grams per person (Table 3).


TABLE 3 Frequency and the average amount of chicken and pork salad consumption by age groups in Cambodian households.
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3.2. Risk characterization

The modeled annual incidence rate of salmonellosis was higher for chicken salad (11.1% probability of illness per person per year; 90% CI: 0–35.1) than for pork salad (4.0%, 90% CI: 0–21.3); considering consumption of both chicken and pork salad the annual incidence rate was 14.5% (90% CI: 0–33.5, Table 4; Figure 2). Adults had the highest modeled annual incidence rate (19.1%; 90% CI: 0–48.3): incidence by age categories and types of salad are shown in Table 4.


TABLE 4 The annual incidence rate of human salmonellosis due to chicken and pork salad consumption by age groups in Cambodia.
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FIGURE 2
 Annual incidence rates of salmonellosis in Cambodian households eating chicken salad (A), pork salad (B), and both chicken and pork salad (C).




3.3. Sensitivity analysis

The sensitivity analysis found the most important influencer of the annual incidence rate of salmonellosis was the probability of cross-contamination in preparing salad in scenario 3 (wash chicken and pork first, use same utensils). This was followed by the prevalence of Salmonella on chicken at the market; probability of cross-contamination in scenario 1 (wash vegetables first, use same utensils for cutting salad and raw chicken and pork); prevalence Salmonella in chicken and pork from the market; and probability of cross-contamination in scenario 4 (wash chicken and pork first, use different utensils, Figure 3; Table 5). The scenarios are described in detail in Table 1.


[image: Figure 3]
FIGURE 3
 Sensitivity analysis of influence factors on annual salmonellosis incidence due to consuming both pork and chicken salad.



TABLE 5 Sensitivity analysis of influence factors on daily salmonellosis incidence due to consuming pork and chicken salad.
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4. Discussion

This study developed a QMRA model from retail-to-table pathways predicting the likelihood of salmonellosis owing to consumption of chicken and pork salad in the Cambodian setting. The two most crucial factors for bacterial contamination of consumed food were the probability of cross-contamination during preparation in scenario 3 and the Salmonella prevalence in meat from markets. According to Rortana et al. (2022), most (86–96%) households practice preparing salad according to scenario 3, which had less contamination than scenario 1, but the fact that this practice is so common, gave it a larger influence in the model. The high influence of this common practice in the model also shows that there is a great scope of improvements. If the risk of cross-contamination at household level could be reduced, or people could change their habits completely to scenario 2 or 4, the risks could be reduced. All scenarios included rinsing the chicken, since it was the common practice, even if this step should be completely discouraged, as it increases the risks for salmonella contamination.

Most of the meat in Cambodia is sold in traditional markets where temperatures are suitable for bacterial growth (Sary et al., 2019; General Directorate of Animal Health Production of Cambodia, 2021; Rortana et al., 2022). Earlier studies found that meat and vegetables were frequently contaminated with Salmonella at this level (Rortana et al., 2021; Schwan et al., 2021). People in urban and peri-urban areas commonly purchase meat in the morning and cook it the same day (Brown et al., 2022; Rortana et al., 2022), while people in rural areas often keep meat longer before cooking (Duong et al., 2022). The focus of this QMRA was on meat purchased in the traditional value chain, as this is still the most common source of food in Cambodia, and where the prevalence was found the highest (Rortana et al., 2021). The model was built according to how people handle meat in their daily life. Another study in Cambodia used QMRA of Salmonella for risk assessment, specifically on the consumption of cricket powder to treat undernutrition in infants and children (Walia et al., 2018), while our study is the first to build a QMRA on commonly consumed meat. In the future, as supermarkets get more common, it would be interesting to include the origin of the meat in the model, but this was not done here.

