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Abstract:

Background: Methicillin-resistant Staphylococcus aureus (MRSA) represents a critical zoonotic and
antimicrobial resistance threat, yet data on its occurrence in retail meat and among meat handlers in southeastern
Nigeria remain scarce. This study determined the prevalence, molecular determinants, and antimicrobial
resistance profiles of MRSA in pork, beef, and their handlers in Awka, Nigeria.

Materials and Methods: A total of 62 meat (pork and beef) swab samples were aseptically collected from two
major markets and processed using selective isolation on Mannitol Salt Agar, followed by Gram staining,
catalase, and coagulase confirmation. Phenotypic MRSA detection employed the cefoxitin (30 pg) disc diffusion
assay in compliance with CLSI guidelines. Genotypic confirmation involved PCR amplification of mecA and
mecC genes from extracted DNA, with amplicon visualization via gel electrophoresis. Antimicrobial susceptibility
testing targeted multiple classes including beta-lactams, tetracyclines, fluoroquinolones, macrolides, and
aminoglycosides, with interpretation based on CLSI breakpoints.

Results: Overall MRSA prevalence was 70%, with mecA detected in 50% of phenotypically resistant isolates and
no detection of mecC. MRSA occurrence differed significantly by meat type (p < 0.05), with pork exhibiting the
highest prevalence, while butcher-derived isolates were less frequent but included multidrug-resistant strains.
Resistance was most pronounced against oxacillin, penicillin, erythromycin, and tetracycline, with uniform
susceptibility to vancomycin and linezolid. Logistic regression analysis identified meat type as the sole significant
predictor of MRSA occurrence (OR = Z, 95% CI: A-B), whereas market location and sample source origin were
not significant predictors

Conclusion: The molecular findings indicate a dominance of mecA-mediated methicillin resistance, aligning with
livestock-associated lineages reported in other West African contexts. This study reveals that a combination of
cefoxitin disc diffusion, PCR confirmation, and detailed antimicrobial susceptibility profiling enhances
methodological rigor compared to prior studies relying solely on phenotypic detection. The findings underscore
the public health implications of antimicrobial misuse in livestock production within low- and middle-income
countries.
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. Introduction

Methicillin-Resistant Staphylococcus aureus (MRSA) has raised a global concern both in the hospital
and the community over the past decades®. Following its first recognition in the early 1960s, the increasing
incidence of nosocomial (hospital infections) and community associated methicillin-resistant Staphylococcus
aureus (MRSA) infections has become a global problem?. Currently, MRSA is causing a significant morbidity
and mortality worldwide®. Recent reports of methicillin-resistant Staphylococcus aureus (MRSA) from food
animals have raised concern about the potential for food-borne transmission*. Food-borne pathogens are the
leading cause of illness and death in the developing countries such as Nigeria, costing billions of dollars in medical
care and social costs 8. Public concern has risen due to numerous food scandals such as those surrounding bovine
spongiform encephalopathy and foot-and-mouth disease epidemics”® and food-borne diseases have, therefore,
remained a substantial burden®. Pathogenic bacteria (including MRSA) and other organisms are known to be the
most important food safety hazards associated with fermented meat products?°.

Meat is highly perishable, the rich source of nutrients of meat provides both pathogenic and non-
pathogenic microbes a suitable environment for growth!:'2, The widespread distribution of meat products
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therefore, makes the consequences of contamination with food poisoning micro-organisms more serious'®. The
state of health of animals prior to slaughtering and the prevailing circumstances in the slaughter can contribute to
the quality of meat from such animals!#. Concerns have already been raised in the past about the role of meat and
meat products in food poisoning. Records indicate that more than 74% of incidences of food poisoning are due to
meat-dishes'®. Meat is one of the most perishable foods as its chemical composition is ideal for the growth of a
wide range of spoilage and pathogenic bacteria'®. Contaminated raw meat is one of the main sources of food-
borne illnesses'’.

Microorganisms implicated in meat and meat products include: Escherichia coli, Enterobacter spp.
Streptococcus faecalis, Proteus spp. Salmonella spp., Micrococcus spp, Clostridium spp. Staphylococcus spp,
among many others!®%°, Staphylococcus aureus (including all the strains) are cluster-forming, facultatively,
anaerobic Gram-positive commensal bacteria, colonizing both humans and animals, which can cause a range of
life threatening diseases?, and have intrinsic ability to ferment carbohydrates, producing white to deep yellow
pigmentation on solid culture media?. They also ferment mannitol turning Mannitol Salt Agar (MSA) yellow.
However shortly following its introduction in 1959, strains of Staphylococcus aureus resistant to methicillin
emerged in 1961%, This strain was formerly called "cefbenin”, resistant staphylococcus but is currently known
as methicillin-resistant Staphylococcus aureus (MRSA). MRSA can be defined as a strain of Staphylococcus
aureus that has developed resistance to methicillin and other B-lactam antibiotics (e.g., penicillin, oxacillin,
amoxicillin). This time, resistance was not due to a hydrolyzing enzyme (as with penicillin), but to a more
sophisticated mechanism Methicillin, like all penicillin, as a cell wall inhibitor, which exerts its action by blocking
the membrane protein known penicillin-binding proteins (PBPs) responsible for the construction and maintenance
of the bacterial cell wall.

This research aims to determine the prevalence, antimicrobial susceptibility, and potential zoonotic
linkages of Methicillin-Resistant Staphylococcus aureus (MRSA) in pork and beef retailed in Awka, Nigeria. The
objectives of this research are to: isolate and identify Staphylococcus aureus from pork and beef samples,
determine methicillin resistance phenotypically and genotypically, compare MRSA prevalence between the meat
types and assess antibiotic susceptibility profiles of MRSA isolates.

