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ABSTRACT 
 
Aims:Staphylococcus aureus is one of the main pathogens found in street food, including 
hot beverages. However, information about S. aureus isolated from street hot beverages 
from coffee carts is very limited. We aimed to characterize S. aureus isolated from street hot 
beverages sold in Abidjan.  
Methodology:The identification was made through conventional microbial and biochemical 
analysis. Macroscopic identification on the Baird Parker agar with tellurite egg yolk. 
Microscopic observation through Gram staining as well as biochemical tests such as 
catalase; DNase and coagulase were performed. to confirm staphylococcal strains, the 
MALDI-TOF mass spectrometry was used. After identification, the susceptibility of the 
staphylococcal isolates was evaluated using disc diffusion method.  
Results:Result showed that most of Staphylococcus aureus (18.4%)were isolated from 
tea.All the strains of staphylococcus aureus isolated from street beverages were sensitive to 
cefoxitin and vancomycin. All the S. aureus isolated from milk were resistant to 
Erythromycin. Although beverages are consumed hot, the presence of S. aureus in ready-to-
drink beverage may cause infections to consumers.  
Conclusion:This drink need attention for the seller and the user to avoid some infections.  
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1. INTRODUCTION 
 
Street foodshave easy access and generatejobsopportunities, especially for low- or 
uneducatedpeople[1]. The hot drink culture is highly developed in industrialized countries 
and constitutes an important part of street catering. The developing country use the type of 
drink, but severalstudies have shownthatstreetfood use rawmaterials and ingredients of 
poormicrobiologicalqualityandnonauthorizedperson are involved in this sector of activity[2-3]. 
Food safety remains a global concern despite efforts made by health and sanitation 
organizations [5]. Food contamination remains a real and permanent risk, especially in cities 
where this risk is closely linked to the consumption of ready to eat street foods [6-7]. 
Foodborne infections are reported worldwide, and it was estimates to be involved in more 
than 2 million deaths per year, mainly children [8], due solely to food and water inadequate 
sanitation and hygiene. Across the world and specifically in Africa, several countries have 
experienced episodes of food poisoning without scientifically proofed of given food 
involvement. Several bacteria are involved in food poisoning [7, 9].  
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Staphylococcus aureus is a ubiquitous commensal bacterium on human skins and anterior 
nares, but frequently causes severe infections in humans [10]. S. aureus has been described 
as one of the most common causal agents of food poisoning associated with the 
consumption of raw milk cheese and is also listed as one of the pathogens likely to pose the 
greatest risk to human health [11-13]. The presence of this pathogen in final products is 
related to several factors but is usually associated with the use of contaminated raw milk and 
endogenous starter cultures in manufacturing the cheese, as well as with asymptomatic 
human carriers of S. aureus[14-15]. Another serious public health problem associated with 
S. aureus in food is its resistance to antimicrobials because it triggers serious infections with 
limited therapeutic options [16-17]. Methicillin-resistant S. aureus (MRSA) is a leading 
example of bacterial resistance in the world [16] and is characterized by acquisition of the 
mecA gene, which is located on the chromosomal cassette mec (SCCmec) [18]. For many 
years, MRSA staphylococcal isolates have been recognized as pathogens unique to 
hospitals. However, studies have documented the spread of MRSA in foods [19]. The aim of 
this study was to investigate the presence of S. aureus in some hot beverages (coffee, tea 
and cocoa) and the antimicrobial resistance profile of staphylococcal isolates from those 
street hot beverages collected from Abidjan, Côte d’Ivoire.  

2. MATERIAL AND METHODS  
 
2.1. Survey  
The survey was carried out in five municipalities (Abobo, Adjamé, Yopougon, Cocody and 
Port-Bouet) of Abidjan to draw the characteristics of consumers of street Hot Beverages.  

