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ABSTRACT: The importance of slime factor production in bacterial adherence, colonization and antibiotic 

resistance emphasizes it as a virulence associated macromolecules. This study was therefore aimed at investigating 

the presence of slime factor producing Staphylococcus aureus from different environmental sources and to correlate 

slime factor production with methicillin resistance distribution. A total of 384 samples (96 each of toilet seats, 

sewage samples, poultry droppings and street-vended salads) were collected according to the statistical scheme of 

the microbiological specification for foods. These samples were processed for Staphylococcus aureus prior to 

screening of the isolated Staphylococcus aureus for slime factor production. Slime factor screening was carried out 

biphasically. First, by Congo Red Agar (CRA) technique and later by a primer specific polymerase chain 

amplification of icaA and icaD genes. Methicillin resistance was determined both phenotypically (by screening the 

susceptibility of Staphylococcus aureus to cefoxitin) and genotypically (by amplification of mecA gene). The 

association between slime factor production and antibiotic resistance was estimated using chi-square statistic (χ2). 

Result of the Congo red technique depicts 43.9% of the 164 isolated Staphylococcus aureus (72) as slime producing 

strains while 9, 21 and 22 of the 72 Staphylococcus aureus show discrete amplification of icaA, icaD and co-

occurrence of icaA and icaD respectively. Of the 52 molecularly confirmed slime producing Staphylococcus aureus 

strains, 43 (82.7) were methicillin resistant strains while 28(65.1%) exhibits discrete amplification of mecA gene. 

Our results however found significant association between slime factor production and antibiotic resistance. 
 

 

1. INTRODCTION 
 

The importance of slime factor production in bacterial virulence 

especially adherence and colonization has long been 

documented [1-4]. This biological factor which is known to be 

one of the major virulence associated macromolecules of S. 

aureus and S. epidermidis [5-7], plays frequent role in 

biomaterial centered infections [8-9] and has also been 

implicated in a wide range of human diseases including skin 

infections, bone infections, food poisoning, endocarditis, toxic 

shock syndrome among others [10-12]. Globally, several studies 

have documented slime producing Staphylococcal species from 

both veterinary and clinical sources [13-15]. For instance, in the 

United States of America, Allen et al. [16] reported slime 

producing Staphylococcal species, with 85.0% being strong 

slime producers and 15.0% moderately to weakly slime 

producers from patients with atopic dermatitis (AD) attending 

the Drexel University College of Medicine, Philadelphia, 

Pennsylvania. In an hospital in San Luis, Argentina, Alcaráz et 

al. [17] recorded a 55.5% and 57.4% slime production by 
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Staphylococcal isolates obtained from clinical and 

environmental specimens respectively. Similarly, Boynukara et 

al. [18] reported 60% slime production by Staphylococci 

species isolated from various clinical specimens of patients in a 

university hospital in Turkey. Wenbo et al. [19] investigated the 

slime forming capacity of Staphylococcus epidermidis in 

clinical specimens from Tongren hospital, Beijing with a result 

of 34.38%. In Mexico, Juárez-Verdayes et al. [20]  reported 

66% slime production by Staphylococcus epidermidis strains 

obtained from patients at the Instituto de Oftalmolgía “Conde de 

Valenciana”, Mexico City. In a study carried out in Rio de 

Janeiro, Brazil, Marques et al. [21] detected 100% slime 

production by Staphylococcus aureus in bovine mastitis. 

Similarly, Bakheet and Darwish [22] detected 76.19% slime 

producing Staphylococcus aureus from layer’s chicken in Assiut 

Governorate, Eygpt. Recently, Bierowiec et al. [23] reported the 

isolation of slime producing Staphylococcus pseudintermedius 

from sick and apparent healthy cats in Poland, Europe with a 

frequency of 46.2% and 40.9% respectively. 

In Nigeria, similar studies are not unavailable. For instance, in 

Benin, Edo State, Azih and Enabulele [24] observed 75.95% 

slime production by Staphylococcal species isolated from 

clinical samples from the University of Benin Teaching Hospital 

while Abdulrahim et al. [25] detected 81.6% slime production 

by Staphylococcus aureus isolated from clinical specimens from 

National Orthopaedic Hospital Dala, Kano State, Nigeria. Orjih 

et al. [26] however recorded 78% slime production by the same 

organism isolated from five hospitals in Lagos State. Ayepola et 

al. [27] also reported slime production in 3 of 5 (60%) 

Staphylococcus epidermidis strains isolated from eight medical 

centers in Lagos and Ogun State. Furthermore, Shittu et al. [28] 

reported slime producing Staphylococcus aureus from West 

African Dwarf (WAD) goat in Osun State, Southwest Nigeria.  

However, most of the documented works on slime factor 

borders on clinical and veterinary samples [29] and thus there is 

paucity of information on slime factor producing 

Staphylococcus aureus from environmental sources. 

Consequently, the fact that slime factor is encoded in the ica 

locus containing icaA, icaB, icaC and icaD genes in 

Staphylococcus aureus [21-30], makes it ideal to use discrete 

amplification of any of these genes to identify slime factor 

producing organisms [31-32]. Of these genes, it has been 

established that icaA and icaD are the most predominant in 

Staphylococcus aureus. It is thus crucial to note that the 

detection of slime factor producing organisms rely more on 

discrete amplification of icaA and icaD genes. This study, was 

therefore, aimed at determining the epidemiology of slime 

factor producing Staphylococcus aureus from different 

environmental sources and to correlate slime factor production 

with antibiotic resistance.  

2. Materials and Methods  

2.1. Sample Collection and Sampling  

A total of 384 samples were collected from ninety-six (96) 

sample collection sites. These samples which included ninety-

six (96) each of toilet seat swabs, poultry droppings, street 

vended salads and sewage samples were collected according to 

the statistical scheme of the international commission for 

microbiological specification for foods [33] but with slight 

modifications. Briefly, the sample collection sites were 

classified into four different quadrants with each of the quadrant 

producing 96 samples. The four quadrants however produced a 

total pool of 384 samples (96 samples×4).  

2.2. Sample Transportation and Processing  

All the samples were collected in pre-sterilized universal bottles 

except for the street-vended foods that were collected in pre-

sterilized aluminum pans and were transported in different 

coolers containing ice packs within 4 hours of collection. The 

samples were processed not later than 24 hours at room 

temperature (27± 2°C) after getting to the laboratory.  

2.3. Microbiological Processing of Specimens 

Each sample was processed following standard recommended 

techniques respectively; street vended salads [34], toilet seats 

[35], poultry droppings [36] and sewage samples [37]. The 

samples processed were subsequently inoculated on Mannitol 

Salt Agar for 24 hours at 37°C [38] and identified by molecular 

amplification of nuc gene (specific for Staphylococcus aureus) 

[5] while other organisms with no discrete amplification were 

regarded to as other Staphylococcus spp.  

2.4. Phenotypic Detection of Slime Factor Production in 

Staphylococcus aureus. 

Slime factor production was assayed qualitatively by the Congo 

Red Agar method (CRA), as described by Mathur et al. [39]. 

The bacterial isolates were cultured on Congo Red Agar (CRA) 

plates containing 0.8g Congo red dye and 36g sucrose and 

incubated at 37°C in aerobic conditions for 24 hours. After 24 

hours, the plates were stored at room temperature for 48 hours. 

