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The release of untreated wastes from abattoirs into the environment and nearby water bodies poses a significant threat to public
health. Such litters may contain pathogens, including antibiotic-resistant bacteria. This study investigated 80 samples collected
from butchering tables, slaughter slabs, meat rinsing points, and abattoir wastes receiving water from two abattoirs (A and B).
Total Enterobacteriaceae count (TEC) for each sample was determined, and Escherichia coli (E. coli), Salmonella spp., Shigella
spp., and Staphylococcus aureus (S. aureus) were isolated and identified. Antimicrobial susceptibility testing was done on all
bacterial isolates against nine locally used antibiotics. Overall, 118 bacterial isolates, comprising E. coli (42.5%), Salmonella spp.
(27.5%), Shigella spp. (37.5%), and S. aureus (40.0%), were recovered. Of the 118 bacterial isolates, 104 (88.1%) were
multidrug-resistant, including 58 (55.8%) from abattoir A and 46 (44.2%) from abattoir B; however, this difference was not
statistically significant (p = 0:6837). Of the 32 S. aureus isolates, 29 (90.6%) were multidrug-resistant. All S. aureus were 100%
sensitive to vancomycin, kanamycin, and amikacin. Similarly, 31 (91.2%) of the 34 E. coli isolates recovered in this study were
multidrug-resistant. Salmonella spp. and Shigella spp. also showed high levels of multidrug resistance corresponding to 81.8%
and 86.7%, respectively. All isolates of E. coli, Salmonella, and Shigella were 100% resistant to ampicillin and 100% sensitive to
ciprofloxacin. Minimum and maximum mean values for TEC were 3.62-5.83 log CFU/mL for abattoir A and 4.08–5.56 log
CFU/mL for abattoir B. The highest and lowest TEC counts were from slaughter slab and upstream water, respectively, in each
abattoir. Our results indicate a predominance of multidrug-resistant bacteria in abattoir wastes and their receiving waters in
the study sites. Hence, we recommend the treatment of abattoir wastes before disposal and improved hygiene and sanitation
practices to enhance public health.

1. Introduction

Functional adequate abattoir wastes management systems
and policies are almost inexistent in many African countries.
This gap leads to the unhygienic disposal of solid wastes and
untreated effluent into the environment [1]. Wastes are
either disposed of in open dumps or discharged into nearby
streams, constituting an environmental and public health
menace [2, 3]. Proper waste management in the abattoir is
critical in ensuring public health and environmental safety

[4]. The risk of epidemics, water contamination, and pollu-
tion are real problems confronting developing countries
where abattoir waste management issues are grossly
neglected [5, 6]. Untreated wastewater from abattoirs report-
edly contains high levels of total coliform bacteria beyond
the levels recommended for discharge into water bodies
[7]. Pathogenic bacteria such as E. coli, Salmonella, and Shi-
gella spp. have been detected in abattoir settings [6].

Abattoirs have been recognized as a critical link in
spreading pathogenic bacteria to the environment [8, 9],
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including multidrug-resistant pathogenic organisms capable
of causing difficult-to-treat infections in humans and ani-
mals [10]. Antibiotic-resistant bacteria (ARB) in abattoirs
has been the topic of numerous international health and
political summits. An abundance of comprehensive reports,
guidelines, and recommendations at international and
national levels have been published to tackle the threats
posed by antibiotic resistance [11]. Several studies have
reported the presence of antibiotic-resistant bacteria in abat-
toir wastes [12–14], and among these bacteria, multidrug-
resistant Salmonella [13] and enterohemorrhagic E. coli
(EHEC) 0157:H7 [15] were detected. S. aureus and
methicillin-resistant S. aureus have also been reported from
the abattoir environment [16]).

Antibiotic resistance has recently been referred to as “the
silent tsunami facing modern medicine” [17, 18]. Even ARB
that are nonpathogenic and part of the normal intestinal
flora have been shown to transfer resistance genes to patho-
genic bacteria such as Salmonella and EHEC O157:H7 [13].
Salmonella spp. and E. coli are examples of zoonotic bacteria
known to cause diseases in humans and could be present in
high levels in abattoir wastes [5]. Nwanta et al. [13] exam-
ined abattoir wastes for bacteria with potential risk for
human health at an abattoir in Nigeria. They identified sev-
eral bacteria, including E. coli O157:H7, Salmonella spp. and
Campylobacter species. Another study reported many patho-
genic microorganisms such as Salmonella, E. coli (including
serotype 0157:H7), Shigella, parasite eggs, and amoebic cysts
[1], which are of public health importance. Another earlier
study isolated pathogenic bacteria and fungi species from
abattoir wastewater and surface water, including Staphylo-
coccus, E. coli, Streptococcus, Salmonella, Aspergillus, Mucor,
Saccharomyces, and Penicillium species [19].

Evaluating antimicrobial susceptibility profiles of various
bacterial pathogens in abattoir waste and their receiving
waters is critical to assess the potential risk of disseminating
resistant pathogens to the environment and the human pop-
ulation. There is limited information on antimicrobial sus-
ceptibility profiles of bacterial pathogens in abattoir wastes
and their receiving waters in Limbe municipality and Cam-
eroon in general. This study assessed the total Enterobacteri-
aceae count and antimicrobial susceptibility patterns of
common bacterial pathogens isolated from abattoir wastes.

2. Materials and Methods

2.1. Study Sites. This study was carried out in two abattoirs
(designated A and B) in Limbe (Figure 1), Fako Division,
South West Region of Cameroon. Limbe (4.024100,
9.214800) is a coastal town situated at the foot of Mount
Cameroon and an international tourist destination. Its main
touristic features are beautiful coastal beaches, historical
monuments, a botanic garden, and a wildlife center. Limbe
had over 120,000 inhabitants in 2012, with an estimated
growth rate of 2.9% [20]. It has a surface area of 545 km2

and one of the highest population densities in Cameroon,
with 220 people per km2 [20].

Abattoir A (4.008900, 9.214700) is the central functional
abattoir. This abattoir has been in existence for over 70

years, and an average of 85 cattle (range 50 to 120) are
slaughtered daily. Abattoir B (4.0602, 9.2447), relatively
smaller, with an average slaughtering capacity of 37 cattle
per day, is approximately 7 km from abattoir A. This abattoir
was constructed in 2014 to reduce overcrowding at the cen-
tral abattoir.