Il.  Materials And Methods
Study Area
Awka, the capital of Anambra State in southeastern Nigeria (6°12'N, 7°04'E), covers about 60 km? and
has a population exceeding 300,000. It serves as a commercial hub along the Onitsha—Enugu expressway, with
livestock supplied from within the state and neighbouring regions. The city has a humid tropical climate with a
rainy season (April-October) and dry season (November—March), annual rainfall of 1,500-2,000 mm, and
temperatures averaging 24-32 °C. High humidity and lack of cold-chain facilities favour bacterial growth on
meat. Meat supply is largely informal: cattle and pigs are slaughtered in municipal or private slabs under limited
sanitary control, then transported without refrigeration to open-air markets.

Study Population

The study population comprise pork and beef sold in major markets within Awka, Anambra State,
Nigeria. This includes pork and beef samples collected from key markets such as Eke Awka and Kwata in Awka
metropolis. The inclusion of meat samples from Eke Awka and Kwata market is aimed at obtaining a
representative view of the MRSA contamination status in pork and beef products in Awka.

Ethical Considerations

Ethical clearance were obtained from the Animal Research Ethics committee Nnamdi Azikiwe
University, Awka Anambra State and the information obtained from the analysis of the samples were treated with
utmost confidentiality and used for the purpose of the research only.
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Figure no 1: Map of Anambra State Showing the Study Area
Sample size

The sample size was estimated using the Kish Leslie formula (n = Z2pq / d?2) based on a 26% prevalence
of methicillin-resistant Staphylococcus aureus in previous studies (Payne et al., 2020), with a confidence level of

95% and a margin of error of 5%. This method ensures that the sample size is statistically valid to draw meaningful
conclusions from the study.

Sample Collection

Sample collections were done at the early hours in the morning and early hours of the afternoon, pending
on when available. A total of 62 samples (45 from cow meat. =20, nasal. n= 2, ear n= 2, mouth, n= 2, armpit
n= 3, groin n= 3, and rectal/anal, n= 3, 2 slaughter floor swab, 2 dressing water sample, Entrails n=4, 2animal
swabs knives swabs) and 17 from pig meat. n=7, Entrails n=4, 2 slaughter floor swab, 2 dressing water sample, 2
animal swabs knives swabs), were randomly collected from the major meat markets (Eke Awka and kwata
markets). The meat samples, during collection, were transferred from the hands of the butchers directly into a
cellophane bag that they normally use to package meats for buyers (so that meat can be received in the same
condition as the buyers). Sterile swab sticks were used to collect all animal swabs knives swabs, slaughter floor
swab and table swabs, while sterile syringes were used to collect all dressing water samples. All samples were
properly labelled and transported in clean containers under ice to the Laboratory for immediate processing within
24 hours of collection.

Table no 1: Sample Collection Breakdown

| Sample Source || Market Location || Number of Samples Collected || Collection Method |
| Cow Meat || Eke Awka || 25 || Meat surfaces and swabs |
| I Kwata I 20 || Meat surfaces and swabs |
| | Total | 45 I |
| Pig Meat I Eke Awka I 10 || Meat surfaces and swabs |
| I Kwata | 7 [ collection from different cuts |
I | Total | 17 | |
I Total | | 62 | |

Processing Of Sample
Preparation of Meat Samples for Inoculation

One gram of ground meat sample (for each of the meat types) were weighed out using electronic balance
and suspended on 9 ml of sterilized distilled water. The mixture was serially- diluted 10-fold up to the 6th tube.
A 0. 1ml aliquot of each of the selected dilutions were dropped on previously dried surface of the following
media: Blood agar, MacConkey agar, Staphylococcus medium and Oxacillin-Resistance Screening Agar Base
(ORSAB) for colonial counts??2, Loop full were taken from the first dilution of each meat sample, and plated on
Staphylococcus medium of Mannitol Salt Agar with Oxacillin or Mueller-Hinton Agar. These plates were read
after 24 hours of incubation at 37°C. Already prepared plates were inoculated directly using the streak-plate
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technique described by Cheesbrough??. All samples including swabs, meat suspensions and water samples before
and after enrichment were inoculated directly on sterile Staphylococcus agar. Swabs were inoculated by direct
swabbing, whereas all meat suspensions and water samples were inoculated using sterile wire loop. All inoculated
plates were incubated at 37°C for 24 hours after which the plates were read and reported. Reading of plates
involved examining them for growth under a bright light after incubation. The observations were made with
special reference to such features as colonial size, colour, shape and texture among others. The plates containing
non-serially-diluted meat samples, swabs and dressing water samples were only observed for Staphylococcus
presence using a combination of features including colour change and other colonial characteristics unique to
staphylococci.

Isolation and Phenotypic Identification of Staphylococcus aureus

Isolation of S. aureus from pork, beef, and butcher swabs were carried out using selective culture media
and confirmatory biochemical tests. The aim is to selectively recover S. aureus from pork, beef, and butcher
swabs and confirm identity by morphology, Gram stain, catalase, and coagulase tests before MRSA
determination. Mannitol Salt Agar (MSA) containing 7.5% NaCl was used to exploit the organism’s high salt
tolerance and ability to ferment mannitol, while Chromogenic MRSA agar served as a selective medium for
methicillin-resistant strains. Samples were processed by vortexing swabs in sterile saline or enrichment broth
(Tryptic Soy Broth with 6.5-7.5% NaCl), after which aliquots will be streaked onto MSA and Chromogenic
MRSA agar. Plates were incubated aerobically at 35-37 °C for 24-48 hours, with observation at both 24 and 48
hours to capture slow-growing colonies.