Slime production was interpreted according to colony colours 

using a four-colour reference scale varying from black to red. 

Black colonies with rough surface and edges was an indication 

of strong slime production, almost-black colonies were 

intermediate or weak slime producers, while red and pink 

colonies were interpreted to be non-slime producers 

2.5. Molecular Detection of icaA and icaD genes 

The genotypic determination of slime production was performed 

by targeting the icaA and icaD genes using polymerase chain 

reaction. Each specimen was stirred directly into 200 ml sterile 

saline and extracted using a QIAamp DNA mini kit (Qiagen). In 

brief, each broth culture sample (100 µL) was pre-incubated at 

99 oC for 20 min and then processed as suggested by the 

manufacturer. After the addition of 5 µL of lysostaphin solution, 

the sample was incubated again at 99 oC for 10 min to digest the 

bacterial cell wall. This was followed by the addition of  5 µL of 

proteinase K solution and 150 µL of 0.1M Tris-HCl (pH 7.5) 

and then further incubated for 10 minutes at 37 oC . Following 

incubation, the samples were heated for 5 minutes at 100 oC and 

the bacterial debris was removed by centrifugation for 5 minutes 

and then dried at 37 °C. The dried DNA was re-suspended in 

distilled water and transferred into a new pre-labelled Eppendorf 

tube by gentle aspiration using a micropipette as a template for 

PCR. PCR amplification of  icaA and icaD genes were 

performed as described previously using their specific primers 

(Table 1). PCR was performed in a DNA thermal cycler 

containing 10 µL of the extracted DNA, 1 µM of the above-

mentioned primers, 100 µM each of deoxynucleotide 

triphosphate (dATP, dCTP, dGTP and dTTP), buffer (10mM 



 

 
13 

Alexandria Journal of Science and Technology, 2025, 3(1), 11–22                                                                                                                Online ISSN: 2974-3273 

 
Article 

Tris-HCl (pH 9.0), 50mM KCl, 0.1% Triton X-100 and 2.5mM 

MgCl2) and 0.6 U of Taq DNA polymerase. DNA was amplified 

using the following thermal cycling profile; initial denaturation 

by incubation at 94 °C for 5 min, followed by 50 cycles each of 

denaturation at 94 °C for 30 seconds, annealing at 55.5 °C for 

30 seconds, extension at 72 °C for 30 seconds and ending with a 

final extension at 72 °C for 1 min. The amplified products were 

loaded onto 1.5% Agarose Gel containing 1µg/ml ethidium 

bromide and the presence and molecular weight of the amplified 

DNA fragments were visualized under ultraviolet (UV) light. 

2.6. Antibiotic susceptibility testing 

The susceptibility of Staphylococcus aureus to antibiotics was 

evaluated using the disc diffusion method as described by 

Finegold and Martin [42]. Briefly, Mueller Hinton (MH) Agar 

(Merck, Darmstadt, Germany)  was prepared according to 

manufacturer’s instruction and with a sterile inoculating loop, a 

loopful of the 24 hours isolated colonies were picked and 

suspended in sterile normal saline after which the turbidity of 

each suspension was adjusted to 0.5 McFarland standard by 

adding more organism if the suspension was too light or diluting 

with sterile saline if the suspension was too heavy. The Mueller 

Hinton Agar were subsequently inoculated by dipping a sterile 

swab into the inoculum tube and rotating the swab against the 

side of the tube using firm pressure, to remove excess fluid. The 

swab should not be dripping wet. The dried surface of the MH 

agar plate was inoculated by streaking the swab three times over 

the entire agar surface; rotate the plate approximately 60 

degrees each time to ensure an even distribution of the 

inoculum. The plates were left to sit at room temperature for 10 

minutes prior to placing the antibiotic-impregnated disks on the 

surface of the agar with the aid of forceps. The antibiotic-

impregnated disks used include the following viz; vancomycin 

(30µg), gentamicin (10µg), nitrofurantoin (300µg), 

trimethoprim/sulphamethoxazole (25µg), oxacillin (1µg), 

ciprofloxacin (5µg), amikacin (30µg), erythromycin (15µg), 

clindamycin (10µg), chloramphenicol (30µg), cefuroxime 

(30µg), cephalexin (30µg) and cefoxitin (30µg) and incubated at 

37°C for 18–24 hours. The diameter of the zones of inhibition 

was measured and the results were interpreted as recommended 

by the Clinical and Laboratory Standards Institute [43]. 

2.7. Determination of Minimum Inhibitory Concentrations 

(MIC) of the Intracellular Adhesion gene carrying 

Staphylococcus aureus 

Each of the Staphylococcus aureus was examined for their 

susceptibility to different classes of antibiotics. Briefly, the 

different classes of antibiotics were double fold serially diluted 

using nine different tubes containing 1 mL each of nutrient 

broth (Oxoid, England) to achieve final dilutions of 128 μg/ml, 

64, 32, 16, 8, 4, 2, 1, 0.5 and 0.25μg/ml.  

Standard bacterial inoculums (105 ) of each of the organism was 

inoculated into nine different dilutions and incubated overnight 

at 37 oC. The MIC was taken as the lowest concentration of any 

of the antibiotics that inhibited the growth of Staphylococcus 

aureus strains. 

2.8. Molecular Detection of mecA (Methicillin Resistance 

Specific) Gene 

The detection of methicillin resistant gene was done using PCR. 

The genomic DNA was extracted from the phenotypically 

confirmed slime producing and methicillin-resistant 

Staphylococcus aureus (MRSA) strains by using Qiagen 

genomic DNA extraction kit. The amplification of the 

methicillin resistant gene was carried out by using a pair of 

primers formerly used by Sajith et al [40] (Table 1).  PCR was 

carried out in a Perkin-Elmer thermocycler that consist of the 

following reaction mixtures; 1µl each of the forward and reverse 

primers, 5µl of the extracted DNA, 0.2mM each of dATP, 

dTTP, dGTP and dCTP, buffer (50 mM KCl, 10mM Tris- HCl 

[pH 9.0], 1.5 mM MgCl2), and 2 unit/ml of Taq DNA 

polymerase (Promega). The DNA was then amplified using the 

following PCR cycling protocol; initial denaturation by 

incubation at 94 °C for 5 min followed by 35 cycles each of 

denaturation at 94 °C for 2 min, annealing at 57 °C for 2 min, 

extension at 72 °C for 1 min and a final extension at 72 °C for 7 

min. The amplicons (PCR products) were detected by 

electrophoresis using a 2% agarose gel at 80 V for 1 hour after 

which they were stained with ethidium bromide (0.5 µg/ml) and 

visualized under ultraviolet (UV) light.  

2.9. Statistical Analysis 

Data analysis was carried out using the computational software 

SPSS version 22 (SPSS, Chicago, USA). Chi square test was 

used to determine significant differences between categorical 

variables, The statistically significant level was considered                   

as P < 0.05. 
 