2.2. Sample Collection and Transportation. This study was a
laboratory-based investigation, and samples were collected
weekly from each abattoir for eight weeks. Swab samples
were collected from the slaughter slab and butchering table,
while water samples were collected from the meat rinsing
point and the abattoir wastes receiving waters. An electro-
static swab cloth was rubbed over different points on the sur-
faces of varying butchering tables in the swab collection
procedure. The fabric was immediately immersed in a sterile
sample collection bottle containing 5mL of sterile
phosphate-buffered saline. A sampling of the wastes receiv-
ing waters was done upstream and downstream; equidistant
(100m) from the abattoir wastes discharge point into the
stream. Overall, 80 samples (40 from each abattoir) were col-
lected. All samples were maintained at a temperature of 4°C
in a cool box with ice packs to prevent the multiplication of
endogenous microbes. Samples were transported to the Lab-
oratory for Emerging Infectious Diseases, at the University
of Buea, within 2 h of collection for analysis. On the first
day of sample collection, ancillary data, including the aver-
age number of cattle slaughtered per day, age of abattoir,
waste disposal methods, presence of water, disinfection of
working equipment, and dressing attire, were captured on
a simple questionnaire.

2.3. Enumeration of Enterobacteriaceae. All samples were
analyzed for Enterobacteriaceae following the British
National Standard Method [21]. Aseptically, tenfold serial
dilution, up to 10-7, was made from 1mL of each sample
and 9ml of buffered peptone water. From the 10-5 to 10-7

dilutions, 0.1mL of the suspension was inoculated by
spreading on violet red bile glucose agar in duplicate plates
and incubated aerobically at 37°C for 24 h. After incubation,
plates containing not more than 150 typical Enterobacteria-
ceae colonies (pink or red, a diameter of 0.5mm or greater,
and with or without precipitation) were counted. For each
sample, five of the colonies counted as Enterobacteriaceae
were selected randomly, subcultured onto nutrient agar
(CM131, Oxoid, USA), and incubated overnight at 37°C.
Colonies were confirmed as Enterobacteriaceae by observa-
tion of glucose fermentation and adverse oxidase reaction.
Results were obtained as the average count in duplicate
plates and expressed as CFU/mL of the sample using the fol-
lowing formula.

Count permL = Number of colonies confirmed
Number of colonies tested

×
Number of colonies counted
Volume tested × Dilution

:

ð1Þ

The Enterobacteriaceae counts were transformed to
log10 CFU/mL.
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2.4. Isolation and Identification of Bacterial Isolates

2.4.1. Escherichia coli. A 200μL of each sample from the 10-2

dilution was inoculated by spreading on MacConkey’s agar
(Liofilchem, Italy) for the selective and differential isolation
of E. coli and plates incubated aerobically at 37°C for 24h.
Lactose-fermenting colonies (pink) were Gram-stained and
examined microscopically to determine cell morphology
and staining reaction. Downstream tests to identify E. coli

included subculture on eosin-methylene blue agar for pro-
duction of greenish metallic sheen and the miniaturized bio-
chemical tests using API 20E kit (BioMérieux, UK) following
purification of presumptive isolates on nutrient agar.

2.4.2. Salmonella and Shigella Species. To isolate Salmonella
and Shigella species, 200μL of each undiluted enriched sam-
ple were inoculated onto Salmonella-Shigella agar (Liofil-
chem, Italy). Before the inoculation of the SS agar, an
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Figure 1: Map of Limbe showing abattoirs A and B.
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aliquot (1mL) of each sample was enriched in selenite cys-
tine broth (Liofilchem, Italy) in overnight incubation at
37°C to enhance the recovery of Salmonella and Shigella spe-
cies. Presumptive isolates were purified on nutrient agar and
screened by Gram-staining, motility testing, and the API
20E identification system.

2.4.3. Staphylococcus aureus. Similarly, S. aureus was isolated
on mannitol salt agar (Liofilchem, Italy), a selective and dif-
ferential culture medium, by inoculation of 200μL of each
undiluted sample. Presumptive S. aureus isolates were puri-
fied on nutrient agar, Gram-stained, and tested for catalase
and coagulase production. Confirmation of S. aureus

Table 1: Ancillary data on the primary activities at the two abattoirs.

Characteristic Abattoir A Abattoir B

The average number of cattle slaughtered per day 85 37

Age of abattoir (years) 80 8

Method of solid wastes disposal Burning/dumping Burning/dumping

Method of liquid wastes disposal Nearby stream Nearby stream

Treatment of waste before disposal No No

Disinfection of slabs and tables No No

Disinfection of equipment No No

Presence of tap water Yes Yes

Wearing protective equipment (coats, gloves, boats) Occasionally Occasionally

(a) (b)

Figure 2: Abattoir A environment: (a) drainage designed to channel liquid wastes to the environment and nearby stream; b) heap of cattle
dung frequented by cattle egrets.

Table 2: Total Enterobacteriaceae counts from each abattoir and sample collection point.

Abattoir Sample collection point Number of samples analyzed
Counts (CFU/mL)

Minimum Maximum Mean Log mean

A Upstream 8 2:0 × 103 1:0 × 104 4:2 × 103 3.62

Downstream 8 6:6 × 103 8:8 × 104 1:2 × 104 4.08

Slaughter slab 8 5:8 × 105 8:0 × 105 6:8 × 105 5.83

Butchering table 8 2:5 × 105 6:7 × 105 4:8 × 105 5.68

Meat rinsing point 8 1:6 × 105 4:1 × 105 3:5 × 105 5.54

B Upstream 8 4:2 × 103 2:0 × 104 1:2 × 104 4.08

Downstream 8 6:1 × 104 1:5 × 105 7:2 × 104 4.86

Slaughter slab 8 1:8 × 105 5:5 × 105 3:6 × 105 5.56

Butchering table 8 1:5 × 105 6:1 × 105 3:2 × 105 5.51

Meat rinsing point 8 1:1 × 105 2:5 × 105 1:5 × 105 5.17
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identity was done using molecular methods. The genomic
DNA of each presumptive S. aureus isolate was extracted
using the simple boiling method. Pure colonies of S. aureus
isolates were inoculated into 200μL of tryptone soy broth
(Merck, Darmstadt, Germany) and cultivated overnight at
37°C. The cells were harvested by centrifugation and sus-
pended in 200μL sterile physiological buffered saline. The
suspension was heated in a water bath (Yamato Scientific,
USA) at 100°C for 15min and immediately chilled on ice.
The boiled bacterial cells were centrifuged at full speed for
10min in a microcentrifuge to separate the cell debris from
the supernatant. The supernatant was stored at –20°C until
used as DNA template.

