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Abstract 

The increasing rate of drug resistance 

associated with methicillin resistant 

Staphylococcus aureus and the emergence of 

vancomycin resistant trait is a great problem 

in human disease treatment and 

management. The present study was carried 

out to determine the prevalence, antibiotic 

susceptibility profile of MRSA, and 

vancomycin resistant S. aureus among 

patients at ESUT Teaching Hospital, Enugu. 

Four hundred and fifty (450) Clinical 

samples were collected between April and 

November 2018. All S. aureus were 

recovered using standard laboratory method. 

Antibiotic susceptibility pattern was 

determined using modified Kirby Bauer disc 

agar diffusion method. Methicillin and 

vancomycin resistance were determined 

using cefoxitin (30µg) and vancomycin 

(30µg) disc diffusion, respectively. 

Penicillin binding protein 2a was detected 

through rapid latex agglutination assay while 

nitrocef stick was used for screening of beta 

lactamase production. Eighty three (18.4%) 

isolates out of 450 clinical samples were 

confirmed and characterized as 

Staphylococcus aureus. Twenty three 

(27.7%) of the isolates were MRSA. All 

(100%) the MRSA isolates were susceptible 

to vancomycin. The result of antibiotic 

susceptibility test showed much resistance to 

β-lactam antibiotics. The multiple antibiotics 

resistance index (MARI) showed that 66 

(79.5 %) were resistant to 3 or more 

antibiotics (MARI ≥ 0.4). Seventy two 

percent of the MRSA were multidrug 

resistant. Seventy four (89.1%) isolates 

produced beta-lactamase while Penicillin 

binding protein 2a was detected in 13.2% of 

MRSA isolates.  The results suggest the 

need for methicillin resistance S. aureus 

regular surveillance studies as well as 

institution of infection control measures, 

antibiotic stewardship programme and 

amendment of antibiotic regimen guidelines 

for MRSA infections. 
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Introduction 

 

Staphylococcus aureus, a Gram positive 

cocci, is an opportunistic pathogen and 

frequent cause of wide range of clinical 

infections (Kong et al., 2016; Ryu et al., 

2014). The bacteria form part of the normal 

flora of the skin, intestine, upper respiratory 

tract and vagina (Lowy, 1998). It is also a 

common cause of skin, wound and urinary 

tract infections (Sina et al., 2011). 

Staphylococcus aureus can establish 

infection in the host through the expression 

of an inclusive set of virulence factors such 

as toxins, enzymes, adhesins, and other 

surface proteins that allow the pathogen to 
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survive under extreme conditions and are 

essential for the bacteria's ability to spread 

through tissues (Ryu et al., 2014). Toxins 

such as the 33-kd protein-alpha toxin, 

exfoliatin A, exfoliatin B and Panton-

Valentine leukocidin (PVL) produced by S. 

aureus have determined its pathogenicity 

(Lowy, 1998). These toxins can be harmful 

to the host and cause skin diseases 

(carbuncles, boils, folliculitis and impetigo) 

and other complications,  such  as  

endocarditis,  meningitis  as  well  as  toxic  

shock  syndrome   (TSS) (Kong et al., 2016; 

Mims et al., 2004). 

 

Since 1959, treatment of S. aureus infections 

included semi-synthetic penicillin drugs, 

such as methicillin (Livermore, 2000). 

However, in the 1960’s the rise of 

methicillin-resistant S. aureus (MRSA) 

strains was apparent (Jevons et al., 1963; 

Jevons, 1961). In 2016, over 60% of the S. 

aureus strains isolated in hospitals were 

resistant to this antibiotic (Kshetry et al., 

2016). Methicillin resistance in this bacterial 

species represents a threat to human health 

as about a third of healthy individuals carry 

S. aureus on their skin and nose 

(Grundmann et al., 2002).  

S. aureus is perhaps the most notorious of 

all the bacterial pathogens associated with 

human infection (Kunin, 1993). It is the first 

bug to battle penicillin in 1967 due to its 

ability to produce β-lactamase. Resistant 

semi synthetic penicillins in the early 1960s 

provided temporary respite which ended 

with the emergence of methicillin resistant 

S. aureus, discovered shortly after 

methicillin became available for clinical use 

(Miall et al., 2001; Fluit et al., 2001). 

MRSA is of concern not only because of its 

resistance to methicillin but also because it 

is generally resistant to many other 

chemotherapeutic agents (Ugwuoji et al., 

2022; Vidhani et al., 2016). Multidrug 

resistant S. aureus evolved following 

acquisition of antimicrobial resistance genes 

by horizontal gene transfer and resistance 

determinants generated by chromosomal 

mutation which poses great challenges in 

treatment of staphylococcal infections (Jesen 

and Lyon, 2009). 

 

Methicillin resistant S. aureus (MRSA) 

strain carries a large heterologous mobile 

genetic element, staphylococcal cassette 

chromosome (SCC) which includes the 

central element of methicillin resistance, the 

mecA gene (Kumar, 2016; Ito et al., 1999). 

Six SCCmec type (I-VI) have been 

identified and reported in S. aureus which 

are defined by combination of the mec gene 

complex class with the ccrallotype (Oliveira 

et al. 2006; Ito et al. 2004). Several 

strategies have been developed for SCC mec 

type (Okuma et al. 2002) and their broad 

application has led to the detection of 

several variants or subtype of the major SCC 

type (Olivera and de Lancastre 2002; Ito et 

al., 2001). Community acquired methicillin 

resistant S. aureus (CA-MRSA) has a 

characteristic staphylococcal cassette 

chromosome type IV (SCCmec IV) gene, 

lacking in non β–lactam determinant and 

possessing distinct necrotizing toxin, Panton 

valentine leukocidin (PVL). (Hackbarth and 

Chambers, 2010). 

 

The glycopeptides antibiotic,vancomycin, 

was introduced into the clinical setting in 

1958 for the treatment of Gram positive 

bacterial infections (Rubinstein and Keynan, 

2014; Perl, 1999). The increase in 

prevalence of methicillin resistance S.aureus 

has led to the dramatic increase in 

vancomycin usage within the last twenty 

years (Wijesekara et al., 2017; Ena et al., 

1993).Vancomycin resistance among 

staphylococci was developed in laboratories 

even before the drug was in use clinically 

(Tenover et al., 1994).  

 

However, this resistance was so difficult to 

induce that many felt it would be unlikely to 

occur in the clinical setting. The fact that no 

vancomyin resistant staphylococci were 

reported in the first 20 years the drug was 

used only strengthened this assumption. 

Unfortunately, this confidence was shattered 

by the first reports of vancomycin resistance 
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in coagulase negative staphylococci in 1979 

and 1983 (Tuazon and miller, 1983). 

 

Given the well-known virulence nature of S. 

aureus, the isolation of this organism 

generated enormous concern in the medical 

community and has prompted a flurry of 

activity aimed at limiting their emergence. 

This study, therefore, was aimed to 

determine the prevalence, antibiotic 

susceptibility profile of MRSA, and 

detection of vancomycin resistant S. aureus 

from clinical samples with a view to 

contributing towards controlling the 

emergence of new cases. 

 

Materials and Methods 

 

Sample Collection 

 

Bacteriological specimens comprising 

wound swab (from different anatomic 

locations), High Vagina Swab(HVS), 

Urethral Swab(US) and Urine were 

collected from patients attending Enugu 

State University of Science and 

Technology(ESUT) Teaching Hospital 

situated in Enugu metropolis (longitude 6˚ 

27̍ 10̎ N and latitude 7˚ 30 ̍40̎ E), between 

October 2017 and August 2018. Swab and 

urine samples were collected with sterile 

swab-stick and universal bottle respectively. 

Informed written consent was obtained from 

each patient prior to collecting specimen. 

Approval was also obtained from the 

hospital management board before the 

commencement of the research. Specimens 

collected were analyzed within 30 minutes 

of collection. The age and sex of patients 

were recorded. 