Table 1: Primers used in this study 

Genes Sequence (5’ – 3’) Product size References 

icaA F: 5’-CCT AAC TAA CGA AAG GTA G-3’ 1315 bp Ciftci et al.[5] 

 R: 5’-AAG ATA TAG CGA TAA GTG C -3   
    

icaD F: 5’-AAA CGT AAG AGA GGT GG-3’ 381 bp Ciftci et al.[5] 

 R: 5’-GGC AAT ATG ATC AAG ATA-3’   
    

mecA F: 5'-TCCAGATTACAACTTCACCAGG-3' 162 bp Sajith et al.[40] 

 R: 5' -CAATTCATA TCTTGTAACG-3'   
    

nuc F: 5'-GCGATTGATGGTGATACGGTD-3'  279 bp Dewanand et al.[41] 

 R: 5' -AGCCAAGCCTTGACGAACTAAAGC-3'   
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3. Results  

Table 2 depicts the distribution of Staphylococcus aureus in the 

sampled specimens. As shown in this Table 2, poultry droppings 

yielded more bacterial counts 52 (13.5%), followed by sewage 

samples 44 (11.5%), street vended foods 36 (9.4%) and toilet 

samples 32 (8.33%) respectively. In general, 164 (42.7%) of the 

analysed specimens yielded bacterial colonies. The distribution 

of the slime producing Staphylococcus aureus depicted in          

Table 3 reveals 72 (43.9%) and 92(56.1%) as  slime factor and 

non-slime factor producing Staphylococcus aureus respectively. 

Of these seventy two (72) isolates that were positive by the 

Congo red agar technique, 9(5.49%), 21(12.8%) and 22(22%) 

were found harbouring icaA, icaD and combination of icaA and 

icaD respectively. Consequently, the fifty-two (52) strains of 

Staphylococcus aureus with discrete amplification of icaA, icaD 

and/or co-occurrence of icaA and icaD were screened for 

methicillin resistance and 43 (82.7%) showed elevated trend of 

methicillin resistance while 9(17.3%) were found to be 

sensitive. The polymerase chain amplification of mecA gene 

revealed that 28 out of the 43 resistant isolates (65.1%) shows 

discrete amplification of mecA gene (Table 4). Table 5 connotes 

the distribution of Staphylococcus aureus for antibiotic 

susceptibility testing. As shown in this table, a total of 52 slime 

factor gene variants 9(17.3%) of icaA, 21(40.4%) of ica D and 

22 (42.3%) of co-occurred icaA and icaD were delineated from 

164 Staphylococcus aureus analyzed. In Table 6, the 

susceptibility testing data indicated that 100% of the icaA 

producing isolates were resistant to both amikacin and cefoxitin, 

88% were resistant to trimethoprim/sulphamethoxazole, 

cephalexin and chloramphenicol, 77.7% were resistant to 

ciprofloxacin and erythromycin while 66.6% of these isolates 

were resistant to nitrofuratoin. 55.5% of icaA producing 

Staphylococcus aureus were also found to be resistant to 

vancomycin. However, resistance to gentamicin, oxacillin and 

cefotaxime were estimated to be 33.3%. The icaD producing 

isolates connote varying degrees of resistance as follows; 90.5% 

to chloramphenicol, 76.2% to ciprofloxacin and cephalexin, 

85.7% to amikacin, 57.1% to nitrofuratoin and cefotaxime, 

52.4% to gentamicin and erythromycin, 61.9% to vancomycin 

and cefoxitin. Lower levels of resistance were consequently 

found to oxacillin 9.52%, clindamycin 28.6%, and 

trimethoprim/sulphamethoxazole 33.3% respectively. The 

strains of Staphylococcus aureus that harbor both icaA and icaD 

exhibited resistance above 70% to vancomycin, gentamicin and 

amikacin and above 50% to trimethoprim/sulphamethoxazole, 

cephalexin, cefoxitin and cefotaxime. These isolates also 

showed 81.8% and 63.6% resistance to clindamycin and 

nitrofurantoin respectively. Even though resistance to 

chloramphenicol, erythromycin, oxacillin and ciprofloxacin is 

relatively lower, their resistance pattern was estimated as 

45.5%, 40.9%, 31.8% and 40.9% respectively (Table 6). The 

Table 7 represents the distribution of MIC of the tested 

antibiotics against different variants of Staphylococcus aureus. 

As shown in this Table 5, 16 and 18 of the icaA, icaD and the 

isolates harboring both icaA and icaD had breakpoint above 

Cefoxitin MIC breakpoint while many of these slime factor 

producing organisms have MIC values above the recommended 

breakpoints. The resistance to different classes of antibiotics by 

percentages in slime factor producing Staphylococcus aureus 

ranged from 7.14 to 14.3% (Table 8). 

Table 2:  Distribution of Staphylococcus aureus in the individual specimens sampled 

Samples 
Distribution 

n N % 

Toilet samples 96 32 8.33 

Sewage samples 96 44 11.5 

Poultry droppings 96 52 13.5 

Street vended foods 96 36 9.4 

Total 384 164 42.7 

Key: n= number of each sample processed, N= number of Staphylococcus aureus per each sample, %= percentage distribution of 

Staphylococcus aureus per each sample 

 

Table 3:  Distribution of slime producing Staphylococcus aureus  

Screening methods Positive Negative 

Phenotypic screening 72(43.9) 92(56.1) 

Genotypic screening   

IcaA 9(5.49) 155(94.51) 

IcaD 21(12.8) 143(87.2) 

icaA+icaD 22(22) 142(78) 

Key: Phenotypic = Phenotypic screening on Congo Red Agar, icaA= Intracellular adhesion gene A, icaD= Intracellular adhesion gene D, 

icaA+ icaD= Intracellular adhesion gene A + Intracellular adhesion gene D. 
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Plate 1B: PCR Amplification of icaD 

Key:      A1-Q1 = Different strains of icaD producing Staphylococcus aureus                

MK = Marker DNA, molecular weight of icaD = 381bp 

 

 
 

 

 

 

 

 

 

Plate 1C: PCR amplification of icaD gene 

Key: 1-22 = Different strains of icaD + icaD producing  Staphylococcus aureus 

MK = Marker DNA, molecular weight of icaA = 1315bp, icaD = 381bp 
 

Table 4:  Occurrence of methicillin resistant Staphylococcus aureus and their genes 

Screening methods 
Resistant organisms Sensitive organisms 

n (%) N (%) 

Phenotypic screening 43 (82.6) 9 (17.3) 

mecA gene 28 (65.1) 0 (0) 

Key: n = number of resistant organisms, N = number of sensitive organisms, % = percentage distribution of resistant and sensitive 

organisms 

 

Table 5: Distribution of Staphylococcus aureus for Antibiotic Susceptibility Testing (AST) 

Organism 
No. of  

IcaA 

% of  

IcaA 

No. of  

IcaD 

% of  

IcaD 

Co-occurrence 

of IcaA and 

IcaD 

% Co-

occurrence of 

IcaA and IcaD 

Number (%) of slime factor genes  

for AST/ 

  IcaA           IcaD        IcaA + IcaD 

SAS 9 17.3 21 40.4 22 42.3 9(100) 21(100) 22(100) 

Key: SAS= Staphylococcus aureus strains, AST= Antibiotic Susceptibility Testing, % = percentage 
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Table 6: Percentage distribution of antibiotic resistant slime producing Staphylococcus aureus variants 

Slime factor 

variants 

Antibiotics (%) 

Van        Gent       Ami        Nitro     Tri/Su      Cip        Oxa         Cep        Ceft        Cef         Er           Chl          Clin 

