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Abstract

Background Staphylococcus aureus (S. aureus) is one of the most widespread bacterial pathogens in animals and
humans, and its role as an important causative agent of food poisoning is well-documented. The aim of this study was
to highlight and characterize the resistance patterns of methicillin-resistant S. aureus (MRSA) in charcuterie products
sold in selected supermarkets (SM) in Bobo-Dioulasso, Burkina Faso.

Methods In this study, 72 samples including ham (n=19), merguez (n=22), sausage (n=15) and minced meat
(n=16) were collected from 3 supermarkets. Standard microbiology methods were utilised to characterise S. aureus
isolates. Phenotypic resistance patterns were investigated using the disk diffusion method on Mueller-Hinton agar.
Genotypic testing using polymerase chain reaction (PCR) was performed on the isolates to detect the 165-23S gene.
Using specific primers, the following genes PVL, TSST-1, mecA, gyrA, gyrB, gnrA, intl1 and aac(6))-1b-cr were identified
from purified DNA by PCR.

Results Among the 72 ready-to-eat food samples, S. aureus was present in 51, (70.83%). The yield was highest in both
the ham and merguez food products, 15/51 (29.41%) each, followed by minced meat 12/51 (23.53%) and sausage
9/51 (17.65%). A total of 35 isolates (68.63%) were confirmed as S. aureus after molecular characterization using

16-23 S primers with 05 (14.29%) strains identified as MRSA. All of the MRSA and majority of the methicillin-sensitive
S.aureus (MSSA) isolates were resistant to penicillin G, ampicillin, tetracycline and erythromycin, whereas one isolate
from minced meat was found in SM3-harbouring PVL, TSST-1, mecA, gyrA, gyrB and Int1 genes.

Conclusions Our study revealed a high prevalence of S. aureus in chacuterie products in Bobo-Dioulasso with
antimicrobial profiles that show resistance to most antibiotics. These findings should inform and augment efforts to
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raise awareness among local supermarket owners on adequate food manufacturing practices as well as promoting

food safety and hygiene.

Keywords MRSA, Charcuterie products, Supermarket, Enterotoxin genes, Bobo-Dioulasso

Background

Staphylococcus aureus, is an significant cause of food-
borne diseases. Following a short incubation period, clin-
ical episodes may be characterized by nausea, vomiting,
lethargy, abdominal cramps or toxic shock syndrome [1].
Major food poisonings still occur in the modern world,
especially in developing countries [2]. S. aureus is also
implicated in diseases in humans and animals such as
respiratory tract infections, nosocomial bacteremia, sur-
gical site infections, cardiovascular infections, mastitis,
dermatitis, and other suppurative conditions [3, 4]. The
organism harbors inherent mechanisms that promote
colonization, tissue damage, and infection and evasion of
host defense mechanisms. Staphylococcal food poisoning
is caused by contamination with the S. aureus enterotoxin
[4, 5]. The wide-ranging toxic effects of this bacterium
make staphylococcal foodborne infections a major public
health concern. Moreover, its ability to show resistance to
a wide range of antibiotics has led to limited therapeu-
tic options for treating disease [6]. S. aureus shows resis-
tance to most p-lactam antibiotics, linezolid, daptomycin,
and vancomycin, which are the last-resort antibiotics for
Gram-positive bacteria. The imprudent and indiscrimi-
nate usage of antibiotics in public and veterinary clini-
cal practices has led to the development of multi-drug
resistant pathogens [7]. For instance, B-lactam antibiot-
ics are commonly used in the treatment of staphylococ-
cal infections, but the number of S. aureus strains that
secrete [-lactamase is increasing [8]. Contamination of
food products by multi-drug resistant S. aureus strains
has been linked to various factors such as poor preserva-
tion of food (breakage of the cold chain), culinary tech-
niques, and handling of products during marketing [9,
10]. The investigation of S. aureus carriage among food
handlers and analysis of the prevalence of toxin genes in
colonizing strains is important to prevent food contami-
nation with toxigenic strains that may be related to food
poisoning or other diseases [10]. Nowadays, methicillin
resistant S. aureus (MRSA) strains have been reported
from various food sources, such as beef, milk, poultry,
pork, vegetables as well as from environmental sources,
suggesting that these are potential reservoirs [11, 12]. As
is commonly known, foods have many different origins,
and different types of MRSA are present in foods of dif-
ferent origin in different countries [13]. The presence of
MRSA on food could be due to different manufacturing
methods used, especially in developing countries, where
food processing methods are generally traditional (food
in direct contact with staff). The poor sanitary practices

