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ABSTRACT 
The safety of ready-to-eat street food is now a major public health issue. This study was conducted with the aim of raising awareness among street food consumers about Staphylococcus aureus (S. aureus) food poisoning and its impact on health. To this end, thirty (30) samples of street food across five categories of cooked dishes (Attiéké + snails, tchèpe, placali + palm sauce, foutou + palm sauce, and foutou+eggplant sauce) were collected in Williamsville (Abidjan, Côte d'Ivoire). The analyses began with inoculation, followed by counting of the microbial colonies. These colonies were isolated and then extracted, and the presumed S. aureus isolates were identified using biochemical tests. These revealed 51 staphylococcal isolates, with 82.35% belonging to the S. aureus species, of which 50% were rapid coagulase-positive strains and 50% were slow coagulase-positive strains. The microbiological loads of Placali + palm sauce (327.27 ± 12.85 cfu/g) and Foutou + eggplant sauce (513.63 ± 32.14 cfu/g), which are well above the standard criterion of 100 cfu/g, indicate that these dishes are a potential source of S. aureus-based pathology. Of the thirty samples (30), the majority (twenty-eight, or 93.33%) comply with microbiological quality standards, while very few (two samples, or 6.67%) do not comply. Good hygiene and food manufacturing or production practices must be followed in order to prevent or minimize contamination by Staphylococcus aureus.
Keywords : S. aureus, street food, hygiene, food safety, isolates
1. INTRODUCTION
Street food offers consumers the opportunity to eat at a lower cost and is part of the daily eating habits of millions of city dwellers in large cities in these countries (FAO, 2014). Its safety has become a global concern despite the many efforts made by health and hygiene organizations (Ackah et al., 2011). Foodborne infections are common in poor countries and remain a constant risk in rich countries despite their effective surveillance and treatment services (Chenouf et al., 2014). These foods are unfit for human consumption because they contain high levels of pathogenic microbes and other harmful physicochemical substances that poison consumers and cause acute or chronic diseases (WHO, 2021). The WHO (2021) estimates that more than 2 million deaths per year are caused solely by the consumption of food and water of insufficient hygienic and sanitary quality. Food contamination therefore remains a real and ongoing risk, especially in cities where this risk is closely linked to the consumption of street food (Akhtar et al., 2012 ; Nyenje et al., 2012). Several cases of food poisoning have been reported around the world. This was the case in the United States, where melons contaminated with Listeria caused the deaths of 13 people and hospitalized 59 others. In Côte d'Ivoire, food poisoning due to contaminated porridge caused 17 deaths in Bongouanou in November 2008. This was also the case with more than six deaths and dozens of hospitalizations following the consumption of contaminated water and food in May 2012 in Adiaké and September 2012 in Abengourou (Bamba, 2012 ; Djè & Ekoumano, 2012). All these types of poisoning can have several causes : physical, chemical, and/or microbiological. While physical and chemical infections can be easily prevented through good hygiene practices, those related to microbes are more difficult to avoid. This is because these microbes are living organisms and are therefore found in organic matter, in this case food, which becomes contaminated as a result (Djè & Ekoumano, 2012). Thus, the ingestion of microbes or their toxins can lead to more or less serious malfunctions in the body. This is the case with X (Listeria), Y, and Staphylococcus (Baba-Moussa et al., 2010). Staphylococcus bacteria involved in collective food poisoning (CFP) are frequently isolated from the environment in which cooked street food is processed, transported, and sold (Barro et al., 2006). The health significance of Staphylococcus or its toxins can be explained by the fact that its ingestion can cause the consumer's body to malfunction, leading to digestive infections (Baba-Moussa et al., 2010). Symptoms generally manifest as vomiting, diarrhea, and severe abdominal pain in humans. Staphylococcus is also an environmental bacterium due to its presence on surfaces, equipment, animal fur, human skin, and mucous membranes (Joubert et al., 2005). Staphylococcus strains described as part of everyday human life are unfortunately involved in superficial skin and mucous membrane infections such as folliculitis, boils, impetigo, sinusitis, and otitis, which are the most common. They are also present in deep and complex infections such as lung and bone diseases, etc. (Sina et al., 2013). It has been shown that the pathogenicity of Staphylococcus aureus is expressed in three ways : either through the invasive form, the toxinogenic form, or both together (Baba-Moussa et al., 2006b). In Côte d'Ivoire, and mainly in Williamsville, street food is of paramount importance. However, it is wrong to assume that this food is most often sold in unsanitary conditions. Williamsville, a sub-district of the city of Abidjan, is a case in point. In fact, hygiene conditions in this neighborhood are poor, which can promote the growth of certain microorganisms. Therefore, consuming food from the streets of Williamsville could lead to infections. The overall objective of the study is to draw the attention of street food consumers to S. aureus foodborne infections and their impact on health.
2. MATERIALS AND METHODS