 

Isolation of Bacteria 

 

Each sample was streak-inoculated into 

sterile blood agar plate prepared following 

standard method. Using a sterile wire-loop, 

the sample was first smeared on the blood 

agar plate before making several streaks to 

spread the load. The loop was flamed before 

the next streak. The streaked plate was then 

incubated at 370C for 24 h for growth. To 

obtain pure isolates, the 24h culture was 

then sub-cultured on the surface of sterile 

nutrient agar (NA) prepared following 

standard method by streaking. The streaked 

NA was incubated at 370Cfor 24h. The stock 

isolates were made in NA slants and kept at 

40C in a refrigerator. 

  

Identification of Isolates 

 

Identifications of isolates were by colony 

morphology, Gram staining, catalase test 

and coagulase test (Cheesbrough, 2016). 

Thereafter, isolates that were positive to 

Gram staining, catalase and coagulase tests 

were considered as S. aureus (Cheesbrough, 

2000). 

A loopful of 24h Nutrient broth culture of 

these isolates were streaked on Mannitol salt 

Agar (MSA) plates prepared following 

standard method (Cheesbrough, 2016).Plates 

were incubated at 370C for 24h. Isolates that 

produced colonies that exhibited 

characteristics deep golden yellow 

coloration were selected and sub-cultured 

onto Nutrient broth. The overnight broth 

culture were sub-cultured onto Nutrient agar 

slants and allowed to germinate for 24h at 

370C in an incubator. The slants with visible 

growth were stored in refrigerator until 

required for further work. 

 

Phenotypic screening of S.aureus for 

Methicillin and Vancomycin resistance  

 

Detection of methicillin and vancomycin 

resistant S. aureus 

 

Susceptibility of the S. aureus isolates was 

done by means of the agar diffusion method 

on Muller Hinton agar using Oxacillin 

(1μg), Cefoxitin(30µg) and Vancomycin 

(30µg) sensitivity discs. The isolates were 

standardized to 0.5 McFarland standard and 

suspension of which was aseptically 

inoculated on the Muller Hinton agar plates. 

The plates were incubated for 24h at 

37°C.Therefater, the zones of inhibition 

were measured and interpreted using 
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Clinical Laboratory Standard Institutes 

(CLSI) breakpoint (CLSI, 2016). 

 

Antibiotic susceptibility testing (AST) 

 

Antibiotic susceptibility testing was carried 

out to obtain the susceptibility pattern of S. 

aureus isolated from clinical samples. The 

isolates were tested against a panel of seven 

antibiotics. The antibiotics used include 

ampicillin, erythromycin, oxacillin, 

ciprofloxacin, gentamicin, levofloxacin and 

ceftriazone using Kirby-Buar method as 

described by Chessbrough, (2002). 

The diameter of the zones of growth 

inhibition were measured to the nearest 

millimeter and isolates classified as either 

sensitive or resistant based on clinical and 

laboratory standard institute(CLSI) 

interpretative chart zone size (CLSI, 2012). 

 

Screening for beta-lactamase 

 

Nitrocefin test 

 

Oxoid identification stick was used to detect 

beta lactamase produced. Nitrocefin is a 

cephalosporin developed by Glaxo Research 

Ltd. This compound exhibits a rapid 

distinctive colour change from yellow to red 

as the amide bond in the beta lactam ring is 

hydrolyzed by a beta lactamase. 

 

For the test, the pure culture of S. aureus 

stored in bijou bottles were removed from 

the refrigerator and allowed to reach room 

temperature. Well separated representative 

colonies from the primary isolation medium 

were selected. One stick (colour-coded 

black) was removed from the container, and 

holding the coloured end, the colonies were 

touched with the impregnated end of the 

stick and the stick was rotated picking a 

small mass of cells. Because the reaction 

required moisture, the inoculated tip of the 

stick was placed in the moisture condensate 

on the lid; one drop of sterile distilled water 

was added to moisten the tip of the stick. 

The reagent-impregnated top of the stick, 

were examined for up to 5mins, and if 

negative, the stick was re-examined after 15 

minutes. This is because some 

Staphylococcus may take up to 1h before the 

reaction establishes a colour change (CLSI, 

2012). In the presence of β-lactamase, 

impregnated tip of stick changes to a pink-

red colour (positive result) while no colour 

change inability of S. aureus to produce β-

lactamase. The reading was confirmed by 

comparing the colour of the used stick to 

that an unused one. 

 

Determination of Multiple Antibiotic 

Resistance (MAR) Index 

 

The MAR index was determined for each 

isolate by dividing the number of antibiotics 

to which the isolate is resistant by the total 

number of antibiotic tested (Paul et al., 

1997). 

 

MAR Index = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑛𝑡𝑖𝑏𝑖𝑜𝑡𝑖𝑐𝑠 𝑡𝑜 𝑤ℎ𝑖𝑐ℎ 𝑖𝑠𝑜𝑙𝑎𝑡𝑒 𝑖𝑠 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑡

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑛𝑡𝑖𝑏𝑖𝑜𝑡𝑖𝑐𝑠 𝑢𝑠𝑒𝑑
 

  

Antibiotic Susceptibility Testing of Beta 

Lactamase Isolates 

 

Antibiotic susceptibility testing was carried 

out to obtain the susceptibility pattern of 

beta lactamase positive S. aureus isolated 

from clinical specimen. The isolates were 

tested against a panel of nine antibiotics 

namely Oxacillin, Cefoxitin, Ciprofloxacin, 

Erythromycin, Levofloxacin, Ampicillin, 

Augmentin, Ceftriazone and Vancomycin. 

 

The antibiotics susceptibility pattern was 

determined using the Kirby-Bauer modified 

disc agar diffusion (DAD) technique, 

(Cheesbrough, 2002). Discrete colonies on 

Nutrient Agar plate were emulsified in 3 ml 

of normal saline and the turbidity was 

adjusted to 0.5 McFarland. Using sterile 

swab sticks, the surface of MHA in 90 mm- 

diameter plate was inoculated with the 

bacterial suspension by streaking the surface 

of the agar in three directions to ensure even 

distribution. The inoculated plates were 

allowed to dry for 10 minutes after which 



Prevalence of methicillin and vancomycin   resistant S. aureus Okoye et al. 

JCBR Vol. 2 Is 2 March-April 2022  173 

the antibiotic discs were placed on the 

surface of the agar. The plates were left at 

room temperature for the pre-diffusion, 

inverted and incubated aerobically at 370C 

for 24h. 

 

The diameter of the zone(s) of growth 

inhibition were measured to the nearest 

millimeter and isolates classified as; 

sensitive or resistant based on clinical and 

laboratory standard institute(CLSI) 

interpretative chart zone size (CLSI, 2012). 

 

MRSA Molecular Characterization 

Studies 

 

Rapid Latex Agglutination 

 

The MRSA screen test is a latex 

agglutination test based on the reaction of 

latex particles sensitized with monoclonal 

antibodies against PBP 2a of S. aureus and 

PBP2a extracted from tested colonies. The 

test was performed according to the 

manufacturer’s instructions (Oxoid Ltd, 

England). 

 

The test tube containing the organism was 

suspended in micro-centrifuge with the 

extraction reagent and placed in boiling 

water for 3 min at 95oC to obtain the 

supernatant. For each supernatant to be 

tested, 50 μL was placed separately on the 

circle labelled “Test” and “Control”. One 

drop of test latex was added, swirled for 

three minutes and observed for agglutination 

under normal lighting conditions (CLSI, 

2012). 

 

Data analysis 

 

Data was entered in Microsoft excel 2010 

and then transferred to SPSS version 23 for 

analysis. Comparisons between proportions 

were made using one way ANOVA for three 

means. Differences showing a critical value 

less than F value confidence level 0.05 were 

considered not significant. 

 

Results 

 

Sample population, and isolation 

 

A total of four hundred and fifty (450) 

samples collected randomly were screened 

for the presence of S. aureus. Out of the 450 

samples screened, 269 were urine samples 

and 150 were from females while 119 were 

from males (Figure1). A total of 105 wound 

swab samples were screened out of which 

20 samples were from females and 85 

samples from males. High vaginal swab and 

urethral swab were 52 and 24 samples 

respectively.

