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Abstract

The Presence of antimicrobial-resistant Salmonella in food remains a real
threat. The aim of this study was to determine the antimicrobial resistance
profiles of Salmonella strains isolated from the most consumed types of meat
in Senegal.

A total of 337 samples were collected including 247 samples of raw meat
and 90 of meat-based ready-made meals. Salmonella strains were isolated
according to the French standard EN-ISO-6579 and serotyped according to the
KWLM scheme. Antimicrobial susceptibility tests were performed with 16 discs
following the agar diffusion method.
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Published: June 26, 2021 Our study showed that 37% of the samples carried Salmonella and allowed

the isolation of 136 strains of Salmonella. We identified 47 different serotypes
including S. Kentucky (11/136: 8%), S. Brancaster (10/136: 7%), S. Chester
(10/136: 7%), S. Istanbul (5/136: 4 %), and S. Agona (5/136: 4%) which were
respectively the most common. Of the 136 strains, 43 (31.6%) were resistant
to at least one antibiotic, of which 15.4% (21/136) were multidrug-resistant.
Interestingly, S. Kentucky that was the most common, exhibited also the highest
level of resistance, being at least resistant to 8 antibiotics.

In conclusion, The increasing resistance and spread of S. Kentucky in meat
products demand special monitoring and to be further studied.
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Abbreviations multidrug resistant Salmonella strains in food. Several studies have

shown evidence that meat is potential source of salmonellosis when
adequate hygiene and sanitation are lacking in the food management
[4,11]. Yet, due to changing climatic conditions and sedentary
lifestyles, people are feeding mainly on animal products. According
to FAO [12], world meat production is expected to be 16% higher in
2025 than the reference period, 2013-2015. Therefore, this increase
in the consumption of meat requires surveillance of antimicrobial-
resistant Salmonella in this sector knowing that they are the bacterial
leading cause of foodborne disease [11].

BPW: Buffered Peptone Water; S.: Salmonella; KWLM:
Kauffmann-White-Le-Minor; MKTTn: Mueller Kauffmann
Tetrathionate Novobiocin Broth; XLD: Xylose Lysine Deoxycholate

Introduction

Salmonella are particularly pathogenic microorganisms that infect
both animals and humans; they can be transmitted between animals
and humans through direct contact or contaminated-food [1,2]. They
are often carried by water drink and vegetables but food of animal

origins are the major vehicles [3-5]. They are responsible, after oral In 2014, WHO had classified antimicrobial resistance as one of the

absorption, for typhoid and paratyphoid fevers, and gastroenteritis
[6,7]. Although the typhoid and paratyphoid fevers are more severe,
they are getting rare in some regions of the world [8]. On the other
hand, Non Typhoidal Salmonella (NTS) are of big clinical concern
due to the huge number of people they infect annually and the cost of
medical care [1,9]. Moreover, in certain cases, NTS can spread up to
other tissues of the body and cause severe illness [1]. This may turn
in to fatal infection for people with weak immune system (infants,
patients with immunodeficient or immunosuppressed systems, etc.).
In fact, foodborne salmonellosis has been estimated at more than 80
million cases and is believed to be associated with thousands of deaths
each year worldwide, thus constituting a major public health problem
[9,10].

The threat has become much more serious with the spread of

three most threatening health problems of the 21* century [13]. This
problem of AMR requires the establishment of surveillance systems
to monitor its evolution. The epidemiological data collected would
make it possible to estimate the antimicrobial resistance patterns of
Salmonella strains and to alert the authorities to the implementation
of anticipatory policies. In this context, we aimed to study foodborne
Salmonella isolated from raw meat and meat-based ready-made
meals in Senegal. To our knowledge, this is the first study tackling the
problem of the antimicrobial-resistant Salmonella strains carried in
the three main types of meat consumed in Senegal.

The general objective of this study was to provide epidemiological
data on the antimicrobial resistance of Salmonella strains isolated
from the 3 main types of meat consumed in Senegal. The specific
objectives were (i) to assess the level of Salmonella carriage of chicken
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broilers, beef-, sheep-meats, and meat-based ready-made meals,
(ii) to identify the different serotypes and (iii) to determine the
antimicrobial resistance profiles of the isolates.

Materials and Methods
Sampling

The samples were randomized and collected from different
slaughterhouses and markets in the urban and peri-urban zone of
Dakar. During the period January 2015 to May 2016, a total of 337
samples were collected including 247 samples of raw meat (Chicken
broiler: 60, beef meat: 100 and sheep meat: 87) and 90 samples of meat-
based ready-made meals. The samples were immediately transported
into iceboxes to the Laboratory of Hygiene and Environment Safety
of Pasteur Institute Dakar. All samples were stored at -80°C after they
were analysed.

