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Abstract
Background
Campylobacter is among the leading causes of foodborne zoonotic disease worldwide, with chicken meat accounting for the majority of human illnesses. This baseline study generates the first quantitative data for Campylobacter contamination in the United Arab Emirates chicken meat. Such data will help inform risk analysis and develop evidence-based food safety management.

Methods
For a year, chilled whole chicken carcasses (n = 315) belonging to seven different companies were collected from retail supermarkets. According to standard methods, Campylobacter enumeration was achieved by a direct plating in all chicken samples, and isolates were confirmed using multiplex PCR.

Results
Campylobacter spp. were recovered from 28.6% (90/315) of the samples. Campylobacter enumeration results indicated that 71.4% of the tested samples were contaminated with < 1 log10 CFU (colony-forming units)/g, and 7% were contaminated with ≥3 log10 CFU/g. The mean Campylobacter concentration was 2.70 log10 CFU/g, with a standard deviation of 0.41 log10 CFU/g. Campylobacter counts varied significantly in relation to the sourcing chicken processing companies. Six out of the seven surveyed companies provided Campylobacter positive samples. Moreover, significantly higher (p-value< 0.0001) counts were found to be associated with smaller size chicken carcasses (weighted 600–700 g; compared to the other categories, 800 g and 900–1000 g). Interestingly, C. coli was present in 83% of the positive samples, while C. jejuni was only detected in 6.4% of the samples. Compared with studies from other countries utilizing the same enumeration method, the UAE chicken appears to have a lower prevalence but a higher Campylobacter count per gram of carcasses. Higher Campylobacter counts were significantly associated with smaller carcasses, and C. coli was the dominant species detected in this study’s samples.

Conclusion
These results add to our understanding of the local, regional and global epidemiology of Campylobacter in chicken meat. Outputs of the current study may aid in developing a risk assessment of Campylobacter in the UAE, a country among the biggest per capita consumption markets for chicken meat worldwide.
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Introduction
Campylobacter is among the leading bacterial pathogens causing human diarrheal illnesses worldwide, with an estimated 96 million foodborne illness cases per year (Majowicz et al. 2020). Campylobacter jejuni and Campylobacter coli are the most commonly implicated species in human cases, with an infectious dose as small as a few hundreds of such bacteria (Lopes et al. 2021). Campylobacter inhabits the gut flora of domestic poultry and could be transferred to carcass during slaughter processing and further on to retail chicken meat. Improper handling and undercooking of chicken are factors known to increase the exposure of humans to Campylobacter (Lopes et al. 2021; Majowicz et al. 2020).
Quantitative baseline studies of Campylobacter contamination in foods presented in retail markets are important for informing risk assessment and management (Stella et al. 2017). C. jejuni and C. coli cannot grow at refrigerated or room temperature; hence, research on the counts of Campylobacter on chicken presented at the retail level will insight a baseline evidence on one of the critical venues for foodborne infection among the public (Lopes et al. 2021). Additionally, quantitative data could guide the chicken meat processors to verify their process hygiene performance. Campylobacter enumeration data are crucial to better quantify the human exposure risk and evaluate relative reduction options for such risk (Habib et al. 2019). Previous studies estimated that a 2-log decline in Campylobacter loads on chicken meat could reduce campylobacteriosis infection incidence in humans by around thirty-fold (Rosenquist et al. 2003).
In the Gulf Cooperation Council (GCC) nations, 2–28% of human diarrheal cases are attributed to infection with Campylobacter (Kaakoush et al. 2015). Nevertheless, there are minimal surveillance studies for Campylobacter at the human-animal-food interface across the GCC nations. Worldwide, the United Arab Emirates (UAE) is among the leading countries in consuming chicken meat (~ 60 kg/capita per year) (USDA (United States Department of Agriculture) 2021). In the UAE, most broiler businesses are based in the Emirate of Abu Dhabi (encompassing three jurisdictions; Abu Dhabi Region, Al Ain Region, and Al Dhafra Region), as it accounts for more than 70% of the agricultural production in the UAE. The broiler industry has been expanding in the recent years in the UAE, and is foreseen as a promising sector to improve the country’s food security (USDA (United States Department of Agriculture) 2021).
Nevertheless, the prevalence and enumeration data of Campylobacter contamination status in chicken meat are unavailable in the UAE (Habib et al. 2021). Such data are in high demand to fill a gap in the risk assessment of Campylobacter in one of the biggest per capita consumption markets for chicken meat worldwide. In this study, we conducted the first baseline study of Campylobacter spp. contamination loads in chilled whole chickens retailed in the UAE during 2021. Then, we evaluated the potential role of both producer and weight of the carcass on the resulting loads of the Campylobacter on chicken. We also evaluated the frequency of C. jejuni and C. coli, the most important species of thermotolerant Campylobacter impacting public health and food safety, among the isolates generated from whole chicken carcasses. The present baseline data offer novel insight into the status of Campylobacter in the GCC countries and adds to the global understanding of the epidemiology of such an important foodborne pathogen.
Materials and methods
Sampling design
The number of samples required in this study was calculated assuming a Campylobacter-prevalence of 50%, with the desired confidence level of 90% and a 5% margin of error. In total, 315 samples were collected from March to December 2021 (spread over 10 months). The samples were obtained on two occasions per month, and around 15 whole chicken carcasses were purchased per each (~ 30 samples per each month) from various supermarkets (n = 26). We adopted a targeted sampling approach (after consultation with producers and local food control authorities) that involved retail samples from seven different companies (brands), of which the three biggest local companies, supplying more than 75% of the UAE distribution chains of chilled carcasses, are included. Six of the seven companies (brands) are UAE-based producers operating through processing facilities across Dubai, Al Ain and Abu Dhabi (Table 1); chicken meat produced from these companies is presented throughout the UAE-wide retail supermarkets. One of the seven companies (company F) is supplied from neighboring Saudi Arabia. All seven brands are from conventional production systems (none were organic).Table 1Detection and average counts of Campylobacter in 315 chilled whole chicken carcasses sampled from supermarkets in the United Arab Emirates