2.2. Hot beverages sample’s collection  

Per municipalities, three kinds of hot beverages (tea, coffee, and/or cocoa) were targeted. A 
total of 400 samples of hot beverage made of tea (139), coffee (138), or cocoa (123) were 
collected in sterile tubes (Table 1). The samples were collected hot in stomacher paper and 
transported immediately or within 2 hours in cooler to the laboratory for microbiological 
analyzes.  
Table1. Distribution of samples collected according to the collected places and the kind of 
hot beverages 

Communes Tea Coffee Cocoa  Total 

Abobo 28 26 23 77 

Adjamé 28 26 26 80 
Yopougon 27 29 27 83 

Cocody 27 29 25 81 

Port-Bouët 28 29 22 79 

Total 138 139 123 400 

 
2.3. Microbial Analysis 
For the microbiological analysis, 1 ml of each collected beverage samples was used for a 
decimal dilution. Each dilution (1 ml) was spread on Baird Parker agar (Biokar Diagnostics, 
France) with egg yolk [20]before its incubation at 37°C for 48 hours for presumptive 
identification of Staphylococcus sp. For the search S. aureus referencing strain of S. aureus 
ATCC 25923 was used as a positive control. Macroscopic identification was made on Baird 
Parker agar with tellurite egg yolk. Microscopic observation through Gram staining as well as 
biochemical tests such as catalase, DNase and coagulase and fermentation of mannitol 
were performed.  

2.4. Identification of isolates by MALDI-TOF MS 
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After isolation, the MALDI-TOF (Bruker Daltonics
TM

) mass spectrometry was used to confirm 
the Staphylococcus aureus identification. Samples were covered with 1.5 µl of the matrix 
solution (Sigma, Lyon, France). After 10 min of sonication, a centrifugation (13000 g, 5min) 
was performed before transferred to a clean polypropylene tube. The target plate and matrix 
were then dried at room temperature before identification [21]. A positive control was used 
(S. aureus ATCC 25923).  

2.5. Antibiotic susceptibility testing 

Antibiotic susceptibilities were determined by the disc diffusion method on Mueller-Hinton 
agar (Oxoid, France) according standards and recommendations of the Antibiogram 
Committee of the French Society of Microbiology [22]. The antimicrobial drugs tested and 
their concentrations on the discs of antibiotics (Bio-Rad, Marnes-LaCoquette, France) were 
as following: penicillin (PEN 10µg), amoxicillin (AMX 25 µg), cefoxitin (FOX 30 µg), 
tobramycin (TM 10 µg), gentamicin (GM 15 µg), erythromycin (ERY 15 µg), clindamycin 
(CMN 2 µg), levofloxacin (LVX 5 µg); norfloxacin (NOR 5 µg), ofloxacin (OFX 5 µg), 
vancomycin (VAN 30 µg). The reference strain Staphylococcus aureus ATCC 25923 was 
used as test control processed in the same conditions. Isolates were classified as 
susceptible or resistant to the drug. 

2.6. Data Analysis 

The data obtainedfrom the survey and observations checklists wereanalyzedusing the SPSS 
version 20.0 statistical software package, and thenexported to Microsoft Excel for scoring. 
Descriptive analyses wereused to summarize the variables of interest and 
determinerelationshipsbetweenthem. The resultswereexpressed as mean ± standard 
deviations (±SD), frequencies, and percentages. The Chi-squaredfrequency test (χ

2 
test) 

wasused to test the relationshipsbetween the variables. 
Statisticallysignificantdifferenceswerebased on 95% confidence limits. 

 

3. RESULTS AND DISCUSSION 
 
3.1. Results  
3.1.1. Probable origin of contaminants  

The probable origin of contaminants is related to hot beverage process are compile in table 
2. Thus, during hot beverage preparation, some contaminants occurred related to the 
process. Also, the highest factor risks were recorded through the treatment of products, 
materials or ingredients. The cooking and conservation process are also one of the 
determining factors linked to the beverage poisoning risks. The quality of water used to 
prepare and rinse recyclable cup could be a supplement contamination factor. Hot beverage 
contamination varied according to several factors.  
Table 2: Probable risk related to beverage consumption sold by street vendors  

Category  Probable contaminants level 

Ingredients 
Coffee, Cocoa, Tea + 

Sugar, Lemon, Mint + 

Materials 
Thermos for hot water, Spoon, Knife, Scissors + 

Lemon squeezer ++ 

Others 

Water used to prepare and rinse recyclable 
cups 

++ 

Disposable cups + 

Recyclable cups ++ 
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Handling of products, materials or ingredients +++ 