employed during cooking and sale of food multiply the
risk of microbial contamination [14]. High ambient tem-
peratures, especially in tropical environments have been
described as a major factor responsible for facilitating
the access and multiplication of bacterial contaminants
in meat products [15]. In Burkina Faso, in recent years,
many studies have shown a high prevalence of S. aureus
isolated in clinical samples and resistance to methicillin
[16-20]. However, to our knowledge, there is no local
data on the prevalence and molecular characterization
of MRSA from food and environmental sources. With
the fight against antimicrobial resistance (AMR) now
hinged on a robust adherence to the “One Health” strat-
egy, it is highly relevant that data on MRSA is available
from all areas that are potential reservoirs of S. aureus.
In this regard, this study aims to (i) isolate S. aureus from
selected charcuterie products, (ii) undertake molecular
characterization of the isolates (mecA genes and other
virulence genes) (iii) and describe the resistance profiles
of the isolates to common antibiotics used.

Methods

The study was carried out in Bobo-Dioulasso from April
to December 2021. Three (3) supermarkets were used
for sample collection. The charcuterie products utilized
in this study were ham, merguez, sausages, and minced
meat.

Samples collection

Samples were collected according to the same conditions
of purchase by the consumer. A total of 72 charcuterie
samples were collected which included minced meat,
ham, sausages and merguez sausages. These were com-
posed of 18 samples of each product. Samples were pack-
aged into labeled freezer bags in cooler containing cold
accumulators under sterile conditions, and immediately
transported to the Food Technology Department of Insti-
tute for Research in Applied Sciences and Technologies
(DTA/IRSAT) for analysis.

Microbiological analysis

Twenty-five (25) grams of each sample were added to
225 ml of Buffered Peptone Water (M028-500G, HIME-
DIA, India) and homogenized using a stomacher (400
Circulator; Seward, London, UK). Ten-fold dilutions
were obtained from the stock solution according to
ISO:6887-2 methods [21]. The different samples pre-
pared were inoculated on Baird Parker yellow agar sup-
plemented with potassium tellurite. The inoculated Petri
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dishes were placed in an incubator previously cleaned
with 65% alcohol and set at 37 °C£1.0 °C for 24 h+2 h
for the incubation of S. aureus. All operations were car-
ried out aseptically on a bench previously well cleaned
with 65% alcohol. After the stipulated incubation time,
characteristic colonies were introduced in Heart Infusion
Broth (BHI) broths and then incubated at 37 °C for 24 h.
The coagulase test was performed using freeze-dried rab-
bit plasma to differentiate Staphylococcus aureus strains
from other Staphylococcus strains. To do this, five colo-
nies were sub cultured in tubes containing Oxoid Brain
BHI (7 ml) then incubated at 37 °C for 24 h. After incuba-
tion, 0.5 ml of the culture was added to 0.5 ml of rabbit
plasma. The whole content was shaken well, then incu-
bated at 37 °C. The tubes were examined after 4 h and
then after 24 h. The formation of a clot was considered as
coagulase reaction positive.