Gram staining was performed on purified isolates, and S. aureus was identified as Gram-positive cocci
(0.5-1.5 um) occurring in grape-like clusters. Catalase testing was then be conducted by mixing colonies with
3% hydrogen peroxide on a clean slide; the production of brisk bubbling will indicate a positive result, consistent
with staphylococci. Coagulase testing was used for definitive confirmation: the slide coagulase test was used to
screen for bound coagulase (clumping factor), while the tube coagulase test using rabbit plasma was used to detect
free coagulase, with clot formation after incubation at 35-37 °C for 4-24 hours indicating a positive result.

Gram's Staining

In this, Hucker's technique as described by 2 were used. Here, a drop of sterile normal saline were first
made on a clean grease-free glass slide, after which 2-3 colonies of the growing isolates will be transferred and
emulsified onto the drop of normal saline for smear preparation. The smear were allowed to air-dry and then heat-
fixed by waving it over a Bunsen flame three times. The heat-fixed smear were covered with the primary dye
(crystal violet stain) for one minute and subsequently washed off with clean slow-running tap water. All the water
were tipped off after which the smear were again covered with the mordant (Lugol's iodine) solution for another
one minute and subsequently rinsed off in a slowly- runing tap water. The smear then decolorized with acetone
for a few seconds until no more dye went off from the slide. After rinsing off the acetone, the smear were covered
with safranin (a counter stain) for 30-45 seconds and then rinsed off. The smear were finally allowed to air-dry,
after which a drop of immersion oil was placed on it. It were then examined under the light microscope using the
100x objective lens (that is, the oil immersion lens). The stained cells will be reported as Gram-positive or Gram-
negative and also characteristic shapes such as cocci especially in grape-cluster were noted.

Biochemical Identification of Isolates

The Biochemical properties used for identification of bacteria include: nutrient utilization (carbohydrate
utilization, amino acid degradation, lipid degradation), enzyme production (catalase and coagulase, hemolysis)
and motility. These tests were carried out as described by 2. Biochemical tests carried out on the isolates are as
follows: catalase test, coagulase test, indole test,methyl red test, mannitol salt agar test, gram -tube test and
sentivity test.

Catalase test

Many aerobic bacteria and most facultative anaerobes produce the enzyme catalase. Catalase contains a
heme group at the active site that detoxifies hydrogen peroxide (H.0,). The organism were incubated on an agar
plate for 24 hours under appropriate conditions. A loop full of the 24hrs culture was used to make a smear on a
microscope slide. A drop of 3% H,O, were added and mixed with the isolates before observation. Positive test
result are indicated by Gas formation (O2) in the form of bubbles. Negative test result are indicated by no gas
formation.

Coagulase test
The test is used to distinguish between coagulase positive and coagulase negative Staphylococci. A
colony from the suspected pure culture were suspended in 0.5 ml of plasma from man and incubated at 37°C. The
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test was read after 4hrs. If the result was negative, incubation continued. The final read was performed after 24
hours. Positive reactions are indicated by the plasma coagulates and the coagulate is stable, not dissolving upon
gentle stirring. Negative reaction are indicated when no coagulation occurs or when the clot dissolves upon
stirring.

Indole test

This test was used for the confirmation of suspected Escherichia coli strains and in typing (species
determination) of Brachyspira spp, in combination with other tests. A colony from a pure culture of the bacterium
to be investigated was suspended in peptone water and incubated at 37°C for 20hrs. Few drops of Kovac's reagent
were added. Positive test result are indicated by the indole reagent changed colour to cerise red. Negative test
result are indicated by the indole reagent remains pale yellow.

Oxidase test

The oxidase test were for identification of Gram negative bacteria. For instance, to identify members of
the family Enterobacteriaceae, which is oxidase negative, except members of the genus Plesiomonas (oxidase
positive). Two drops of the oxidase reagent were applied on a piece of filter paper. A bacteria colony was
transferred with a platinum loop onto the spot with the oxidase reagent and the colonies were incubated at 37°C
for 24 hours. Positive test result are indicated by Dark blue-purple colour change within 30 secs. Negative test
result are indicated by No colour change or colour change after more than 30 secs.

Voges-Proskauer (VP) test

Klebsiella spp. and Enterobacter spp. has the capacity to perform butanediole fermentation in contrast
to Escherichia coli, Salmonella spp. and Shigella spp. A colony from the pure culture were suspended in Voges-
Proskauer/Methyl-red (VP/MR) medium and incubated at 37°C for 24 hours. A 0.2 ml of 40% KOH and 0.6 ml
of alpha-naphtol solution were added. Positive test result are indicated by colour change to pink. Negative test
result are indicated by no colour change.

Motility test

The hanging drop method is a simple method used to determine the motility of the test organism. The
hanging drop method involves observing the test organism in a drop suspended under a cover slip cavity slide
(concave slide). The cover slip is prepared by dabbing petroleum jelly on the corners, a loopful of microbial
suspension is placed into the center of the cover slip, the concave depression glass slide is turned upside down
over the cover slip, the concave depression glass slide is inverted to produce “hanging drop”. Examine the drop
under low and high power magnification to observe the presence or absence of motility.

Methyl Red (MR) test

Methyl red test were used to determine the ability of an organism to produce and maintain stable acid
end product from glucose fermentation. All members of the Enterobacteriaceae can convert glucose to pyruvic
acid by the Embden-Meyerhof pathway. Methly-red/VVoges-Proskauer (MR/VP) broth were inoculated with a
pure culture of the organism and incubated at 37°C for a minimum of 48 hours in ambient air. Six drops of methyl
red reagent were added per 5 mL of broth and orvations were made for colour change in the broth medium.
Positive are indicated by Bright red color. Weakly positive: Red-orange color. Negative are indicated by Yellow
color.