	Companya
	Production and processing site
	Samples number
	No. recovered by direct plating (%)b
	Average log10 CFU/g ± SD

	A
	Abu Dhabi/Al Ain (UAE)
	52
	12 (23.1)
	2.91 ± 0.98

	B
	Al Ain (UAE)
	30
	3 (10.0)
	2.62 ± 0.34

	C
	Abu Dhabi (UAE)
	50
	13 (26.0)
	2.70 ± 0.42

	D
	Abu Dhabi (UAE)
	53
	20 (37.7)
	2.73 ± 0.48

	E
	Dubai (UAE)
	50
	14 (28.0)
	2.42 ± 0.34

	F
	Imported (Saudi Arabia)
	30
	0 (−)
	–

	G
	Al Ain (UAE)
	50
	28 (56.0)
	2.82 ± 0.31

	Total
	315
	90 (28.6)
	2.70 ± 0.41


aArbitrarily identification letters were assigned for each company
bNumber of carcasses with ≥ the quantification limit (1 log10 CFU/g) for direct plating methods



All samples were collected from chilled supermarkets display, where all the carcasses were packed and labeled by brand. The samples were presented as sealed aerobically packaged units, and the on-label carcass weight for 268 of the 315 tested samples was recorded only based on the weight indicated on the label. Samples were shipped for testing on the same day in chilled containers (with ice bricks (6–8 °C)) to the Veterinary Public Health Research Laboratory at the United Arab Emirates University. All laboratory testing was completed within six hours of sampling.
Isolation and enumeration of Campylobacter
                        