Antibiotics resistance test

The phenotypic resistance profiles of S. aureus were
investigated using the disk diffusion method on Muel-
ler—Hinton agar (Merck, Germany) using swab according
to procedure by the European Committee on Antimicro-
bial Susceptibility Testing [22]. Various antibiotics discs
including penicillin G (10 pg/disk), ampicillin (10 pg/
disk), amikacin (30 pg/disk), gentamicin (10 pg/disk)),
ciprofloxacin (5 pg/disk), clindamycin (2 pg/disk), eryth-
romycin (15 pg/disk), azithromycin (15 pg/disk), tet-
racycline (30 pg/disk) chloramphenicol (30 pg/disk),
trimethoprim-sulfamethoxazole (25 pg/disk), cefoxitin
(30 pg/disk), kanamycin (30 pg/disk) and rifampin (5 pg/
disk) were used (Oxoid, UK). Three (3) Petri dishes were
used for each sample (one dish for the cefoxitin, and for
the remaining two Petri dishes, 7 antibiotic discs were

Table 1 Primer sequences for virulence and antibiotic resistance

genes

Genes Primers (5'-3) Bp

PVL F: AAATGCCACTGTTATCCAGAGGTA 433
R:TTTGCAGCGTTTTGTTTTCG

TSST-1 F: ACCCCTGCCTTTCCATCATC 209
R:TTTTCAGTATTTGTAACGCC

mecA F : TCCAGGAATGCAGAAAGACC 675
R:TCACCTGTTTGAGGGTGGAT

gyrA F: TAC ACC GGT CAA CATTGA GG 647
R: TTA ATG ATT GCC GCC GTC GG

gyrB F:TGA AAT GAC CCG CCG TAA AGG 309
R:GCT GTG ATA ACG CAGTTT GTC CGGG

Int1 F: ACATGT GAT GGC GAC GCA CGA 580
R: AATTCT GTC CTG GCT GGC GA

qnrA F:TCA GCA AGA GGATTT CTA 657
R:GGC AGC ACT ATT ACT CCC

aac(6)-1b-cr F: ATGACTGAGCATGACCTTGC 519
R: TTAGGCATCACTGCGTGTTC

Legend: PVL: Panton and Valentine leukotoxin, TSST-1: Toxic shock syndrome
toxin-1
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used for each Petri dish). Multiresistance was defined as
resistance to at least three different antibiotic families
[23]. The process was completed using the protocol char-
acterized previously. S. aureus (ATCC 43,300 and ATCC
29,213) was used as the quality control organism in anti-
microbial susceptibility determination.

Molecular detection

Staphylococcus aureus isolates were subjected to 16S-
23S genomic analysis. The technique adopted was as
described by Panttcek et al, [24] using primers G1 (5'-G
AAGTCGTAACAAGG-3) and L1 (5'-CAAGGCATCCA
CCGT-3’). The extraction of bacterial DNA was carried
out by thermolysis releasing the bacterial DNA. Two to
three well-isolated colonies from the bacterial culture
were re-suspended in 300 pl of sterile distilled water. The
mixture was heated in boiling water for 15 min. Then it
was centrifuged at 12,000 rpm for 15 min. The super-
natant was collected as a DNA template and stored at
-20 °C for subsequent analyses. Afterwards, DNA was
checked by nanodrop spectrophotometer for yield and
purification and used for further analysis.

The screening of the different genes PVL, TSST-1,
mecA, gyrA, gyrB, qnrA, Intl and aac(6’)-1b-cr was car-
ried out by PCR on the purified DNA using specific
primers (Table 1). The reaction mixture was constituted
for the different genes of 4 pl master mix; 0.5 ul forward
primer (F); 0.5 pl reverse primer (R); 12.5 ul H,O PCR
and 2.5 pl DNA for a total of 20 ul per PCR tube.

Once the PCR was complete for the migration of the
amplicons, 10 pul of each amplicon were deposited in the
wells on the agarose gel (1.5%) contained in a 0.5X TBE
migration buffer) starting from the bottom to the top. A
100 bp molecular weight marker (Hyper Ladderl, Bio-
line) was used to evaluate the size of the different genes.
The migration was carried out at 120 V, 300 mA using a
voltage generator for 50 min to allow complete separa-
tion of the bands. After the migration of the amplicons,
the gels were visualized in a Doc-print France device
under ultraviolet (UV) light coupled with a printer (Digi-
tal Graphic Printer UP) and a computer equipped with a
camera allowing photos of the bands.