  

 

 

Figure 1. Collected sample distribution based on gender and sample type 

 

The prevalence rate of Staphylococcus 

aureus from this study is 18.4%. Urine 

samples has a prevalence of 7.7%, wound 

swab 7.1%, high vaginal swab, 2.7% and 

urethral swab, 0.8% (Figure2). 
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Figure 2.  Prevalence of Staphylococcus aureus in the examined clinical samples 

 

 

 

Phenotypic MethicillinResistant S. aureus 

 

A total of 23 (27.6%) of the 83 S. aureus 

isolates were resistant to cefoxitin 30µg 

(zone ≤ 21mm).This shows that 27.6 % were 

methicillin resistant S. aureus (MRSA) 

phenotipycally. All the 23 isolates were 

sensitive to vancomycin. The prevalence of 

MRSA among the isolates screened was 

presented in figure 3. Urine samples had a 

prevalence rate of 8.4%, wound swab 

14.4%, high vagina swab 3.6% and urethral 

swab 1.2% summing it up to a total of 

27.6%.  

 

 

 

 

Figure 3: Prevalence of MRSA among clinical isolates screened. MRSA = 

Methicillin resistant S. aureus; MSSA = Methicillin sensitive S. aureus 

 

Results of Antimicrobial Susceptibility 

Testing 

 

The detailed antimicrobial susceptibility 

results of the 83 Staphylococcus aureus are 

shown in Table 1. Generally, out of the 83 

pathogenic S. aureus, high percentage of 

resistance was observed against oxacillin 

(73.5%) and ampicillin (83.1%). Also, 

erythromycin had 54(65.1%) resistant 

isolates followed by ciprofloxacin, 

40(48.2%) isolates; gentamycin, 39 (46.9%) 

isolates and augmentin with resistant rate of 

36.1%. Vancomycin showed high activity 
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against 100% of the isolates, augmentin 63.9 

%, ciprofloxacin 51.8 %, levofloxacin 

66.3% and gentamicin 53.1% 

(Table 1).  

 

Table 1. Antibiotic resistance/sensitivity profile of the isolated S.aureus 

Antibiotics Potency( µg) No. of S.aureus(%) 

  Resistant Sensitive 

Ampicillin (AMP) 30 69 (83.1) 14 (16.9) 

Augmentin (AMC) 30 30 (36.1) 53(63.9) 

Levofloxacin  (LV) 5 28 (33.7) 55 (66.3) 

Ciprofloxacin (CIP) 5 40 (48.2) 43 (51.8) 

Ceftriazone (CF) 30 21 (25.3) 62 (74.7) 

Erythromycin (ET) 10 54 (65.1) 29 (34.9) 

Gentamicin (GN) 10 39 (46.9) 44 (53.1) 

Vancomycin (VAN) 30 Nil  83 (100) 

Oxacillin(OX) 1 61 (73.5) 22 (26.5) 

 

Beta (β)-Lactamase production 

The result of β-lactamase production test 

(Figure 4) showed that seventy four (89.1%) 

isolates produced β - lactamase. Nine (9) 

were found to be non-β-lactamase 

producers. 

 

 
 

Figure 4.β-lactamase production by all the pathogenic Staphylococcus aureus 

 

The Multiple Antibiotic Resistant Index 

(MARI) of all the isolated S. aureus 

 

As calculated with the formula and indicated 

in Table 2, three(3) isolates were resistant to 

only one antibiotic, thirteen (13) isolates 

were resistant to two antibiotics, eighteen 

(18) isolates were resistant to three 

antibiotics.  Fourteen (14) isolates were 

resistant to four antibiotics; fifteen (15) 

isolates were resistant to five antibiotics. 

MARI showed that sixty six (79.5 %) 

isolates were resistant to three or more 

antibiotics. MARI ≥0.4 indicated that the 
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isolates originated from an environment 

where antibiotics were frequently used. Ten 

isolate showed 100% resistance to the eight 

antibiotics tested. Percentage of 

Staphylococcus aureus to MARI was also 

calculated (Table 2). 

 

Table 2. Antibiotic resistant indices of all the pathogenic S.aureus isolated 

No. of antibiotics to which 

all S. aureus were resistant 

to 

All resistant S. 

aureus 

MAR index % of  all S. aureus 

to MARI 

1 3 0.1 3.6 

2 13 0.25 15.7 

3 18 0.4 21.7 

4 14 0.5 18.1 

5 15 0.6 16.9 

6 6 0.75 7.2 

7 3 0.8 3.6 

8 10 1.0 12.0 

 

Detection of Penicillin Binding Protein 

(PBP2a) 

 

The presence of mecA gene product PBP2a 

which is responsible for methicillin 

resistance was determined in isolates that 

showed phenotypic resistance to cefoxitin. 

Twenty three isolates were tested, eleven 

(47.8 %) methicillin resistant S. aureus were 

PBP2a positive and twelve (52.2 %) were 

negative (Figure 5). 

 

 
Figure 5. Result of the Latex Agglutination Test for Penicillin Binding Protein (PBP2a) in 

clinical isolates of methicillin resistant Staphylococcus aureus. 

 

Discussion 

 

In this study, a total of 450 samples were 
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finally confirmed (p < 0.05) to be 
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clinical isolates.  Several works have 

reported the detection, screening and 

identification of S. aureus following catalase 
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salt agar (Sahebnasagh et al., 2014; Jain et 

al., 2008; Athanasopoulos et al., 2007).The 
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(7.7%) and wound (7.1%) has been 

corroborated by previous reports (Mitiku et 

al., 2021; Ali et al., 2019). 

 

Wound swabs yielded the highest proportion 

of MRSA, and this had been established in 

previous studies (Ali et al., 2019; Fayomi et 

al., 2011). This was followed by urine and 

HVS in descending order. Because there is a 

breach in the skin epithelium in all wounds, 

it is therefore more prone to infection than 

the intact skin. Also, it has been suggested 

that the expanding use of invasive 

procedures in tertiary hospital environment, 

including prosthetic devices, intravascular, 

and urinary catheterization, might have 

accounted for high yields from urine 

(Obianuju et al., 2015).It is possible that the 

site of isolation of MRSA and specimen 

type could be associated with prevalence of 

MRSA.   

 

The overall MRSA prevalence of 27.6% 

observed in this study may be considered 

high although it falls within the range 

determined in a previous report (Adeiza et 

al., 2020; Abubakar and Sulaiman, 2018) 

which put the prevalence in Nigeria at the 

range of 21%–50%. Similar proportions of 

28.6% and 28% have been reported from 

studies in Kano and Bauchi, respectively 

(Nwankwo et al., 2014; Nwankwo et al., 

2010). Some studies, however, reported 

even higher rates of 34.7%, 43%, and 79% 

from Ilorin, Jos, and Benin, respectively 

(Ibadin et al., 2017; Onemu and Ophori, 

2013). The observed MRSA prevalence of 

27.6% is close to 20.1% recorded in a study 

carried out in National Orthopedic Hospital 

Enugu also in South Eastern Nigeria but 

higher than 12.5% prevalence recorded in 

Maiduguri, North Eastern Nigeria (Onemu 

and Ophori, 2013).In contrast to our 

findings, the prevalence of MRSA was 

found to be very low in Switzerland 

(0.09%), the United Kingdom (0.005%), 

Spain and Portugal (Ike et al., 2016). 

However, a very high prevalence in the 

range of 42-51% frequency of MRSA was 

reported in Pakistan by (Ullah et al., 2016). 

This confirms the high regional variations in 

the findings from different countries and 

cities. 

 

The antibiotics used in the hospital included 

in this study were ampicillin, erythromycin, 

oxacillin, ciprofloxacin, gentamicin, 

levofloxacin and ceftriazone. Antibiotics 

such as oxacillin and ampicillin were 

observed to have low activity against the 83 

test isolates, with 85 % of the isolates being 

resistant. Similar patterns of antimicrobial 

susceptibility (92.1%) have been reported in 

Benin Nigeria (Igbinosa et al., 2016) and 

Zaria, Nigeria (Udobi et al., 2013; Okon et 

al., 2011).Medugu et al. (2021) and Motayo 

et al. (2012) have also recorded similar 

trends in previous studies. Although, the 

high resistance of the isolated MRSA to 

ciprofloxacin, erythromycin, and gentamicin 

have been confirmed by Motayo et 

al.(2012),it is not in line with later studies in 

Kano, Ekiti and Abeokuta which  reported 

otherwise to ciprofloxacin and gentamycin 

(Ogundipe et al., 2020; Omoshaba et al., 

2020; Nwankwo and Nasiru, 2011). These 

drugs are commonly prescribed, available as 

over-the-counter antibiotics, and may have 

developed resistance due to selective 

pressure from inappropriate use. 

