



Dried meat consumed in N’Djamena and presence of pathogenic strains of Escherichia coli


Abstract
Aims : To assess the hygienic quality of dried meat and characterize pathogenic strains of E. coli.

Study design : Cross-sectional descriptive study based on analyses of collected samples and interpretations of the results.
Place and duration of study : Dried meat samples were collected from different sales point in N’Djamena from May to December 2020.

Methodology : Escherichia coli were tested on TBX medium in accordance with ISO 16649-3: 2005. API®20E galleries 20100 CE were used for biochemical identification of isolated Escherichia. Conventional PCR was used to identify the virulence genes of Escherichia coli responsible for food borne diseases in dried meet consumers.  

Results: The results revealed that E. coli was 47.5% from total strains bacteria. About the analysis, 40% of the E. coli isolates carried the stx1 gene, which is responsible for hemorrhagic diarrhea, and 00% of the E. coli carried the eaeA gene responsible for watery diarrhoea and gastroenteritis.

Conclusion: This results demontrated the presence of virulence genes in pathogen causing bacteria strain in dried meat from N’Djamena. As a follow up from this finding an easy to used dried meat quality control manual of procedure was developed in view of preseving the health of consumers. 
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1. Introduction
Dried meat called charmout in Chad is obtained by an ancient process in Chad and represents the traditional form of meat preservation. Consumption of uncontrolled meats can expose consumers to intoxication diarrhoea, gastroenteritis, and food poisoning, causing public health problems through the presence of micro-organism (Ayalew et al., 2015).
Over 30% of the population in developed countries suffers from food born infectious diseases each year with diarrheal as a common symptom. Globally most of this food borne diseases caused by pathogens have been link to meat consumption (OMS, 2015).
Pathogenic microorganisms can contaminate meat when it is not properly handled, there are the most important foodborne pathogens (Wójcicki et al., 2022). These pathogens are involved in food poisoning and meat contamination (Tidjani et al., 2013).
Escherichia coli have been found in the meats analyzed can cause diarrhea, dysentery, food poisoning and gastroenteritis or typhoid fever (Obeng et al., 2013).
Diarrhoea caused by E. coli is widespread particularly among young children in developing countries. E. coli has been identified as the leading cause of food-borne illness worldwide.
Meats can be a simple vehicle for micro-organisms, or the medium of micro-organism multiplication that can reach a dangerous consumption level (Tafida et al., 2014).
The severity of the adverse effects caused to public health by pathogenic micro-organisms originating from meats is important. In the United States, the Center for Disease Control estimates that Escherichia coli is responsible for health problems in over 70,000 people each year, whose main incriminating foods are meat, water, unpasteurized dairy products and foods eaten raw (Raoul et al., 2015).
A study of meat from slaughterhouses in India showed that 5% of samples analyzed (300) contained Salmonella, 6.66% contained more Staphylococcus, and 7.33% had more Escherichia coli (Pradeep et al., 2014). The presence of E. coli in meat has been attributed to contamination by the faeces of infected animals or to poor hygiene practices during meat handling (Prince et al., 2014).
Shiga-toxin-producing stx of Escherichia coli, have the denomination STEC, shiga-toxin-producing, are infectious agents responsible for haemorrhagic diarrhoea (Julien, 2004).
Reservoirs are mainly cattle, sheep, goats and camels.   
In addition, the attachment lesions that characterize enteropathogen infection are caused by the eae gene of E. coli, responsible for watery diarrhea and gastroenteritis through attachment lesions (Pradeep et al., 2014). Enteropathogenic E. coli (EPEC) strains are responsible for watery diarrhea and infantile gastroenteritis.

2. Material and methods
2.1 Location of the Study and Sampling 
2.1.1 Location and period of study
Dried meat samples were collected from different sales point in N’Djamena from May to December 2020 and analyzed in the laboratory of Public Health Biotechnologies of the Biotechnology Center of the University of Yaounde 1.