MRSA confirmation

Cefoxitin disks (30 pg) were used for detecting methicil-
lin resistant isolates. Methicillin resistance was defined
by a cefoxitin inhibition diameter<27 mm for both
MRSA. S. aureus ATCC 25,923 was used as a control. The
mecA/mecC gene, which has been shown to confer meth-
icillin resistance to S. aureus (MRSA), was also detected
by PCR using primers as described previously.
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Data analysis

All data were presented as the mean=standard deviation
(SD). Statistical analyses were performed using R ver-
sion 4.2.2 software. The effects of the origin, virulence
gene, the resistance gene, and their interaction on the
frequency of Staphylococcus aureus were analyzed, using
a binomial Generalized Linear Model (GLM, glm func-
tion). For the model selection, the stepwise removal of
terms was used, followed by likelihood ratio tests. Term
removals that significantly reduced explanatory power
were retained in the minimal adequate model. All the
contamination rates were expressed with a 95% confident
interval. Significance levels indicating statistical signifi-
cance were denoted as follows: p<0.05; **, p<0.01; ***,
p<0.001; ****, p<0.0001*****,

Results

Prevalence of coagulase positive Staphylococcus in ready-
to-eat food

A total of 72 samples were collected from three (3)
supermarkets (SM). These samples were composed 22
(30.56%) merguez, 19 (26.39%) ham, 16 (22.22%) minced
meat and 15 (20.83%) sausage. According to SM, most
samples were collected at SM2 (41.67%) followed by SM3
(31.94%) and SM1 (26.39%) (Fig. 1).

Among the 72 ready-to-eat food samples, 51 (70.83%)
were positive for coagulase positive Staphylococcus
according to microbiology standard methods used. This
included 15/19 (78.95%) of ham samples, 15/22 (68.18%)
of merguez, 12/16 (75%) of minced meat and 9/15
(60%) of sausage samples. Overall, the highest yield was
obtained from the ham and merguez 15/51, (29.41%) for
each product followed by minced meat 12/51 (23.53%),
while the lowest yield was obtained from the sausage
9/51 (17.65%). This included 12/19 (63.16%) of the SM1

1 SM3
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samples, 23/30 (76.67%) of the SM2 samples and 16/23
(69.57%) of the SM3 samples.

Molecular characterization to Staphylococcus aureus
confirmation using PCR with 16-23 S primers

In this study, 51 Staphylococcus spp. were isolated, among
which, 35 isolates (68.63%) were confirmed as S. aureus
after molecular characterization using 16-23 S prim-
ers. This included 10/19 (52.63%) of samples from SM1,
15/30 (50%) of samples from SM2 and 10/23 (43.48%) of
samples from SM3. Overall, these confirmed S. aureus
isolates were detected accordingly as follows: 10/19
(52.63%), 10/22 (45.45%), 7/15 (46.67%) and 8/16 (50%)
from ham, merguez, sausage and minced meat respec-
tively (Fig. 2). Binomial GLM analysis showed that, there
was no significant interaction between sites and prod-
ucts in the rate of product contamination (Chi2=4.8619;
p=0.5616).

Antimicrobial test and MRSA confirmation of
Staphylococcus aureus isolates
Of the 35 S. aureus isolates recovered, 05 (14.29%) were
confirmed as MRSA by cefoxitin disc diffusion test
(Fig. 3). According to the binomial GLM analysis, there
was no significant difference in the frequency of pheno-
types (Ch2=17.857; p=2.381e-05). These MRSA isolates
were mecA-positive and resistant to penicillin G, ampi-
cillin, tetracycline and erythromycin. Among them, 60%
were resistant to clindamycin, azithromycin and chlor-
amphenicol, and 40% were resistant to trimethoprim-
sulfamethoxazole, rifampicin and kanamycin. All MRSA
isolates were susceptible to gentamicin, ciprofloxacin
and amikacin. The antimicrobial resistance profiles of the
MRSA isolates are shown in Table 2.