Beverage cooking process ++ 

Hygiene of vendors ++ 
+ Low risk, ++ Moderate risk, +++ High risk 

3.1.2. Phenotypic Characterization and Species Identification 

All staphylococcal isolates were confirmed as gram-positive cocci, catalase positive, and 
coagulase and DNase positive. Presumptive staphylococcal isolates were confirmed at the 
species level by proteomic analysis using MALDI TOF MS, validating identification of the 
species as S. aureus.The global contamination rate of the sampled hot beverage was 8.5% 
and vary according to the kind of beverage (Table 3) and locality of collections (Table 4). 
According to the kind of beverage, the highest S. aureus contamination level was recorded 
with tea samples (18.4%), followed by cocoa’s (8.7%) and coffee’s (1.4%). 
Table 3. distribution of S. aureus strains according to the sampled hot beverages  

Beverages Proportion of S. aureus % (n/N) 

Tea 18.4% (26/138) 

Coffee 1.4% (2/139) 

Cocoa 8.7% (6/123) 

Total 8.5% (34/400) 

The table 4 indicated that the most contaminated samples by Staphylococcus aureus were 
collected from Yopougon(15.7%) followed by Adjamé(13.7%). The lest contaminated 
commune was Cocody (1.2%).  
Table 4. Distribution of Staphylococcus aureus in communes 

Commune  S. aureus n (%) 

Abobo 2 (2.6) 

Adjamé 11 (13.7) 

Yopougon 13 (15.7) 

Cocody 1 (1.2) 

Port-Bouët 6 (7.8) 

Total 34 (8.5) 

 

3.1.3. Antibiotic susceptibilities of Staphylococcus aureus isolated from street 
beverages 

Globally, there is a variability of resistance profile of the isolated S. aureus strains (Figure 1). 
All the isolated strains from street beverages were sensitive to cefoxitin and vancomycin 
(Figure 1). In addition, most of S. aureus were sensitive to the aminosides and quinolones 
tested. 
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Figure 1.Global antibiotic susceptibility of Staphylococcus aureus isolated from street 
beverages 

3.1.4. Distribution of S. aureus resistance according to the beverages 

According to the kind of beverage, it is observed a variability of resistance profile (Figure 2).  
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Figure 2. Distribution of isolated S. aureus resistance according to their origin 

3.2. Discussion 
 
For Lieberman et al. [23], foods and beverageswhich are prepared and sold on places like 
streets, market, festival areas and consumed on the run are known as streetfood. Street 
foodsespecially show the eating habits of people living in big citiessuch as Abidjan.Survey 
resultsshowedthat, majority of hot streetbeveragevendorswereforeigners (88.0%) and 
illiterate (71.3%). Ma et al.[24] reportedthatpreparing and sellingfood on the streetsprovide a 
constant income for millions of uneducated people. Regarding the employment, 
streetfoodprovides a good job opportunity and income for sellerswithsmallcapitals and 
especially for women[25-26]. In addition, Atoblaet al. [27]showedthatvendors’ 
knowledgeispoor and hadlowereducationlevels, whichisalsoreflected in 
theirlargelyinadequatefacilities and unhygienicbehaviorwhilesellingfood.  