Standard Campylobacter enumeration was done in concordance with the ISO 10272:2006 methods (Habib et al. 2011; Jacobs-Reitsma et al. 2019). For the tested whole carcasses, the sample was excised from the neck skin. Neck skin is one of the most positive carcass sites for detecting Campylobacter (Baré et al. 2013). Enumeration of Campylobacter in neck skin samples has been previously recommended by several baseline studies (Baré et al. 2013; Habib et al. 2008).
A 10 g of neck skin was mixed with 90 mL (nine volumes) of 0.1% peptone water (Oxoid, Basingstoke, England) and homogenized for 1 min in a bag-mixer blender. From this sample homogenate (10− 1), a volume of 1 mL was spread plated (0.3, 0.3, 0.3, and 0.1 mL) over four modified charcoal cefoperazone deoxycholate agar plates (mCCDA) (Oxoid, Basingstoke, England). The enumeration procedures of Campylobacter using 1 mL of the initial homogenate over 3 or 4 plates has been utilized by several studies in order to improve the chance of Campylobacter enumeration, notably when the samples carry low loads (Habib et al. 2019). A further (10− 2) serial dilution was done in peptone water, of which 0.1 mL was spread over the surface of mCCDA. Plates were incubated micro-aerobically by introducing sachets of CampyGen (Oxoid) in a rectangular jar (2.5 L capacity). All plates were incubated at 41.5 °C and counted after 48 h.
Confirmation and species identification
Based on colony morphology, up to five suspected colonies per sample were re-streaked on mCCDA and further incubated micro-aerobically for 24 h at 41.5 °C. DNA was extracted from overnight culture using a kit according to the manufacturer’s instructions (Wizard® Genomic DNA Purification Kit (Promega, USA)). Campylobacter genus and the thermo-tolerant species of C. jejuni and C. coli were identified with multiplex PCR assay targeting 16S rRNA, mapA, and ceuE genes utilizing primers and conditions recommended by Denis et al. (1999). The amplification reactions were carried out using a polymerase chain reaction (PCR) thermocycler (QIAamplifier 96, Qiagen, Germany) with an initial denaturation at 95 °C for 10 min, followed by 35 cycles of denaturation at 95 °C for 30 s, an annealing step at 59 °C for 1.5 min, and an extension step at 72 °C for 1 min, and the last extension step at 72 °C for 10 min. PCR products were run on 1.5% agarose gel electrophoresis at 110 V for 30 min and then visualized using the GelDoc-Go Imaging System (BioRad, USA). The product size of 800 bp and 589 bp was interpreted as C. jejuni positive, and the product size of 800 bp and 462 bp was interpreted as C. coli positive.
Analysis of data
Enumeration results of Campylobacter on whole chicken carcasses were reported as the number of CFU (colony-forming units) per gram (g). Enumeration data were transformed to a base-ten logarithmic scale to approximate the data to normality. The tested chicken carcasses were assumed to be clustered within the sourcing processors; hence for comparing variation across processing companies and across the different categories of carcasses weight (based on the weight indicated on the label), we used the random-effects Poisson regression model (xtpoisson) for handling counts data (CFU/g), and random-effects logistic regression model (xtlogit) procedures for presence/absence results. Differences with P values less than 0.05 were considered significant. All analyses were done using the STATA software, version 16.0 (STATA Corporation. 2020). Enumeration results presented a skewed distribution, and a negative binomial model was applied in the case of enumeration data with an evident extra-Poisson variation.
Results and discussion
Overall Campylobacter recovery and enumeration
Campylobacter isolates were recovered from 28.6% [90/315] (95% confidence interval: 23.6%;33.9%) of the tested retail whole chicken carcasses. The average overall Campylobacter count was 2.70 log10 CFU/g, with a standard deviation of 0.41 log10 CFU/g (Table 1). The count data presented with a left-skewed frequency distribution, where 71.4% of the carcasses were contaminated with < 1 log10 CFU/g (below the quantification limit) (Fig. 1). On the other hand, 21.6% of the carcasses exhibited a count range of ≥1 log10 to < 3 log10 CFU/g and 7% of the tested carcasses were contaminated with Campylobacter loads of ≥3 log10 CFU/g (Fig. 1).[image: ]
Fig. 1Distribution frequency of the counts of Campylobacter recovered from 315 chicken carcasses sampled from supermarkets in the United Arab Emirates