This study found that prevalence of Salmonella in the market was the major driver of risk of salmonellosis to salad consumers. As already described, salmonellosis is one of the leading foodborne diseases globally, as well as in Cambodia (Shiowshuh and Cheng-An, 2011; Yates, 2011; Nair and Johny, 2019). This study also found that the prevalence of Salmonella in food sold in markets was an important determinant of the incidence of Salmonella infection, adding insight to discussions on which points in the value chain food safety interventions should target. Recent studies have detected high prevalence of Salmonella in chicken meat and pork in markets in Cambodian (Rortana et al., 2021) and Vietnam (Dang-Xuan et al., 2019; Ngo et al., 2021). Moreover, other studies in Cambodia have found Salmonella in chicken meat (Nadimpalli et al., 2019) and vegetables that are in contact with meat during the selling period at the market (Schwan et al., 2021). In the current study, the prevalence of Salmonella in meat was relatively high compared to studies in nearby countries, including studies from Vietnam and Thailand (Dang-Xuan et al., 2019; Poomchuchit et al., 2021). Pathogenic Salmonella enterica have also been isolated from multiple sources, including humans, animals, and food in Cambodia (van Cuyck et al., 2011; Schwan et al., 2021). Even S. enterica serovar Paratyphi infections have been found earlier in Phnom Penh, Cambodia (Vlieghe et al., 2013). The study found that the average incidence of salmonellosis in adults was higher than in children, youth, and the elderly, which is probably because adults more commonly consume chicken salad. Chicken salad and other similar salads are common foods in Asian countries, including Cambodia (Rortana et al., 2022) and Vietnam (Dang-Xuan et al., 2016). Even though most Salmonella does not cause severe disease in humans, regular exposure to these bacteria could be harmful over long time periods (Bollaerts et al., 2008; Perez-Rodriguez, 2020). Earlier studies also support that the cooking conditions and procedures such as moisture, contact time and pressure could result in higher transfer between the surface of contaminated objects (Cliver, 2006; Pérez-Rodríguez et al., 2008; Van Asselt et al., 2008). Chicken salads and similar salads (e.g. with beef, fish, shrimp, octopus) are very common at ceremonies such as traditional weddings in Cambodia. There is also an earlier report that a group of people got sick from a foodborne pathogen after eating salad in a wedding reception in Kampong Speu province (Vandy et al., 2012).

Two previous studies found that Cambodian people worry more about chemical food safety than microbial contamination (Duong et al., 2021; Brown et al., 2022). Most households also believe that chemicals (additives substances) used to make ASF products look good is the only cause of foodborne illness, leading them to care less of microbially contaminated in ASF (Brown et al., 2022). They tend to pay more attention to purchasing chemical free food than to proper storage, cooking, and good practice to reduce microbial contamination (Kristina and Sophal, 2018; Brown et al., 2022). Yet this study shows a high risk of FBD from a bacterial hazard. Changing perceived risks requires awareness raising data. This in turn, demands a food surveillance system, which is not yet in place in Cambodia (Thompson et al., 2021). Slaughterhouse hygiene improvements are still under development in the country, and the government has only started to monitor microbial contamination in slaughterhouses (Tum, 2008; Thompson et al., 2021) and markets (Rortana et al., 2021) to identify critical control points and prevent cross-contamination.

As consumption varies with age, different age categories were used in this study. However, the dose-response model used did not take differences in susceptibility between age groups into account (Teunis et al., 2010). Therefore, the separate dose-response model of Salmonella according to the categories of age and health condition was uncertain and could not be used as a formal analysis (Bollaerts et al., 2008; Marks and Coleman, 2017; Sanaa, 2021).

Food safety regulations vary between countries, but the usual goal is to combat foodborne diseases (Kunthear, 2022). In Cambodia the government recently adopted the National Plan on Food Safety. Six ministries are currently involved in governing national food safety, and coordinated by a multi-ministries team, the Technical Working Group for Food Security and Nutrition, which included representatives from each ministry. In June 2022, the law on food safety which addresses the entire food chain was adopted and brings Cambodia in line with international food safety standards (Food and Agriculture Organization of the United Nations, 2022; Kunthear, 2022). The law authorizes food inspection and provides a legal basis for action where food safety hazards are identified. This study provides scientific evidence that cross-contamination of Salmonella in the food chain (in this case from market to preparation of RTE salads) is a significant factor for human salmonellosis. This data is of relevance for local and national authorities and could be used to guide future policies, surveillance, and intervention to improve food safety along the food chain.