2.5. Polymerase Chain Reaction Identification Using S.
aureus Species-Specific Primers. All polymerase chain reac-
tion (PCR) amplification reactions were carried out in a total
volume of 25μL comprising 12.5μL of 2× BioMix master
mix (Bioline, USA), forward and reverse primers (0.50μL
each to give a final concentration of 0.4M), nuclease-free
water (6.5μL), and DNA template (5.0μL). A negative con-
trol was included in each PCR run, in which the DNA tem-
plate was replaced with nuclease-free water. All PCR runs
were carried out using a MyCycler Thermal Cycler (Applied

Biosystems, USA). The PCR primer pair F : 5′ −
GCGATTGATGGTGATACGGTT − 3′ and R : 5′ −
AGCCAAGCCTTGACGAACTAAAGC − 3′ was used to
amplify a 280 bp fragment of the thermonuclease (nuc) gene
of S. aureus [22]. The PCR cycling conditions were opti-
mized at 94°C for 5min for one cycle of initial denaturation.
This was followed by 35 cycles of denaturation at 94°C for
1min, annealing at 49°C for 1min, and extension at 72°C
for 1min. The final extension was set at 72°C for 5min
and cooled to 4°C until tubes were removed from the PCR
machine. The PCR products were electrophoresed using
1.5% agarose gel (BioShop, Canada) stained with 0.5mg/L
ethidium bromide (Merck, Modderfontein, South Africa)
at 100V for 1 h, in 1×TBE buffer and viewed under a UV
transilluminator (EBOX VX5, Vilber Lourmat, France).

2.6. Antibiotic Susceptibility Testing. All confirmed isolates of
E. coli, Salmonella spp., Shigella spp., and S. aureus were sub-
jected to in vitro susceptibility testing against commonly
used antimicrobial agents using the Kirby-Bauer disc diffu-
sion method and following guidelines established by the
Clinical and Laboratory Standards Institute [23]. The antibi-
otics used, their potency and abbreviations, were as follows:
ampicillin (10μg, AM), amoxicillin-clavulanate (10μg,
AMC), penicillin (10μg, P), nalidixic acid (30μg, NA), tetra-
cycline (30μg, TE), streptomycin (30μg, S), gentamicin
(10μg, GM), amikacin (30μg, AK), kanamycin (30μg, K),
chloramphenicol (10μg, C), vancomycin (30μg, VA), ceftri-
axone (30μg, CRO), clindamycin (2μg, DA), and ciproflox-
acin (5μg, CIP). These antibiotics were chosen because they
are used in human medicine and/or animal veterinary prac-
tice in the study area. After incubation, the diameter of the
zones of inhibition around each disc was measured. These
diameters were interpreted as resistant, intermediate, or sen-
sitive following the Clinical Laboratory Standards Insti-
tute [23].

2.7. Statistical Analysis. Enterobacteriaceae counts were
transformed to log10 CFU/mL before statistical analysis.
Data generated on the prevalence of bacterial isolates and
multidrug-resistant bacterial isolates were analyzed using a
chi-squared test to determine whether there were significant
differences in the prevalence of these isolates and Enterobac-
teriaceae counts between abattoirs and between sample col-
lection points. Statistical significance was set at a p value of
<0.05. Charts were plotted using Microsoft Excel 2010.

3. Results

3.1. Characteristics of the Abattoirs. From information cap-
tured in the questionnaire, the two abattoirs differed only
at the level of the number of cattle slaughtered per day and
their longevity (Table 1). Both abattoirs undertook similar
wastes disposal methods characterized by lack of waste treat-
ment and no disinfection of slabs, tables, and equipment
(Table 1). Information collected from direct observation of
the abattoir environment confirmed that the hygiene status
of both abattoirs was poor. Slow-moving abattoir effluents
that trickled through purposely designed drainages to the
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Figure 3: Total Enterobacteriaceae counts at each sample collection
point.

Table 3: Bacterial isolates identified in the study sites.

Bacterial species Total isolated (%)
Abattoir (n = 40 each)
A (%) B (%)

E. coli 34 (28.8) 18 (15.3) 16 (13.6)

Salmonella spp. 22 (18.6) 12 (10.2) 10 (8.5)

Shigella spp. 30 (25.4) 15 (12.7) 15 (12.7)

S. aureus 32 (27.1) 20 (16.9) 12 (10.2)

Total 118 (99.9) 65 (55.1) 53 (45.0)
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abattoir surroundings and subsequently to the receiving
water were observed (Figure 2(a)). On each sample collec-
tion day, flies, rodents, other potential disease-carrying vec-
tors, and cattle egrets were seen on heaps of wastes (mainly
cattle dung and unused parts) in the vicinity of the abattoirs
(Figure 2(b)).

The abattoirs had no toilet facilities, and unlike abattoir
B, residential buildings were very near abattoir A. It was also
observed that proper regular cleaning of the floor with disin-
fectants was not done. Still, more animals were brought and
slaughtered in the exact location containing large quantities
of blood and animal waste.

The slaughter slabs in both abattoirs were tiled, and the
tiles had several coats of dirt, suggesting they were not
washed regularly. All animals were slaughtered on the same
slab. The butchering block (referred to as the butchering
table in this study) in abattoir A was not smooth because
several tiles had fallen off. Although tap water was present
in both abattoirs, the water used at the meat rinsing points
was held in drums and was rarely changed.

3.2. Total Enterobacteriaceae Count. The mean values of the
Enterobacteriaceae count for each abattoir were computed
and are presented in Table 2. The typical contamination sites
in both abattoirs were the slaughter slabs, the butchering
tables, and the meat rinsing points. The counts were lowest
for upstream samples (abattoir A, 2:0 × 103 − 1:0 × 104
CFU/mL; abattoir B, 4:2 × 103 − 2:0 × 104 CFU/mL) and
highest for samples from the slaughter slab (abattoir A, 5:8
× 105 − 8:0 × 105 CFU/mL; abattoir B, 1:8 × 105 − 5:5 × 105
CFU/mL) (Table 2 and Figure 3). There was no significant
difference in mean Enterobacteriaceae numbers from the dif-
ferent sampling points between abattoirs A and B (p > 0:05)
except for that between upstream and downstream for abat-
toir A (p = 0:02) and abattoir B (p = 0:03).