2.1.2 Sampling
A total of forty (40) samples of dried meat collected. Thus, 10 Escherichia strains were used by young cultures, after isolation on nutrient agar for 24h.

2.2 Microbiological Analysis
Escherichia coli were tested at 44°C for 24h on TBX medium (Tryptone Bile X-glucuronide agar) in accordance with ISO 16649-3: 2005.
Ready-to-use Biomerieux API®20E galleries 20100 CE were used for biochemical identification of isolated Escherichia.

2.3. Polymerization chain reaction (PCR) of E. coli strains DNA material

Extraction of total genomic DNA

[bookmark: _Hlk152051695]Chelex-100 rasine method was used to directly extract DNA from the bacterian culture reisolated (24 h) on nutrient agar. The extracted DNA was used to amplified the targeted genes.
We isolated, extracted and analyzed DNA using conventional PCR to identify pathogenic strains of Escherichia coli isolated. Conventional PCR targeting the virulence genes stx1, and eae was performed by using primers.

Amplification of Targeted Genes:
Conventional PCR was carried out by the Thermocycler to identify the genes.
For the amplification of the stx1 gene the predenaturation was done at 95°C, for 15 minutes; followed by 35 cycles of denaturation at 95°C for 45 seconds; annealing at 55°C, for 45 seconds, elongation at 68°C for 2 minutes and termination at 72°C for 5 minutes (Nicoline et al., 2015).
As concerns the amplification of the eaeA gene, predenaturation was done at 93°C, for 5 minutes followed by 35 cycles of denaturation at 93°C for 1 minute, annealing at 65°C for 30 seconds, elongation in 2 minutes at 72°C and termination at 75°C, for 10 minutes. 
The electrophoresis machine used to 100 volts and gel electrophoresis was used to visualized and identify the amplified genes (Khatib et al., 2015). Esherichia coli ATCC 25922 strains from the University of Bologn (Italy) was used for the control.

Results and discussions 
The results of the isolation of E. coli strains by biochemical tests or Biomérieux API®20E identification strips are presented in Tables I and II.
Table I : E. coli profile for urease and Kligler tests.
	Bactérie 
	Uréase
	Lactose
	Glucose
	Gaz
	H2S

	E. coli 
	-
	+
	+
	+
	-



In this table I, E. coli test positive for lactose, glucose and gas production.  


[bookmark: _Toc499551137][bookmark: _Toc499551322]Table II : Results of the Enterobacteriaceae identification system using the API 20E gallery.  
	Bacteria identified (n= 40) 
	Percentage of bacterial strains

	Escherichia coli 
	  (19/40) 47.5

	Salmonella spp
	  20

	Enterobacter
	10

	Citrobacter
	   5

	Klebsiella
	   5   

	Erwinia
	   2.5

	Hafnia
	   2.5

	Indéterminée
	  7.5



[bookmark: _Hlk499695993]Table II shows the results of the Enterobacteriaceae identification system (API 20E strips galeries), for identified bacteria, Escherichia coli were the most numerous. The percentage of E. coli found on strains bacteria was 47.5%. The other bacteria were also obtained from API 20E galleries.
Prevalence of amplified virulence genes for ten (10) isolated Esherichia coli strains :
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Figure 1 : Profile of PCR products of the stx1 gene of Esherichia coli.
Legend : M : 100 bp marker ; PC : Positive control (Esherichia coli ATCC 25922) ; NC: Negative control; samples number 2, 5, 7 and 10 carry the stx1 gene; samples 1, 3, 4, 6, 8 and 9 are negative. 
E. coli (ATCC 25922) was also used as a positive control for the stx1 gene by Ollo et al, (2017), and Shahrani et al, (2014). For 10 E. coli strains isolates analyzed, 4 samples carry the stx1 gene.
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Figure 2 : Profile of PCR products of the eaeA gene of Esherichia coli.
Legend : M: 50 bp marker; NC: Negative control; all samples number 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 are negative for the eaeA gene because there are no bands between 300 and 400 bp. The eaeA gene causing enteropathogenic lesions is absent.
Table III : Prevalence of amplified virulence genes.
	Pathogen isolated
	Gene
	Number of samples
	Positive samples
	Negative samples
	Percentage positive

