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Preliminary Quantitative Risk Assessment of the Effects of Non-typhoid 

Salmonella Contamination in Retail Chicken Meat on Public Health in China  

(Overview) 

Non-typhoid Salmonella (NTS) represents one of the most common foodborne 

pathogens worldwide. The number of gastroenteritis cases due to NTS is 93.8 million 

per year globally, and the number of deaths from NTS infection is 155,000 per year. 

Approximately 40,000 cases of cultured and typed NTS infections are reported to the 

CDC each year in the United States. It is estimated that 94% of all NTS infections are 

caused by food. 

NTS is the most common pathogen isolated from poultry around the world, and 

contamination of poultry products with NTS is an important contributor to foodborne 

illness in humans. Therefore, many countries have set limits for NTS in poultry meat. 

To explore potential interventions that could reduce the risk of NTS infection in China 

through chicken consumption, the National Experts Committee for Food Safety Risk 

Assessment conducted a preliminary quantitative risk assessment of the effects of 

NTS contamination in retail chicken meat on public health. 

1. NTS Contamination Levels in Raw Chicken Meat at the Retail Stage in China 

and its Influencing Factors 

In this assessment, the NTS contamination data in raw chicken meat were 

obtained from the special monitoring results of NTS contamination in whole chicken 

samples from 2010 to 2012 in some provinces and cities in China, including a total of 

1595 samples. The monitoring results found that the positive rate of NTS 

contamination in retail whole chickens was 41.6%. There were significant differences 

in the contamination rate of NTS in whole chicken samples in different months, where 

the highest contamination rate of 55.8% was found in samples from August and the 

lowest contamination rate of 26.5% in samples from January. The contamination rate 

of refrigerated whole chickens at retail was 2.4 times (95% CI, 1.9-3.2) and 3.1 times 

(95% CI, 2.4-4.0) higher than that of frozen whole chickens and freshly slaughtered 

whole chickens, respectively. The contamination rate of unpackaged whole chickens 

was 1.4 times (95% CI, 1.1 to 1.7) higher than that of packaged whole chickens. The 



 

 2 

 

results of multinomial logistic regression suggested that the month of sampling, 

storage conditions of whole chicken samples at the time of purchase, and whether the 

whole chicken was packaged at the time of purchase were significantly associated 

with NTS contamination. However, the contamination of the whole chicken was not 

statistically associated with its purchase from supermarkets or farmers' markets. 

2. Chicken Consumption among Some Population Groups in China 

The chicken consumption data used in this assessment were obtained from the 

National Nutrition and Health Survey in 2002 and were expressed as the number of 

grams of chicken and relevant products consumed in one meal. Mean consumption of 

chicken per meal was 105 grams, with a median of 100 grams, a minimum of 5 grams 

and a maximum of 2500 grams, and 34.1% of all consumers recalled 100 grams of 

chicken per meal. 

3. Preliminary Survey Results of Cooking Chicken Habits of Some Populations 

in China 

Data on the cooking chicken habits in China came from the results of a 

preliminary survey of 251 households located in 22 provinces (autonomous regions 

and municipalities), including Anhui and Fujian. It was shown that 45.5% (113 

households) stored raw chicken meat at room temperature, and the average storage 

time was 5.8 hours. Among them, most households (42 households) reported storage 

of raw chicken at room temperature for 2 hours. To note, only 31.1% of all surveyed 

households reported to separate the cutting boards for raw and cooked chicken. 

4. Exposure Assessment of Chicken-NTS Combination in China 

The exposure assessment mainly included the following: description of the 

distribution of NTS contamination in raw chicken at retail in China, the increase of 

NTS in raw chicken after purchase and before cooking, ready-to-eat foods 

contaminated by NTS in raw chicken before cooking, and the exposure of residents to 

NTS through ingestion of contaminated ready-to-eat foods. The NTS increase model 

in chicken, the chicken-NTS cross-contamination model in kitchen and the NTS dose-

response relationship model would be utilized in the exposure assessment. 