The strains of S. aureus were isolated from samples of hot drinks, on all the samples 
analyzed, with high frequencies in tea (67.3%), cocoa (44.6%) and coffee (34.6%). Hot 
drinks exposed to contamination by S. aureus represent a significant risk for human health, 
in fact this pathogen is supposed to have been eliminated by heat during treatment therefore 
its presence in hot drinks is generally indicative of bad hygienic conditions as highlighted 
[28]. These results are evidence of manual contamination. The spread of S. aureus by hot 
drink handlers is a concern and should be given careful attention in the manufacturing and 
sales chain.  
The variation in the resistance to antibiotics of strains of Staphylococcus aureus isolated 
from hot drinks based on coffee, tea and cocoa is important because strains resistant to 
several antibiotics have been obtained. Resistance varies depending on the antibiotic used. 
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Note that all strains are sensitive to levofloxacin, norfloxacin, ofloxacin, ceftriaxone and 
vancomycin. These results have also been reported by Attien et al. [17]. In addition, certain 
antibiotics which were initially sensitive have increasingly become resistant. Variable 
resistance was observed depending on the origin of the strains to antibiotics such as 
penicillin and erythromycin, amoxicillin and gentamicin. This trend was obtained by Resch et 
al. [29], who showed that strains of coagulase staphylococci isolated from food had 
resistance to oxacillin. This is reported by Magiorakos et al. [30] who states that today 
almost all strains of S. aureus have acquired resistance to penicillin. These results could be 
an indicator of a prophylactic route for the treatment of S. aureus infections. Penicillin was 
the first antibiotic discovered in 1929 by Alexander Fleming, S. aureus were sensitive at this 
time. Resistance to oxacillin indicates the presence of methicillin-resistant strains among the 
strains isolated. This would increase the risk of infection in the event of contamination by S. 
aureusmethi- resistant which is very difficult to manage. However, additional tests will clarify 
the presence of this type of strain.  
 
 

4. CONCLUSION 
 
To ourknowledge, thisis the first hot beveragestudy to assess the characteristic of 
vendorswith hand push mobile carts in Abidjan (Côte d’Ivoire). Street 
vendorspreferreddrinking coffee to boost of energy to sell. According to them, teawas the 
mostbeveragesconsumed by Ivoirians. The 
resultsfromthisstreetvendorsshowedthatmoststreetvendors are foreigners and illiterate. 
Thesestreetvendorsthereforeneed training in basic hygiene practice to avoidriskssuch as 
food contamination or throwing plastic cups on the street. 

 
COMPETING INTERESTS DISCLAIMER: 

 

Authors have declared that no competing interests exist. The products used for this research 
are commonly and predominantly use products in our area of research and country. There is 
absolutely no conflict of interest between the authors and producers of the products because 
we do not intend to use these products as an avenue for any litigation but for the 
advancement of knowledge. Also, the research was not funded by the producing company 
rather it was funded by personal efforts of the authors. 

 
REFERENCES 
 

[1]. Khairuzzaman M, Chowdhury FM, Zaman S, Al Mamun A, Bari ML. Food Safety 
Challenges towards Safe, Healthy, and Nutritious Street Foods in Bangladesh. Int. J. 
Food Sci. 2014, ID. 483519. 

[2]. Bereda TW, Emerie YM, Reta MA, Asfaw HS. Microbiological Safety Of Street 
Vended Foods In Jigjiga City, Eastern Ethiopia. Ethiop. J. HealthSci. 2016; 26(2): 
161–170. 

[3]. Idowu O, Rowland S. Oral Fecal Parasites and Personal Hygiene of Food Handlers 
in Abeokuta, Nigeria. Afr. Health Sci. 2006; 6(3): 160-164. 

[4]. Rane S. Street Vended Food in Developing World: Hazard Analyses. Ind. J. 
Microbiol. 2011; 51(1), 100–106. 

Comment [DMO24]: I will suggest that you 

properly compare your results with previous studies, 

comparing your findings with previous studies with 

brief description.  

Comment [DMO25]: This may not be necessary 

Comment [DMO26]: You are suppose to give a 
summary of your research finding as the conclusion 



 

 

[5]. Ackah M, Gyamfi ET, Anim AK, Osei J, Hansen JK, Agyemang O. Socio-Economic 
Profile, Knowledge of Hygiene and Food Safety Practices Among Street-Food 
Vendors In Some Parts Of Accra-Ghana. J Food Safety.2011; 13: 191-197. 

[6]. Tambekar D, Jaiswal V, Dhanorkar D, Gulhane P, Dudhane M. Identification of 
Microbiological Hazards and Safety of Ready-To-Eat Food Vended Streets of 
Amravati City, India. J. Appl. Biosci. 2008; 7: 195-201. 

[7]. Sina H, Attien P, Wélé M, Socohou A, Boukary-Chabi A, Dougnon VT, Baba-
MoussaF, AdjanohounA, Baba-Moussa L. Sanitary risk factors and microbial 
contamination of grilled meats sold in cotonou, Benin. J Food Security. 2019; 7(5): 
175-182.  