IcaA 55.5 33.3 100 66.6 88.8 77.7 33.3 88.8 100 33.3 77.7 88.8 33.3 

IcaD 61.9 52.4 85.7 57.1 33.3 76.2 9.52 76.2 61.9 57.1 52.4 90.5 28.6 

IcaA+IcaD 77.3 77.7 77.3 63.6 54.5 40.9 31.8 59.1 54.5 54.5 40.9 45.5 81.8 

Key: Van= vancomycin, Gent= gentamicin, Ami = amikacin, Nitro= nitrofurantoin, Tri/Su= trimethoprim/sulphamethoxazole , Cip= 

ciprofloxacin, Oxa= oxacillin, Cep= cephalexin, Ceft= cefoxitin, Cef= cefuroxime, Er= erythromycin, Chl= chloramphenicol, Clin= 

clindamycin, %= percentage 

 

Table 7: Distribution of MIC of the tested antibiotics against slime producing Staphylococcus aureus variants 

Variants N0I 
Antibiotics 

Vancomycin 

MIC (µg/ml), % 

    128           64           32            16            8              4             2              1          0.5           0.25 

IcaA 9  - - - 22.2 11.9 22.2 - 11.1 22.2 11.1 

IcaD 21  - 9.52 38.1 4.76 9.52 - 23.8 4.76 4.76 4.76 

IcaA + IcaD 22  22.7 36.4 18.2 4.54 - - 22.7 - - - 

  
Antibiotics 

Gentamicin 

MIC (µg/ml), % 

128            64           32            16             8              4             2            1          0.5            0.25 

IcaA 9  - - 33.3 - 66.6 - - - - - 

IcaD 21  14.4 14.3 23.8 33.3 14.3 - - - - - 

IcaA + IcaD 22  31.8 22.7 18.2 27.3 - - - - - - 

  
Antibiotics 

Amikacin 

MIC (µg/ml), % 

128             64           32            16            8              4             2            1           0.5            0.25 

IcaA 9  - - - 55.6 44.4 - - - - - 

IcaD 21  28.5 33.3 - - 23.8 14.4 - - - - 

IcaA + IcaD 22  - 63.6 4.5 9.1 - 22.8 - - - - 

  
Antibiotics 

Nitrofurantoin 

MIC (µg/ml), % 

128             64           32            16            8              4             2            1           0.5            0.25 

IcaA 9  66.7 22.2 11.1 - - - - - - - 

IcaD 21  57.1 23.8 19.0 - - - - - - - 

IcaA + IcaD 22  63.6 - 36.4 - - - - - - - 

  
Antibiotics 

Tri/Su 

MIC (µg/ml), % 

128            64           32            16             8              4             2            1             0.5         0.25 

IcaA 9  22.2 - 11.1 - 33.3 22.2 11.1 - - - 

IcaD 21  - - 14.3 - 14.3 4.76 42.9 22.7 - - 

IcaA + IcaD 22  - - - - 54.5 - 31.8 13.6 - - 
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Table 7 Contd: Distribution of MIC of the tested antibiotics against slime producing Staphylococcus aureus variants 

Variants N0I 
Antibiotics 

Ciprofloxacin 

MIC (µg/ml), % 

128           64           32            16            8              4             2              1             0.5            0.25 

IcaA 9  - - - - - 11.1 55.6 11.1 22.2 - 

IcaD 21  - - - - 23.8 9.52 14.3 28.6 23.8 - 

IcaA + IcaD 22  - - - - 13.6 4.54 9.1 13.6 27.3 31.8 

  
Antibiotics 

Oxacillin 

MIC (µg/ml), % 

  128             64           32            16            8              4             2             1           0.5            0.25 

IcaA 9  - - - - 22.2 11.1 33.3 33.3 - - 

IcaD 21  - - - - 9.52 - 90.5 - - - 

IcaA + IcaD 22  - - - 18.2 9.1 4.54 68.2 - - - 

  
Antibiotics 

Cefoxitin 

MIC (µg/ml), % 

   128            64           32            16            8              4             2            1             0.5          0.25 

IcaA 9  - - - 11.1 11.1 11.1 66.6 - - - 

IcaD 21  - - - 19.0 14.3 19.0 38.1 9.5 - - 

IcaA + IcaD 22  - - - 36.4 - 18.2 27.3 18.2 - - 

Variants N0I 
Antibiotics 

Cephalexin 

MIC (µg/ml), % 

      128             64         32          16            8             4             2              1            0.5         0.25 

IcaA 9  - - - 11.1 22.2 55.6 11.1 - - - 

IcaD 21  - - 28.6 14.3 19.0 9.5 14.3 14.3 - - 

IcaA + IcaD 22  - - - 18.2 18.2 27.3 31.8 3.13 - - 

  
Antibiotics 

Cefotaxime 

MIC (µg/ml), % 

      128            64         32            16            8            4             2              1          0.5          0.25 

IcaA 9  - - 33.3 11.1 33.3 - 22.2 - - - 

IcaD 21  - - 19.0 14.3 19.0 4.76 9.52 33.3 - - 

IcaA + IcaD 22  - - - 18.2 9.1 59.1 18.2 - - - 
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Table 7 Contd: Distribution of MIC of the tested antibiotics against slime producing Staphylococcus aureus variants 

Key: %= percentage resistance in slime producing Staphylococcus aureus, MIC=Minimum Inhibitory Concentration, µg/ml=microgram 

per mil 
 

Table 8:  Resistance to classes of antibiotics by percentages in slime producing Staphylococcus aureus 

Resistance to different classes  

of antibiotics 

Slime producing Staphylococcus aureus  (%) 

                     IcaA                                                  IcaD                                IcaA + IcaD 

0 14.3 0 0 

1 21.4 0 0 

2 21.4 14.3 0 

3 7.14 14.3 0 

4 7.14 0 14.3 

5 0 14.3 14.3 

6 28.6 0 7.14 

7 0 0 0 

8 0 14.3 7.14 

9 0 14.3 7.14 

10 0 21.4 21.4 

11 0 0 0 

12 0 7.14 14.3 

13 0 7.14 7.14 

 Key: %= percentage resistance in slime producing Staphylococcus aureus, the chi-square statistic is 121.9736. The p-value is < 0.00001. 

The result is significant at p < 0.05. 

Variants N0I 
Antibiotics 

Erythromycin 

MIC (µg/ml), % 

    128            64           32          16            8              4             2           1           0.5           0.25 

IcaA 9  - - 33.3 44.4 - 22.2 - - - - 

IcaD 21  - - - - 52.4 14.3 33.3 4.76 - - 

IcaA + IcaD 22  - - 18.2 18.2 4.54 - 40.9 2.5 - - 

  
Antibiotics 

Chloramphenicol 

MIC (µg/ml), % 

   128           64           32            16            8             4             2            1             0.5         0.25 

IcaA 9  - - 88.9 - - 11.1 - - - - 

IcaD 21  - 9.52 14.3 66.7 - 9.52 - - - - 

IcaA + IcaD 22  - 13.6 18.2 13.6 13.6 36.4 4.76 - - - 

  
Antibiotics 

Clindamycin 

MIC (µg/ml), % 

   128             64           32           16           8              4             2           1            0.5          0.25 

IcaA 9  - - - - - - - 33.3 33.3 33.3 

IcaD 21  - - - - - 9.5 14.3 4.8 47.6 23.8 

IcaA + IcaD 22  - - - - - 27.3 31.8 13.6 9.1 18.2 
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4. Discussion  

The ubiquitous presence of Staphylococcus aureus and other 

Staphylococcus species in every concernable environment has 

been documented [44-45] in different substrates including dried 

cassava powder [46], sewage [47-48], cockroaches [49], poultry 

droppings [36], street vended foods [50] and toilet seats [51]. In 

this study, 42.7% of the analyzed samples yielded visible 

growth of Staphylococcus aureus. This observation indicates 

that such analyzed samples could be regarded as major reservoir 

for the spread of these organisms [48, 50-51]. The presence of 

Staphylococcus aureus in poultry droppings is not only 

dangerous for vegetable consumers where these animal products 

are commonly applied as manure for planting vegetables [58] 

but could also pose serious threat to farmers with little or no 

knowledge of the implication of these organisms [59]. 