4.1 Description of the distribution of NTS contamination in raw chicken meat at retail 
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To address the problem of censored data in quantitative contamination levels, the 

fitdistcens function based on R software was employed in this evaluation, and the log 

mean and standard deviation (in log10MPN/100g) of the NTS contamination in 

chicken at the retail stage in China were calculated to be -0.05 and 1.27, respectively. 

The highest contamination level was 0.39±1.66 (log10MPN/100g) for whole chicken 

samples collected in August and the lowest contamination level was -0.73±1.31 

(log10MPN/100g) for those collected in January. The highest contamination level was 

0.24±1.17 (log10MPN/100g) for refrigerated whole chickens at the time of purchase 

and the lowest level was -0.71±1.48 (log10MPN/100g) for whole chickens freshly 

slaughtered. The contamination level of unpacked whole chickens was -0.05±1.27 

(log10MPN/100g), which was higher than that of packaged whole chickens -0.23±1.10 

(log10MPN/100g). 

4.2 Increase of NTS in raw chicken after purchase and before cooking 

In this evaluation, a Gompertz mathematical model was fitted to the increase in 

NTS in raw chicken after purchase and before cooking. The means and standard 

errors of the parameters in the model, such as Maximum population density (MPD), 

Lag phase duration (LPD) and relative maximum of growth rate (B), were obtained 

from data fitting results of the Predictive Microbiology public database (Combase). 

4.3 Ready-to-eat foods contaminated by NTS in raw chicken before cooking 

The chicken-NTS cross-contamination model used in this evaluation was based 

on the cross-contamination model of chicken-Campylobacter jejuni and related 

transfer rate parameters by Havelaar et al., where five steps were included, namely 

cutting raw chicken, washing the knife, washing the cutting board, washing hands, 

and cutting ready-to-eat food. 

4.4 NTS dose-response relationship model 

The Beta-Poisson model applied in the WHO/FAO report of 2002 was selected 

for this evaluation. Selected parameter was the upper limit of the morbidity risk 

estimated by this model after the same NTS intake, i.e. Alpha=0.2274 and Beta=57.96. 

4.5 Exposure of residents to NTS through ingestion of contaminated ready-to-eat 

foods 
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The amount of NTS ingested through cross-contamination of raw chicken in 

kitchens was calculated using Monte Carlo analysis, and the model was iterated 

10,000 times in R software (version 2.15.0) and fitted 200 times. Analysis of 

variability suggested that the mean value of the mean amount of NTS intake per meal 

through ingestion of ready-to-eat foods contaminated with NTS from raw chicken was 

0.015 (95% CI, 0.012-0.017) MPN. 

In addition, the mean amount of NTS ingested per meal via ready-to-eat food 

cross-contaminated by raw chicken was the highest for Chinese residents in July, at 

0.056 (0.024-0.112) MPN, followed by 0.049 (0.025-0.120) MPN in August. The 

mean amount of NTS ingested via cross-contamination by refrigerated chicken in the 

kitchen was 0.018 (0.015 to 0.026) MPN, higher than that via the frozen chicken of 

0.012 (0.010 to 0.014) MPN and the freshly slaughtered chicken of 0.012 (0.010 to 

0.016) MPN. The mean amount of NTS ingested via cross-contamination with raw 

unpackaged chicken in the kitchen was 0.017 (0.014-0.024) MPN, higher than that via 

packaged raw chicken of 0.012 (0.011-0.015) MPN. In addition, the mean NTS intake 

from raw chicken purchased through farmers' markets was 0.019 (0.014-0.033) MPN, 

higher than that of raw chicken purchased from farmers' markets, which was 0.013 

(0.011-0.016) MPN. 

5. Attribution Analysis of Food Carriers for NTS Infection in China's Population 

The Hald model was used in this evaluation, and the Makarov chain was 

calculated by OpenBUGs version 3.2.1. 