2.1. Sampling
A total of thirty (30) food samples consisting of cooked dishes sold on the streets were collected through purchase for this study. These included Attiéké + snails (06), Placali + palm sauce (06), Tchèpe (06), Foutou + palm sauce (06) and Foutou + eggplant sauce (06). The samples were grouped into collections (C). For each sample (P), each different dish is collected. The samples were collected in bags, then stored in a cooler containing ice packs before being transported to the laboratory for analysis (Table 1). 
Table 1.	Number of samples per sampling and per cooked dish
	Samples (P)
	Attiéké + snail
	Tchepe
	Placali + palm sauce
	Foutou + palm sauce
	Foutou + eggplant sauce
	Total
Samples

	P1
	1
	1
	1
	1
	1
	5

	P2
	1
	1
	1
	1
	1
	5

	P3
	1
	1
	1
	1
	1
	5

	P4
	1
	1
	1
	1
	1
	5

	P5
	1
	1
	1
	1
	1
	5

	P6
	1
	1
	1
	1
	1
	5

	Total
	6
	6
	6
	6
	6
	30



2.2. Preparation of the Stock Suspension and Decimal Dilutions
A 10 g quantity of each sample is weighed using a balance (KERN) and then placed in an Erlenmeyer flask. A volume of 90 mL of Buffered Peptone Water was added. The mixture is homogenized for 1 minute to obtain the stock suspension. This suspension is allowed to stand for 30 minutes to revive the microorganisms at room temperature. Subsequently, a quantity of 1 mL of the stock suspension is withdrawn and introduced into a first test tube containing nine (0.9) mL of previously prepared and sterilized tryptone salt. Another 1 mL quantity is withdrawn from the first tube and introduced into a second tube also containing 9 mL of sterile tryptone salt. This operation continued until the desired dilution was obtained (NF EN ISO 6887-1. (2017))
2.3. Inoculation, Counting, and Incubation
0.1 mL of each decimal dilution was placed in a Petri dish containing 20 mL of previously prepared and poured agar. The 0.1 mL was then spread over the agar surface using a sterile spreader. The inoculated plates were incubated for 24 to 48 hours at 37°C for the detection and enumeration of Staphylococcus aureus. We considered the count significant when the number detected organisms per plate was between 15 and 150 colonies (NF EN ISO 6888/1. (2021))
2.4. Extraction and Purification of Presumptive Staphylococcus aureus Isolates
Approximately three presumptive S. aureus isolates were selected and extracted using a platinum loop per sample. A total of 51 presumptive isolates were purified. These were colonies with black centers and clear halos around them. Isolation was performed on nutrient agar. Colonies selected from the various Petri dishes were subcultured onto the nutrient agar and incubated at 37°C for 24 hours. These young colonies were used for biochemical tests (NF EN ISO 6888/1. (2021)).
2.5. Biochemical Identification of Presumptive Staphylococcus aureus Isolates
To do this, young colonies cultured 24 hours ago were used and several tests were performed. These included catalase and oxidase detection. Gram staining allowed us to determine the shape of the bacteria and their affinity for dyes. Staphylocoagulase and DNase detection were also performed. Mannitol fermentation on Chapman medium was performed to separate S. aureus from other species that do not ferment mannitol (Kateete et al., (2010)).
3. RESULTS AND DISCUSSION
3. 1. Results
3.1.1. Staphylococcus aureus Microbial Loads
Microbiological analyses revealed the presence of Staphylococcus aureus in the various foods analyzed. These microorganisms were present with loads ranging from 0.0±0.00 to 513.63±32.14 cfu/g. Of the five (05) foods analyzed, only two (02) foods (Placali palm sauce and Foutou + eggplant sauce) expressed loads exceeding standard of 102 cfu/g. The colony count gave a load that varies from 36.36±0.00 to 57.27±3.86 cfu /g for Attiéké + snail, a load of 10.00±0.00 to 113.63±6.43 cfu /g for Tchèpe, a load of 10.00±0.00 to 327.27±12.85 cfu /g for Placali + seed sauce, a load of 14.09±5.78 to 199.99±12.86 cfu /g for Foutou + palm sauce and a load of 10.00±0.00 to 513.63±32.14 cfu /g for Foutou + eggplant sauce. The average loads of the different foods are recorded in Table 2.
Table 2.	 Microbial loads of samples from food sold near Williamsville streets
	