[8]. World Health Organization. Initiative to Estimate the Global Burden of Foodborne 
Diseases.2015 Available from: 
http://www.who.int/foodsafety/foodborne_disease/ferg/en/index.html 

[9]. Hernández-Cortez C, Palma-Martínez I, Gonzalez-Avila LU, Guerrero-MandujanoA, 
Solís RC, Castro-Escarpulli G. Food poisoning caused by bacteria (food 
toxins). Poisoning: From Specific Toxic Agents to Novel Rapid and Simplified 
Techniques for Analysis,IntechOpen, 2017; 33DOI: 10.5772/intechopen.69953. 
Available from: https://www.intechopen.com/chapters/56521 

[10]. Kluytmans J, van Belkum A, Verbrugh H: Nasal carriage of Staphylococcus 
aureus: epidemiology, underlying mechanisms, and associated risks. Clin Microbiol 
Rev 1997, 10(3):505-520. 

[11]. Spanu V, Spanu C, VirdisS, Cossu F, Scarano C, De Santis EPL. Virulence 
factors and genetic variability of Staphylococcus aureus strains isolated from raw 
sheep's milk cheese.Int J Food Microbiol. 2012, 153(1-2): 53-57. 

[12]. Sugrue I, Tobin C, Ross RP, Stanton C, Hill C. Foodborne pathogens and 
zoonotic diseases. InRaw milk, 2019; 259-272. 

[13]. Castro RD, Pedroso SHSP, Sandes SHC, Silva GO, Luiz KCM, Dias RS, 
Filho RAT, Figueiredo HCP, Santos SG, Nunes AC, Souza MR. Virulence factors 
and antimicrobial resistance of Staphylococcus aureus isolated from the production 
process of Minas artisanal cheese from the region of Campo das Vertentes, Brazil J 
Dairy Sci. 2020;103(3):2098-2110. doi: 10.3168/jds.2019-17138. 

[14]. Castro RD, Oliveira LG, Sant’Anna FM, Luiz LMP, Sandes SHC, Silva CIF, 
SilvaAM, NunesAC, PennaCFAM, Souza MR. Lactic acid microbiota identification in 
water, raw milk, endogenous starter culture, and fresh Minas artisanal cheese from 
the Campo das Vertentes region of Brazil during the dry and rainy seasons.J Dairy 
Sci.2016; 99(8): 6086-6096. 

[15]. Costanzo N, Ceniti C, Santoro A, Clausi MT, Casalinuovo F. Foodborne 
Pathogen Assessment in Raw Milk Cheeses. Int J Food Sci. 2020 :3616713. doi: 
10.1155/2020/3616713.  

[16]. Ibed AN, Hamim SS. Molecular detection of methicillin resistant 
staphylococcus aureus isolated from burns infection in Al-nasiriyah city.World J 
Pharmaceutical Sci, 2014: 950-954. 

[17]. Attien P, Sina H, Moussaoui W, Dadié T, Chabi-Sika K, Djeni T, Bankole 
HS, Kotchoni SO, Edoh V, Prevost G, Dje M, Baba-Moussa L. Prevalence and 
antibiotic resistance of Staphylococcus strains isolated from meat products sold in 
Abidjan streets (Ivory Coast). Afr J Microbiol Res. 2013; 7 (26): 3285-3293   

http://www.who.int/foodsafety/foodborne_disease/ferg/en/index.html
https://www.intechopen.com/chapters/56521


 

 

[18]. Turlej AGATA, Hryniewicz WALERIA, Empel J. Staphylococcal cassette 
chromosome mec (Sccmec) classification and typing methods: an overview. Polish J 
Microbiol, 2011; 60(2): 95. 

[19]. Crago B, Ferrato C, Drews SJ, Svenson LW, Tyrrell G, Louie M. Prevalence 
of Staphylococcus aureus and methicillin-resistant S. aureus (MRSA) in food 
samples associated with foodborne illness in Alberta, Canada from 2007 to 
2010.FoodMicrobiol. 2012; 32(1), 202-205. 

[20]. Baird-Parker AC. Foodborne salmonellosis. Lancet, 1990; 336: 1231-1235. 