Salmonella screening

According to the French standard EN ISO 6579 for Salmonella
assessment in food, 25 g of each sample was mixed with a
STOMACHER*P mill in 225 mL of Buffered Peptone Water (BPW)
and then the mixture was incubated at 37°C for 18 hours. From
these pre-enrichment (BPW culture), 0.1 mL was transplanted into
a tube containing 10ml of Rappaport Vasiliadis broth (RVS) and 1
mL (BPW culture) into 9 mL of Mueller Kauffmann Tetrathionate
Novobiocin Broth (MKTTn). Tubes containing RVS broth were
incubated at 41.5°C in a stirred bath and those of MKTTn in an oven
at 37°C for 24 hours. The culture of each broth was parallelly isolated
on two different selective-agar-media, Xylose Lysine Deoxycholate
(XLD) and Hektoen and then incubated at 37°C. After 24 hours of
incubation, colonies with a black center with halo on Hektoen and
a black center surrounded by a reddish zone, slightly transparent on
XLD were considered as Salmonella presumptive-colonies. Thereby,
five (5) presumptive colonies were isolated on Nutrient agar then
incubated at 37°C for 18 hours. The oxidase test was done with strip
kits before using the API 20" gallery intended to the biochemical
identification of Enterobacteriaceae (Biomérieux). As Salmonella
are oxidase negative, only strains with negative oxidase test, were
considered. From the Nutrient agar with negative oxidase test, a pure
colony has been suspended in 5 mL of physiological saline solution
and distributed in the different wells of the gallery API20". The gallery
has been incubated at 37°C for 24 h and read with apiweb software
according to the protocol API 20F (Biomérieux). The identified strains
were stored at -80°C in TCS + Glycerol 10%.

Serotyping

The serotyping was done according to the White Kauffmann Le
Minor scheme (WKLM) 2007. So, Salmonella strains were cultured at
a while on Mueller Hinton [14] and Kliger Hajna (KH) agars for the
determination of the somatic and flagellar phases, respectively. KH
medium (Bio-Rad) in which 1mL of physiological saline solution was
added, was used to promote flagellar development.

Determination of the somatic phase: The (pure) MH culture was
used to do the agglutination tests with the polyvalent antisera (OMA,
OMB, OMC, OMD and OME) to determine the group to whom the
isolate belong. Whenever an isolate had agglutinated with one of
the polyvalent, it was confronted with the different corresponding
monovalent-antisera that make up this group to determine its

somatic phase.

Determination of flagellar phases: As in most cases, Salmonella
have two (2) flagellar phases. The first to appear was noted phase H1
and the second, H2. In rare cases, there is a third phase. KH Culture
was used to determine the flagellar phases. Each strain of Salmonella
was tested against 5 polyvalent antisera HMA, HMB, HMC, HMD and
HME. The strains having agglutinated with two different polyvalent,
were confronted with the monovalent antisera that compose
respectively these two polyvalent antisera to determine directly the
phases H1 and H2. For a strain not simultaneously expressing its two
phases, its H1 phase was first determined, then a phase inversion was
performed to determine the second phase H2 (Figure 1). Sven Guard
soft agar (Bio-Rad), poured into 55 cm Petri dishes. This soft agar
was used to demonstrate the inapparent H2 antigen phase of biphasic
Salmonella. A drop of the monovalent which was used for the
determination of H1 was deposited in the center of the soft agar Sven
Gard then a drop of culture of the same strain was added on and then,
the culture was incubated at 37°C/24h. This aimed to block the H1
phase to allow the development of the H2 phase. During incubation,
the strain developed its H2 phase to migrate. 24 hours later, the strain
that had developed its H2 phase had migrated to the edges of the plate
(Figure 1A). The determination of the H2 phase was therefore made
by making the agglutination tests from the bacterial growth at the
periphery of the box.