All 30 methicillin-susceptible S. aureus (MSSA) isolates
were resistant to at least one antimicrobial agent, while
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Fig. 1 Distribution of samples according to supermarkets. Legend: SM1=Super Market 1, SM2 =Super Market 2 and SM3 = Super Market 3
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Fig.2 Prevalence of Staphylococcus aureus using PCR for confirmation. Legend: n=sample size (number) for each product per sites. There is no significant
interaction between sites and products in the rate of product contamination. SM1=Super Market 1, SM2=Super Market 2 and SM3 =Super Market 3

25 isolates (83.33%) were resistant to at least three anti-
microbials. The highest levels of resistance were observed
for penicillin G (90%), tetracycline (86.67%), ampicillin
(86.67%), azithromycin (80%) and erythromycin (73.33%).
The antimicrobial resistance profiles of the MSSA strains
are shown in Table 2.

Molecular characterization of toxin production

Out of the 35 isolates, genes coding for Panton and Val-
entine leukotoxin (PVL) were found in 4 isolates (11.43%)
and Toxic shock syndrome toxin-1 (7SS7-1) in 10 iso-
lates (28.57%) (Table 3). Two strains harbored both PVL
and TSST-Igenes. Among strains positive for the PVL
gene, two (2) harbored the mecA gene while 3 TSST-
1 positive strains had the mecA gene. However, two
strains harbored multiple genes - PVL, TSST-1 and mecA
(Table 3). These strains were isolated in merguez (SM1)
and minced meat (SM3) Fig. 4. According to binomial
GLM analysis, there was no significant difference in the
frequency of virulence genes (Chi2=3.3007; p=0.06925).

Molecular characterization of resistance gene

The use of PCR enabled detection of antibiotic resis-
tance genes in the isolated strains. Among 35 isolates,
4 (11.43%) harbored gyrA, 7 (20%) gyrB and 9 (25.71%)
Intl (Table 3). However, gnrA and aac(6’)-Ib-cr were

not detected (Fig. 5). There was no significant differ-
ence in the frequency of resistance genes (Chi2=24.793;
p=0.0001527). One strain of S. aureus isolated from
minced meat at SM3 carried the following genes PVL,
TSST-1, mecA, gyrA, gyrB and Intl. Similarly, two strains
harbored PVL, TSST-1, mecA, gyrB and Intlgenes. Intl
gene was detected from all MRSA; these strains were iso-
lated in two merguez samples, 2 ham samples and one
minced meat sample.

Discussion

Overall, the microbiological quality of the food products
analyzed was sub-optimal given the results (51/72) of this
study among which 35 MRSA isolates were detected. This
finding could potentially be due to inadequate food-han-
dling training and skills of frontline staff at the supermar-
kets visited, as well as poor conditions of storage and sale
of charcuterie products. This finding may also have been
exacerbated by sub-optimal enforcement of standard
hygienic practices in the sales environment especially in
circumstances when the sales staff are overwhelmed by
the urgency to meet the demand of several people being
attended to simultaneously. Many studies on food-based
microbiological characterization have detected the pres-
ence of MRSA in foods. In some of these studies, [25—
28], MRSA was found in 84.8% in broiler’s samples, 35%
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Table 2 Antimicrobial resistance profiles of MRSA and MSSA
strains isolated in charcuterie products

Antibiotics Resistant of Resistant
MRSA Numb (%) of MSSA
Numb

(%)
5(100) 26 (86.67)
5(100) 0
5 27 (90)
3 (60) 15 (50%)
Tetracycline (TE, 30 ug) 5(100) 26 (86.67)
Ciprofloxacin (CIP, 5 ug) 0 0
0
0
3
2

Ampicillin (AMP, 10 ug)
Cefoxitin (FOX, 30 pg)
Penicillin G (P, 10 ug)
Chloramphenicol (C, 30 pg)

Amikacin (AK, 30 ug) 0
Gentamicin (CN, 10 pg) 0
Azithromycin (AZT, 15 pg) (60) 24 (80)
Trimethoprim-Sulfamethoxazole (SXT, (40) 15 (50%)
25 1g)