The findings from this baseline study provide the first published investigation on the status of Campylobacter in chilled chicken meat sold in supermarkets in the UAE. Lower recovery of Campylobacter in chicken carcasses was observed in our study (28.6%) compared to results from neighboring countries, such as Qatar (36.5%) and Saudi Arabia (52.2%) (Abu-Madi et al. 2016; Alarjani et al. 2021). In this study, 71.4% of the tested chicken carcasses were contaminated with Campylobacter at a level below 1 log10 CFU/g (the quantification limit for the designated direct plating method). Such finding is comparable with counts data of Campylobacter spp. in chicken carcasses in a comprehensive survey done in the U.S.A (74% (n = 2400)) and considerably larger than what was concluded in a recent study on Halal chicken slaughtered in UK, where 49.6% of whole carcasses (n = 405) had Campylobacter of < 1 log10 CFU/g (FSIS (Food Safety and Inspection Service) 2008; Royden et al. 2021). It is likely that the recovery of Campylobacter from retail chicken using direct plating to become lower as the bacterial loads fall below the quantification limit of such a method (Oyarzabal et al. 2007). Given that the Campylobacter contamination level revealed in this study is frequently below 10 CFU per g, the use of a selective enrichment method in parallel to direct plating could be justifiable in future studies in the UAE context.
Comparing the UAE Campylobacter situation with the international context
The enumeration data generated in this study indicate that the mean count of Campylobacter in chicken carcasses (n = 315) from the UAE retails was 2.70 log10 CFU/g (~ 500 CFU/g) (Table 1), with 7% of the samples being contaminated with ≥3 log10 CFU/g (Fig. 1). Compared to our results, a study in the UK found that 13.8% of the neck skin of Halal chicken carcasses (n = 265) sampled from retail had counts ≥3 log10 CFU/g (Royden et al. 2021). On the other hand, a Belgium-wide survey of Campylobacter counts in chicken meat (n = 656) showed an average of ~ 50 CFU/g (1.69 log10 CFU/g), and 11.6% of the chicken meat carried ≥2 log10 CFU/g [3]. A multi-state survey in the U.S. revealed that about 1.1% of post-chill chicken carcasses had > 2 log10 CFU/mL of carcass rinse (FSIS (Food Safety and Inspection Service) 2008). Given that exposure to a relatively low number (~ 800 cells) of ingested Campylobacter could lead to enteric illness in humans (Lopes et al. 2021), understanding the distribution range of Campylobacter counts residing in chicken carcasses should be a priority for developing evidence-based management plans for both producers and food safety bodies. The output from this study could contribute to the future optimization of a quantitative risk assessment of Campylobacter contamination at the chicken meat-human interface in the UAE.

                           Campylobacter contamination is associated with processing companies
Results in Table 1 demonstrate evident variability between the seven companies regarding the recovery of Campylobacter among their samples. All carcasses (n = 30) originating from company F were below the limit of quantification (Table 1). Using a random-effects (negative binomial) regression analysis (with company A as a reference category) for counts data, significantly lower Campylobacter counts (incidence rate ratio [IRR] = 0.34, p-value = 0.009) were associated with chicken carcasses from company E (Table 1), with none of its samples (n = 50) passed a contamination load of ≥3 log10 CFU/g (Fig. 2). Random-effects logistic regression analysis (with company A as a reference category) indicates that company G was the most significant (odds ratio [OR] = 11.4, p-value< 0.0001) in providing Campylobacter-contaminated samples (Table 1). Aligning with that, 20% of the samples belonging to company G had Campylobacter at a level of ≥3 log10 CFU/g, followed by 10% and 7.5% for companies C and D, respectively (Fig. 2).[image: ]
Fig. 2Variability, across companies, in the distributions of Campylobacter counted data in chicken carcasses sampled from supermarkets in the United Arab Emirates


Except for samples originating from one company [F], our results indicate that all other companies provided Campylobacter positive samples with a variable degree in recovery frequency and count distributions. These results possibly reflect some potential variability in the hygienic processing and quality management practices exhibited across the UAE suppliers of fresh chicken meat. Several studies have reported that bacterial contamination in chicken carcasses varies depending on processing practices and how the chickens were reared and processed (Sampers et al. 2008; Stadlmuller et al. 2017). In subsequent work, it will be investigated if and how certain processing practices could influence the Campylobacter contamination risk profile across producers in the UAE. A quantitative Campylobacter monitoring program could be of value in prioritizing a Campylobacter risk-based inspection and tracing sources of unacceptable contamination.
Carcasses weight is a potential contamination determinant
Campylobacter was recovered from 51.5% of carcasses weighted 600–700 g (n = 132), as compared to 11% and 24% of carcasses weighed 800 g (n = 82), and 900–1000 g (n = 54), respectively. The variation in Campylobacter contamination levels across carcass weight categories is presented in Fig. 3. The descriptive data were tested using a random-effects (negative binomial) regression analysis; compared to carcasses weighed 600–700 g (the reference category in the model), very significantly lower (p-value< 0.0001) Campylobacter counts were associated with chicken carcasses weighed 800 g, and also lower counts (p-value< 0.012) was evident in carcasses weighted 900–1000 g.[image: ]
Fig. 3Variability, in relation to carcasses weight (as indicated on samples’ labels), in the distributions of Campylobacter counted data in chicken carcasses sampled from supermarkets in the United Arab Emirates. The upper and lower hinges represent the 75th and the 25th percentiles, while the line in each box denotes the median value