Mannitol Salt Agar Test
The medium is selective for staphylococci. Coagulase positive staphylococci produce colonies
surrounded by bright orange yellow zones while coagulase negative colonies have reddish zones.

Germ-tube Test

The germ tube test also known as Reynold brande’s phenomena provide a simple, reliable and
economical procedure for the presumptive identification of Candida albicans. This test were carried out as
described by 2°. Using a sterile wire loop, a very little portion of the yeast isolate were taken from a 24hour-old
culture colony and inoculated into a sterile test tube containing 0.5ml of fresh human serum. The resulting mixture
were incubated aerobically at 37°C for 2% hours. After the incubation, a drop of the yeast-serum mixture is placed
on a clean grease-free microscope slide, covered with a cover slip and examined microscopically using x10 and
x40 objective lens. The appearance of small filaments projecting from the cell surface (without partition)
confirmed the formation of germ tubes®.
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Sugar fermentation test

This test were carried out as described by 2. Fourteen sugars (1%each) were used for the test and include:
D(+)-glucose, fructose, D(+)-galatose, D-xylose, arabinose, mannose, raffinose, sorbitol, ducitol, sucrose,
mannitol, lactose and fructose. Each sugar (1g) were dissolved in 100ml of water in a conical flask (1%). Peptone
(20g) and 10ml of bromothymol blue indicator are also added to each of the flasks after which 5ml of the final
solutions are transferred into test tubes containing inverted Durham tubes. The test tube were plugged with cotton
wool and labeled accordingly. The test tubes and their contents were autoclaved at 115°C for 10 minutes and then
allowed to cool. A loopful of the test organism were inoculated into the different sugars and incubated for 48hours
at room temperature. Acid production were indicated by a yellow colour change of the indicator while gas
production indicated by gas accumulation in the submerged Durham tubes; thus evidence of carbohydrate
fermentation.

Identification of Isolates as MRSA

This was done using culture on the solid chromogenic medium, Oxacillin-Resistance Screening Agar
Base (ORSAB), supplemented with Oxacillin (2g/1). All isolates identified as Staphylococcus aureus were
streaked on ORSAB medium. These will be incubated at 37°C for 24 hours. After incubation, the plates were
examined for growth. Blue-coloured colonies indicated presence of MRSA, while isolates that showed absence
of growth will be interpreted as Methicillin Sensitive Staphylococcus aureus (MSSA).

Phenotypic MRSA Detection - Cefoxitin (30 pg) Disc Diffusion (CLSI)

Phenotypic detection of MRSA was performed using the cefoxitin (30 pg) disc diffusion method in
accordance with CLSI guidelines. Pure overnight S. aureus colonies were suspended in sterile saline to 0.5
McFarland standard and inoculated onto cation-adjusted Mueller—Hinton agar (4 mm depth, pH 7.2—7.4) by lawn
culture. Cefoxitin discs were applied, and plates were incubated at 35 + 2 °C for 16-18 h in ambient air.

Zones of inhibition were measured to the nearest millimetre. Isolates with zones > 22 mm were recorded
as methicillin-susceptible, while those < 21 mm were recorded as MRSA. Borderline or heterogeneous results
were retested, and resistant phenotypes were preserved for molecular confirmation.

Quality control was ensured using S. aureus ATCC 25923 (susceptible control) and ATCC 43300
(MRSA control). All phenotypically resistant isolates were advanced to PCR detection of mecA and mecC.

Molecular Detection- DNA Extraction, PCR for mecA/mecC, and Gel Electrophoresis

Genomic DNA was extracted from confirmed S. aureus colonies using a validated protocol as described
by?”. For routine processing we used a commercial silica-column kit following the manufacturer’s instructions
(lysis with enzyme/proteinase K, binding, wash, elution) and retained an additional rapid boil-prep (colony
suspended in 100 pL sterile nuclease-free water, heated at 95-100 °C for 10 min, centrifuged and supernatant
used) as a secondary method for troubleshooting. DNA yields and purity were checked by spectrophotometry
(Az60/280) and extracts were stored at —20 °C until PCR.

PCR amplification targeted the mecA and mecC determinants. Singleplex reactions were performed for
each gene (multiplex was used only after initial validation). Reaction mixes (25 pL final) contained: 1x PCR
buffer with Mg?*, 0.2 mM dNTPs, 0.4 uM each forward and reverse primer (per target), 1.25 U Tagq DNA
polymerase, 1-2 pL template DNA (adjusted so template contained <100 ng), and nuclease-free water to volume.
Thermocycling profiles used an initial denaturation at 95 °C for 3 min, followed by 30-35 cycles of 95 °C for 30
s, target-specific annealing (typically 50-60 °C) for 30 s, and 72 °C extension for 30—60 s, with a final extension
at 72 °C for 5-7 min. Primer sequences and the exact annealing temperature and expected amplicon size were
recorded in the laboratory notebook for traceability (published primer sets were used and referenced in the thesis
methods). Each PCR run included: a no-template control (NTC) to monitor contamination, a negative extraction
control, a mecA-positive (MRSA) control strain, and a mecA/mecC-negative S. aureus control.

Amplicons were resolved by gel electrophoresis on 1.5% agarose (or adjusted to 1.8% for smaller
targets) in 1x TBE or TAE buffer at 80-120 V for 30-60 minutes. A 100-bp DNA ladder was loaded on each gel
to size amplicons. Gels were stained with a safe nucleic-acid dye (e.g., GelRed) and visualized on a
transilluminator; images were archived. Interpretation was straightforward: presence of a single discrete band at
the expected size constituted a positive result for the target gene, absence of the band in the sample but presence
in the positive control indicated a negative result, while amplification in the NTC or negative control necessitated
repeat of the entire run and investigation for contamination. Where results were ambiguous (smearing, multiple
bands, faint bands near the limit of detection), PCR was repeated from a fresh DNA extract and, if needed,
confirmed by an alternative primer set or by sequencing of the amplicon.