Erythromycin (E, 15 ug) 5(100) 22 (73.33)
Clindamycin (DA, 2 ug) 3 (60) 12 (40)
Rifampicin (RD, 5 pg) 2 (40) 10 (33.33)
Kanamycin (K, 30 ug) 2 (40) 5(16.67)
Total Numb of strains 5(100) 30 (100)

Legend: Number (Numb), Percent (%). We have presented the same table
for the two types of Staphylococcus (MRSA and MSSA). The second column
corresponds to MRSA (5 Strains). The third column corresponds to the MSSA (30
strains). Additionally, among these strains there are others which are resistant
to certain antibiotics
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in raw beef, 67.5% in different food stings and 9.89% in
raw retail meat samples respectively. It is known that S.
aureus transmission is most often potentiated by poor
staff hygiene practices as these organisms colonize the
skin and mucous membranes, particularly on the hands
and nasal cavity. S. aureus can also adhere to the gloves
of employees in food processing establishments and
therefore, can be transmitted to other humans or to the
environment if gloves are not changed frequently. Other
researchers have stated that contaminations can occur
at the level of the sale materials, the seller and the like-
lihood of biofilms developing in deli meats [29]. Addi-
tionally, it has been shown that certain bacteria such as
Enterobacteriaceae and certain species of Staphylococcus
colonize the respiratory tract of infected people, as well
as inanimate surfaces such as bedding, clothing, work
and kitchen equipment and doorknobs, thereby increas-
ing the risk of contamination of food processing environ-
ments [25]. When meat contaminated with S. aureus is
undercooked or stored at inappropriate temperatures,
toxins accumulate and with ingestion, this may lead to
staphylococcal food poisoning [30]. This is further exac-
erbated in settings where the raw materials resulting
from the processing of these products are not sold on site
but transported from one city to another in adverse con-
ditions such as improper maintenance of the cold chain
during transport [30, 31]. All these factors contribute to
food contamination, proliferation and propagation.

All the MRSA and many of the MSSA isolates were
resistant to at least three drugs. The relatively high preva-
lence of these multi-drug resistant strains among ready-
to-eat food products sold in supermarkets in Burkina
Faso is alarming and of grave public health concern.
Effective interventions need to be in place to tackle and
track the potential transmission of multi-resistant strains
as spread is likely to occur if standard food hygiene and
safety measures are not enforced across food distribu-
tion networks within the country. Our study has shown
that all the MRSA and majority of the MSSA isolates
were resistant to penicillin G, ampicillin, tetracycline
and erythromycin. These results are similar to findings of
previous studies done on meat and other types of foods
[13, 32]. One possible explanation of this finding may be
related to the food source. This is because most animal
or animal product derived food-related S. aureus origi-
nate from animal farms that used these antibiotics as
food supplements in animal feed [11]. Some charcute-
rie products are made from pork. Furthermore, accord-
ing to Wall et al.,, [33], the intensive conditions under
which pigs are housed during production are a risk fac-
tor for spreading disease, resulting in high antibiotic use
to control and treat infections. Similarly, the increasing
routine use of antibiotics as growth promoters for pro-
phylaxis, metaphylaxis, and treatment continues to have
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Table 3 Prevalence of virulence and resistance genes in S. Aureus isolated from charcuterie products in Bobo-Dioulasso
SM Products 16-23S PVL TSST-1 mecA gyrA gyrB int1 cefoxitin R
SM1  Ham 3 0 1 0 0 1 0 0
Merguez 2 1 1 1 0 2 1 1
Sausage 3 0 1 0 0 0 0 0
Minced meat 2 0 0 0 1 0 1 0
SM2  Ham 3 0 1 1 2 0 2 1
Merguez 5 0 1 1 0 2 1 1
Sausage 3 0 1 0 0 0 1 0
Minced meat 4 1 0 0 0 0 1 0
SM3  Ham 4 0 2 1 0 0 1 1
Merguez 3 1 1 0 0 1 0 0
Sausage 1 0 0 0 0 0 0 0
Minced meat 2 1 1 1 1 1 1 1
Total 35/51(68.63%) 4/51(7.84%) 10/51(19.61%) 5/51(9.80%) 4/51(7.84%) 7/51(13.73%) 9/51(17.65%)  5/51(9.80%)

Legend: PVL: Panton and Valentine leukotoxin, TSST-1: Toxic shock syndrome toxin-1, SM: Super Market,
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n=35
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Fig. 4 Distribution of virulence genes. Legend: n=size (number) of the
sample tested. There is no significant difference in the frequency of viru-
lence genes. PVL=Panton Valentine Leukocidin. TSST-1 =toxic-shock syn-
drome toxin-1

a profound devastating effect on antimicrobial resistance
control as selective pressure elaborates and escalates
resistance [23].