Compared to many other countries, the demand for smaller chicken carcasses is unique in the UAE market. In the UAE, live chickens are generally slaughtered once reaching 35 days or less (USDA (United States Department of Agriculture) 2021). This practice is meant to satisfy the needs of the household consumers; generally, they prefer whole chilled carcasses that are small in size (between 0.8 to 1.3 kg) (USDA (United States Department of Agriculture) 2021). The prevalence of flock positivity is directly related to slaughter age, and reducing the slaughter age could be an effective action to reduce Campylobacter spp. prevalence in flocks. This conclusion stemmed from a baseline European study, suggesting that human campylobacteriosis would be reduced by 21% to 43% if the chicken slaughter age was reduced to 28 days (EFSA (European Food Safety BIOHAZ Panel) 2011). Additionally, van Wagenberg et al. (2016) estimated that if all flocks were slaughtered by 35 days or less, there would be a reduction in human campylobacteriosis of 10–18%. The reduced slaughter age (commonly practiced in the UAE poultry sector) might lower the overall Campylobacter recovery in retail chicken carcasses, as was indicated in this study.
In the present study, we noted that significantly higher (p-value< 0.0001) Campylobacter counts were associated with smaller size chicken carcasses (weighted 600–700 g; compared to the other categories, 800 g, and 900–1000 g) (Fig. 3). The reduced slaughter age might be associated with increasing the overall Campylobacter counts on small-sized carcasses. This might be attributed to the fact that smaller birds may lead to more carcass contamination due to gut rupture at slaughter if automated evisceration equipment is designed for larger birds (Koutsoumanis et al. 2020). It will be important in future work to investigate closely if and how certain processing practices such as carcass size and slaughter age could influence the Campylobacter contamination risk profile.
Dominance of Campylobacter coli
                        
All isolates retained from samples with countable results (n = 90; up to 5 colonies per sample) were identified by multiplex PCR as either Campylobacter jejuni or Campylobacter coli (Fig. 4). Interestingly, C. coli was the most dominant species in whole chicken carcasses sampled from retail in the United Arab Emirates. C. coli was present in 93.6% of the positive samples (n = 90), while C. jejuni was only detected in 17.0% of the positive samples. Concurrently, C. jejuni and C. coli were detected (mixed) in isolates from 10.6% of the positive samples.[image: ]
Fig. 4Multiplex PCR analysis of Campylobacter coli and Campylobacter jejuni. Campylobacter genus-specific 16S rRNA amplicons were resolved at 800 bp. Lanes 1–3, and 7–10, C. coli only (462 bp); lanes 4,5,11, C. jejuni only (589 bp); lane 6, C. coli and C. jejuni were concurrently detected. A DNA ladder (in base pairs) is shown on the left-hand edge of the gel


The dominance of C. coli in chicken carcasses from the retail stores detected in this work differs from many previous studies in other countries, where C. jejuni typically concluded as the more recovered species (Hlashwayo et al. 2021). Nevertheless, in some other survey studies, C. coli was reported to be the most prevalent species isolated from chicken meat and offals, as in some studies in Australia, Argentina, and China (Ma et al. 2014; Schreyer et al. 2022; Walker et al. 2019). In reporting antimicrobial resistance in the European Union, several countries (south and central Europe) have reported C. coli as the most prevalent species in chicken meat (EFSA (European Food Safety, European Centre for Disease, Control) 2022). Previous research indicated that C. coli in broiler intestinal tracts seems to depend on the geographical area, the age of the chicken, and antibiotic selection pressure (Henry et al. 2011; Wang et al. 2016). The dominance of C. coli in the UAE retail chicken carcasses and its impact on public health is worth investigating further in future work.
Conclusions
This study generates the first-of-its-kind data on contamination levels of Campylobacter in the UAE retailed chilled chicken carcasses. In comparison with studies from other countries utilizing the same enumeration method, our results conclude that the UAE chicken appears to have a lower prevalence but a higher Campylobacter count per gram of carcasses. Higher Campylobacter counts were significantly associated with smaller carcasses, and C. coli was surprisingly the dominant species detected in this study’s samples. Future research is needed to ascertain the influence of certain processing practices such as carcass size and slaughter age on Campylobacter contamination risk profile. The output from this study may contribute to the future setting of a quantitative risk assessment modeling approach to understand better Campylobacter risk impact in the UAE, one of the biggest per capita consumption markets for chicken meat worldwide. Given the gap in knowledge on the status of Campylobacter contamination levels in the food chain across the Gulf Cooperation Council countries, the results generated in this study add to our understanding of the local, regional and global risk profiling of Campylobacter in chicken meat.
Acknowledgments
The authors are particularly grateful to the United Arab Emirates University and Zayed Center for Health Sciences for the logistical and financial support.