After determining the somatic and flagellar phases of the strain,
its antigenic formula was written as follows: O: H1; H2. This formula
was used to determine the serovar to which it corresponds, referring
to the WKLM Scheme of 2007 (example: 38: eh, 1,2 corresponds to
Salmonella Thiaroye). Some strains had developed a single flagellar
phase and were noted as O: H1; - (Example 4: fgs; - corresponds to
Salmonella Agona) (Figure 1B). Others had three phases (O: HI,
H2, H3 Example 8.20: r [i], z6: Salmonella Altona). The strains that
this method failed to serotype, will be sent to the National Reference
Center of the Pasteur Institute of Paris for a further characterization

Antimicrobial susceptibility tests

The antimicrobial susceptibility was determined by agar
diffusion method using the Mueller Hinton agar (Bio-Rad).
Sixteen (16) antibiotics disks (Bio-Rad) were chosen from the
standard list proposed by EUCAST version 2017, based on their
importance both in human and veterinary medicine. The position
of the amoxicillin+clavulanic acid regarding the third and fourth
cephalosporins’ generations, aimed at detecting an eventual ESBL
(Extended-Spectrum Beta-lactamases). Antibiotics susceptibility
were read with the automated system Adagio (Bio-Rad). The isolates
were categorized “susceptible”, “intermediate” or “resistant” based
on their inhibitory diameters referring to EUCAST 2017 standards.
Parallelly, a check was made at the same time with a reference strain
to validate the tests.

Data management and exploitation

Sampling data and experimental results were collected and
managed with Excel software (Office 2016). The R software was used
to perform the statistical tests but some graphical representations
were made with Excel (Office 2016).
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Table 1: Level of meat contamination with salmonella.

Sample Type Assessed Samples Positive Samples
Chicken broilers 60 35
Ovine meat 87 37
Bovine meat 100 40
Ready-to-use meals 90 12
Total 337 124

Results and Discussion

Contamination rates and serovars distribution

Bacteriological analysis of different samples showed that 36.79
(124/337) of samples were contaminated with Salmonella (Table 1).
Chicken broilers exhibited the highest rates of Salmonella carriage
(58%) followed by the bovine and ovine meat (~41%). Out of the 90
sample of meat-based ready-to-use meals, 13% was contaminated
with Salmonella (Table I).

A total of 136 Salmonella spp were recovered out of which
126 were completely serotyped. Hence, 47 different serovars were
identified of which Salmonella Kentucky (11/136: 8%), Salmonella
Brancaster (10/136: 7%), Salmonella Chester (10/136: 7%), Salmonella
Istanbul (5/136: 4%) and Salmonella Agona (5/136: 4%), were the
most common serovars (Supplementary, Table 1). However various
local serovars (Salmonella Ngor, Salmonella Fann, Salmonella
Gueuletapee, Salmonella Thiaroye and Salmonella Gambia) have
been found in beef. Three (03) serovars of Salmonella enterica subsp.
salamae and two (02) of Salmonella enterica subsp. arizonae were also
found in beef.

Antimicrobial resistance profiles

Strains isolated from sheep-meat, beef-meat and cooked dishes
were almost susceptible to all antibiotics tested: 33/34; 36/42 and
18/20 respectively. On the other hand, 34 out of the 40 strains isolated
from broilers, were resistant and then represented 80% of the total
resistant strains (Figure 2).

All the strains were susceptible to chloramphenicol and to
imipenem. No ESBL has been observed. However, resistance to several
first-line antibiotics has been observed. In fact, of the 136 strains, 43
(31.62%) were resistant to at least one antibiotic. Out of these 43
strains, 48.8% (21/43) presented resistance to at least 4 antibiotics.

Figure 1: Flagellar phases of Salmonella.

A. Salmonella Kentucky: Trapping of the first phase (dark white in the center)
and development of the second (whitish layer at the periphery).

B. Salmonella Gueuletapee: Trapping of the first phase (dark white in the

B Meat based meals

BBovine meat

B Ovine meat

Bchicken broilers

Figure 2: Distribution of the resistant-strains based on the food origin.

Table 2: Resistance levels based on serovars types.

center)-An absence of the second phase.

Serovars Number Resistance profiles
Brancaster 6 TETR
Brancaster 2 TETR, SXTR
Konstanz 1 TETR, SXTR
Djugu 1 TETR, SXTR
Brandenburg 1 TETR, SXTR
Chester 6 TETR, SXTR
Bredeney 1 AMPR, TICR, AMCR
Unknown 3 AMPR, AMCR, CEFR, FOXR
Chester 4 TETR, SXTR, NAR, NORR, CIPR
Johannesburg 3 TETR, SXTR, NAR, NORR, CIPR
Istanbul 5 TETR, SXTR, NAR, NORR, CIPR
Kentucky 3 TETR, SXTR, GMR
Godeau 1 TETR, SXTR, AMPR, TICR AMCR
Myrria 1 TETR, SXTR, AMPR, TICR AMCR
Salford 1 TETR, SXTR, AMPR, TICR AMCR
Kentucky 2 TETR, SXTR, GMR, NAR‘A::IA%ER’ CIPR, AMPR, TICR et