 

The finding that all the isolated MRSA were 

susceptible to vancomycin has been reported 

by previous studies in Nigeria (Ghamba et 

al., 2012, Fayomi et al., 2011). However, 

there are few reports of the emergence of 

vancomycin-resistant S. aureus in some 

centres in Nigeria (Olufunmiso et al., 

2017;Taiwo et al.,2011).Vancomycin has 

been the most reliable therapeutic agent 

against methicillin resistant S. aureus and 

resistance to this glycopeptides is seen as 

serious problem in antimicrobial 

chemotheraphy of MRSA infection (Mahros 

et al., 2021; Appelbaum, 2007). Various 

studies carried out in diverse population and 

different settings have reported vancomycin 

resistance in MRSA, however in 2011, the 

first MRSA to acquire resistance to 

vancomycin was isolated from Japanese 
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patient. Subsequent isolations of several 

vancomycin resistance S. aureus (VRSA) 

strain from USA, France, South Korea, 

Africa and Brazil ranging from 0-8 % has 

confirmed the emergence of VRSA a global 

issue (Hiramatsu et al.,2001). From 2002-

2010, ten additional VRSA isolates were 

reported, eight from the United States, one 

from Iran and one from India (Gould, 

2010).By the end of 2013 VRSA isolates 

have been reported for the first time in 

Europe (ECDE) and Latin America. As 

observed from this work, vancomycin which 

is the only antibiotic with 100% 

susceptibility, even with multidrug resistant 

strains of MRSA, remained the best 

therapeutic option for the isolates. 

 

Bacteria often develop resistance to β-

lactam antibiotics by synthesizing β-

lactamase, an enzyme that attacks the β-

lactam ring (Shrestha et al., 2021).To 

overcome this resistance, β-lactam 

antibiotics are often administered alongside 

β-lactamase inhibitors e.g amoxicillin (β 

lactam antibiotic) and clavulanic acid (β-

lactamase inhibitor). The clavulanic acid is 

designed to overwhelm all β- lactamase 

enzymes, bind irreversibly to them, and 

effectively serve as an antagonist so that the 

amoxicillin is not affected by the β-

lactamase enzymes (Luthra et al., 2018). 

This might have accounted for the high 

percentage (63.8 %) of sensitivity to 

Amoxicliin-clavulanic (Augmentin) in this 

study.  

 

Susceptibility to cefoxitin (74.7%), followed 

by gentamicin (53.1%) and then 

ciprofloxacin (51.8 %) was high. The high 

resistance level by the isolates to β-lactam 

drugs was not unexpected in this study as 

89.8 % of the S. aureus wereβ-lactamase 

producers. It was observed that S. aureus 

isolates are resistant to a large number of 

commonly prescribed antibiotics with the β-

lactam agent taking the highest proportion. 

This may be due to the ability of more than 

80 % of staphylococcal isolates to now 

produce penicillinase regardless of the 

clinical setting (Lakhundi and Zhang, 2018). 

 

Ten of the isolates were observed to be 

resistant to all the 8 antibiotics tested 

(MARI ≥0.4) while one isolate was 

susceptible to all the antibiotics tested. 

These suggest that such resistant isolates 

originated from a high risk source of 

contamination where antibiotics are often 

used or that a large proportion of the 

bacterial isolates have been exposed to 

several antibiotics (Ayandele et al., 2020).  

 

Cefoxitin(30μg) was used in this study for 

detection of phenotypic MRSA. It is an 

accepted method for detecting MRSA with 

high efficiency and has been used as an 

alternative to PCR in resource constrained 

areas (Ghamba et al., 2012; Anand et al., 

2009). Also, recent studies have indicated 

that disc diffusion test using cefoxitin is far 

superior to most of the currently 

recommended phenotypic methods like 

oxacillin disc diffusion (Sultana et al, 2019; 

Anand et al., 2009). It has been reported as 

surrogate marker of mecA gene, gives 

clearer end points, easier to read and is more 

reproducible than tests with Oxacillin disc 

diffusion (Jain et al. 2008). It is the best for 

determining mecA mediated resistance in S. 

aureus (CLSI 2007). Cefoxitin will only 

detect MRSA with mecA mediated 

resistance mechanism (Swenson et al., 

2007). CLSI guidelines regard the isolates as 

MRSA if they are found resistant to either 

cefoxitin or oxacillin or both regardless of 

the presence of mecA gene. CLSI, (2012) 

has also recommended that oxacillin be 

replaced by cefoxitin, a more potent inducer 

of mecA gene expression, which is less 

affected by test condition and hyper 

production of penicillinase (Brown et al., 

2005), although, the gold standard for the 

detection of MRSA is the polymerase chain 

reaction (PCR) that detects mecA gene or 

alternatively, by detecting the mecA gene 

product, PBP2a, by latex agglutination test 

(Berger- Bachi and Rocher, 2002). 

Detection with cefoxitin, when compared to 

studies that used polymerase chain reaction 
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(PCR) for mecA detection in southwestern 

Nigeria,  Ekiti in particular, which recorded 

prevalence of 22.2% and 19.2%, 

respectively (Olowe 2013; Terry, 2011), the 

prevalence in this study(27.6%) is higher, 

noteworthy as this is the first available 

information on this in the hospital.  

 

Methicillin resistance in S. aureus is 

primarily mediated by the mecA gene which 

codes for the modified penicillin-binding 

protein 2a (PBP 2a or PBP 2') (Fishovitz et 

al., 2014; Shittu et al., 2011). PBP2a is 

encoded by the mecA gene located in the 

bacterial cell wall and has a low binding 

affinity for β-lactams (Fishovitz et al., 

2014). The observed low percentage rate of 

PBP2a (13.3%) is in agreement with 

previous studies about the suitability of latex 

screen test for MRSA identification 

(Gorwitz et al., 2015). According to Motayo 

et al. (2012), resistance in S. aureus involves 

two mechanisms, the expression of beta 

lactamase and mecA gene. As in other kinds 

of resistance, this may be connected with 

inappropriate use of antibiotics in the 

hospital, lack of antibiotics policy and 

guidelines and poor infection control 

practices. 

 

Conclusions 

 

The prevalence of methicillin resistant 

Staphylococcus aureus in Enugu state 

university teaching hospital within the study 

period is 27.6%. All the isolated MRSA 

showed one hundred percent sensitivity to 

only vancomycin while ampicillin and 

oxacillin gave the highest percentage 

resistance. A higher percentage of the 

pathogenic Staphylococcus aureus are β - 

lactamase producers and almost half of these 

possessed PBP2a. Both β - lactamase 

production and presence of PBP2a are 

pointers to the multidrug resistance (MDR) 

profile observed. This was also supported by 

the MARI (≥0.4) calculated that indicated 

that the isolates originated from an 

environment where antibiotics were 

frequently used. 

While it is notable that this research showed 

zero vancomycin resistant Staphylococcus 

aureus isolated within the period of study 

from ESUTH teaching hospital, Enugu, it 

could also serve as a valuable update for 

programs and policy decisions in reducing 

the emergence and spread of antimicrobial 

resistance of S. aureus in south eastern 

Nigeria. Continuous update in surveillance 

on antibiotic susceptibility of S. aureus 

could help public health workers in 

combating outbreak. Surveillance programs 

on the prevalence and characterization of 

MRSA would be of great importance in 

understanding its epidemiology in Nigeria. 

 

Authors’ Statement: This study was 

carried out in collaboration among all 

authors. The authors participated equally in 

the design, literature review, analyses and in 

the writing of the manuscript. All authors 

read and approved the final manuscript 

 

Conflict of Interest: The authors declare no 

conflict of interest. 

 

 

References 

 

Abubakar U, Sulaiman S (2018). 