Authors’ contributions
Conceptualization, I.H; Formal analysis, M.I.M and G.L; Funding acquisition, I.H, M.K and D.L; Project administration, I.H, M.K and D. L; Supervision, M.I.M and G.L; Writing – original draft, I.H; Writing – review & editing, M.I.M and G.L, M.K and D. L. All authors have read and approved the final manuscript.

Funding
The work was funded by the United Arab Emirates University (UAEU)-Asian University Alliance (AUA) grant number 12R009. The grant was facilitated through the UAEU-Zayed Center for Health Sciences. The funders had no role to play in study design, data collection, analysis, publishing decisions, or manuscript preparation.

Availability of data and materials
All data generated during this study are included in the manuscript.

Declarations
Competing interests
The authors declare no conflict of interest.


References
	Abu-Madi M, Behnke JM, Sharma A, Bearden R, Al-Banna N (2016) Prevalence of virulence/stress genes in Campylobacter jejuni from chicken meat sold in Qatari retail outlets. PLoS One 11:e0156938. https://​doi.​org/​10.​1371/​journal.​pone.​0156938CrossrefPubMedPubMedCentral

	Alarjani KM, Elkhadragy MF, Al-Masoud AH, Yehia HM (2021) Detection of Campylobacter jejuni and Salmonella typhimurium in chicken using PCR for virulence factor hipO and invA genes (Saudi Arabia). Biosci Rep 41. https://​doi.​org/​10.​1042/​BSR20211790

	Baré J, Uyttendaele M, Habib I, Depraetere O, Houf K, De Zutter L (2013) Variation in Campylobacter distribution on different sites of broiler carcasses. Food Control 32:279–282. https://​doi.​org/​10.​1016/​j.​foodcont.​2012.​11.​011Crossref

	Denis M, Soumet C, Rivoal K, Ermel G, Blivet D, Salvat G, Colin P (1999) Development of a m-PCR assay for simultaneous identification of Campylobacter jejuni and C. coli. Lett Appl Microbiol 29:406–410. https://​doi.​org/​10.​1046/​j.​1472-765x.​1999.​00658.​xCrossrefPubMed

	EFSA (European Food Safety BIOHAZ Panel) (2011) Scientific opinion on Campylobacter in broiler meat production: control options and performance objectives and/or targets at different stages of the food chain. EFSA J 9(4):141. https://​doi.​org/​10.​2903/​j.​efsa.​2011.​2105Crossref

	EFSA (European Food Safety, European Centre for Disease, Control) (2022) The European Union summary report on antimicrobial resistance in zoonotic and indicator bacteria from humans, animals and food in 2019-2020. EFSA J 20:e07209. https://​doi.​org/​10.​2903/​j.​efsa.​2022.​7209Crossref

	FSIS (Food Safety and Inspection Service) (2008) The Nationwide microbiological baseline data collection program: young chicken survey July 2007-June 2008. U. S. Department of Agriculture, Washington DC Available via https://​www.​fsis.​usda.​gov/​sites/​default/​files/​media_​file/​2020-07/​Baseline_​Data_​Young_​Chicken_​2007-2008.​pdf. Accessed 10 June 2022

	Habib I, Coles J, Fallows M, Goodchild S (2019) A baseline quantitative survey of Campylobacter spp. on retail chicken portions and carcasses in metropolitan Perth, Western Australia. Foodborne Pathog Dis 16:180–186. https://​doi.​org/​10.​1089/​fpd.​2018.​2554CrossrefPubMed