Based on the literature serotyping data of NTS cases, chicken was found to cause 

54.4% (95CI, 53.4% to 55.2%) of all Foodborne NTS illness, followed by pork with 

39.9% (39.1% to 40.7%). According to the results of the active surveillance data for 

infectious diarrhea, the number of NTS cases due to chicken accounted for 36.7% 

(35.4% to 37.9%) of all Foodborne NTS illness, which was lower than the proportion 

due to pork, 53.1% (51.8% to 54.4%). According to the serotyping results of NTS 

cases reported by the Chinese Center for Disease Control and Prevention Information 

System from 2009 to 2011 for the category C infectious disease "other infectious 

diarrhea", the number of NTS cases due to consumption of chicken meat accounted 
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for 40.7% (39.3%-42.1%) of all Foodborne NTS illness, which was lower than that 

due to consumption of pork 48.0% (46.6%-49.4%). 

6. Risk Estimation of Effects of NTS Contamination in Chicken Meat on People' 

Health in China 

This assessment reported that the mean risk of developing NTS infection through 

cross-contamination of ready-to-eat foods in the kitchen by raw chicken per meal was 

estimated to be 5.8×10-5 (95% CI, 4.9×10-5-7.2×10-5) for Chinese residents. 

According to the National Bureau of Statistics yearbook in 2011 and the results 

of China Health and Nutrition Survey (CHNS) in 2002, the annual risk of food 

poisoning due to NTS infection through cross-contaminated ready-to-eat food in the 

kitchen by raw chicken was 2.3×10-3 for Chinese residents. Taking our population as 

1.37 billion, the estimated number of people suffering from NTS food poisoning due 

to cross-contamination of ready-to-eat foods in kitchens by raw chicken is 3,065,451 

(95% CI, 2,573,241 to 3,776,117) per year in China. Assuming that 36.7% to 54.4% 

of NTS foodborne disease cases are attributable to raw chicken and that foodborne 

NTS cases account for 94% of all NTS cases from all sources, the number of NTS 

cases in China is projected to be 5,994,703 to 8,650,181 per year. 

7. Sensitivity Analysis 

The sensitivity analysis was performed using Spearman's correlation analysis to 

determine the relationship of NTS infection risks per meal through cross-

contamination of ready-to-eat foods in the kitchen by raw chicken with NTS 

contamination density in chicken meat, room temperature storage, time and 

temperature, separation of cutting boards for raw and cooked chicken, separation of 

cutting boards for raw and cooked chicken, washing hands, as well as washing the 

cutting boards and cutting knives. The results suggested that the factors influencing 

the risk of morbidity (mean Spearman's correlation coefficient, 95% confidence 

interval) were, in descending order of mean, the level of NTS contamination in 

chicken at the retail stage (0.379, 0.365 to 0.395), whether to change the cutting board 

(0.348, 0.329 to 0.362), the way of cleaning the cutting board (-0.262, -0.282 to -

0.246), consumption of chicken in one meal (0.080, 0.064 to 0.097), the way of 
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washing hands (-0.039, -0.057 to -0.023), whether chicken was stored at room 

temperature after purchase and before cooking (-0.035, -0.055 to 0.017), and the way 

of washing knives (-0.030, -0.049 to 0.010). 

8. Simulation Studies of Interventions 

In this evaluation, factors with a large correlation (Spearman's correlation 

coefficient ≥0.1) (level of NTS contamination in chicken at the retail stage, whether to 

change and the way to clean the cutting board) were selected as interventions to 

evaluate their effects. 

When the level of NTS contamination in all whole chickens was non-detectable 

(<1.5 MPN/100g), the mean risk of NTS infection per meal through cross-

contamination of ready-to-eat foods by raw chicken in the kitchen became 2.7×10-5 

(95% CI, 2.4×10-5 to 3.0×10-5). The mean risk of developing NTS infection through 

cross-contamination of ready-to-eat foods by the raw chicken became 2.1×10-5 (95% 

CI, 1.8×10-5 to 2.4×10-5) per meal when all consumers separated the cutting for raw 

and cooked foods. 