Prevalence, trend and antimicrobial 

susceptibility of Methicillin Resistant 

Staphylococcus aureus in Nigeria: a 

systematic review. Journal of Infection and 

Public Health, 11(6), 763–770. 

https://doi.org/10.1016/j.jiph.2018.05.013 

 

Adeiza SS, Onaolapo JA, Olayinka BO 

(2020). Prevalence, risk-factors, and 

antimicrobial susceptibility profile of 

methicillin-resistant Staphylococcus aureus 

(MRSA) obtained from nares of patients and 

staff of Sokoto state-owned hospitals in 

Nigeria. GMS hygiene and infection 

control, 15, Doc25. 

https://doi.org/10.3205/dgkh000360 

 

Ali M, Ibrahim SM, NasFS, Garba KA 

https://doi.org/10.1016/j.jiph.2018.05.013
https://doi.org/10.3205/dgkh000360


Prevalence of methicillin and vancomycin   resistant S. aureus Okoye et al. 

JCBR Vol. 2 Is 2 March-April 2022  180 

(2019). Prevalence of Staphylococcus 

Species from Clinical Samples Obtained 

from Some Hospitals on Kano Metropolis, 

Nigeria. American Journal of Biomedical 

Science and Research, 5(3). DOI: 

10.34297/AJBSR.2019.05.000913 

 

Anand KB, Agrawal P, Kumar S,  Kapila K 

(2009). Comparison of cefoxitin disc 

diffusion test, oxacillin screen agar, and 

PCR for mecA gene for detection of 

MRSA.Indian journal of Medical 

Microbiology, 27(1), 27–29. 

Appelbaum PC (2007). Microbiology of 

antibiotic resistance in Staphylococcus 

aureus.Clinical infectious diseases : an 

official publication of the Infectious 

Diseases Society of America, 45 (3), S165–

S170. https://doi.org/10.1086/519474 

Athanasopoulos A, Devogel P, Beken 

C,Pille C, Bernier I, Gavage P 

(2007).Comparaison de 

troismilieuxsélectifschromogènes pour la 

détection de Staphylococcus aureusrésistant 

à la méthicilline [Comparison of three 

selective chromogenic media for 

Methicillin-Resistant Staphylococcus aureus 

detection]. Pathologie-biologie, 55(8-9), 

366–

369.https://doi.org/10.1016/j.patbio.2007.07.

006 

 

Ayandele AA,Oladipo EK, Oyebisi O, Kaka 

MO (2020). Prevalence of Multi-Antibiotic 

Resistant Escherichia 

coli and Klebsiella species obtained from a 

Tertiary Medical Institution in Oyo State, 

Nigeria. Qatar medical journal,(1), 

9.https://doi.org/10.5339/qmj.2020.9 

 

Berger-Bächi B, Rohrer S (2002).Factors 

influencing methicillin resistance in 

staphylococci.Archives of microbiology, 

178(3), 165–

171.https://doi.org/10.1007/s00203-002-

0436-0 

Brown DF, Edwards DI, Hawkey PM, 

Morrison D, Ridgway GL, Towner KJ, 

Wren MW (2005). Joint Working Party of 

the British Society for Antimicrobial 

Chemotherapy, Hospital Infection Society, 

& Infection Control Nurses Association 

(2005). Guidelines for the laboratory 

diagnosis and susceptibility testing of 

methicillin-resistant Staphylococcus aureus 

(MRSA).The Journal of Antimicrobial 

Chemotherapy,56(6), 1000–1018. 

https://doi.org/10.1093/jac/dki372 

Cheesbrough M (2000). District laboratory 

practice in tropical countries part II. 

Cambridge University press Cambridge Uk. 

38-39, 65. 

Cheesbrough M (2016). Medical laboratory 

manual for tropical countries volume II 

Microbiology.The English language book 

society (ELBSS) 206 – 220. Chemotherapy, 

33 424-428. 

Chessbrough M. (2002). District Laboratory 

Practice in Tropical countries, Part 2. 

Cambridge University Press: 135-142, 158 -

159. 

Clinical and Laboratory Standards Institute 

(2007).Performance standards for 

antimicrobial susceptility testing; 17th 

informational supplement. CLSI M100 

S17.CLSI, Wayne, PA. 

Clinical and Laboratory Standards Institute 

(2012). Performance standards for 

antimicrobial susceptibility testing: 22nd 

informational supplement. M100-S22. 

Wayne, PA. 

Clinical and Laboratory Standards Institute 

(2016). Performance standards for 

antimicrobial susceptibility testing: 26th 

Edition informational supplement. M100-

S22. Wayne, PA. 

Ena J, Dick RW, Jones RN, Wenzel RP 

(1993). The epidemiology of intravenous 

vancomycin usage in a university hospital.A 

10-year study.JAMA, 269(5), 598–602. 

https://doi.org/10.1086/519474
https://doi.org/10.1016/j.patbio.2007.07.006
https://doi.org/10.1016/j.patbio.2007.07.006
https://doi.org/10.5339/qmj.2020.9
https://doi.org/10.1007/s00203-002-0436-0
https://doi.org/10.1007/s00203-002-0436-0
https://doi.org/10.1093/jac/dki372


Prevalence of methicillin and vancomycin   resistant S. aureus Okoye et al. 

JCBR Vol. 2 Is 2 March-April 2022  181 

Fayomi OD, Oyediran EI, Adeyemo AT, 

Oyekale OT (2011). Resistance pattern of 

methicillin-resistance Staphylococcus 

aureus among in-patients at a tertiary health 

facility in Ido-Ekiti, Nigeria.Internet Journal 

of Laboratory Medicine, 4,1-5. 

 

Fishovitz J, Hermoso JA, Chang M, 

Mobashery S (2014). Penicillin-binding 

protein 2a of methicillin-resistant 

Staphylococcus aureus. IUBMB life, 66(8), 

572–577.https://doi.org/10.1002/iub.1289 

Fluit AC, Visser MR, Schmitz FJ (2001). 

Molecular detection of antimicrobial 

resistance.Clinical microbiology reviews, 

14(4), 836–871. 

https://doi.org/10.1128/CMR.14.4.836-

871.2001 

Ghamba PE, Mangoro ZM, Waza DE 

(2012).Reoccurrence and distribution of 

methicillin resistant Staphylococcus aureus 

(MRSA) in clinical specimens in Bauchi, 

North Eastern.NigeriaJournal of Medical 

science, 3,506-11. 

 

Gorwitz RJ, Jernigan JA (2009). 

Staphylococcal Infections.Preface.Infectious 

disease clinics of North America, 23(1), ix–

x. https://doi.org/10.1016/j.idc.2008.11.001 

Gould IM (2010). VRSA-doomsday 

superbug or damp squib?The 

Lancet.Infectious diseases, 10(12), 816–

818.https://doi.org/10.1016/S1473-

3099(10)70259-0 

Grundmann H, Hori S, Enright MC, 

Webster C, Tami A, Feil EJ, Pitt T (2002). 

Determining the genetic structure of the 

natural population of Staphylococcus 

aureus: a comparison of multilocus 

sequence typing with pulsed-field gel 

electrophoresis, randomly amplified 

polymorphic DNA analysis, and phage 

typing.Journal of clinical microbiology, 

40(12), 4544–

4546.https://doi.org/10.1128/JCM.40.12.454

4-4546.2002 

Hackbarth CJ, Chambers HF (2010). Blal 

and blali regulate beta–lactamase and PBP2a 

production in methicllin-resistant Staph. 

aureus. Antimicrobial Agents 

Chemotherapy,37:1144-1149. 

Hiramatsu K, Cui L, Kuroda M, Ito T 

(2001). The emergence and evolution of 

methicillin-resistant Staphylococcus 

aureus.Trends in microbiology, 9(10), 486–

493.https://doi.org/10.1016/s0966-

842x(01)02175-8 

 

Ibadin EE, Enabulele IO, Muinah F (2017). 

Prevalence of mecA gene 

among staphylococci from clinical samples 

of a tertiary hospital in Benin City, 

Nigeria. African health sciences, 17(4), 

1000–

1010.https://doi.org/10.4314/ahs.v17i4.7 

 

Igbinosa EO, Beshiru A, Akporehe LU, 

Oviasogie FE, Igbinosa OO (2016). 