5. Conclusions

The study presents new results on the risks of contracting salmonellosis after eating chicken and pork salad in Cambodia. It describes household practices that may facilitate Salmonella contamination of RTE food and estimates the probability of salmonellosis caused by consumption of this food. The QMRA suggests that changing meat storage and handling practices from market to household can reduce the likelihood of foodborne disease. The results are evidence for use as a basis for adapting policies in Cambodia. The new knowledge can guide implementation of appropriate and effective intervention strategies to prevent and control the undesirable consequences associated with microbial contamination in animal source food until RTE. Through enhancing food safety practices and responsibility among actors across the value chain, targeting markets, households and RTE food providers and restaurants, the findings can contribute to reduce the burden of FBDs in ASF in Cambodia and elsewhere.
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Description of scenarios  Procedure when preparing Probability of cross Concentration of Salmonella o
chicken and pork salad contamination to RTE salad (CFU/g)

RTE salad (%)
Chicken?®  Pork®  Chicken? Pork >

Scenario 1 - Wash and chop vegetables; then wash 778 778 37.3 0.71
and cut the raw chicken or pork; and
wash the cutting board, knife and
hands (once with detergent).

Use the same washed cutting board,
knife and hands to debone and slice
cooked chicken and pork and mix
the salad.

Scenario 2

Wash and chop vegetables; then wash 111 0.0 0.36 0.0
and cut the raw chicken or pork; and
wash the cutting board, knife, and
hands (once with detergent).

Use separate cutting board and knife
to debone and slide cooked chicken
and pork, and mix the salad.

Scenario 3 - Wash and cut raw chicken or pork; 222 222 0.36 0.12
then wash and chop vegetables; wash
the cutting board, knife and hands
(once with detergent).

Use the same washed cutting board,
knife to debone and slide cooked
chicken and pork, and mix the salad.

Scenario 4

Wash and cut raw chicken or pork; 0.0 66.7 0.0 249
then wash and chop vegetables; wash
the cutting board, knife and hands
(once with detergent).

Use separate cutting board, knife to
debone and slide cooked chicken and
pork, and mix the salad.

“This table is adapted from authors (Dang-Xuan et al., 2018% and Rortana et al., 2022°) which aimed to model the cross-contamination rate of bacteria entering ready-to-eat (RTE) food
from raw animal-source food. There were only slight differences between the experiments for chicken and pork and therefore they are described as similar.
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Salmonella prevalence in chicken meat (Pcx) and pork
(Ppo) at market

Pek: 87/204 (42.6%); described as Beta
(8741, 204-87+1)
Ppo: 92/204 (45.1%); described as Beta
(92415 204-924+1)