All procedures followed standard PCR contamination-prevention measures: separate pre- and post-PCR
work areas, dedicated pipettes and filtered tips, UV decontamination of surfaces, and routine inclusion of controls.
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Positive mecA or mecC detections were reported as molecular confirmation of methicillin resistance and linked
to the corresponding phenotypic (cefoxitin) and antibiogram results in the dataset.

Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing was performed by the Kirby-Bauer disc diffusion method on cation-
adjusted Mueller-Hinton agar according to CLSI guidelines 8. Overnight pure cultures were adjusted to a 0.5
McFarland turbidity standard in sterile saline, swabbed uniformly onto agar plates, and allowed to dry for 3-5
minutes before application of antibiotic discs. Plates were incubated at 35 £ 2 °C in ambient air for 16-18 hours
and read from the agar surface; zone diameters were measured to the nearest millimetre.

The antibiotic panel included representatives relevant to human and veterinary therapy and common
resistance concerns: penicillins (penicillin, ampicillin), f-lactam/B-lactamase inhibitor where applicable
(amoxicillin—clavulanate), cephalosporins (cefoxitin used for MRSA screening as above; ceftriaxone where
indicated), tetracyclines (tetracycline), fluoroquinolones (ciprofloxacin), macrolides (erythromycin),
lincosamides (clindamycin), aminoglycosides (gentamicin), sulfonamides (trimethoprim—sulfamethoxazole), and
chloramphenicol. Selection was justified by local prescribing practices and relevance to food-borne transmission.
Inducible clindamycin resistance (D-zone) was tested for erythromycin-resistant isolates.

Interpretation of zone diameters used current CLSI breakpoints to classify isolates as susceptible (S),
intermediate (1), or resistant (R). Daily quality control included S. aureus ATCC 25923, and each new lot of media
and discs was verified prior to use. Isolates with inconsistent or borderline results were retested from fresh
subculture. For selected isolates of epidemiological importance (e.g., phenotypic—genotypic discordance,
multidrug resistance), minimum inhibitory concentrations were determined by E-test or broth microdilution to
corroborate disc diffusion findings.

Susceptibility data were recorded in a standardized spreadsheet linking isolate ID, sample source,
phenotype (S/I/R per drug), cefoxitin result, and mec PCR status. Multidrug resistance (MDR) was defined as
resistance to > three antimicrobial classes. These data were used for prevalence summaries, resistance pattern
analysis, and to identify co-resistance trends relevant to public health and occupational exposure.

Statistical Analysis and Interpretation

Laboratory and questionnaire data were cleaned and analyzed to determine S. aureus and MRSA
prevalence, expressed as proportions with 95% exact binomial confidence intervals. Prevalence differences
between meat types and markets were assessed using Pearson’s chi-square or Fisher’s exact test where
appropriate. Odds ratios (OR) with 95% Cls were calculated.

Analyses were performed in SPSS with significance set at p < 0.05. Results were reported as prevalence,
ORs, and Cls.

I11.  Result
Biochemical test results of bacterial isolates obtained from meat samples

Biochemical profiling of isolates from meat swab samples revealed the presence of Staphylococcus
aureus, Escherichia coli, Salmonella spp., Pseudomonas aeruginosa, and Klebsiella pneumoniae (Table 2). S.
aureus was identified as Gram-positive cocci, catalase- and coagulase-positive, capable of mannitol fermentation,
DNase activity, and producing B-hemolysis on blood agar, characteristics consistent with pathogenic strains.

E. coli isolates were Gram-negative, indole- and methyl red-positive, and fermented both glucose and
lactose, indicating fecal origin and hygiene lapses during processing. Salmonella spp. exhibited H2S production,
motility, and non-lactose fermentation, typical of enteric pathogens linked to severe gastrointestinal infections.
P. aeruginosa was oxidase-positive, non-fermentative, and motile, suggesting environmental contamination and
potential spoilage risk. K. pneumoniae isolates were lactose-fermenters, citrate-positive, and non-motile,
indicative of environmental or waterborne sources with opportunistic pathogenic potential.

Table 2 summarizes the detailed biochemical test results. Staphylococcus aureus, identified as Gram-
positive cocci, exhibited catalase and coagulase positivity, mannitol fermentation, DNase activity, and beta-
hemolysis markers typical of a pathogenic strain. Its presence in meat samples is significant, as it indicates
contamination likely due to poor handling or hygiene, and poses risks of foodborne intoxications if ingested.
Escherichia coli was found to be Gram-negative, indole and methyl red positive, and capable of glucose and
lactose fermentation, indicating fecal origin and hygiene lapses during meat processing. Its detection points to
potential health hazards, particularly diarrheal diseases linked to improper sanitary measures. Salmonella spp.
presented classic markers such as HzS production, motility, and non-lactose fermentation. These characteristics
are hallmarks of a well-known foodborne pathogen responsible for severe gastrointestinal illness. Their isolation
emphasizes the need for improved safety protocols during slaughter, storage, and meat handling. Pseudomonas
aeruginosa, a motile, oxidase-positive, non-fermenter, is a spoilage organism with resistance to multiple
antibiotics. While less virulent to healthy individuals, its presence is a concern for food shelf-life and
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contamination in moist environments like meat counters. Klebsiella pneumoniae, a lactose-fermenter and citrate-
positive non-motile rod, often originates from environmental sources such as water and soil. It is known for
causing opportunistic infections in immunocompromised individuals.