Prevalence of Methicillin-Resistant 

Staphylococcus aureus and Other 

Staphylococcus Species in Raw Meat 

Samples Intended for Human Consumption 

in Benin City, Nigeria: Implications for 

Public Health. International journal of 

environmental research and public 

health, 13(10), 

949.https://doi.org/10.3390/ijerph13100949 

 

 

Ike B, Ugwu MC, Ikegbunam MN, 

Nwobodo D, Ejikeugwu C, Gugu T, 

Esimone CO (2016). Prevalence, 

Antibiogram and Molecular Characterization 

of Comunity-Acquired Methicillin-

Resistant Staphylococcus Aureus in AWKA, 

Anambra Nigeria. The open microbiology 

journal, 10, 211–

221.https://doi.org/10.2174/1874285801610

010211 

Ito T, Katayama Y, Asada K, Mori N, 

Tsutsumimoto K, Tiensasitorn C, Hiramatsu 

K (2001). Structural comparison of three 

https://doi.org/10.1002/iub.1289
https://doi.org/10.1128/CMR.14.4.836-871.2001
https://doi.org/10.1128/CMR.14.4.836-871.2001
https://doi.org/10.1016/j.idc.2008.11.001
https://doi.org/10.1016/S1473-3099(10)70259-0
https://doi.org/10.1016/S1473-3099(10)70259-0
https://doi.org/10.1128/JCM.40.12.4544-4546.2002
https://doi.org/10.1128/JCM.40.12.4544-4546.2002
https://doi.org/10.1016/s0966-842x(01)02175-8
https://doi.org/10.1016/s0966-842x(01)02175-8
https://doi.org/10.4314/ahs.v17i4.7
https://doi.org/10.3390/ijerph13100949
https://doi.org/10.2174/1874285801610010211
https://doi.org/10.2174/1874285801610010211


Prevalence of methicillin and vancomycin   resistant S. aureus Okoye et al. 

JCBR Vol. 2 Is 2 March-April 2022  182 

types of staphylococcal cassette 

chromosome mec integrated in the 

chromosome in methicillin-resistant 

Staphylococcus aureus. Antimicrobial 

agents and chemotherapy, 45(5), 1323–

1336.https://doi.org/10.1128/AAC.45.5.132

3-1336.2001 

Ito T, Katayama Y, Hiramatsu K (1999). 

Cloning and nucleotide sequence 

determination of the entire mec DNA of pre-

methicillin-resistant Staphylococcus aureus 

N315. Antimicrobial agents and 

chemotherapy, 43(6), 1449–

1458.https://doi.org/10.1128/AAC.43.6.144

9 

Ito T, Ma XX, Takeuchi F, Okuma K, 

Yuzawa H, Hiramatsu K (2004). Novel type 

V staphylococcal cassette chromosome mec 

driven by a novel cassette chromosome 

recombinase, ccrC.Antimicrobial agents and 

chemotherapy, 48(7), 2637–

2651.https://doi.org/10.1128/AAC.48.7.263

7-2651.2004 

Jain A, Agarwal A, Verma RK (2008). 

Cefoxitin disc diffusion test for detection of 

meticillin-resistant staphylococci.Journal of 

Medical Microbiology, 57(8), 957–961. 

https://doi.org/10.1099/jmm.0.47152-0 

Jensen SO, Lyon BR (2009).Genetics of 

antimicrobial resistance in Staphylococcus 

aureus.Future microbiology, 4(5), 565–

582.https://doi.org/10.2217/fmb.09.30 

Jevons MP (1961), “Celbenin” resistance 

Staphylococci. British Journal Medicine, 

124-125  

Jevons MP, Coe AW, Parker MT (1963). 

Methicillin resistance in 

staphylococci.Lancet (London, England), 

1(7287), 904–907. 

https://doi.org/10.1016/s0140-

6736(63)91687-8 

Kong C, Neoh HM, Nathan S (2016). 

Targeting Staphylococcus aureus Toxins: A 

Potential form of Anti-Virulence 

Therapy. Toxins, 8(3), 

72.https://doi.org/10.3390/toxins8030072 

Kshetry AO, Pant ND, Bhandari R, Khatri 

S, Shrestha KL, Upadhaya SK, Poudel A, 

Lekhak B, Raghubanshi BR (2016). 

Minimum inhibitory concentration of 

vancomycin to methicillin resistant 

Staphylococcus aureus isolated from 

different clinical samples at a tertiary care 

hospital in Nepal. Antimicrobial Resistance 

and Infection Control, 5, 

27.https://doi.org/10.1186/s13756-016-

0126-3 

Kumar M (2016). Multidrug-Resistant 

Staphylococcus aureus, India, 2013-

2015.Emerging Infectious Diseases, 22(9), 

1666–

1667.https://doi.org/10.3201/eid2209.16004

4 

Kunin CM (1993). Resistance to 

antimicrobial drugs--a worldwide 

calamity.Annals of Internal Medicine, 

118(7), 557–561. 

https://doi.org/10.7326/0003-4819-118-7-

199304010-00011 

 

Lakhundi S, Zhang K (2018). Methicillin-

Resistant Staphylococcus aureus: Molecular 

Characterization, Evolution, and 

Epidemiology. Clinical microbiology 

reviews, 31(4), e00020-18. 

https://doi.org/10.1128/CMR.00020-18 

Livermore DM (2000).Antibiotic resistance 

in staphylococci.International journal of 

antimicrobial agents, 16 Suppl 1, S3–

S10.https://doi.org/10.1016/s0924-

8579(00)00299-5 

Lowy FD (1998).Staphylococcus aureus 

infections.The New England journal of 

medicine, 339(8), 520–

532.https://doi.org/10.1056/NEJM19980820

3390806 

 

Luthra S, Rominski A, Sander P (2018). The 

Role of Antibiotic-Target-Modifying and 

https://doi.org/10.1128/AAC.45.5.1323-1336.2001
https://doi.org/10.1128/AAC.45.5.1323-1336.2001
https://doi.org/10.1128/AAC.43.6.1449
https://doi.org/10.1128/AAC.43.6.1449
https://doi.org/10.1128/AAC.48.7.2637-2651.2004
https://doi.org/10.1128/AAC.48.7.2637-2651.2004
https://doi.org/10.1099/jmm.0.47152-0
https://doi.org/10.2217/fmb.09.30
https://doi.org/10.1016/s0140-6736(63)91687-8
https://doi.org/10.1016/s0140-6736(63)91687-8
https://doi.org/10.3390/toxins8030072
https://doi.org/10.1186/s13756-016-0126-3
https://doi.org/10.1186/s13756-016-0126-3
https://doi.org/10.3201/eid2209.160044
https://doi.org/10.3201/eid2209.160044
https://doi.org/10.7326/0003-4819-118-7-199304010-00011
https://doi.org/10.7326/0003-4819-118-7-199304010-00011
https://doi.org/10.1128/CMR.00020-18
https://doi.org/10.1016/s0924-8579(00)00299-5
https://doi.org/10.1016/s0924-8579(00)00299-5
https://doi.org/10.1056/NEJM199808203390806
https://doi.org/10.1056/NEJM199808203390806


Prevalence of methicillin and vancomycin   resistant S. aureus Okoye et al. 

JCBR Vol. 2 Is 2 March-April 2022  183 

Antibiotic-Modifying Enzymes 

in Mycobacterium abscessus Drug 

Resistance. Frontiers in Microbiology, 9, 

2179.https://doi.org/10.3389/fmicb.2018.02

179 

Mahros MA, Abd-Elghany SM, Sallam KI 

(2021). Multidrug-, methicillin-, and 

vancomycin-resistant Staphylococcus aureus 

isolated from ready-to-eat meat sandwiches: 

An ongoing food and public health concern. 

International Journal of Food Microbiology, 

346, 

109165.https://doi.org/10.1016/j.ijfoodmicro

.2021.109165 

 

Medugu N, Nwajiobi-Princewill PI, 

Shettima SA, Mohammed MM, Mohammed 

Y, Wariso K, Akujobi CN, Oduyebo OO, 

Iregbu KC (2021). A mini- national 

surveillance study of resistance profiles 

of Staphylococcus aureus isolated from 

clinical specimens across hospitals in 

Nigeria. Nigerian Journal of Clinical 

Practice, 24(2), 225–232. 

https://doi.org/10.4103/njcp.njcp_296_20 

 

Miall LS, McGinley NT, Bronlee KG, 

Conway SP (2001).Methicillin resistant 

Staph.aureus(MRSA) Infection in cystic 

fibrosis. Archive of Diseases in Children,     

84,160-162. 