	Escherichia coli
	stx1
	10
	4
	6
	40

	
	eaeA
	
	0
	10
	0


Legend : Positive sample: presence of the gene after molecular analysis; Negative sample: absence of the gene after molecular analysis.
The results in Table III show that four (4) of 10 Escherichia coli strains carry out the stx1 gene. There are no positive results for the eaeA gene for the 10 Escherichia coli strains. 
So, 40% of Escherichia coli carry the stx1 virulence gene responsible for haemorrhagic diarrhoea.


 
Discussion
In this study, E. coli (40%) of which carry the shiga-toxin gene stx1, responsible for haemorrhagic diarrhoea, corresponding to the work of Tatiane et al (2014), in Brazil, who demonstrated that 31.1% of their strains (E. coli) carry the stx1 and stx2 genes. Shridhar et al (2017), also demonstrated that 93 isolated E. coli (48.4%) were positive for the stx1 gene in samples of bovine origin in the United States. They observed a significant presence of the stx1 and stx2 genes in beef and milk. Animals could therefore represent a major source of STEC entering the food chain. The Stx gene variants pose a real public health problem, as this gene is often found in clinical isolates from patients with haemorrhagic colitis or enterohaemorrhagic infections (Gagara, 2014).
As in our study, E. coli strain ATCC 25922 was used as a positive control (Ollo et al., 2017 ; Shahrani et al., 2014), the eae gene was also not found by these authors in E. coli strain ATCC 25922 (Ollo et al., 2017).
E. coli carrying the enteropathogenic virulence gene eaeA responsible for watery diarrhoea have been detected (2.7%) of E. coli strains identified in Côte d'Ivoire. 18 The prevalence of enterovirulent E. coli in meat and milk is relatively low, 1.9% according to Nicoline et al. (2015) and 0.0% Shridhar et al, (2016). Gagara (2014), found 0.0% of E. coli strains carrying the eae and stx1 gene in frozen meat in Senegal. These results are consistents with our results obtained by the absence of the eaeA gene in the E. coli strains identified. The results for the E. coli stx virulence gene (40%) are consistent with studies by Nicoline et al (2015) on the analysis of meat samples from abattoirs in South Africa.
Microorganisms present in dried meat and meat products play an important role in determining product and process quality (Mediani et al., 2022). Many attributable factors influence microbial activity in dried meat, such as aw values, which indicate the relative moisture balance or available water ratio that provides the conditions necessary for microbial growth (Mediani et al., 2022).
According to the study by Nummer et al. (2004), E. coli contamination of dried meat also affected the health of 11 people in 1995, the meat in question being venison.
In this study by Nummer et al. (2004), the cause of contamination was also attributed to drying temperatures that were insufficient to kill bacteria. In addition, it was also reported that an experiment involving dehydrating meat at 62.8°C for 10 hours did not eliminate the E. coli O157:H7 strain inoculated into the dried meat.
Studies have shown that beef jerky that was salted before drying contained less E. coli O157:H7 after processing (Campbell et al., 2021). Salting meat with salt, sugar, and sodium nitrite increases the lethality of pathogens such as E. coli O157:H7, L. monocytogenes, and Salmonella (Nummer et al., 2004).
The absence of the eaeA virulence gene in this study demonstrates that some strains of E. coli are part of the commensal flora of the gastrointestinal tract of mammals.	               
Conclusion
In this stady, molecular analyzes showed us the presence of virulence genes in the identified pathogens (E. coli strains). The stx1 virulence gene responsible for haemorrhagic diarrhoea (40%) can cause real public health problems among consumers.
To resolve this problem, the development of a protocol for dry meat management would be a solution. Also, the extablished manual of procedure for microbia control in meat with suggestions for easy-to-apply methods, could be used for meat quality control management, in order to preserve the health of the consumer.
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