	Average microbial loads of foods in CFU/g

	Samples
	Attiéké + snail
	Tchepe
	Placali palm  sauce 
	Foutou +  palm  sauce
	Foutou + eggplant sauce

	P1
	57,27±3,86b
	113,63±6,43c
	18,18±0,00a
	36,36±0,00a
	19,09±1,29a

	P2
	0,00±0,00a
	33,18±4,49a
	327,27±12,85b
	199,99±12,86c
	0,00±0,00a

	P3
	0,0±00,00a
	0,00± 0,00a
	10,00±0,00a
	14,09±5,78a
	10,00±0,00a

	P4
	36,36±0,00a
	54,54±12,85b
	10,00±0,00a
	23,63±5,14a
	513,63±32,14b

	P5
	0,00±0,00a
	10,00±0,00a
	10,00±0,00a
	72,72±12,85b
	10,00±0,00a

	P6
	0,00±0,00a
	11,00±0,00a
	11,14±2,00a
	74,64±11,75b
	11,00±0,00a

	Average
	15,61±0,64
	35,22±3,96
	62,57±2,14
	57,79±6,11
	92,12±5,57

	Microbiological Criteria
	102 ufc/g


The average charges accompanied by the same superscript letter do not differ significantly from one another. 
3.1.2. Conformity of S. aureus laden street food samples
After analyzing the thirty (30) samples, twenty-eight (28) samples were compliant with microbiological quality, or 93.33%, and two (02) samples were non-compliant, or 6.67%. The microbiological quality percentages are shown in Table 3.
Table 3.	 S. aureus microbiological quality of the analyzed street food samples
	Microbiological quality
	Number of samples (30)
	Percentage of compliance (%)
	

	Compliant
	28 (30)
	93,33
	

	Non-compliant
	2 (30)
	06,67
	


Compliant : samples whose N loads are strictly less than the m criterion set by the standard
Non-compliant : samples whose N loads are strictly greater than the m criterion set by the standard
3.1.3. Biochemical and microscopic characteristics of S. aureus isolates
All isolates were positive for the catalase test. Except for a few isolates, the majority ferment mannitol and possess staphylocoagulase. Furthermore, there are 21 strains that clot more quickly (++) and 21 others that clot more slowly (+). They have the ability to hydrolyze DNA and use it as a carbon and energy source for their growth. They are Gram-negative cocci. On the stained smear, some bacteria are grouped in diplococci, while others are in tetrads, clustered in the form of a bunch of grapes. Among the isolates, nine do not ferment on mannitol, while 42 ferment it, causing acidification that resulted in a yellow color of the Chapman medium. Additionally, 42 isolates were confirmed as S. aureus and 9 isolates as Staphylococcus spp. (Table 4).
Table 4.	 Biochemical confirmation test for presumptive Staphylococcus aureus isolates
	Number of 1solats
	Biochemical tests
	Name of the germ identified

	
	Cat
	Oxy
	Gram
	DNase
	Man
	Staphylocoagulase
	

	21
	+
	-
	CG+
	+
	+
	++
	S. aureus

	21
	+
	-
	CG+
	+
	+
	+
	S. aureus

	09
	+
	-
	CG+
	-
	-
	-
	Staphylococcus spp


++fast coagulation, + slow coagulation, - negative coagulation
3.1.4. Prevalence of Staphylococcal Isolates in Street Food Samples
A total of fifty-one (51) staphylococcal isolates were extracted for biochemical identification. This study revealed that 82.35% of the staphylococcal isolates were of the aureus species, i.e., Staphylococcus aureus, and 17.65% were of unknown species, i.e., Staphylococcus spp. Among the strains identified as S. aureus, 50% were fast coagulase-positive strains and 50% were slow coagulase-positive strains (Figure 1).