Consequently, such droppings may also contaminate eggs 

especially the broken ones, thereby serving as source of 

pathogenic Staphylococcus aureus to consumers of improperly 

cooked eggs or even the raw eggs [62], since some consumers 

still consume fresh eggs, thereby resulting in staphylococcal 

food poisoning (SFP) that are known  to be associated with 

nausea, vomiting, retching, abdominal cramps, collapse, and 

other symptoms [60-61].  

The fact that majority of the Nigerian population gives wide 

acceptance to street vended foods [50, 63-65] probably due to 

the ease of getting it [66], is an indication that most of the 

population are at the risk of ingesting Staphylococcus aureus. It 

is therefore important to note that apart from these highlighted 

sources of Staphylococcus aureus observed in this study, it is 

not surprising to also find these organisms associated with toilet 

seats [51]. Of more importance in this study, is the confirmation 

of slime producing strains of Staphylococcus aureus among the 

isolated Staphylococcus aureus. These findings though may be 

uncommon because they are from inanimate sources [67] as 

against many reports of slime producing organisms from 

veterinary and clinical samples [15]. We however found that the 

ability of the organism to produce slime is not only limited to 

when they are present on living organisms but could also be 

present on inanimate subjects including foods [50], poultry 

droppings [36], sewage samples [48] and even toilet seats [51]. 

In Nigeria, not many studies tracked slime producing organisms 

from non-clinical and non-veterinary specimens [67-68] but 

despite this, some of these organisms also show discrete 

amplification of the slime factor genes (icaA and icaD) to 

further affirm the genotypic expression of these slime factor loci 

[69-70]. 

Another interesting observation is the lowest representation of 

discrete amplification of icaA in the molecularly positive slime 

producing Staphylococcus aureus. This observation is like that 

of Abdulrahim et al. [71] where among twelve (12) 

Staphylococcus aureus isolates tested, the lowest prevalence 

was detected in icaA gene (8.3%). Also, in our study, the 

number of icaD (21) amplified by molecular technique was 

however found to be more than the number captured by the 

Congo Red Agar technique. This observation is a further 

attestation to the fact that the CRA technique, while it can 

capture more than one ica loci, may not be enough to cover all 

icaD locus [5]. Our findings however are similar with that of 

Arslan and Ozkardes [15] who reported that the CRA assay 

yielded a lower percentage of positive results in clinical 

staphylococci isolates compared to the staining assay. A high 

proportion of the isolated Staphylococcus aureus that shows 

elevated trend of oxacillin resistance also exhibited discrete 

amplification of mecA gene. This observation is in conformity 

with Garcia-Alvarez et al. [72] where a novel mecA homologue, 

mecALGA251, associated with resistance to β-lactam antibiotics 

was present in clinical MRSA isolates from the UK and 

Denmark, and bovine milk samples from the UK.  

However, the fact that none of the sensitive organisms reveal 

mecA gene amplification is an indication that conventional 

susceptibility tests such as agar disc diffusion and broth dilution 

methods may give reliable results in detecting MRSA [5]. Our 

observation however agrees with the results of Unal et al. [73] 

and Ribeiro et al. [74], where they documented that a significant 

number of Staphylococcus aureus strains that were classified as 

resistant with an oxacillin MIC of 4 µ/ml shows discrete 

amplification of mecA gene [75]. The fact that most of the slime 

factor producing Staphylococcus aureus shows elevated trend of 

resistance to different classes of antibiotics emphasize the 

importance of these genes in upsurging multi-drug resistance in 

bacterial pathogens.  Our findings consequently show that 

strong association exist between slime factor production and 

antibiotic resistance [5, 74-75] and this was highly exemplified 

by the multi-drug resistance of different slime producing 

organisms to different classes of antibiotics. In conclusion, the 

results of our study have shown that the phenotypic screening of 

slime factor production from Staphylococcus aureus using 

Congo Red Agar is able to screen a wide range of slime factor 

producing strain but lacks the ability to capture all slime factor 

strains. We however found that oxacillin used for screening 

methicillin resistance could overestimate numbers as only 50% 

of the oxacillin disc affirmed methicillin resistance show 

discrete amplification of mecA gene and also provide false 

negative results, since 46.2% of the organisms affirmed to be 

methicillin resistant were also found harbouring mecA gene. It is 

therefore important to state that statistical significant association 

exist between slime factor production and antibiotics resistance.   

 

References 

[1] Satpathy, G. Slime Production as a Virulence Factor in 

Staphylococcus epidermidis Isolated from Bacterial 

Keratitis. Indian J. Med. Res. 2000, 111, 6-10.  

[2] Nobbs, A.H.; Lamont, R.J.; Jenkinson, H.F. Streptococcus 

Adherence and Colonization. Microbiol Mol Biol Rev. 

2009, 73(3), 407–450.  

[3] Strateva, T.; Mitov, I. Contribution of an Arsenal of 

Virulence Factors to Pathogenesis of Pseudomonas 

aeruginosa Infections. Ann Microbiol. 2011, 61, 717–732.  

[4] Delcaru, C.; Podgoreanu, P.; Alexandru, I.; Popescu, N.; 

Măruţescu, L.; Bleotu, C.; Mogoşanu, G. D.; Chifiriuc, M. 

C.; Gluck, M.; Lazăr, V. Antibiotic Resistance and 

Virulence Phenotypes of Recent Bacterial Strains Isolated 

from Urinary Tract Infections in Elderly Patients with 

Prostatic Disease. Pathogens. 2017, 6(2), 22.  

[5] Ciftci, A.; ArzuFindik, A.; Onuk, E.E.; Savasan, S. 

Detection of Methicillin Resistance and Slime Factor 



 

 
20 

Alexandria Journal of Science and Technology, 2025, 3(1), 11–22                                                                                                                Online ISSN: 2974-3273 

 
Article 

Production of Staphylococcus aureus in Bovine Mastitis. 

Braz. J. Microbiol. 2009, 40(2), 254–261.  

[6] Podbielska, A.; Galkowska, H.; Stelmach, E.; Mlynarczyk, 

G.; Olszewski, W.L. Slime Production by Staphylococcus 

aureus and Staphylococcus epidermidis Strains Isolated 

from Patients with Diabetic Foot Ulcers. Immunol. Ther. 

Exp. (Warsz). 2010, 58(4), 321-4.  

[7] Gajewska, J.; Chajecka-Wierzchowska, W. Biofilm 

Formation Ability and Presence of Adhesion Genes among 

Coagulase-Negative and Coagulase-Positive 

Staphylococci Isolates from Raw Cow’s Milk. Pathogens. 

2020, 9, 654.  

[8] Gottenbos, B.; Busscher, H.; van der Mei, H.; 

Nieuwenhuis, P. Pathogenesis and Prevention of 

Biomaterial Centered Infection. J. Mater. Sci. Mater. Med. 