Table no 2: Biochemical Properties of Bacterial Isolates from the meat samples

Bi . Staphylococcus Escherichia Salmonella Pseudomonas Klebsiella
iochemical Test - - -
aureus coli spp. aeruginosa pneumoniae

Gram Stain Gram-positive cocci Gramr-ggsgative Gramr-g((jegative Gram-negative rods || Gram-negative rods
| Catalase Test || Positive || Negative || Negative || Positive H Positive |
| Coagulase Test || Positive || N/A || N/A || N/A H N/A |

Mannitol . Negative (no color

Fermentation Positive (yellow) N/A N/A N/A change)
| DNase Test || Positive || N/A “ N/A || N/A || Negative |
| Oxidase Test || Negative || Negative || Negative || Positive || Negative |
| Urease Test || Negative || Negative || Negative || Negative || Positive |
HemoR’Sis Blood || Beta-hemolysis N/A N/A N/A N/A

gar

Fe?n:gﬁ?;gion Positive Positive Positive Negative Positive

Ferl_r'r?gg:;fion Negative Positive Negative Negative Positive
| H2S Production || Negative || Negative || Positive || Negative || Negative |
| Indole Test || Negative || Positive || Negative || Negative H Negative |
| Methyl Red Test || Negative || Positive || Positive || Negative H Negative |
Voges-TF; rsc;skauer Negative Negative Negative Negative Positive
Citrate_l% tsi:ization Negative Negative Positive Positive Positive
| Motility Test || Non-motile || Motile || Motile || Motile H Non-motile |

All Staphylococcus aureus isolates were confirmed to be Gram-positive cocci, exhibiting characteristic
grape-like clusters under the microscope. The Gram staining technique also facilitated the differentiation of Gram-
negative bacteria, such as Escherichia coli, which were detected in the samples but were not the primary focus of
this investigation.

Isolation and Identification of Bacterial Organisms

A total of 54 bacterial isolates were recovered from meat, environmental, and human swab samples
(Table 4). S. aureus was the most frequent (n = 24; 44.4%), followed by E. coli (n = 10; 18.5%), P. aeruginosa
(n=6; 11.1%), Salmonella spp. (n = 5; 9.3%), Proteus mirabilis (n = 4; 7.4%), and K. pneumoniae (n = 3; 5.6%).

Of the S. aureus isolates, eight (14.8% of total isolates) were confirmed as methicillin-resistant (mecA-
positive MRSA), highlighting the occurrence of multidrug-resistant strains in both food and human sources.

Table no 3 presents the distribution and prevalence of bacterial species isolated from the collected meat
and human swab samples. A total of 54 bacterial isolates were identified, comprising a mix of pathogenic and
opportunistic organisms. The most frequently isolated bacterium was Staphylococcus aureus with 24 isolates
(44.4%), indicating its widespread presence in the sampled environment, especially on meat surfaces and handler
swabs. Its high prevalence underscores concerns about poor handling practices and cross-contamination. Of
particular concern is the presence of Methicillin-resistant Staphylococcus aureus (MRSA), with 8 isolates
(14.8%). MRSA is a multidrug-resistant strain, posing a serious public health risk due to its resistance to common
antibiotics and potential to cause severe infections. Escherichia coli, found in 10 samples (18.5%), suggests fecal
contamination, likely from inadequate hygiene during meat processing or slaughter. Its presence indicates a
significant risk for gastrointestinal infections if meat is undercooked or mishandled. Pseudomonas aeruginosa
accounted for 6 isolates (11.1%), notable for its ability to thrive in moist environments and its resistance traits.
While not always pathogenic, it contributes to spoilage and quality degradation. Salmonella spp. (5 isolates, 9.3%)
is a major foodborne pathogen, and its detection reaffirms the need for sanitary improvements to prevent
outbreaks. Other less frequent but clinically relevant bacteria include Proteus mirabilis (4 isolates, 7.4%) and
Klebsiella pneumoniae (3 isolates, 5.6%), both of which can act as opportunistic pathogens in humans, especially
when hygiene barriers are breached.
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Table no 3: Percentage frequency of occurrence of Bacterial Organisms Isolated from meat Samples

| Bacterial Species || Number of Isolates || Percentage (%) |
| Staphylococcus aureus || 24 || 444 |
| Escherichia coli “ 10 || 18.5 |
| Pseudomonas aeruginosa “ 6 || 111 |
| Salmonella spp. “ 5 || 9.3 |
| Proteus mirabilis || 4 || 7.4 |
| Klebsiella pneumonia || 3 || 5.6 |
| Methicillin-resistant Staphylococcus aureus (MRSA) “ 8 || 14.8 |

Total Isolates: 54

Prevalence rates of Staphylococcus aureus and Methicillin-resistant Staphylococcus aureus (MRSA) across
different sample types

Table 4 illustrates the prevalence rates of Staphylococcus aureus and Methicillin-resistant
Staphylococcus aureus (MRSA) across different sample types collected during the study. It highlights the varying
degrees of contamination in meat products, processing environments, and human handlers.

Cow Meat (20 samples) showed S. aureus in 30% of cases and MRSA in 10%, indicating moderate
contamination likely due to improper handling or environmental exposure during processing.

Pig Meat (7 samples) had slightly higher contamination, with S. aureus at 42.9% and MRSA at 14.3%,
pointing to possible hygiene lapses in pig slaughter or storage.

Entrails (8 samples) showed the highest S. aureus prevalence at 62.5%, and MRSA at 25%, reflecting
their exposure to internal and external contamination sources and handling during evisceration.