R= Resistant to (E.g. TETR = resistant to TET); TET=Tetracyclin; SXT=T
rimethoprim+Sulfamethoxazole; AMP=  Ampicillin;  TIC=Ticarcillin; AMC
=Amoxillin+Clavulanic acid; CEF=Cefalotin; FOX=Cefoxitin; NA=Nalidixic acid;
NOR=Norfloxacin; CIP=Ciprofloxacin; GM= Resistant to Gentamicin.
Two (02) serovars of Salmonella Kentucky showed the highest level of
resistance being resistant to at least 8 antibiotics (Table 2).

High frequency of resistance to tetracycline and trimethoprim-
sulfamethoxazole, being 83.72% (36/43) and 74.42% (32/43)
respectively, has been noted. Resistance to fluoro/quinolones
(32.56%), and to ampicillin (20.93%) was also relatively frequent
(Figure 3).

Discussion

Our results have shown that in Senegal although cooked dishes
have a high level of contamination with Salmonella (13%), meat
from bovine and ovine origins are much more contaminated (40 to
42%). But the most alarming contamination rates were noted with
broilers (58%). The skins of livestock animals are often a source of
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Figure 2: Most significant resistance patterns.
AMP=ampicillin; NA=Nalidixic acid; SXT=trimethoprim+Sulfamethoxazole;
TET=tetracyclin.

contamination for meat when strict hygiene measures are not taken at
slaughter. They carry Salmonella from environmental, faecal and other
sources. To these external contaminants must be added the internal
microbial flora of these animals which can also contaminate the meat
during slaughter and evisceration. This would justify Salmonella
contamination rates we are reporting here. Our study corroborates
that of another study conducted in Senegal in 2017 which showed
that these two types of meat are at 40% contaminated with Salmonella
(Unpublished data). Such levels of contamination have been reported
before. According to this study, the contamination rates of beef and
sheep meat were 56.6% and 66.6% respectively (Unpublished data).

The conditions for rearing, processing and slaughtering cattle
and sheep are almost identical in Senegal, which may be the reason
why their levels of contamination have the same tendency. These
conditions differ from those of broilers. Indeed, the breeding
conditions of chickens (damp and nutrient-rich hen houses) are
a primary source of Salmonella contamination for the broilers.
Then come slaughter and plucking, which are critical steps for the
microbiological quality of the chickens. Indeed, they are frequently
the cause of an increase in the bacterial load of the chicken due to
unhygienic handling and cross contamination. This same situation
would reoccur at the market where chickens are piled up and exposed
for sale. This would explain the high level of contamination that we
have found (58%). Other studies conducted in Senegal, reported
similar results. According to, Fall-Niang and colleagues, 53% of the
broilers were contaminated with Salmonella. The study of Diouf also
revealed as high contamination rates (52%) [15]. Similar results have
been found elsewhere in the world: 60% in Cameroon [16] and 54%
in Japan [17]. Although the meat products used in the preparation
of shawarma, sandwiches and other dishes are contaminated in the
same way as raw meats (Table III), the cooking heat considerably
reduces these contaminants. Salmonella is almost eliminated at 70°C,
so ready meals are less contaminated than raw meat. Moreover,
these contaminations may come mainly from a post-cooking source.
This is why we would obtain a relatively low but not negligible
contamination rate (13%). Such results were found by El Marnissi in
Morocco, accounting for 13.70% of cooked dishes [18].

From the 124 contaminated samples (124/337), 136 Salmonella

strains were isolated. In fact, in some samples, 2 to 3 different
Salmonella have been isolated which would explain the fact that there
are more strains than contaminated samples.

Among the 136 strains isolated, 47 different serovars were
identified of which Salmonella Kentucky, Salmonella Chester, and
Salmonella Brancaster were the most common serovars, respectively.
Our results are similar to those of some authors in Africa. Alambedji
and colleagues had previously shown that S. Kentucky, S. Muenster
and S. Brancaster were the most common in chicken carcasses in
Dakar [19]. A recent study conducted in Senegal have also found that
the serotypes Istambul, Brancaster and Kentucky were respectively
the most prevalent in the broilers [20]. The difference found in
the frequency of the serovars by these authors compared to our
study could be explained by the fact the they only studied strains of
chicken origin. Another study in Nigeria showed the same trend [21].
However, 7% of our strains are not completely typified, therefore, this
some serovars dominance over others could be switched.