2002, 13, 717-22.  

[9] Rosman, C. W.; van Dijl, J. M.; Sjollema, J. Interactions 

between the Foreign Body Reaction and Staphylococcus 

aureus Biomaterial-Associated Infection. Winning 

strategies in the derby on biomaterial implant surfaces. 

Crit. Rev. Microbiol. 2022, 48(5), 624-640. 

[10] Fowler, V.G. Jr.; Miro, J. M.; Hoen, B.; Cabell, C. H.; 

Abrutyn, E.; Rubinstein, E.; Corey, G. R.; Spelman, D.; 

Bradley, S. F.; Barsic, B.; Pappas, P.A.; Anstrom, K.J.; 

Wray, D.; Fortes, C.Q.; Anguera, I.; Athan, E.; Jones, P.; 

van der Meer, J.T.; Elliott, T.S.; Levine, D.P.; Bayer, A.S.  

Staphylococcus aureus Endocarditis: A Consequence of 

Medical Progress. JAMA. 2005, 293, 3012–3021.  

[11] Tong, S.Y.C.; Davis, J.S.; Eichenberger, E.; Holland, T.L.; 

Fowler, V.G. Jr. Staphylococcus aureus Infections: 

Epidemiology, Pathophysiology, Clinical Manifestations, 

and Management. Clin. Microbiol. Rev. 2015, 28(3), 603–

661.  

[12] Achek, R.; El-Adawy, H.; Hotzel, H.; Hendam, A.; 

Tomaso, H.; Ehricht, R.; Neubauer, H.; Nabi, I.; Hamdi, 

T.M.; Monecke, S. Molecular Characterization of 

Staphylococcus aureus Isolated from Human and Food 

Samples in Northern Algeria. Pathogens. 2021, 10(10), 

1276.  

[13] Ammendolia, M.G.; Di Rosa, R.; Montanaro, L.; Arciola, 

C.R.; Baldassarri, L. Slime Production and Expression of 

the Slime-Associated Antigen by Staphylococcal Clinical 

Isolates.J. Clin. Microbiol. 1999, 37 (10), 3235–3238.  

[14] Türkyilmaz, S.; Eskiizmirliler, S. Detection of Slime 

Factor Production and Antibiotic Resistance in 

Staphylococcus Strains Isolated from Various Animal 

Clinical Samples. Turk. J. Vet. Anim. 2006, 30(2), 201–

206.  

[15] Arslan, S.; Ozkardes, F. Slime Production and Antibiotic 

Susceptibility in Staphylococci Isolated from Clinical 

Samples. Mem. Inst. Oswaldo Cruz. 2007, 102 (1), 29-33.  

[16] Allen, H.B.; Vase, N.D.; Choi, C.; Hailu, T.; Tulbert, 

B.H.; Cusack, C.A.; Joshi, S.G. The Presence and Impact 

of Biofilm-Producing Staphylococci in Atopic Dermatitis. 

JAMA Dermatol. 2014, 150(3), 260-265.  

[17] Alcaráz, L.E.; Satorres, S.E.; Lucero, R.M.; Puig de 

Centorbi, O.N. Species Identification, Slime Production 

and Oxacillin Susceptibility in Coagulase-Negative 

Staphylococci Isolated from Nosocomial Specimens.Braz. 

J. Microbiol. 2003, 34, 45- 51.  

[18] Boynukara, B.; Gulhan, T.; Gurturk, K.; Alisarli, M.; 

Ogun, E. Evolution of Slime Production by Coagulase-

Negative Staphylococci and Enterotoxigenic 

Characteristics of Staphylococcus aureus Strains Isolated 

from Various Human Clinical Specimens.J. Med. 

Microbiol. 2007, 56 (10), 1296-1300.  

[19] Wenbo, H.; Xuguang, S.; Zhiqun, W.; Yang, Z. Biofilm-

Forming Capacity of Staphylococcus epidermidis, 

Staphylococcus aureus, and Pseudomonas aeruginosa 

from Ocular Infections. Invest. Ophthalmol. Vis. Sci. 

2012, 53(9), 5624-5631.  

[20] Juárez-Verdayes, M.A.; Reyes-López, M.A.; Cancino-

Díaz, M.E. Isolation, Vancomycin Resistance and Biofilm 

Production of Staphylococcus epidermidis from Patients 

with Conjunctivitis, Corneal Ulcers, and Endophthalmitis. 

Rev. Latinoam. Microbiol. 2006, 48, 238–246.  

[21] Marques, V.F.; Santos, H.A.; Santos, T.H.; Melo, D.A.; 

Coelho, S.M.O.; Coelho, I.S.; Souza, M.M.S. Expression 

of icaA and icaD Genes in Biofilm Formation in 

Staphylococcus aureus Isolates from Bovine Subclinical 

Mastitis. Pesq. Vet. Bras. 2021, 41, e06645.  

[22] Bakheet, A.M.; Darwish, S.F. Prevelence of Methicillin–

Resistant Staphylococcus aureus (MRSA) in Layer 

Chickens with Reference to its Ability to Form Biofilm 

and Enterotoxins Aml. AJVS. 2019, 63(2), 23-32.  

[23] Bierowiec, P.K.; Miszczak, M.; Korzeniowska-Kowal, A.; 

Wzorek, A.; Płókarz, D.; Gamian, A. Epidemiology of 

Staphylococcus pseudintermedius in cats in Poland. Sci. 

Rep. 2021, 11, 18898.  

[24] Azih, A.; Enabulele, I. Species Distribution and Virulence 

Factors of Coagulase Negative Staphylococci Isolated 

from Clinical Samples From the University of Benin 

Teaching Hospital, Edo State, Nigeria. J. Nat. Sci. Res. 

2013, 3(9): 38-44.  

[25] Abdulrahim, U.; Kachallah, M.; Rabiu, M.; Usman, N.; 

Adeshina, G.; Olayinka, B. Molecular Detection of 

Biofilm-Producing Staphylococcus aureus Isolates from 

National Orthopaedic Hospital Dala, Kano State, Nigeria. 

Open J. Med. Microbiol. 2019, 9, 116-126.  

[26] Orjih I.; Abraham, A.; Felix, A.; Adeleye I.; Stella, S. 

Characterization of biofilm formation in Clinical Urinary 

Isolates of Staphylococcus aureus from Five Hospitals in 

Lagos State, Nigeria.Afr. J. Clin. Exp. Microbiol. 2021, 

22, 164-169.  

[27] Ayepola, O.O.; Olasupo, N.A.; Egwari, L.O.; 

Schaumburg, F. Antibiotic Susceptibility Pattern and 

Biofilm Formation in Coagulase Negative Staphylococci. 

J. Infect. Dev. Ctries. 2014, 8(12), 1643-1645.  

[28] Shittu, A.O.; Taiwo, F.F.; Froböse, N.J.; Schwartbeck, B.; 

Niemann, S.; Mellmann, A.; Schaumburg, F. Genomic 

Analysis of Staphylococcus aureus from the West African 



 

 
21 

Alexandria Journal of Science and Technology, 2025, 3(1), 11–22                                                                                                                Online ISSN: 2974-3273 

 
Article 

Dwarf (WAD) Goat in Nigeria. Antimicrob. Resist. Infect. 

Control. 2021, 10, 1-12.  