	Habib I, Mohamed MI, Khan M (2021) Current state of Salmonella, Campylobacter and Listeria in the food chain across the Arab countries: a descriptive review. Foods 10. https://​doi.​org/​10.​3390/​foods10102369

	Habib I, Sampers I, Uyttendaele M, Berkvens D, De Zutter L (2008) Baseline data from a Belgium-wide survey of Campylobacter species contamination in chicken meat preparations and considerations for a reliable monitoring program. Appl Environ Microbiol 74:5483–5489. https://​doi.​org/​10.​1128/​AEM.​00161-08CrossrefPubMedPubMedCentral

	Habib I, Uyttendaele M, De Zutter L (2011) Evaluation of ISO 10272:2006 standard versus alternative enrichment and plating combinations for enumeration and detection of Campylobacter in chicken meat. Food Microbiol 28:1117–1123. https://​doi.​org/​10.​1016/​j.​fm.​2011.​03.​001CrossrefPubMed

	Henry I, Reichardt J, Denis M, Cardinale E (2011) Prevalence and risk factors for Campylobacter spp. in chicken broiler flocks in Reunion Island (Indian Ocean). Prev Vet Med 100:64–70. https://​doi.​org/​10.​1016/​j.​prevetmed.​2011.​03.​007CrossrefPubMed

	Hlashwayo DF, Sigauque B, Noormahomee EV, Afonso SMS, Mandomando MM, Bila CG (2021) A systematic review and meta-analysis reveal that Campylobacter spp. and antibiotic resistance are widespread in humans in sub-Saharan Africa. PLoS One 16. https://​doi.​org/​10.​1371/​journal.​pone.​0245951

	Jacobs-Reitsma WF, Jongenburger I, de Boer E, Biesta-Peters EG (2019) Validation by interlaboratory trials of EN ISO 10272 - microbiology of the food chain - horizontal method for detection and enumeration of Campylobacter spp. - part 2: Colony-count technique. Int J Food Microbiol 288:32–38. https://​doi.​org/​10.​1016/​j.​ijfoodmicro.​2018.​05.​008CrossrefPubMed

	Kaakoush NO, Castano-Rodriguez N, Mitchell HM, Man SM (2015) Global epidemiology of Campylobacter infection. Clin Microbiol Rev 28:687–720. https://​doi.​org/​10.​1128/​CMR.​00006-15CrossrefPubMedPubMedCentral

	Koutsoumanis K, Allende A, Alvarez-Ordonez A, Bolton D, Bover-Cid S, Davies R, De Cesare A, Herman L, Hilbert F, Lindqvist R (2020) Update and review of control options for Campylobacter in broilers at primary production. EFSA J 18(4):6090. https://​doi.​org/​10.​2903/​j.​efsa.​2020.​6090Crossref

	Lopes GV, Ramires T, Kleinubing NR, Scheik LK, Fiorentini AM, Padilha da Silva W (2021) Virulence factors of foodborne pathogen Campylobacter jejuni. Microb Pathog 161:105265. https://​doi.​org/​10.​1016/​j.​micpath.​2021.​105265CrossrefPubMed

	Ma L, Wang Y, Shen J, Zhang Q, Wu C (2014) Tracking Campylobacter contamination along a broiler chicken production chain from the farm level to retail in China. Int J Food Microbiol 181:77–84. https://​doi.​org/​10.​1016/​j.​ijfoodmicro.​2014.​04.​023CrossrefPubMed

	Majowicz SE, Panagiotoglou D, Taylor M, Gohari MR, Kaplan GG, Chaurasia A, Leatherdale ST, Cook RJ, Patrick DM, Ethelberg S (2020) Determining the long-term health burden and risk of sequelae for 14 foodborne infections in British Columbia, Canada: protocol for a retrospective population-based cohort study. BMJ Open 10:e036560. https://​doi.​org/​10.​1136/​bmjopen-2019-036560CrossrefPubMedPubMedCentral

	Oyarzabal OA, Backert S, Nagaraj M, Miller RS, Hussain SK, Oyarzabal EA (2007) Efficacy of supplemented buffered peptone water for the isolation of Campylobacter jejuni and C. coli from broiler retail products. J Microbiol Meth 69:129–136. https://​doi.​org/​10.​1016/​j.​mimet.​2006.​12.​011Crossref