Mims C, Dockrell HM,Goering RV (2004) 

Medical Microbiology.3rd edition. Elsevier 

Mosby,  Edinburgh, United Kingdom: 585-

586. 

 

Mitiku A, Aklilu A, Biresaw G, Gize A 

(2021). Prevalence and Associated Factors 

of Methicillin Resistance Staphylococcus 

aureus(MRSA) Among Urinary Tract 

Infection Suspected Patients Attending at 

Arba Minch General Hospital, Southern 

Ethiopia. Infection and drug resistance, 14, 

2133–

2142.https://doi.org/10.2147/IDR.S306648 

Motayo BO, Akinduti PA, Okerentugba PO, 

Innocent-Adiele HC, Onohm CC, Nwanze 

JC (2012). Methicillin resistance and beta-

lactamase production in Staphylococcus 

aureus isolated from    different clinical 

samples in Abeokuta, Nigeria. Academic 

Arena, 4,25-29. 

Nwankwo EO, Mofolorunsho CK, Akande 

AO (2014). Aetiological agents of surgical 

site infection in a specialist hospital in Kano, 

north-western Nigeria.Tanzania journal of 

health research, 16(4), 289–

295.https://doi.org/10.4314/thrb.v16i4.5 

Nwankwo EO, Nasiru MS (2011).Antibiotic 

sensitivity pattern of Staphylococcus aureus 

from clinical isolates in a tertiary health 

institution in Kano, Northwestern 

Nigeria.The Pan African medical journal, 8, 

4.https://doi.org/10.4314/pamj.v8i1.71050 

Nwankwo, B.O., Abdulhadi, S., Magagi, A., 

Ihesiulor, G. (2010) Methicillin-resistant 

Staphylococcus aureus and their antibiotic 

susceptibility pattern in Kano, Nigeria. 

African Journal of Clinical Exp 

Microbiology, 11:1595-689. 

Obianuju O, Babatunde O, Anthony O, 

Adesola O (2015). The role of methicillin-

resistant Staphylococcus aureus in clinical 

infections in ObafemiAwolowo university 

teaching hospitals complex, Ile-Ife, South 

Western Nigeria. Journal of Microbiol Exp.,  

2,41 

Ogundipe FO, Ojo OE, Feßler AT, Hanke 

D, Awoyomi OJ, Ojo DA, Akintokun AK, 

Schwarz S, Maurischat S (2020). 

Antimicrobial resistance and virulence of 

methicillin-resistant Staphylococcus aureus 

from human, chicken and environmental 

samples within live bird markets in three 

nigerian cities. Antibiotics (Basel, 

Switzerland), 9(9), 

588.https://doi.org/10.3390/antibiotics90905

88 

Okon KO, Basset A, Uba P, Oyawoye OM, 

Yusuf IZ, Shittu AO (2011). Epidemiology 

https://doi.org/10.3389/fmicb.2018.02179
https://doi.org/10.3389/fmicb.2018.02179
https://doi.org/10.1016/j.ijfoodmicro.2021.109165
https://doi.org/10.1016/j.ijfoodmicro.2021.109165
https://doi.org/10.4103/njcp.njcp_296_20
https://doi.org/10.2147/IDR.S306648
https://doi.org/10.4314/thrb.v16i4.5
https://doi.org/10.4314/pamj.v8i1.71050
https://doi.org/10.3390/antibiotics9090588
https://doi.org/10.3390/antibiotics9090588


Prevalence of methicillin and vancomycin   resistant S. aureus Okoye et al. 

JCBR Vol. 2 Is 2 March-April 2022  184 

and characteristic pattern of methicillin-

resistant Staphylococcus aureus recovered 

from tertiary hospitals in Northeastern, 

Nigeria. International Journal of Tropical 

Medicine, 6,106-12. 

Okuma K, Iwakawa K, Turnidge JD, Grubb 

WB, Bell JM, O'Brien FG, Coombs GW, 

Pearman JW, Tenover FC, Kapi M, 

Tiensasitorn C, Ito T, Hiramatsu K (2002). 

Dissemination of new methicillin-resistant 

Staphylococcus aureus clones in the 

community. Journal of clinical 

microbiology, 40(11), 4289–

4294.https://doi.org/10.1128/JCM.40.11.428

9-4294.2002 

Oliveira DC, de Lencastre H (2002). 

Multiplex PCR strategy for rapid 

identification of structural types and variants 

of the mec element in methicillin-resistant 

Staphylococcus aureus. Antimicrobial 

agents and chemotherapy, 46(7), 2155–

2161.https://doi.org/10.1128/AAC.46.7.215

5-2161.2002 

Oliveira DC, Milheiriço C, Vinga S, de 

Lencastre H (2006). Assessment of allelic 

variation in the ccrAB locus in methicillin-

resistant Staphylococcus aureus clones. The 

Journal of antimicrobial chemotherapy, 

58(1), 23–

30.https://doi.org/10.1093/jac/dkl208 

Olowe, O. A., Kukoyi, O. O., Taiwo, S. S., 

Ojurongbe, O., Opaleye, O. O., Bolaji, O. S., 

Adegoke, A. A., Makanjuola, O. B., Ogbolu, 

D. O., &Alli, O. T. (2013). Phenotypic and 

molecular characteristics of methicillin-

resistant Staphylococcus aureus isolates 

from Ekiti State, Nigeria. Infection and drug 

resistance, 6,87–92. 

https://doi.org/10.2147/IDR.S48809 

 

Olufunmiso O,Tolulope I, Roger C (2017). 

Multidrug and vancomycin resistance 

among clinical isolates of Staphylococcus 

aureus from different teaching hospitals in 

Nigeria. African health sciences, 17(3), 797–

807.https://doi.org/10.4314/ahs.v17i3.23 

Omoshaba EO, Ojo OE, Oyekunle MA, 

Sonibare AO, Adebayo AO (2020). 

Methicillin-resistant Staphylococcus aureus 

(MRSA) isolated from raw milk and nasal 

swabs of small ruminants in Abeokuta, 

Nigeria. Tropical animal health and 

production, 52(5), 2599–

2608.https://doi.org/10.1007/s11250-020-

02301-x 

Onemu OS, Ophori EA (2013) Prevalence 

of multi-drug resistant Staphylococcus 

aureus in clinical specimens obtained from 

patients attending the university of Benin 

teaching Hospital, Benin City, Nigeria. 

Journal of National Science Research, 

3,154-9. 

Paul S, Bezbaruah RL, Roy MK, Ghosh AC 

(1997). Multiple antibiotic resistance 

(MAR) index and its reversion in 

Pseudomonas aeruginosa. Letters in applied 

microbiology, 24(3), 169–171. 

https://doi.org/10.1046/j.1472-

765x.1997.00364.x 

Perl TM (1999). The threat of vancomycin 

resistance. The American Journal of 

Medicine, 106 (5A), 26S – 

52S.https://doi.org/10.1016/s0002-

9343(98)00354-4. 

Rubinstein E, Keynan Y (2014). 

Vancomycinrevisted -60 years 

later.Fronstiers in Public health, 2, 

217.https://doi.org/10.3389/fpubh.2014.002

17.  

 

Ryu S, Song PI, Seo CH, Cheong H, Park Y 

(2014). Colonization and infection of the 

skin by S. aureus: immune system evasion 

and the response to cationic antimicrobial 

peptides. International journal of molecular 

sciences, 15(5), 8753–

8772.https://doi.org/10.3390/ijms15058753 

Sahebnasagh R, Saderi H, Owlia P (2014). 