Table 4: Bacterial isolates resistant to each antibiotic tested.

Class of antibiotic Antibiotic
Number (%) of resistant bacterial isolates

E. coli (N = 34) Salmonella spp. (N = 22) Shigella spp. (N = 30) S. aureus (N = 32)

Penicillins

Ampicillin (AM) 34 (100) 22 (100) 30 (100) —

Amoxicillin-clavulanate (AMC) 4 (11.8) 5 (22.7) 2 (6.7) —

Penicillin (P) — — — 32 (100)

Quinolone Nalidixic acid (NA) 3 (8.8) 13 (59.1) 0 —

Tetracyclines Tetracyline (TE) 8 (23.5) 17 (77.3) 8 (26.7) 21 (65.6)

Aminoglycoside

Streptomycin (S) 20 (58.8) 15 (68.2) 15 (50.0) —

Gentamicin (GM) 15 (44.1) 11 (50.0) 10 (33.3) 11 (34.4)

Amikacin (AK) — — — 0

Kanamycin (K) — — — 0

Phenicols Chloramphenicol (C) 14 (41.2) 9 (40.9) 17 (56.7) —

Glycopeptide Vancomycin (VA) — — — 0

Cephalosporins Ceftriaxone (CRO) 30 (88.2) 18 (81.8) 18 (60.0) 27 (84.4)

Lincosamides Clindamycin (DA) — — — 9 (28.1)

Fluoroquinolones Ciprofloxacin (CIP) 0 0 0 5 (15.6)

—, Not done.

Table 5: Distribution of the multidrug-resistant isolates in
abattoirs A and B.

Bacterial
species

Multidrug-resistant isolates (%)
p

-value
Total
(%)

Abattoir A
(%)

Abattoir B
(%)

E. coli 31 (29.8) 17 (54.8) 14 (45.2) 0.4761

Salmonella
spp.

18 (17.3) 9 (50.0) 9 (50.0)

Shigella spp. 26 (25.0) 14 (53.8) 12 (46.2) 0.2827

S. aureus 29 (27.9) 18 (62.1) 11 (37.9) 0.8756

Total
104
(100)

58 (55.8) 46 (44.2) 0.6837

0 5 10 15 20

E. coli

Salmonella spp.

Shigella spp.

S. aureus

Abattoir B
Abattoir A

Figure 4: The proportion of multidrug-resistant isolates in
abattoirs A and B.
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3.3. Prevalence of Bacterial Isolates. A total of 118 bacterial
isolates were identified as E. coli (n = 34; 28.8%), Salmonella
spp. (n = 22; 18.6%), Shigella spp. (n = 30; 37.5%), and S.
aureus (n = 32; 40.0%). Of the 118 bacterial isolates, 55.1%
(65/118) were from abattoir A and 45.0% (53/118) from
abattoir B (Table 3).

3.4. Antibiotic Susceptibility Pattern of Bacterial Isolates.
Each bacterial isolate was challenged with a panel of nine
antibiotics. The Gram-negative rods (E. coli, Salmonella
spp., and Shigella spp.) were challenged with the same anti-
biotics. In contrast, S. aureus (Gram-positive cocci) was
challenged with antibiotics which included penicillin, amika-
cin, kanamycin, clindamycin, and vancomycin (Table 4).
The antibiotic resistance pattern showed that all isolates of
E. coli, Salmonella spp., and Shigella spp. were resistant to
ampicillin and also showed high resistance to ceftriaxone.
All the isolates of E. coli, Salmonella spp., and Shigella spp.
were sensitive to ciprofloxacin. The E. coli isolates had the
least resistance to nalidixic acid (8.8%, 3/34) followed by Sal-
monella spp. 59.1% (13/22) and Shigella spp. with zero resis-
tance (Table 4). All S. aureus isolates were sensitive to
amikacin, kanamycin, and vancomycin. On the contrary, S.
aureus isolates were 100% resistant to penicillin, followed
by ceftriaxone (84.4%, 27/32) and tetracycline (65.6%, 21/
32) (Table 4).

3.5. Multidrug Resistance Patterns of Bacterial Isolates.
Unfortunately, of the 118 bacterial isolates challenged with
antibiotics, 88.1% (104/118) elaborated multidrug resistance
(resistance to at least one antibiotic in three or more classes
of antibiotics). The 104 multidrug-resistant isolates com-
prised 58 (55.8%) from abattoir A and 46 (44.2%) from abat-
toir B; however, this difference was not statistically
significant (Table 5 and Figure 4). Except for the prevalence
of Salmonella spp. that was the same in both abattoirs, the
prevalence of other multidrug-resistant bacterial isolates
was higher in abattoir A than abattoir B. However, the dif-
ference was not statistically significant.

There was considerable variation in the prevalence of
multidrug-resistant isolates from different sample collection
points. The highest prevalence of multidrug-resistant bacte-

ria was downstream from the point of discharge of the efflu-
ents in abattoir A, followed by the slaughter slab in abattoir
A, meat rinsing point in abattoir A, and butchering table in
abattoir A. No multidrug-resistant Shigella spp. and S.
aureus were recovered upstream of abattoir B (Table 6).

3.6. Antibiotypes of Bacterial Isolates Circulating in the Study
Sites. A total of 50 antibiotypes (designated L1–L44) were
identified. The 50 antibiotypes comprised 14 from the 34
E. coli isolates, 12 from the 22 Salmonella spp., 11 from the
30 Shigella spp. and 13 from the 32 S. aureus isolates
(Table 7). The most prevalent antibiotype pattern was L32,
and it was typical in six Shigella isolates, while L11 and
L35 had five Shigella and S. aureus isolates, respectively.

4. Discussion

Antibiotic resistance has recently been referred to as “the
silent tsunami facing modern medicine” [17, 18] and also a
“One Health” challenge due to the rapid emergence and
spread of resistant bacteria among humans, animals, and
the environment [24, 25]. Abattoir wastes and effluents are
considered a hotspot for antibiotic-resistant bacteria and
are thought to play an essential role in disseminating the
antibiotic-resistant bacteria into the environment as well as
the human and animal populations [26]. Therefore, constant
monitoring and intermittent microbial analysis of the abat-
toir environment are necessary to maintain hygienic condi-
tions and curb the spread of pathogens, including
antibiotic-resistant bacteria [7]. Tracking antibiotic resis-
tance is vital in identifying high-risk environments, espe-
cially in developing countries like Cameroon, where
available data on antibiotic resistance is minimal. Ecological
niches, such as abattoir wastes and their receiving waters
that are nutrient-rich and characterized by high bacterial
concentrations, are ideal environments for developing and
disseminating antibiotic-resistant bacteria and require con-
stant monitoring. Therefore, this study has colossal impor-
tance as it extends our knowledge regarding the extent of
the antimicrobial resistance menace. Additionally, this type
of study that reveals the extent of the antibiotic resistance

Table 6: Distribution and prevalence of multidrug-resistant bacterial isolates.