The selection pressure and the adaptation need of the strains have
led to the emergence of resistant clones that propagate this resistance.
Our study hav showed a relatively high level of resistance (31.62%).
Indeed, our results are similar to those of Bouchrif and Ejo.

The study of Bouchrif et al. on Salmonella strains isolated from
chickens broiler, beef and cooked dishes in Morocco showed similar
levels of resistance ,being 29% [22]. In addition, a recent study in
Ethiopia showed a high prevalence of resistant Salmonella [23]. This
prevalence is much higher than our results. However, this difference
(72.7% versus 31.62%) could be justified by the fact that their
study only concerned Salmonella isolated from broilers where the
prevalence of antimicrobial resistance is generally very high. Similar
results would be obtained if we considered separately our strains
isolated from chickens because 85% of these isolates are at least
resistant to one antibiotic. In fact, according to a study conducted in
Dakar in 2006, about 79% of Salmonella isolated from chickens were
resistant to at least one antibiotic [19].

It appears that the level of sensitivity of the strains would also
depend on its immediate environment, the matrix from which they
were isolated. Strains that have evolved in different environments
would have acquired different mechanisms of resistance, materialized
by mutations (gain or loss of genetic determinants) within their
genomes. This could result in a difference in antibiotic susceptibility
of strains isolated from animals exposed to antibiotics compared to
those isolated from unexposed or less exposed animals.

The results we obtained show that the resistance profiles of strains
isolated from broilers are significantly different from those of isolates
from other matrices (p-value<0.0001). In Senegal, sheep and cattle
have very little or no exposure to antibiotics, which explains the poor
evolution of strains isolated from these sectors from the point of view
of antibiotic resistance. The cooked dishes we have studied show the
same profiles since they are mainly made from beef.

The level of resistance of the isolates therefore depends not
only on the bacterial species but also on several other factors. It is
clear that exposure to antibiotics is accelerating the phenomenon
of antimicrobial resistance [24]. In the poultry sector, for example,
farmers are massively using antibiotics as both treatments and feed
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for poultry. This may select the bacteria that acquired resistance to
these antibiotics. This new resistant and / or multidrug-resistant
population is developing and becoming predominant in these areas.
This explains the high levels of resistance obtained in our work from
broilers (85%). These results are consistent with those of several other
studies done in Senegal (Bada-Alambedji et al., 2006) and in the rest
of the world [25-27]. In Brazil, a study of chicken carcasses showed
a higher resistance rate with 100% resistance [28]. This may be due
to the fact that Brazil is one of the five countries with the highest
antibiotic consumption in the livestock sector, alongside China, the
United States, Germany and India [29]. However, in Senegal there
has been a marked increase in the use of antibiotics in breeding in
recent years. The amount of antibiotics used in livestock farming in
Senegal increased from 11,435 kg in 2015 to 14,547 kg in 2017, an
increase of nearly 3,112 tones [30].

Resistance to 3rd and 4th generation cephalosporins or
carbapenems was not observed. Such results have been found here
in Senegal [31-33], in Africa [22,23], and elsewhere [34]. However,
ESBL-producing Salmonella in food, has been previously described
in Senegal [35]. Another interesting finding of our study is that all
the strains was susceptible to chloramphenicol giving more choices
to the clinicians. This is consistent with previous studies carried in
Senegal [20,36].

Unlike these antibiotics, resistance to penicillin (AMP, TIC),
tetracyclines [14] and sulfonamides, are widely distributed within
Salmonella strains. Added to this is the resistance to fluoro/quinolones
more and more found in these strains. Significant resistance profiles
for tetracycline (83.72%), trimethoprim-sulfamethoxazole (74.42%),
quinolones/fluoroquinolones (32.56%), and ampicillin (20.93%) were
found. These trends are reported in the literature by many authors
[23,37,38].

Conclusion

This work allowed us to estimate the antimicrobial resistance
level of the Salmonella strains isolated from the most consumed meat
in Dakar. One most the most important findinds is that Salmonella
Kentucky that is the most prevalent serovar, exhibits the highest level
of resistance being at least resistant to eight (08) antibiotics. These
data would make it possible to prevent “therapeutic failures” during a
possible salmonellosis of meat origin in Senegal. They would also alert
the public and the competent authorities and lay the groundwork for
the foundation of a plan to monitor this resistance.
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