[29] Vasileiou, N.G.C.; Chatzopoulos, D.C.; Gougoulis, D.A.; 

Sarrou, S.; Katsafadou, A.I.; Spyrou, V.; Mavrogianni, 

V.S.; Petinaki, E.; Fthenakis, G.C. Slime-Producing 

Staphylococci as Causal Agents of Subclinical Mastitis in 

Sheep. Vet. Microbiol. 2018, 224, 93-99.  

[30] Yazdani, R.; Oshaghi, M.; Havayi, A.; Pishva, E.; Salehi, 

R.; Sadeghizadeh, M.; Foroohesh, H. Detection of icaAD 

Gene and Biofilm Formation in Staphylococcus aureus 

Isolates from Wound Infections. Iranian J. Publ. Health. 

2006, 35 (2), 25-28.  

[31] Arciola, C.R.; Campocciaa, D.; Gamberinia, S.; 

Cervellatia, M.; Donatia, E.; Montanar, L. Detection of 

Slime Production by Means of an Optimised Congo Red 

Agar Plate Test Based on a Colourimetric Scale in 

Staphylococcus epidermidis Clinical Isolates Genotyped 

for ica Locus. Biomaterials. 2002, 23, 4233-4239.  

[32] Arciola, C.R.; Campoccia, D.; Ravaioli, S.; Montanaro, L. 

Polysaccharide Intercellular Adhesin in Biofilm: Structural 

and Regulatory Aspects. Front. Cell. Infect. Microbiol. 

2015, 5, 7.  

[33] International Commission on Microbiological 

Specifications for Foods (ICMSF). Microorganisms in 

foods 7: Microbiological Testing in Food Safety 

Management, Kluwer Academic /Plenum Publishers, New 

York, 2002.  

[34] Sabbithi, A.; Kumar, R.N.; Kashinath, L.; Bhaskar, V.; 

Rao, V.S. Microbiological Quality of Salads Served along 

with Street Foods of Hyderabad, India. Int. J. Microbiol. 

2014, 1-6.  

[35] American Public Health Association (APHA).  Standard 

Methods for the Examination of Dairy Products, 13th ed., 

American Public Health Association, Inc., New York, 

1972.  

[36] Abd El-Ghany, W.A. Staphylococcus aureus in Poultry, 

with Special Emphasis on Methicillin-Resistant Strain 

Infection: A Comprehensive Review from One Health 

Perspective. Int. J. One Health, 2021, 7(2), 257-267.  

[37] Said, M.B.; Abbassi, M.S.; Gómez, P.; Ruiz-Ripa, L.; 

Sghaier, S.; Ibrahim, C.; Torres, C.; Hassen, A. 

Staphylococcus aureus Isolated from Wastewater 

Treatment Plants in Tunisia: Occurrence of Human and 

Animal Associated Lineages. J Water Health. 2017, 15 

(4), 638–643.  

[38] Cruz, M.R.G.; Leite, Y.J.B.S.; Marques, J.L.; Pavelquesi, 

S.L.S.; Oleiveira, L.R.A.; Silva, I.C.R.; Orsi, D.C. 

Microbiological Quality of Minimally Processed 

Vegetables Commercialized in Brasilia. Food Sci. 

Technol, Campinas. 2019, 39(2), 498-503.  

[39] Mathur, T.; Singhal, S.; Khan, S.; Upadhyay, D.J.; Fatma, 

T.; Rattan, A. Detection of Biofilm Formation among the 

Clinical Isolates of Staphylococci: An Evaluation of Three 

Different Screening Methods. Indian J. Med. Microbiol. 

2006, 24, 25–29.  

[40] Sajith, A.; Shetty, P. J.; Lakshmi S. Y.; Chidambaram, A.; 

Ranganathan, R. Detection of mecA genes of methicillin-

resistant Staphylococcus aureus by polymerase chain 

reaction.Int. J. Health Rehabil. Sci., 2012, 1(2), 64-68.  

[41] Dewanand, R.K.; Yuvaraj, S.; Sukhadeo, B.B. PCR-based 

Detection of Genes Encoding Virulence Determinants in 

Staphylococcus aureus from Bovine Subclinical Mastitis 

Cases. J. Vet. Sci. 2007, 8, 151-154.  

[42] Finegold, S. M.; Martin, W. J. Bailey and Scott's 

Diagnostic Microbiology. In: Bailey & Scotts Diagnostic 

Microbiology. 9th ed., The C.V. Mosby Company, 1982. p. 

705-705. 

[43] Clinical and Laboratory Standards Institute (CLSI). 

Performance Standards for Antimicrobial Susceptibility 

Testing, 26th ed.; CLSI supplement M100S; Wayne, P.A., 

Ed.; Clinical and Laboratory Standards Institute, West 

Valley Road, PA, USA, 2016.  

[44] Harris, L. G.; Foster, S. J.; Richards, R. G. An introduction 

to Staphylococcus aureus, and Techniques for Identifying 

and Quantifying S. aureus Adhesins in Relation to 

Adhesion to Biomaterials: Review. Eur. Cell Mater. 2002, 

4, 39–60.  

[45] Canovas, J.; Baldry, M.; Bojer, M.S.; Andersen, P.S.; 

Grzeskowiak, P.K.; Stegger, M.; Damborg, P.; Olsen, 

C.A.; Ingmer, H. Cross-Talk between Staphylococcus 

aureus and Other Staphylococcal Species Via the Agr 

Quorum Sensing System. Front. Microbiol. 2016, 7, 1733.  

[46] Thomas, B.T.; Agu, G.C.; Musa, O.S.; Adeyemi, M.T.; 

Davies, O.O.; Adesoga, K.O.; Ogueri, Q.C. Cross Class 

Resistance to Non-Beta Lactams Antimicrobials in 

Extended Spectrum Beta Lactamases Producing 

Escherichia Coli- A Concern to Health Care Practitioners. 

Int. Res. J. Microbiol. 2012, 3(2), 50-54.  

[47] Thomas, B.T.; Effedua, H.I.; Popoola, O.D.; Oluwadun, 

A.  Growth and Survival of Gastroenteritis Pathogens in 

Dried Cassava Powder (Garri).N.Y. Sci. J. 2012, 5(2), 9-

14.  

[48] Naquin, A.; Clement, J.; Sauce, M.; Grabert, R.; Sherpa, 

M.; Boopathy, R. Presence of Antibiotic-Resistant 

Staphylococcus aureus in Sewage Treatment Plant. J. 

Water Sustain. 2014, 4, 227-236.  

[49] Popoola, O.D.; Thomas, B.T.; Efuntoye, M.O. A 

Comparative Study of Cultural and Molecular Techniques 

for the Identification of Bacterial Contaminants of 

Cockroaches (Periplaneta americana).Afr. J. Cell. Pathol. 

2019, 11(3), 17-22.  

[50] Bello, O.; Temitope, B.K.; Bankole, S. Occurrence of 

Antibiotic-Resistant Staphylococcus aureus in Some 

Street-Vended Foods in Ogun State, Nigeria J. Adv. Biol. 

2013, 1(1), 21-28.  

[51] Sampson, T.; Esheyigba, A.; Baridam, S. Bacteriological 

Assessment of Toilet Seats in a Nigerian University.J. 

Adv. Microbiol. 2020, 19, 539-602.  