The prevalence of resistance to methicillin 

in Staphylococcus aureusstrains isolated 

from patients by PCR method for detec-tion 

https://doi.org/10.1128/JCM.40.11.4289-4294.2002
https://doi.org/10.1128/JCM.40.11.4289-4294.2002
https://doi.org/10.1128/AAC.46.7.2155-2161.2002
https://doi.org/10.1128/AAC.46.7.2155-2161.2002
https://doi.org/10.1093/jac/dkl208
https://doi.org/10.2147/IDR.S48809
https://doi.org/10.4314/ahs.v17i3.23
https://doi.org/10.1007/s11250-020-02301-x
https://doi.org/10.1007/s11250-020-02301-x
https://doi.org/10.1016/s0002-9343(98)00354-4
https://doi.org/10.1016/s0002-9343(98)00354-4
https://doi.org/10.3389/fpubh.2014.00217
https://doi.org/10.3389/fpubh.2014.00217
https://doi.org/10.3390/ijms15058753


Prevalence of methicillin and vancomycin   resistant S. aureus Okoye et al. 

JCBR Vol. 2 Is 2 March-April 2022  185 

of meca and nuc genes.Iranian Journal of 

Public Health, 43(1), 84–92. 

Shittu AO, Okon K, Adesida S, Oyedara O, 

Witte W, Strommenger B, Layer F, Nübel U 

(2011). Antibiotic resistance and molecular 

epidemiology of Staphylococcus aureus in 

Nigeria.BMC Microbiology, 11(1), 

92.https://doi.org/10.1186/1471-2180-11-92 

Shrestha LB, Syangtan G, Basnet A, 

Acharya KP, Chand AB, Pokhrel K (2021). 

Methicillin-resistant Staphylococcus aureus 

in Nepal.JNMA; Journal of the Nepal 

Medical Association, 59(237), 518–522. 

https://doi.org/10.31729/jnma.6251 

Sina H, Baba Moussa F, Ahoyo TA, Mousse 

W, Anagonou S, Gbenou JD, 

PrevostagKotochoni SO, Baba Moussa L 

(2011). Antibiotics susceptibility and toxin 

production of Staph aureusisolated from 

clinical sample from Benin. African Journal 

of Microbiology Research, 5(18),2797-

28803. 

 

Sultana H, Sattar H, Tarafder S, Jogendra N, 

Sarker U, Bhuiyan T, Rahman M, Yusuf D, 

Mohammad A (2019). Comparison of 

cefoxitin disc diffusion test, oxacillin disc 

diffusion test, oxacillin screen agar and PCR 

for meca gene for detection of methicillin-

resistant Staphylococcus aureus (MRSA). 6: 

136-140. 

Swenson JM, Lonsway D, McAllister S, 

Thompson A, Jevitt L, Zhu W, Patel JB 

(2007). Detection of mecA-mediated 

resistance using reference and commercial 

testing methods in a collection of 

Staphylococcus aureus expressing 

borderline oxacillin MICs.Diagnostic 

Microbiology and Infectious Disease, 58(1), 

33–39. 

https://doi.org/10.1016/j.diagmicrobio.2006.

10.022 

Taiwo SS, Bamigboye TB, Odaro O, 

Adefioye OA, Fadiora SO 

(2011).Vancomycin intermediate and high 

level resistant Staphylococcus aureus 

clinical isolates in Osogbo, Nigeria.  

MicrobiologyResearch, 3,22-5. 

Tenover F C, Arbeit R, Archer G, Biddle J, 

Byrne S, Goering R, Hancock G, Hébert GA, 

Hill B, Hollis R (1994). Comparison of 

traditional and molecular methods of typing 

isolates of Staphylococcus aureus. Journal of 

Clinical Microbiology, 32(2), 407–415. 

https://doi.org/10.1128/jcm.32.2.407-

415.1994 

Terry OA, Ogbolu DO, Akorede E, Onemu 

OM, Okanlawon BM (2011). Distribution of 

mecA gene amongst Staphylococcus aureus 

isolates from south western Nigeria. African 

Journal ofBiomedical Research 14,9-16. 

Tuazon CU, Miller H (1983). Clinical and 

microbiologic aspects of serious infections 

caused by Staphylococcus 

epidermidis.Scandinavian Journal of 

Infectious Diseases, 15(4), 347–360. 

https://doi.org/10.3109/inf.1983.15.issue-

4.05 

 

Udobi CE, Obajuluwa AF, Onaolapo JA 

(2013). Prevalence and antibiotic resistance 

pattern of methicillin-resistant 

Staphylococcus aureus from an orthopaedic 

hospital in Nigeria. BioMed research 

international, 2013, 

860467.https://doi.org/10.1155/2013/860467 

Ugwuoji ET, Okoye EL, Ezeokoli CM, 

Okoye PA (2022). Comparative analysis of 

the antibacterial activities of leaf extracts of 

Bryophyllumpinnatum and 

Newbouldialaevis on Clinical isolates from 

wound infection. Asian Journal of Plant and 

Soil Sciences, 7(1), 23-32. Retrieved from 

https://www.ikpress.org/index.php/AJOPSS/

article/view/7312 

 

Ullah A, Qasim M, Rahman H, Khan J, 

Haroon M, Muhammad N, Khan A, 

Muhammad N (2016). High frequency of 

methicillin-resistant Staphylococcus aureus 

https://doi.org/10.1186/1471-2180-11-92
https://doi.org/10.31729/jnma.6251
https://doi.org/10.1016/j.diagmicrobio.2006.10.022
https://doi.org/10.1016/j.diagmicrobio.2006.10.022
https://doi.org/10.1128/jcm.32.2.407-415.1994
https://doi.org/10.1128/jcm.32.2.407-415.1994
https://doi.org/10.3109/inf.1983.15.issue-4.05
https://doi.org/10.3109/inf.1983.15.issue-4.05
https://doi.org/10.1155/2013/860467
https://www.ikpress.org/index.php/AJOPSS/article/view/7312
https://www.ikpress.org/index.php/AJOPSS/article/view/7312


Prevalence of methicillin and vancomycin   resistant S. aureus Okoye et al. 

JCBR Vol. 2 Is 2 March-April 2022  186 

in Peshawar Region of 

Pakistan. SpringerPlus, 5, 

600.https://doi.org/10.1186/s40064-016-

2277-3 

 

Vidhani S, Mendiratti PL, Mathur MD 

(2016). Study of methicillin resistance 

Staph.aureus. isolate from high risk patients. 

Indian Journal Medical Microbiology, 1, 

(19),87-90. 

Wijesekara PNK, Kumbukgolla WW, 

Jayaweera JAAS, Rawat D  (2017). Review 

on usage of Vancomycin in livestock and 

humans: Maintaining its efficacy, prevention 

of resistance and alternative therapy. Vet 

sci.; 4(1), 6. doi:10.3390/vetsci4010006

 

 

https://doi.org/10.1186/s40064-016-2277-3
https://doi.org/10.1186/s40064-016-2277-3

	Detection and Prevalence of Methicillin and Vancomycin   Resistant Staphylococcus aureus among Clinical Isolates in ESUTH, Enugu State, Nigeria
	Ebele Linda Okoye1,*, Munachimso Janefrances Omeje1, Emmanuel Tobechukwu Ugwuoji1
	1Department of Applied Microbiology and Brewing, P.M.B. 5025, NnamdiAzikiwe University, Awka, Anambra State, Nigeria.
	https://doi.org/10.54117/jcbr.v2i2.13
	Abstract
	MRSA Molecular Characterization Studies
	Rapid Latex Agglutination
	The MRSA screen test is a latex agglutination test based on the reaction of latex particles sensitized with monoclonal antibodies against PBP 2a of S. aureus and PBP2a extracted from tested colonies. The test was performed according to the manufacture...


	Figure 1. Collected sample distribution based on gender and sample type
	Figure 2.  Prevalence of Staphylococcus aureus in the examined clinical samples
	Phenotypic MethicillinResistant S. aureus
	Figure 3: Prevalence of MRSA among clinical isolates screened. MRSA = Methicillin resistant S. aureus; MSSA = Methicillin sensitive S. aureus
	Beta (β)-Lactamase production
	The Multiple Antibiotic Resistant Index (MARI) of all the isolated S. aureus
	Detection of Penicillin Binding Protein (PBP2a)
	Authors’ Statement: This study was carried out in collaboration among all authors. The authors participated equally in the design, literature review, analyses and in the writing of the manuscript. All authors read and approved the final manuscript
	Conflict of Interest: The authors declare no conflict of interest.