Dang-Xuan et al., 2018; Rortana et al.,
2021

Salmonella concentration in chicken meat and porkat | LogNormal (mean, 0.32) Log CFU/g | Dang-Xuan etal, 2018; Rortana et al.,
the market (Cck and Cpo) Chicken meat 16.7 CFU/g (0.36-120) 2021
Pork 17.3 CFU/g (0.36-120)
Status of Salmonella contamination in chicken meat Chicken meat: Binomial (1, Pcx) - Dang-Xuan et al,, 2018; Rortana et al.,
(Sck) and cut pork (Spo) Pork: Binomial (1, P 1) 2021
Growth model at household
The temperature when storing raw pork in the Fixed at °C °C Present survey
refrigerator at household (Tre)
The temperature when storing raw pork at ambience Normal (28, 4) °C Department of Meteorology of
condition at household (Tro) Cambodia, 2019
Duration of storage of raw pork at household before Actual data (mean, min, max) hour Present survey
cooking (Hst)
Salmonella grow rate in food matrices (h0) Normal (2.14, 0.71) Log CFU/g | Baranyi and Roberts, 1994
Cooking and consumption at household
Probability of Salmonella cross-contamination after Scenario 1: Py, =Beta(7+1, 9-7+1) - Dang-Xuan et al.,, 2018; Rortana et al.,
preparing chicken or pork salad in each cooking Scenario 2: Pyc; =Beta(1+1, 9-141) 2022
scenario (Psc) Scenario 3: Ps;; =Beta(2+1, 9-2+1)
Scenario 4: Psey =Beta(0+1, 9-0+1)
Status of Salmonella cross-contamination after boiling Scenario 1: Csc; =Binomial(1, Ps;) -
chicken/pork in cooking scenarios (Cyc) Scenario 2: Cy; =Binomial(l, Pyc2) Dang-Xuan et al,, 2018; Rortana et al,
Scenario 3: Cyc; =Binomial(1, Pyc3) 2022
Scenario 4: Coes =Binomial(l, P scs)
Probability of Cambodian consumer eating Non-parametric bootstrapping from s Present survey and Dang-Xuan et al.,
chicken/pork salad every meal (Peat, 0< Peat <1) household data (using DUniform) 2018
Status of eating chicken/pork salad in the meal by Binomial (1, Peat) - Present survey and Dang-Xuan et al.,
Cambodian consumer (Seat) 2018
Quantity of chicken/pork salad consumed per meal by Non-parametric bootstrapping from gram/meal | Present survey and Dang-Xuan et al.,

Cambodian consumer (Qty)

household data (using DUniform)

2018

Tllness (salmonellosis) probability from dose response
model (Ipro)

Beta Poisson (a,B) equation, a =0.00853

and B =3.14

Teunis et al., 2010

CEU, Colony Forming Unit.
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Influence factors Values at 50th (1st 99th) Mean (90% CI) daily incidence of
percentiles salmonellosis per 10,000 people
1 Probability of cross-contamination in scenario 3 024 (0.07-0.5) 470 (0.35-12.57)
2 Prevalence of Salmonella on chicken at the market 0.43 (0.35-0.51) 476 (0.32 —12.3)
3 Probability of cross-contamination in scenario 1 0.76 (0.5-0.93) 4.77 (0.3-12.21)
4 Prevalence of Salmonella on pork at the market 0.45 (0.37-0.53) 475 (0.31-12.39)
5 Probability of cross-contamination in scenario 4 0.04 (0.00-0.22) 473 (0.32-12.45)

ClI, Confidence interval.
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Informati i Eating pork salad  Eating either pork icken salad

Frequency of consumption by age group [times/month, median (min-max)]

Children (under 5 years old) 0(0-1.6) 0(0-3.3) 0(0-3.3)
Youth (6-15 years old) 03(0-3.3) 0.8(0-3.3) 1(0-6.6)
Adult (16-60 years old) 03(0-12) 08 (0-12) 1(0-24)
Elder (over 61 years old) 05 (0-25) 0.6 (0.1-2.5) 1.5(0.2-5)
Overall 08 (0-12) 09(0-12) 1.6 (0-24)

Average consumption amount [g/person/meal, (mean =+ standard deviation)]

Children (under 5 years old) 46£22 46 £20 46+ 20
Youth (6-15 years old) 93+62 93 £ 65 92+59
Adult (16-60 years old) 12471 141£79 134£70
Elder (over 61 years old) 85+ 62 81451 83454

Overall 141£79 124£71 130+ 75
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Age groups Estimated annual salmonellosis incidence rate (%, Mean, 90% Confidence interval)
Consume chicken salad only Consume pork salad only ~Consume chicken and pork salad

Children (under 5 years old) 53(0-31.8) 17 (0-12.3) 6.6 (0-25.3)

Youth (6-15 years old) 65(0-35.7) 2.6 (0-19.0) 82(0-29.4)

Adult (16-60 years old) 14.6 (0-51.9) 53(0-32.9) 19.1 (0-48.3)

Elder (over 61 years old) 5.9(0-35.9) 1.8 (0-12.9) 7.9 (0-28.8)

Overall 11.1(0-35.1) 4.0(0-21.3) 145 (0-33.5)
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