Fig. 1. Distribution of Staphylococcus strains identified during the study
3. 2. Discussion 
This study was conducted to raise awareness among street food consumers about Staphylococcus aureus poisoning and its impact on health. It shows that street food exposed to the open air has been contaminated with S. aureus. Staphylococcus aureus is a bacterium generally vulnerable to destruction by thermal processes and disinfectants. Its presence in processed foods is generally indicative of poor hygiene. From a biochemical perspective, the results obtained highlight several characteristics typical of species of the genus Staphylococcus, and more specifically Staphylococcus aureus. The isolates obtained were catalase-positive, catalase being an enzyme that breaks down hydrogen peroxide into water and oxygen, a key property in distinguishing them from streptococci (Tan et al., 2014 ; Castro et al., 2016). In addition, the majority of isolates ferment mannitol, causing acidification of the Chapman medium with a yellow colour change, which is a reliable indicator for the detection of S aureus. In fact, 42 isolates were confirmed as S. aureus, compared to 9 identified as Staphylococcus spp. that do not ferment mannitol. The presence of S aureus is reinforced by the presence of the enzyme staphylocoagulase, an established virulence marker that promotes plasma coagulation and contributes to immune escape, as mentioned by Graham et al., 2006. Furthermore, analysis of coagulation capacity showed a distinction between fast-coagulating (++) and slow-coagulating (+) strains, suggesting enzymatic variability between isolates. With regard to morphology, as also described in the work of Castro et al., 2016, stained smears revealed different cell arrangements : diplococci, tetrads or clusters resembling bunches of grapes, a typical configuration for staphylococci. Overall, these results confirm the majority presence of Staphylococcus aureus among the isolates, with biochemical profiles consistent with the classic descriptions of this pathogenic species. At the microbiological level, asymptomatic carriage of S. aureus is considered an important factor in cross-contamination and the onset of foodborne illnesses (Graham et al., 2006). Several studies have shown that food handlers are often healthy carriers of S. aureus, particularly on the hands and nasal cavities (Kamal et al., 2013 ; Tan et al., 2014 ; Castro et al., 2016). In addition, equipment and environmental surfaces can be considered as significant sources of S. aureus contamination (Castro et al., 2016). To this end, these analyses showed that foods such as placali with palm sauce and Foutou + eggplant sauce were contaminated with S. aureus. This presence is believed to be due to contamination from human and animal sources. However, these microorganisms are sometimes present with loads exceeding the standard. In fact, a compliance rate of 93.33% was observed for 30 samples analyzed. The remaining 6.66% was observed for placali with seed sauce and Foutou + eggplant sauce. Contamination of Foutou + eggplant sauce by S. aureus could be due to contamination of the Foutou, handled by hand, but also to cross-contamination during the manufacturing process. In addition, nasal carriage of S. aureus in humans constitutes a potential reservoir (Tan et al., 2014 ; Castro et al., 2016). These results are similar to those of Bensmara & Chibani (2018), who in their work highlighted S. aureus in several street foods. The predominance of S. aureus in Foutou + eggplant sauce could be explained by the fact that this food is handled a lot and often pounded in advance, which would promote the multiplication of staphylococci, indicators of poor hygiene, but also vectors of fecal contamination germs as mentioned by Samapundo et al. (2016). It is left open to the air by the traders, which favors the presence of S. aureus, because it is also isolated in the natural environment (dust, fresh water, air and soil). The presence of S. aureus in street foods could alter the microbiological quality of these products and be the cause of foodborne illness (FBI). Indeed, in 2001 and then in 2009 in France, S. aureus was the most frequently incriminated or suspected FBI agent (31% of outbreaks). As for placali with palm sauce, the presence of S. aureus could be explained by the presence of meat in the sauce. The most commonly sold street food is beef. This meat belongs to the category of meat products, the level of contamination of which can vary depending on the type. Several studies conducted in various African countries have highlighted varying levels of Staphylococcus aureus in red meat. For example, research conducted in Egypt by Osman et al. (2015) detected Staphylococcus bacteria in 50 beef samples, including 27 locally sourced and 23 imported. Staphylococcus aureus is a bacterium that mainly resides on human skin and mucous membranes, but can also colonise animals. Food contamination usually originates from humans, either through direct contact (handling) or indirect contact (contaminated surfaces or utensils. Furthermore, street food contamination could be due to food handling. Several unhygienic behaviors such as the use of hands to serve food and receive money, the water used to rinse hands during sales and also the towels used by vendors to clean hands during sales would be the basis of these contaminations. These practices can lead to cross-contamination of the products served. All this is detrimental to good practices in the preparation and sale of these foods. Almost the same observations were made by (Moussé et al. 2016) during their study on street foods.
4. CONCLUSION
This study was conducted with the aim of drawing the attention of consumers of street food to S. aureus poisoning and its impact on health. During this study, strains of S. aureus were isolated from street food samples. It should be noted that the presence of S. aureus in these foods is due to cross-contamination, healthy or infected carriers, poor hygiene practices and the environment. The isolated S. aureus strains were studied to determine their resistance to antimicrobials. Indeed, this study shows a high resistance to the antibiotics tested. Today, the prevention of contamination and foodborne illness caused by S. aureus relies on the implementation of good hygiene practices when handling food in domestic and communal kitchens outside the home, particularly on the streets. Compliance with hand washing procedures and the disinfection and cleaning of kitchen equipment and utensils are necessary and essential in order to avoid foodborne illnesses caused by S. aureus as much as possible.
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