[52] Thomas, B.T.; Ogunkanmi, L.A.; Iwalokun, B.A.; 

Popoola, O.D. Transition-Transversion Mutations in the 

Polyketide Synthase Gene of Aspergillus section Nigri. 

Heliyon, 2019, 5(6), e01881.  



 

 
22 

Alexandria Journal of Science and Technology, 2025, 3(1), 11–22                                                                                                                Online ISSN: 2974-3273 

 
Article 

[53] Popoola, O.D.; Thomas, B.T.; Agu, G.C.; Anyamene, C.O. 

Presence of Efflux Pump Mediated Antibiotic Resistance 

in Gram Negative Bacteria Isolated from Primary School 

Pupils in Ago-Iwoye, Ogun State, Nigeria. Afr. J. Sci. Nat. 

2017, 5, 1-6.  

[54] Agu, G.C.; Thomas, B.T.; Salami, O.O.; Popoola, O.D. 

Efflux Mediated Multi Drug Resistant Pseudomonas 

aeruginosa Isolated from Different Environmental 

Sources. J. Nat. Sci. Eng. Technol. 2018, 17(12), 110-120.  

[55] Banjo, O.A.; Adesetan T.O.; Thomas, B.T.; Popoola O.D.; 

Onifade, F.T. Phenotypic Characterization of Extended 

Spectrum Beta-Lactamases in Enterobacteriaceae from 

Disinfected Hospital Floors of a General Hospital in Ogun 

State, Nigeria. Niger. J. Microbiol. 2022, 36(1), 6024-

6031.  

[56] De Rooij, M.M.T.; Hoek, G.; Schmitt, H.; Janse, I.; Swart, 

A.; Maassen, C.B.M.; Schalk, M.; Heederik, D.J.J.; 

Wouters, I.M. Insights into Livestock-Related Microbial 

Concentrations in Air at Residential Level in a Livestock 

Dense Area. Environ. Sci. Technol. 2019, 53, 7746–7758.  

[57] Grzyb, J.; Pawlak, K. Staphylococci and Fecal Bacteria as 

Bioaerosol Components in Animal Housing Facilities in 

the Zoological Garden in Chorzów. Environ. Sci. Pollut. 

Res. Int. 2021, 28(40), 56615-56627.  

[58] Atidégla, S. C.; Huat, J.; Agbossou, E. K.; Saint-Macary, 

H.; Glèlè Kakai, R. Vegetable Contamination by the Fecal 

Bacteria of Poultry Manure: Case Study of Gardening 

Sites in Southern Benin. Int. J. Food Sci. 2016(1), 

4767453. 

[59] Douglas, P.; Robertson, S.; Gay, R.; Hansell, A.L.; Gant, 

T.W. A Systematic Review of the Public Health Risks of 

Bioaerosols from Intensive Farming. Int. J. Hyg. Environ. 

Health. 2018, 221(2), 134–173.  

[60] Miwa, N.; Kawamura, A.; Masuda, T.; Akiyama, M. An 

outbreak of Food Poisoning due to Egg Yolk Reaction-

Negative Staphylococcus aureus. Int. J. Food Microbiol. 

2001, 64, 361-366.  

[61] Alegbeleye, O.O.; Singleton, I.; Sant'Ana, A.S. Sources 

and Contamination Routes of Microbial Pathogens to 

Fresh Produce During Field Cultivation: A review. Food 

Microbiol. 2018, 73, 177-208.  

[62] Kadariya, J.; Smith, T.C.; Thapaliya, D. Staphylococcus 

aureus and Staphylococcal Food-Borne Disease: an 

Ongoing Challenge in Public Health. Biomed. Res. Int. 

2001, 2014, 827–965.  

[63] Adedeji, J. A.; Fadamiro, J. A.; Adeoye, A. O. Spatial 

Implications of Street Trading in Osogbo Traditional City 

Centre, Nigeria. Architect. Res. 2014, 4(1A), 34-44.  

[64] Nurudeen, A.A.; Lawal, A. O.; Ajayi, S. A. A Survey of 

Hygiene and Sanitary Practices of Street Food Vendors in 

the Central State of Northern Nigeria. J. Public Health 

Epidemiol. 2014, 6(5), 174-181.  

[65] Anetor, F. O. An Investigation into the Value of Street 

Vending in Nigeria: A Case of Lagos State. J. Mark. 

Consum. Res. 2015, 11, 35-40.  

[66] Bhaskar, J.; Usman, M.; Smitha, S.; Bhat, G.K. 

Bacteriological Profile of Street Foods in Mangalore. 

Indian J. Med. Microbiol. 2004, 22, 197-197.  

[67] Trochesset, D.A.; Walker, S.G. Isolation of 

Staphylococcus aureus from Environmental Surfaces in an 

Academic Dental Clinic. J. Am. Dent. Assoc. 2012, 143, 

164-169.  

[68] Kurita, H.; Kurashina, K.; Honda, T. Nosocomial 

Transmission of Methicillin Resistant Staphylococcus 

aureus via the Surfaces of the Dental Operatory. Br. Dent. 

J. 2006, 201, 297-300.  

[69] Arciola, C.R.; Baldassarri, L.; Montanaro, L. Presence of 

icaA and icaD Genes and Slime Production in a Collection 

of Staphylococcal Strains from Catheter-Associated 

Infections. J. Clin. Microbiol. 2001, 39, 2151-2156.  

[70] Fitzpatrick, F.; Humphreys, H.; O’Gara, J.P. Evidence for 

icaADBC-Independent Biofilm Development Mechanism 

in Methicillin-Resistant Staphylococcus aureus Clinical 

Isolates. J. Clin. Microbiol. 2005, 43, 1973-1976.  

[71] Abdulrahim, U.; Kachallah, M.; Rabiu, M.; Usman, N.A.; 

Adeshina, G.O.; Olayinka, B.O. Molecular Detection of 

Biofilm-Producing Staphylococcus aureus Isolates from 

National Orthopaedic Hospital Dala, Kano State, Nigeria. 

Open J. Med. Microbiol. 2019, 9, 116-126.  

[72] Garcia-Alvarez, L.; Holden, M.T.; Lindsay, H.; Webb, 

C.R.; Brown, D.F.; Curran, M.D. Methicillin-Resistant 

Staphylococcus aureus with a Novel mecA Homologue in 

Human and Bovine Population in the UK and Denmark: A 

Descriptive Study. Lancet Infect. Dis. 2011, 11, 595–603.  

[73] Seker, E.; Unal, N. Slime Positivity and Antibiotic 

Resistance in Staphylococcus aureus Strains Isolated from 

Various Animal Clinical Samples. J. Fac. Vet. Med. 

Erciyes Univ. 2014, 11, 163-168.  

[74] Ribeiro, J.; Vieira, F.D.; King, T.; D'Arezzo, J.B.; Boyce, 

J.M. Misclassification of Susceptible Strains of 

Staphylococcus aureus as Methicillin-Resistant 

Staphylococcus aureus by a Rapid Automated 

Susceptibility Testing System. J. Clin. Microbiol. 1999, 

37, 1619–1620.  

[75] Unal S.; Werner K.; Degirolami P.; Barsanti F.; 

Eliopoulos G. Comparison of Tests for Detection of 

Methicillin-Resistant Staphylococcus aureus in a Clinical 

Microbiology Laboratory. Antimicrob. Agent Chemother. 

1994, 38(2), 34, 345-347. 

 