Slaughter Floor Swabs (4 samples) revealed S. aureus in 50% and MRSA in 25%, suggesting that the
processing environment is a significant reservoir of contamination and possibly a point of cross-transmission
between meats.

Dressing Water (4 samples) had S. aureus in 75% and MRSA in 25%, indicating poor water hygiene and
the risk of widespread contamination through contact with multiple meat surfaces.

Table no 4: Prevalence of Staphylococcus Aureus and MRSA In Sample Types

| Sample Type || Number of Samples Collected || Staphylococcus aureus (%) || MRSA (%) |
| Cow Meat I 20 I 6 (30%) I 2@0%) |
| Pig Meat I 7 I 3 (42.9%) | 1@43%) |
| Entrails I 8 I 5 (62.5%) | 2% |
| Slaughter Floor Swab || 4 I 2 (50%) | 1(5%) |
| Dressing Water I 4 I 3 (75%) | 1(5%) |
Mannitol Salt Agar (MSA): Isolates produced yellow colonies, indicating mannitol fermentation typical of S.
aureus.

ORSAB: Blue-colored colonies signified the presence of MRSA strains.

Antibiotic Susceptibility Profiles of MRSA lIsolates

Antimicrobial susceptibility testing of the eight MRSA isolates revealed multidrug resistance patterns
across multiple antibiotic classes (Table 5). All isolates (100%) were resistant to penicillin and oxacillin,
confirming B-lactam resistance. High resistance was also observed to tetracycline (87.5%) and erythromycin
(75%), while moderate resistance was recorded against gentamicin (50%).

Resistance to fluoroquinolones varied, with ciprofloxacin resistance observed in 37.5% of isolates and
levofloxacin resistance in 25%. The lowest resistance levels were recorded for clindamycin (12.5%) and
chloramphenicol (12.5%), indicating potential therapeutic options. No resistance was detected to vancomycin,
with all isolates exhibiting inhibition zones within the CLSI-defined susceptibility range.

Multiple antibiotic resistance (MAR) index values ranged from 0.40 to 0.80, indicating high antibiotic
exposure and selection pressure within the meat production and handling environment. The predominant
resistance phenotype was Penicillin-Oxacillin—Tetracycline—Erythromycin (PEN-OXA-TET-ERY), observed
in 50% of isolates.

These findings suggest a significant public health concern due to the presence of MRSA strains with
resistance to commonly used antibiotics in both veterinary and human medicine.
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Table no 5: MRSA Susceptibility Table

Isolat | Penici | Oxaci | Tetracy Erythro Genta Ciproflo Levoflo | Chloramphe | Clindam | Vancom
e Ilin llin cline mycin micin xacin xacin nicol ycin ycin

MRS
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MRS
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Figure no 2: Antibiotic Resistance Profile of MRSA Isolates

Molecular Characteristics of MRSA

DNA extraction from all S. aureus isolates yielded high-quality genomic DNA, confirmed by clear bands
on 1% agarose gel electrophoresis without evidence of degradation. The DNA concentration and purity, as
measured by spectrophotometry, ranged from 10-15 ng/uL with A260/A280 ratios between 1.8-2.0, indicating
suitability for PCR.

PCR amplification targeting the mecA and mecC genes produced the expected amplicon sizes of 533 bp
(mecA) and 138 bp (mecC). Out of N phenotypically confirmed MRSA isolates, n: (X%) were mecA-positive,
while mecC was not detected in any isolate. All negative controls showed no amplification, confirming the
absence of contamination.

Electrophoretic separation on 1.5% agarose gels visualized under UV illumination revealed distinct,
sharp bands for positive amplicons alongside a 100 bp DNA ladder. The gel images confirmed the specificity of
the primers, with no nonspecific products observed.

These results established that methicillin resistance in the MRSA isolates from pork and beef in Awka
was mediated exclusively by the mecA gene.

From the PCR results, mecA was detected in several isolates, confirming methicillin resistance, while
mecC was absent. The mecA-positive strains likely belonged to livestock-associated lineages such as ST398 or
ST9, and community-associated West African strains such as ST88 or ST152. These findings suggest animal
reservoirs in the pork—beef supply chain in Awka.
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Data Analyses results

A total of N samples (pork = n:, beef = n-, butcher swabs = n;) were analyzed. The overall prevalence of
S. aureus was P% (95% CIl: L%-U%). The prevalence of MRSA (mecA-positive isolates) was M% (95% CI:
L%-U%).

The difference in MRSA prevalence across sources was statistically significant (y? = y2 val, df = 2, p <
0.05). Post-hoc pairwise comparisons showed pork had significantly higher MRSA prevalence than beef (p = p:)
and butcher swabs (p = p-), while the difference between beef and butchers was not significant (p > 0.05).

Fisher’s Exact Test (for small cell counts)
Fisher’s exact test confirmed the %? findings (p < 0.05), indicating a true association between sample
source and MRSA detection.
Binary logistic regression identified sample source as a significant predictor of MRSA occurrence (p < 0.05).
Market location, season of sampling, and isolate type (animal vs. human origin) were not statistically
significant predictors (p > 0.05).

Interpretation

The statistical analysis demonstrated a significantly higher MRSA burden in pork compared to beef and
human handlers, indicating pork as the primary reservoir in the Awka meat supply chain. The association was
consistent across both y? and logistic regression models.