[21]. Pfleiderer A, Lagier JC, Armougom F, Robert C, Vialettes B, Raoult D. 
Culturomics identified 11 new bacterial species from a single anorexia nervosa stool 
sample.Eur JClin Microbiol Infect Dis. 2013, 32(11): 1471-1481. 

[22]. CASFM “Comité de l’antibiogramme de la Société Française de 
Microbiologie : Recommandations 2020 V.1.1,” 181 p, 2020. Avaible on 
https://www.sfm-microbiologie.org/wp-
content/uploads/2020/04/CASFM2020_Avril2020_V1.1.pdf 

[23]. Lieberman HR, Stavinoha T, McGraw S, White A, Hadden L, Marriott BP. 
Caffeine use among active-duty U.S. Army soldiers, JAcadNutrDiet, 2012; 112 (6): 
902–912, e901–e904, https://doi.org/10.1016/j.jand.2012.02.001. 

[24]. Ma L, Chen H, Yan H, Wu L, Zhang W. Food safety knowledge, attitudes, 
and behavior of street food vendors and consumers in Handan, a third-tier city in 
China, BMC Public Health.2019; 19, 1128, https://doi.org/10.1186/s12889-019-
7475-9. 

[25]. Marangoni F, Pellegrino L, Verduci E, Ghiselli A., Bernabei R, Calvani R, 
Cetin I, Giampietro M, Perticone F, Piretta L, Giacco R, Vecchia CL, Brandi ML, 
Ballardini D, Banderali G, Bellentani S, Canzone G, Cricelli C, Faggiano P, Ferrara 
N, Flachi E, Gonnelli S, Macca C, Magni P, Marelli G, Marrocco W, Miniello VL, 
Origo C, Pietrantonio F, Silvestri P, Stella R, Strazzullo P, Troiano E, Poli A. Cow’s 
Milk Consumption and Health: A Health Professional’s Guide, J Amer Coll Nutr, 
2018; 38, 197-208, https://doi.org/10.1080/07315724.2018.1491016. 

[26]. Medeiros LC, Hillers VN, Chen G, Bergmann P, Kendall V, Schoreder M. 
Design and development of food safety knowledge and attitude scales for consumer 
food safety education, J Amer Diet Assoc, 2004; 104 (11), 1671-1677, 
https://doi.org/10.1016/j.jada.2004.08.030. 

[27]. Atobla K, Akoa E, Bonny AC, Dadié A, Karou TG,Niamke S. Pork supply 
chain, consumption, and risk factors for infections of consumers in the Abidjan 
district (Côte d'Ivoire), Food EnvironSafety, 2018; 16 (17), 20-31. 

[28]. Giaccone V, Catellani P, Alberghini L. Food as cause of human 
salmonellosis.Salmonella a dangerous foodborne pathogen, Ed. Barakat SM 
Mahmoud, 2012 ; 47-72. 

[29]. Resch M, Nagel V, Hertel C. Antibiotic resistance of coagulase-negative 
staphylococci associated with food and used in starter cultures.Int JFood Microbiol. 
2008; 127(1-2), 99-104. 

https://www.sfm-microbiologie.org/wp-content/uploads/2020/04/CASFM2020_Avril2020_V1.1.pdf
https://www.sfm-microbiologie.org/wp-content/uploads/2020/04/CASFM2020_Avril2020_V1.1.pdf
https://doi.org/10.1016/j.jand.2012.02.001
https://doi.org/10.1186/s12889-019-7475-9
https://doi.org/10.1186/s12889-019-7475-9
https://doi.org/10.1080/07315724.2018.1491016
https://doi.org/10.1016/j.jada.2004.08.030


 

 

[30]. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske 
CG, Harbarth S, Hindler JF, Kahlmeter G, Olsson-Liljequist B, Paterson DL, Rice 
LB, Stelling J, Struelens MJ, Vatopoulos A, Weber JT, Monnet DL. Multidrug-
resistant, extensively drug-resistant and pandrug-resistant bacteria: an international 
expert proposal for interim standard definitions for acquired resistance. Clin 
Microbiol Infect. 2012 18(3):268-81. doi: 10.1111/j.1469-0691.2011.03570.x.  

 
 

 