S. aureus harbors various virulence determinants that
contribute to its pathogenicity. Therefore, animal foods
may be a source of transmission of pathogenic strains
in production facilities to humans and the environment
[34]. Toxins constitute an important group of S. aureus
virulence factors [35], with toxins being important to
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Fig. 5 Distribution of Resistance genes. Legend: n=size (number) of the
sample tested. There is no significant difference in the frequency of resis-
tance genes

food safety. In this study, 28.57% food-related MRSA
isolates harbored TSST-1 genes and 11.43%, PVL genes
(other toxin) among which, two isolates harbored both
genes PVL and TSST-1. Our results are consistent with
the results of other studies, which show a low presence of
these genes in S. aureus isolates. This is the case for [36—
38]. However, a substantial number of S. aureus isolates
carried the PVL and TSST-1 gene according to [32, 39] in
pig and pig workers from Nigeria and South Africa. This
difference could be explained by the fact that our studies
focused on ready-to-eat foods. It has been demonstrated
by some authors that pork are reservoirs of these virulent
S. aureus [32, 39, 40].

In this study, it was found that certain strains of MRSA
harbored virulence genes and certain antibiotic resis-
tance genes. One isolate harbored the genes - mecA,
PVL, TSST-1, gyrA, gyrB, gnrA and Intl, a mobile genetic
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element, which is responsible for the dissemination of
resistance genes. Consumption of food contaminated
by this isolate may potentially be a serious problem for
the consumer and those around them because there is a
risk of propagation. Integrons are elements of resistance
gene transfer. MRSAs that harbor them can easily trans-
fer resistance genes to other bacteria, which could make
it difficult to treat certain S. aureus infections. However,
the findings of our study are even more alarming in rela-
tion to public health considerations as ready-to-eat (RTE)
foods are consumed without further cooking, which
would have eliminated or reduced the microbial load.
Consequently, the incidence of S. aureus and MRSA in
RTE foods, along with the spread of antibiotic resistant
strains, represents a potential health hazard to humans.

The findings in this study would raise awareness among
supermarket owners in Bobo-Dioulasso, so that optimal
food manufacturing, safety and hygiene practices can be
enforced. Furthermore, these findings would inform pub-
lic health practitioners including health and sanitation
officials and community town hall workers to take nec-
essary measures to guarantee food safety for the general
public. Findings from this study will also provide local
data to relevant authorities on S. aureus prevalence and
resistance profiles in food products in the fight against
antimicrobial resistance.

Limitation of study: A limiting factor of this study was
the inability to sequence PCR products and this was
largely due to inadequate finances. Secondly, the authors
lacked resources to carry out multilocus sequence typing
(MLST) and pulsed-field gel electrophoresis (PFGE) for
determination of clones of isolates.

Conclusion

Our study highlighted that S. awureus contamination
is high in charcuterie products sold in supermarkets
at Bobo-Dioulasso. Among these isolates, those with
MRSA were highly resistant to common antibiotics. In
our study, S. aureus strains contained genes producing
toxins PVL and TSST-1 which suggest pathogenicity as
well as harboring genes that confer multi-resistance. This
food contamination poses a high risk of food poisoning
to consumers with a potentially difficult-to-treat illness
course for those who succumb to disease. There is also a
dire need for proper hygienic conditions to be instituted
in production areas for charcuterie products as well as
in the sales environment. Advocacy and capacity build-
ing on good food processing and safety practices for the
supermarket workforce in Bobo-Dioulasso is mandatory.
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