Multidrug-resistant
bacterial species

Prevalence of multidrug-resistant bacterial isolates (%)

Total
Upstream Downstream Slaughter slab Butchering table Meat rinsing point

Abattoir
A

Abattoir
B

Abattoir
A

Abattoir
B

Abattoir
A

Abattoir
B

Abattoir
A

Abattoir
B

Abattoir
A

Abattoir
B

E. coli 2 (1.9) 3 (2.9) 4 (3.8) 4 (3.8) 4 (3.8) 2 (1.9) 3 (2.9) 3 (2.9) 3 (2.9) 3 (2.9)
31

(29.8)

Salmonella spp. 2 (1.9) 1 (1.0) 3 (2.9) 2 (1.9) 2 (1.9) 2 (1.9) 1 (1.0) 2 (1.9) 1 (1.0) 2 (1.9)
18

(17.3)

Shigella spp. 2 (1.9) 0 (0.0) 3 (2.9) 3 (2.9) 4 (3.8) 3 (2.9) 3 (2.9) 2 (1.9) 4 (3.8) 2 (1.9)
26

(25.0)

S. aureus 1 (1.0) 0 (0.0) 7 (6.7) 5 (4.8) 5 (4.8) 2 (1.9) 3 (2.9) 2 (1.9) 3 (2.9) 1 (1.0)
29

(27.9)

Total 7 (6.7) 4 (3.8) 17 (16.3) 14 (13.5) 15 (14.4) 9 (8.7) 10 (9.6) 9 (8.7) 11 (10.6) 8 (7.7)
104
(100)

7BioMed Research International



Table 7: Antibiotypes of bacterial isolates identified in this study.

Pattern Antibiotype Multidrug-resistant E. coli Salmonella spp. Shigella spp. S. aureus

L1 AM_CRO_NA_TE_GM_C_AMC_S + 2

L2 AM_CRO_NA_TE_GM_AMC + 1

L3 AM_CRO_NA_GM_AMC_S + 1

L4 AM_CRO_GM_C_AMC_S + 3 1

L5 P_TE_CRO_CIP_DA_GM + 4

L6 AM_CRO_NA_GM_C_S + 2 3

L7 AM_CRO_TE_GM_C_S + 2

L8 AM_CRO_GEN_NA_S + 2

L9 AM_CRO_NA_TE_GM + 1

L10 P_TE_CRO_CIP_GM + 2

L11 AM_CRO_C_AMC_S + 5

L12 P_TE_CRO_DA_GM + 4

L13 AM_CRO_TE_C_S + 4

L14 AM_TE_GM_C_S + 2

L15 AM_NA_GM_C_S + 3

L16 AM_CRO_GEN_C + 3

L17 AM_CRO_TE_GM + 1

L18 AM_CRO_C_GM + 2

L19 AM_CRO_NA_TE + 3

L20 AM_CRO_GM_S + 3

L21 P_TE_CRO_DA + 1

L22 P_TE_CRO_GM + 3

L23 P_TE_CIP_GM + 3

L24 P_TE_CIP_DA + 2

L25 AM_C_AMC_S + 3

L26 AM_TE_GM_S + 4

L27 AM_CRO_GM + 4

L28 AM_CRO_NA + 2 1

L29 AM_CRO_TE + 3

L30 AM_TE_C_S + 1

L31 AM_CRO_C + 2

L32 AM_CRO_S + 6

L33 AM_GM_C + 2

L34 AM_TE_S + 3

L35 P_TE_CIP + 5

L36 P_CIP_DA + 3

L37 P_TE_DA + 2

L38 AM_CRO — 1 2

L39 AM_GM — 1

L40 P_CRO — 1

L41 AM_S — 1

L42 P_GM — 1

L43 P_TE — 1

L44 AM — 1 2 3

Total isolates 34 22 30 32

Key: AM: ampicillin; AMC: amoxicillin-clavulanate; P: penicillin; NA: nalidixic acid; TE: tetracycline; S: streptomycin; GM: gentamycin; C: chloramphenicol;
CRO: ceftriaxone; DA: clindamycin.
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issue could influence the think tanks to peruse the matter
urgently [27].

An abattoir (also called a slaughterhouse) is a premise
approved and registered by the controlling authority for
hygienic slaughtering and inspection of animals, processing
and practical preservation, and storing meat products for
human consumption [28]. Therefore, the application of
good hygiene practices at abattoirs is essential for improving
both meat quality and public health [29]. Abattoirs produce
enormous amounts of wastes, and in most developing coun-
tries, the improper disposal of the trash has made these abat-
toirs a source of embarrassment and an ecological calamity
[27]. Abattoir wastes have been reported to contain several
pathogens, including antibiotic-resistant bacteria. Hence,
unhygienic practices and poor sanitation at abattoirs consti-
tute a significant driver of antibiotic resistance [26, 27].
Improved awareness and understanding of antimicrobial
resistance problems through effective communication and
educational programs on hygiene and health are necessary
to fight antibiotic resistance [26, 27, 30]. Good sanitation
and hygiene can slow the spread of antibiotic-resistant bac-
teria from abattoirs, thereby preventing the emergence of
difficult-to-treat antibiotic-resistant infections [30].

In this study, the hygiene of the abattoir environment
was assessed by a microbiological criterion involving Entero-
bacteriaceae count. Our results showed high levels of Entero-
bacteriaceae at all sample collection points and for each
sampling day ranging from 3.62 Log CFU/mL (upstream)
to 5.83 Log CFU/mL (slaughter slab) for abattoir A and from
4.08 Log CFU/mL (upstream) to 5.56 Log CFU/mL (slaugh-
ter slab) for abattoir B. The higher EC recorded from the
slaughter slab in abattoir A could be due to overcrowded-
ness, increased abattoir activities, and the generation of
more wastes and effluents. However, this difference was
not statistically significant (p > 0:05). These results suggest
that the management of the abattoirs does not implement
good hygiene and sanitation practices, which compromises
the quality of animal carcasses and public health [29].
Although strict hygiene rules are recommended for abattoir
activities, no legal limits or reduction levels have been fixed
for microbiological contamination of wastewater in Camer-
oon. Since regular cleaning and disinfection of surfaces was
not done in either abattoir, there was probably a build-up
of contamination on surfaces and equipment in the slaugh-
ter slab, butchering table, and meat rinsing points. So far,
EC is very relevant for the proper identification and evalua-
tion of abattoir hygiene [31] and evaluation of preslaughter
environments [32, 33].