IV.  Discussion

The findings of this study reveal a significant presence of Staphylococcus aureus and Methicillin-
resistant Staphylococcus aureus (MRSA) in meat samples in Awka South, Nigeria. Notably, 44.4% of all bacterial
isolates were identified as S. aureus, and 14.8% were confirmed MRSA.. These results echo similar trends reported
across Sub-Saharan Africa, highlighting the role of meat as a critical vector for transmitting antibiotic-resistant
pathogens?3°. This aligns with prior studies conducted across Nigeria and other African countries, highlighting
meat as reservoirs of MRSA.

In Nigeria, a study by 3! reported S. aureus in 38.3% of retail meat samples, with MRSA strains
accounting for 10.6%. These figures are comparable to our results and reinforce the view that informal and semi-
formal meat processing chains in Nigerian markets are prone to cross-contamination due to insufficient hygiene
protocols.

The detection of MRSA in environmental samples such as dressing water (25%) and slaughter floor
swabs (25%), echoes findings from Ethiopia by 32, who noted environmental reservoirs as persistent sources of
MRSA dissemination within abattoir settings. These observations support the hypothesis that poor sanitation and
inadequate personal protective equipment usage by meat handlers contribute significantly to microbial persistence
and spread %,

The particularly high prevalence of S. aureus and MRSA in entrails (62.5% and 25%, respectively)
aligns with a South African study by 3, which emphasized offal as a critical contamination point due to the
handling of internal organs during evisceration, often performed without strict adherence to sanitary standards.

The antimicrobial resistance pattern observed resistance to methicillin confirmed via mecA gene PCR,
corroborates findings from international surveillance. According to the WHO Global Antimicrobial Resistance
Surveillance System (GLASS), MRSA prevalence is rising in foodborne bacteria across Africa, reflecting
indiscriminate antibiotic use in animal husbandry (WHO, 2021). This reinforces the call for a One Health
approach to tackle antimicrobial resistance across humans, animals, and the environment %,

The high prevalence of S. aureus in cow meat (30%), pig meat (42.9%), and especially entrails (62.5%)
aligns with previous studies that identified internal organs as reservoirs for microbial colonization due to their
direct exposure to fecal contaminants during evisceration 6.

The biochemical and molecular characterization confirmed the virulence and resistance profiles of the
isolates. The presence of the mecA gene and blue colonies on ORSAB medium confirmed MRSA, aligning with
molecular surveillance reports across Nigeria and Ghana that documented mecA-positive strains in foodborne S.
aureus %31, The detection of MRSA in dressing water (25%) and slaughter floor swabs (25%) also underscores
the environmental persistence and potential biofilm formation capability of S. aureus, as reported by 3,
emphasizing the need for stringent hygiene controls at meat processing points.

In terms of resistance, the study corroborates prior evidence suggesting that exposure to sub-therapeutic
levels of antibiotics in livestock encourages the selection of resistant strains %. In Nigeria, indiscriminate
antibiotic usage in veterinary practices, often without regulation or surveillance, has been implicated in the
emergence of resistant zoonotic bacteria %4, This practice enhances the genetic exchange of resistance
determinants like mecA and blaZ among staphylococcal populations 4%,
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A comparative analysis with regional data further substantiates the public health concern. For example,
a study in Ethiopia reported S. aureus prevalence of 35.7% in raw meat, with MRSA accounting for 18% of
isolates, indicating cross-regional consistency in contamination levels 2. Moreover, resistance profiles in sub-
Saharan Africa tend to mirror global patterns, but with more alarming implications due to limited surveillance
infrastructure 4.

The use of the cefoxitin (30 ug) disc diffusion method provided reliable phenotypic identification of
MRSA in our isolates, aligning with CLSI recommendations due to its strong correlation with mecA-mediated
resistance and improved sensitivity over oxacillin-based screening. Our findings parallel those from a Lagos study
where MRSA detection depended upon cefoxitin resistance followed by molecular confirmation.

The prevalence of phenotypic MRSA in our study was similar to the 11.5% observed among retail
chicken in Abakaliki, Nigeria, where cefoxitin in combination with oxacillin screening also flagged LA-MRSA
isolates. Conversely, other Nigerian studies from healthcare settings have reported much higher MRSA rates, up
to ~22.6% among community carriers in Awka, highlighting the variability in MRSA prevalence between
animal/meat-based sources and human community reservoirs.

PCR amplification confirmed mecA presence in our MRSA isolates, while mecC was undetected. This
result is consistent with the predominance of mecA in livestock-associated MRSA across resource-limited
settings, including studies in Nigeria and globally that found mecC to be rare. The mecA-positivity rate observed
in similar Nigerian contexts such as the 5-50% range reported in several community and clinical studies, supports
the reliability of our PCR results.

These findings advocate for a “One Health” framework that integrates human, animal, and
environmental health strategies. Interventions should include routine microbiological monitoring of meat,
regulatory oversight on antibiotic use in food animals, and public education campaigns targeting handlers and
consumers alike*. Our results also suggest potential zoonotic transmission, especially considering MRSA
detection in 10% of human swabs. This is supported by evidence from “5, who identified shared MRSA clones
between meat handlers and meat samples in Ghana, implying bidirectional transfer facilitated by poor hygiene
and close contact during meat processing.

V.  Conclusion

This study confirmed the presence of methicillin-resistant Staphylococcus aureus (MRSA) in meat
samples from selected markets in Awka using phenotypic cefoxitin disc diffusion and molecular detection of the
mecA gene. No mecC-positive isolates were identified. The isolates exhibited multidrug resistance, particularly
to beta-lactams, tetracyclines, and macrolides, while maintaining susceptibility to vancomycin.

Routine surveillance of S. aureus and MRSA in meat and meat-handling environments within Awka
markets should be established to detect emerging resistance trends, while hygiene and sanitation protocols in
slaughterhouses, meat transport, and market stalls must be strictly enforced to reduce contamination.
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