The mean risk of NTS infection per meal through cross-contamination of ready-

to-eat foods by the raw chicken became 3.2×10-5 (95% CI, 2.7×10-5 to 3.7×10-5) after 

all consumers used detergents to clean their cutting boards. 

In the context that the NTS contamination in retail raw chicken was reduced to 

below non-detectable level (<1.5 MPN/100g), and that all residents changed the 

cutting board to cut ready-to-eat food and cleaned the board with detergent after 

cutting raw chicken, the results suggested that the mean risk of NTS infection per 

meal through cross-contamination of ready-to-eat food in the kitchen by raw chicken 

was 1.3×10-5 (95% CI, 1.1×10-5 to 1.6×10-5). 

In the context that the NTS contamination in retail raw chicken was reduced to 

below non-detectable level (<1.5 MPN/100g), and that all residents changed the 

cutting board to cut ready-to-eat food and/or cleaned the board with detergent after 

cutting raw chicken, stored chicken under refrigerated or frozen condition after 

purchase and before cooking, and washed hands with soap products and knives with 

detergent after cutting chicken, the average risk of NTS infection per meal through 
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cross-contamination of ready-to-eat food by raw chicken was 1.1×10-5 (1.0×10-5-

1.3×10-5). 

9. Conclusions and Recommendations 

The monitoring results found that about half of whole chicken samples at the 

retail stage were positive in NTS tests. The mean risk of developing NTS infection 

through cross-contamination in the kitchen via raw chicken was 5.8×10-5 (95% CI, 

4.9×10-5 to 7.2×10-5) in China. In the context that the NTS contamination in retail raw 

chicken was reduced to below non-detectable level (<1.5 MPN/100g), or that 

consumers separated the cutting boards for raw and cooked foods after cutting raw 

chicken or used detergent to clean the boards when there was no separation, the risk 

of NTS infection in the population was reduced by 53%, 65% and 46%, respectively, 

and the specific measures proposed are as follows: 

1) NTS contamination was detected in about half of the whole chicken samples at 

retail in China, and the rate of NTS contamination was significantly higher in frozen 

chicken at retail than in whole chickens slaughtered freshly and then frozen, and 

higher in unpackaged raw chicken than in packaged raw chicken, suggesting that NTS 

contamination or cross-contamination exists at retail. Therefore, the process 

management of raw chicken storage at retail should be strengthened, and good 

manufacturing practices should be developed to reduce NTS contamination or cross-

contamination in raw chicken meat. 

2) Proper hygiene practices in the kitchen, such as separating the cutting boards 

for raw and cooked foods or using detergents to clean the cutting boards, are of 

importance in reducing the risk of NTS infection through cross-contamination. 

Therefore, food safety risk communication and health education should be 

strengthened to raise public awareness of food safety in the kitchen and reduce wrong 

kitchen practices. 

3) According to the results of attribution studies, raw pork has a high 

contribution to NTS foodborne illness in China, therefore, risk management of raw 

pork NTS contamination should be strengthened, and quantitative risk assessment 

should be carried out when necessary. 
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4) This quantitative risk assessment of chicken-NTS involves only two stages, i.e. 

retail and household, and the results cannot provide scientific support for the 

development of good manufacturing practices and critical control points at the 

farming and slaughtering stages. Therefore, further work should be carried out on the 

quantitative risk assessment of the whole process of chicken-NTS combinations from 

farm to household in China. 

5) China has a large geographical area, and cooking habits of people in different 

regions differ greatly, so it is important to systematically explore and construct models 

of cooking habits of people in different regions, so as to accurately evaluate the risk of 

disease, propose differentiated interventions for people in different regions, and 

effectively reduce the NTS foodborne diseases in China. 