The high EC mirrored the presence of bacterial patho-
gens in the abattoir wastes and their receiving waters. The
118 confirmed bacterial isolates comprised E. coli (34,
42.5%), Salmonella spp. (22, 27.5%), Shigella spp. (30,
37.5%), and S. aureus (32, 40.0%). These microorganisms
are problematic mainly because they are human pathogens
and are also incriminated in foodborne diseases. These path-
ogens have been identified in the abattoir environment else-
where [7, 34–36]. Based on the number of samples analyzed,
the prevalence of E. coli observed in this study in both abat-
toirs (abattoir A: 45%, 18/40; abattoir B: 40%, 16/40) was

higher than reported from Mojo, Ethiopia (23%) [37], and
slightly lower than that from an abattoir in Botswana
(62.3%) [38]. A lower prevalence of Salmonella spp. was
reported in this study (abattoir A: 30%, 12/40; abattoir B:
25%, 10/40) than reported in Modjo abattoir in Ethiopia
(89%) [37], 33.3% in Ogbete abattoir in Enugu State, Nigeria
[39], and 19.5% reported in Sokoto abattoir in Nigeria [40].

All isolates of E. coli, Salmonella, and Shigella spp. were
100% resistant to ampicillin, followed by ceftriaxone which
had 88.2%, 81.8%, and 60.0% for E. coli, Salmonella, and Shi-
gella isolates, respectively (Table 4). These isolates showed
100% sensitivity to ciprofloxacin, followed by nalidixic acid
with 100% (Shigella spp.) and 91.2% for E. coli.
Amoxicillin-clavulanate effectively killed the bacterial iso-
lates with 93.3%, 88.2, and 77.3% for Shigella, E. coli, and
Salmonella isolates, respectively. All S. aureus were 100%
sensitive to vancomycin, kanamycin, and amikacin. High
susceptibility to ciprofloxacin, amoxicillin-clavulanate, and
nalidixic acid has been recorded from previous studies con-
ducted in Ethiopia and Nigeria [36].

Antimicrobial resistance in these bacterial agents is
increasing worldwide, and its susceptibility patterns show
substantial geographic variation and differences in popula-
tion and environment [41]. Surprisingly, of the 118 bacterial
isolates, 104 (88.1%) were multidrug-resistant, including 58
(55.8%) from abattoir A and 46 (44.2%) from abattoir B;
however, this difference was not statistically significant
(p = 0:6837). Multidrug-resistant bacteria have an enhanced
capacity for surviving and thriving in their host and sur-
rounding environment in the presence of several antimicro-
bial agents [42]. Persons infected with multidrug-resistant
isolates have much higher death rates and increased compli-
cations and suffering [43]. Of the 32 S. aureus isolates, 29
(90.6%) were multidrug-resistant. Similarly, 31 (91.2%) of
the 34 E. coli isolates recovered in this study were
multidrug-resistant. Salmonella spp. and Shigella spp. also
showed high levels of multidrug resistance corresponding
to 81.8% (18/22) and 86.7% (26/30), respectively. The high
rate of multidrug resistance recorded in this study is consis-
tent with the results of Ventola [44].

5. Conclusions

Our study revealed several bacterial pathogens in abattoir
waste and its receiving waters, most of which were resistant
to commonly used antimicrobials. The majority of these
pathogens were multidrug-resistant. These pathogens were
released to the environment and nearby water bodies
through poor hygiene and sanitation practices, posing signif-
icant public health threats. The results of this study add to
the mounting evidence that abattoirs constitute a substantial
link in the spread of antibiotic resistance.

Abbreviations

AK: Amikacin
AM: Ampicillin
ARB: Antibiotic-resistant bacteria
AMC: Amoxicillin-clavulanate

9BioMed Research International



C: Chloramphenicol
CFU: Colony forming unit
CIP: Ciprofloxacin
CRO: Ceftriaxone
DA: Clindamycin
EHEC: Enterohemorrhagic E. coli
GM: Gentamicin
K: Kanamycin
NA: Nalidixic acid
S: Streptomycin
spp.: Species
TE: Tetracycline
UV: Ultraviolet
VA: Vancomycin
TEC: Total Enterobacteriaceae count
P: Penicillin
PCR: Polymerase chain reaction.

Data Availability

Relevant data that support the findings of this study have
been included in this manuscript.

Ethical Approval

Administrative authorizations to carry out this study were
obtained from the South West Regional Delegation of Live-
stock, Fisheries and Animal Industries, Buea (dated 23 Janu-
ary 2019), and Divisional Delegation of Livestock, Fisheries
and Animal Industries, Limbe (dated 5 February 2019).

Consent

Not applicable.

Conflicts of Interest

The authors declare that they have no competing interests.

Authors’ Contributions

SNE was involved in conceptualizing the study, methodol-
ogy, data curation, supervision, drafting manuscript, and
review/editing. TKA carried out sample collection, sample
processing, and drafting of the manuscript. AJK carried
out sample collection, sample processing, and drafting of
the manuscript. RNN was involved in conceptualizing the
study, methodology, data curation, review, and editing.
LMN inputted the study’s conceptualization, methodology,
data curation, supervision, manuscript, and review/editing.
All authors read and approved the final manuscript.

Acknowledgments

The authors would like to acknowledge the Laboratory for
Emerging Infectious Diseases, University of Buea, for pro-
viding workspace, reagents, materials, and equipment to
accomplish this work. The authors would also like to
acknowledge the help and assistance of the butchers who
helped collect the samples.

References

[1] O. O. Adebowale, O. A. Akinkuotu, O. O. Kehinde, E. O. Ojo,
P. A. Akinduti, and E. A. Kperegbeyi, “The microbiological
quality and some physical parameters of different water used
at a municipal abattoir in Nigeria,” Global Journal of Pure
and Applied Sciences, vol. 16, pp. 165–168, 2010.