	Rosenquist H, Nielsen NL, Sommer HM, Norrung B, Christensen BB (2003) Quantitative risk assessment of human campylobacteriosis associated with thermophilic Campylobacter species in chickens. Int J Food Microbiol 83:87–103. https://​doi.​org/​10.​1016/​s0168-1605(02)00317-3CrossrefPubMed

	Royden A, Christley R, Jones T, Williams A, Awad F, Haldenby S, Wigley P, Rushton SP, Williams NJ (2021) Campylobacter contamination at retail of halal chicken produced in the United Kingdom. J Food Protect 84:1433–1445. https://​doi.​org/​10.​4315/​Jfp-20-428Crossref

	Sampers I, Habib I, Berkvens D, Dumoulin A, De Zutter L, Uyttendaele M (2008) Processing practices contributing to Campylobacter contamination in Belgian chicken meat preparations. Int J Food Microbiol 128:297–303. https://​doi.​org/​10.​1016/​j.​ijfoodmicro.​2008.​08.​024CrossrefPubMed

	Schreyer ME, Olivero CR, Rossler E, Soto LP, Frizzo LS, Zimmermann JA, Signorini ML, Virginia ZM (2022) Prevalence and antimicrobial resistance of Campylobacter jejuni and C. coli identified in a slaughterhouse in Argentina. Curr Res Food Sci 5:590–597. https://​doi.​org/​10.​1016/​j.​crfs.​2022.​03.​005CrossrefPubMedPubMedCentral

	Stadlmuller L, Matt M, Stuger HP, Komericki-Strimitzer T, Jebousek K, Luttenfeldner M, Fuchs K (2017) An operational hygiene inspection scoring system for Austrian high-risk companies producing food of animal origin. Food Control 77:121–130. https://​doi.​org/​10.​1016/​j.​foodcont.​2017.​01.​019Crossref

	Stella S, Soncini G, Ziino G, Panebianco A, Pedonese F, Nuvoloni R, Di Giannatale E, Colavita G, Alberghini L, Giaccone V (2017) Prevalence and quantification of thermophilic Campylobacter spp. in Italian retail poultry meat: analysis of influencing factors. Food Microbiol 62:232–238. https://​doi.​org/​10.​1016/​j.​fm.​2016.​10.​028CrossrefPubMed

	USDA (United States Department of Agriculture). Poultry and Products Annual. 2021. Available via https://​www.​fas.​usda.​gov/​data/​united-arab-emirates-poultry-and-products-annual-2. Accessed 12 Jan 2022

	van Wagenberg CPA, van Horne PLM, Sommer HM, Nauta MJ (2016) Cost-effectiveness of Campylobacter interventions on broiler farms in six European countries. Microb Risk Anal 2-3:53–62. https://​doi.​org/​10.​1016/​j.​mran.​2016.​05.​003Crossref

	Walker LJ, Wallace RL, Smith JJ, Graham T, Saputra T, Symes S, Stylianopoulos A, Polkinghorne BG, Kirk MD, Glass K (2019) Prevalence of Campylobacter coli and Campylobacter jejuni in retail chicken, beef, lamb, and pork products in three Australian states. J Food Protect 82:2126–2134Crossref

	Wang Y, Dong Y, Deng F, Liu D, Yao H, Zhang Q, Shen J, Liu Z, Gao Y, Wu C (2016) Species shift and multidrug resistance of Campylobacter from chicken and swine, China, 2008-14. J Antimicrob Chemother 71:666–669. https://​doi.​org/​10.​1093/​jac/​dkv382CrossrefPubMed



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Quantification of Campylobacter contamination on chicken carcasses sold in retail markets in the United Arab Emirates


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/40550_2022_95_Fig2_HTML.png
Frequency

)

I |I?|

Campylobacter count (logio CFU/g)






OEBPS/images/40550_2022_95_Fig4_HTML.png
1000

800

700

600
500






OEBPS/css/envelope.png





OEBPS/images/40550_2022_95_Fig3_HTML.png
Campylobacter count (logio CFU/g)

W eight=600-700 g

Weight=800¢g

W eight=900-1000 g

1:5






OEBPS/images/40550_2022_95_Fig1_HTML.png
Frequency
150 200 250

100

50

1

e .. =

15 2 25 3 35 4
Campylobacter count (logio CFU/g)





OEBPS/css/sidebar.gif