[2] C. Ogbonnaya, “Analysis of groundwater pollution from abat-
toir waste in Minna,” Research Journal of Diary Science, vol. 2,
no. 4, pp. 74–77, 2008.

[3] O. K. Adeyemo, I. O. Ayodeji, and C. O. Aiki-Raji, “The water
quality and the sanitary conditions in a major abattoir (Bodija)
in Ibadan,” African Journal of Biomedical Research, vol. 5,
pp. 51–55, 2002.

[4] G. G. Teklu and T. G. Hailu, “Evaluating the implementation
of hazard analysis critical control point (HACCP) in small
scale abattoirs of Tigray Region, Ethiopia,” Food Protection
Trends, vol. 34, no. 4, pp. 250–257, 2018.

[5] I. Adeyemi and O. Adeyemo, “Waste management practices at
the Bodija abattoir, Nigeria,” International Journal of Environ-
mental Studies, vol. 64, pp. 71–82, 2007.

[6] S. C. Onuoha, S. C. Eluu, and M. O. Okata, “In-vitro antimi-
crobial resistance of Shigella and Salmonella species recovered
from abattoir effluents in Afikpo, South Eastern Nigeria,”
International Journal of Current Microbiology and Applied Sci-
ences, vol. 5, no. 4, pp. 488–497, 2016.

[7] W. D. Nafarnda, I. E. Ajayi, J. C. Shawulu et al., “Bacteriolog-
ical quality of abattoir effluents discharged into water bodies
in Abuja, Nigeria,” International Scholarly Research Notices,
vol. 2012, Article ID 515689, 2012.

[8] A. Kozajda, K. Jeżak, and A. Kapsa, “Airborne Staphylococcus
aureus in different environments-a review,” Environmental
Science and Pollution Research International, vol. 26, no. 34,
pp. 34741–34753, 2019.

[9] T. U. Berendonk, C. M. Manaia, C. Merlin et al., “Tackling
antibiotic resistance: the environmental framework,” Nature
Reviews. Microbiology, vol. 13, no. 5, pp. 310–317, 2015.

[10] C. J. von Wintersdorff, J. Penders, J. M. van Niekerk et al.,
“Dissemination of antimicrobial resistance in microbial eco-
systems through horizontal gene transfer,” Frontiers in Micro-
biology, vol. 7, p. 173, 2016.

[11] T. B. A. Abadi, A. A. Rizvanov, T. Haertlé, and N. L. Blatt,
“World Health Organization report: current crisis of antibiotic
resistance,” BioNanoScience, vol. 9, pp. 778–788, 2019.

[12] N. R. Atieno, O. P. Owuor, and O. Omwoyo, “Isolation of high
antibiotic resistant fecal bacteria indicators, Salmonella and
Vibrio species from raw abattoirs sewage in peri-urban loca-
tions of Nairobi, Kenya,” Greener Journal of Biological Sci-
ences, vol. 3, pp. 172–178, 2013.

[13] J. A. Nwanta, J. Onunkwo, and E. Ezenduka, “Analysis of
Nsukka metropolitan abattoir solid waste and its bacterial con-
tents in south eastern Nigeria: public health implication,”
Archives of Environmental & Occupational Health, vol. 65,
no. 1, pp. 21–26, 2010.

[14] C. Abiade-Paul, I. Kene, and K. Chah, “Occurrence and anti-
biogram of Salmonellae in effluent from Nsukka Municipal
abattoir,” Nigerian Veterinary Journal, vol. 27, no. 1, pp. 48–
53, 2005.

[15] I. O. Olatoye, E. A. Amosun, and G. A. T. Ogundipe, “Multi-
drug-resistant Escherichia coli O157 contamination of beef
and chicken in municipal abattoirs of southwest,” Nigeria Nat-
ural Sciences, vol. 10, no. 8, pp. 125–132, 2012.

10 BioMed Research International



[16] M. Ivbule, E. Miklaševičs, L. Čupāne, L. Bērziņa, A. Bālinš, and
A. Valdovska, “Presence of methicillin-resistant Staphylococ-
cus aureus in slaughterhouse environment, pigs, carcasses,
and workers,” Journal of Veterinary Research, vol. 61, no. 3,
pp. 267–277, 2017.

[17] M. Exner, S. Bhattacharya, B. Christiansen et al., “Antibiotic
resistance: what is so special about multidrug-resistant gram-
negative bacteria?,” GMS Hygiene and Infection Control,
vol. 12, 2017.

[18] D. Cox, “Antibiotic resistance: the race to stop the silent tsu-
nami facing modern medicine,” The Guardian, vol. 41, no. 5,
pp. 320–327, 2015.

[19] A. O. Adesemoye, B. O. Opere, and S. C. O. Makinde, “Micro-
bial content of abattoir wastewater and its contaminated soil in
Lagos,”Nigeria. African Journal of Biotechnology, vol. 5, no. 20,
pp. 1963–1968, 2006.

[20] R. Ndille and J. A. Bello, “Managing the Limbe floods: consid-
erations for disasters reduction in Cameroon,” International
Journal of Disaster Risk Sciences, vol. 5, pp. 147–156, 2014.

[21] Health Protection Agency, “Enumeration of Enterobacteria-
ceae by the colony count technique,” National Standard
Method, vol. 23, no. 1, 2004.

[22] E. O. Igbinosa, A. Beshiru, L. U. Akporehe, F. E. Oviasogie, and
O. O. Igbinosa, “Prevalence of methicillin-resistant Staphylo-
coccus aureus and other Staphylococcus species in raw meat
samples intended for human consumption in Benin City,
Nigeria: implications for public health,” International Journal
of Environmental Research and Public Health, vol. 13, no. 10,
p. 949, 2016.

[23] P. A. Wayne, “Clinical and Laboratory Standards Institute,” in
Performance standards for antimicrobial susceptibility testing,
950 West Valley Road, Wayne, PA, USA, 2018.

[24] S. A. McEwen and P. J. Collignon, “Antimicrobial resistance: a
one health perspective,” Microbiology Spectrum, vol. 6, no. 2,
2018.

[25] E. K. Rousham, L. Unicomb, andM. A. Islam, “Human, animal
and environmental contributors to antibiotic resistance in
low-resource settings: integrating behavioural, epidemiologi-
cal and One Health approaches,” Proceedings of the Biological
Sciences, vol. 285, no. 1876, article 20180332, 2018.

[26] M. Savin, G. Biebaum, J. A. Hammerl et al., “ESKAPE bacteria
and extended spectrum-β-lactamase producing E. coli isolated
from wastewater and process water from German poultry
slaughterhouses,” Applied and Environmental Microbiology,
vol. 86, no. 8, 2020.

[27] B. Aslam, W. Wang, M. I. Arshad et al., “Antibiotic resistance:
a rundown of a global crisis,” Infection and Drug Resistance,
vol. 11, pp. 1645–1658, 2018.

[28] D. O. Alonge,Meat Hygiene in the Tropics, Farmcoe Press, Iba-
dan Nigeria, 1991.

[29] P. Visciano, M. Schirone, A. M. A. Olivastri, E. Verdecchia,
and A. Paparella, “Levels of microbial contamination of swine
carcasses along the slaughtering process line,” Journal of Con-
sumer Protection and Food Safety, vol. 15, no. 3, pp. 271–276,
2020.

[30] World Health Organization, Global action plan on antimicro-
bial resistance, WHO Press, Geneva Switzerland, 2015.

[31] K. Z. Milios, E. H. Drosinos, and P. E. Zoiopoulos, “Food safety
management system validation and verification in meat indus-
try: carcass sampling methods for microbiological hygiene cri-
teria,” Food Control, vol. 43, pp. 74–81, 2014.

[32] M. Bello, M. K. Lawan, J. K. P. Kwaga, and M. A. Raji, “Assess-
ment of carcass contamination with E. coli O157 before and
after washing with water at abattoirs in Nigeria,” International
Journal of Food Microbiology, vol. 150, no. 2-3, pp. 184–186,
2011.

[33] C. Zweifel, M. Capek, and R. Stephan, “Microbiological con-
tamination of cattle carcasses at different stages of slaughter
in two abattoirs,” Meat Science, vol. 98, no. 2, pp. 198–202,
2014.

[34] R. Nath, L. Saikia, G. Choudhury, and D. Sharma, “Drug resis-
tant Shigella flexneri in & around Dibrugarh, north-east
India,” The Indian Journal of Medical Research, vol. 137,
no. 1, pp. 183–186, 2013.

[35] F. B. Omoregbe, E. E. Ebar, and D. N. Nevkaa, “Antibiotic sus-
ceptibility and microbial analysis of Enterobacteriaceae from
wastewater and sediments from abattoir in Makurdi, Benue
state,” International Journal of Applied Microbiology and
Biothecnology Research, vol. 5, pp. 103–109, 2017.

[36] G. Yismaw, S. Abay, D. Asrat, S. Yifru, and A. Kassu, “Bacteri-
ological profile and resistant pattern of clinical isolates from
pediatric patients, Gondar University Teaching Hospital, Gon-
dar, Northwest Ethiopia,” Ethiopian Medical Journal, vol. 48,
no. 4, pp. 293–300, 2010.

[37] T. Akafete and N. Haileleul, “Assessment of risk factors and
prevalence of Salmonella in slaughtered small ruminants and
environment in an export abattoir, Madjo, Ethiopia,” Ameri-
can-Eurasian Journal of Agricultural & Environmental Sci-
ences, vol. 10, no. 6, pp. 992–999, 2011.

[38] C. Motsoela, E. K. Colloson, and B. A. Gashe, “Prevalence of
Salmonella in two Botswana abattoir environments,” Journal
of Food Protection, vol. 65, pp. 1869–1872, 2002.

[39] I. R. Iroha, O. B. Eromonsele, I. B. Moses, F. N. Afiukwa,
A. E. Nwakaeze, and P. C. Ejikeugwu, “In vitro antibiogram
of multidrug-resistant bacteria isolated from Ogbete abattoir
effluent in Enugu State, Nigeria,” International Journal of
Environmental Research and Public Health, vol. 3, no. 1,
2016.

[40] A. I. Bagudo, F. M. Tambuwal, O. O. Faleke, O. O. Egwu, and
A. A. Aliero, “Prevalence of Salmonella serotypes in Sokoto
abattoir effluents and vegetables cultivated around the abat-
toir,” Microbiology Research International, vol. 2, no. 2,
pp. 13–17, 2014.

[41] H. Von Baum and R. Marre, “Antimicrobial resistance of
Escherichia coli and therapeutic implications,” International
Journal of Medical Microbiology, vol. 295, no. 6-7, pp. 503–
511, 2005.

[42] L. M. Irenge, J. Ambroise, B. Bearzatto, J.-F. Durant, R. B.
Chirimwami, and J.-L. Gala, “Whole-genome sequences of
multidrug-resistant Escherichia coli in South-Kivu Province,
Democratic Republic of Congo: characterization of phyloge-
nomic changes, virulence and resistance genes,” BMC Infec-
tious Diseases, vol. 19, no. 1, p. 137, 2019.

[43] P. Collignon, P. C. Athukorala, S. Senanayake, and F. Khan,
“Antimicrobial resistance: the major contribution of poor gov-
ernance and corruption to this growing problem,” PLoS One,
vol. 10, no. 3, article e0116746, 2015.

[44] C. L. Ventola, “The antibiotic resistance crisis: part 1: causes
and threats,” Pharmacy and Therapeutic, vol. 40, no. 4,
pp. 277–283, 2015.

11BioMed Research International


	Multidrug-Resistant Bacteria and Enterobacteriaceae Count in Abattoir Wastes and Its Receiving Waters in Limbe Municipality, Cameroon: Public Health Implications
	1. Introduction
	2. Materials and Methods
	2.1. Study Sites
	2.2. Sample Collection and Transportation
	2.3. Enumeration of Enterobacteriaceae
	2.4. Isolation and Identification of Bacterial Isolates
	2.4.1. Escherichia coli
	2.4.2. Salmonella and Shigella Species
	2.4.3. Staphylococcus aureus

	2.5. Polymerase Chain Reaction Identification Using S. aureus Species-Specific Primers
	2.6. Antibiotic Susceptibility Testing
	2.7. Statistical Analysis

	3. Results
	3.1. Characteristics of the Abattoirs
	3.2. Total Enterobacteriaceae Count
	3.3. Prevalence of Bacterial Isolates
	3.4. Antibiotic Susceptibility Pattern of Bacterial Isolates
	3.5. Multidrug Resistance Patterns of Bacterial Isolates
	3.6. Antibiotypes of Bacterial Isolates Circulating in the Study Sites

	4. Discussion
	5. Conclusions
	Abbreviations
	Data Availability
	Ethical Approval
	Consent
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

