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INTRODUCTION  
 

Pneumonia caused by pathogenic Staphylococcus aureus 

that are methicillin resistant have been recently reported 

across the world as an important cause of nosocomial- 
and community-acquired infections.[1,2,3] Staphylococcus 

aureus (which is notorious in evolving resistance to 

antibiotics) accounts for many hospital- and community-

acquired infections including skin infections, 

bacteraemia, and pneumonia. Methicillin-resistant 

Staphylococcus aureus (MRSA) still remains an 

important nosocomial and community-acquired pathogen 

because of its multidrug resistant nature which gives 

them the innate/acquired ability to evade the onslaught of 

antibiotics. Staphylococcus aureus has evolved from a 

once susceptible pathogen to methicillin resistant 

(MRSA), penicillin resistant, low-level vancomycin 

resistant (VISA), and high-level vancomycin resistant 

(VRSA) bacterial strain. Methicillin resistant 
Staphylococcus aureus (MRSA) are strains of pathogenic 

Staphylococcus that are resistant to a wide variety of 

beta-lactam antibiotic including methicillin, for which 

they are named.[4] MRSA became a global public health 

issue of discourse in 1961 when the first Staphylococcus 

aureus strain that showed resistance to the actions of 

methicillin was reported in UK.[5,6] This marked the first 

report of MRSA in the world; and this followed the 

introduction of methicillin into clinical medicine in order 

to effectively manage bacterial infections caused by 
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ABSTRACT  
 

Methicillin resistant Staphylococcus aureus (MRSA) is defined as a strain of S.aureus that is resistant to 

methicillin, a semi-synthetic antibiotic that was introduced into clinical medicine for the treatment of bacterial 

infections that defied the actions of penicillin. This study determined the frequency of MRSA isolates from clinical 
samples of 100 individuals (inclusive of in-patients and out-patients) who sought medical care in a tertiary hospital 

in Abakaliki, Ebonyi state, Nigeria. Clinical samples were aseptically collected from the anterior nares of the 

participants using sterile swab sticks, and these samples were bacteriologically analyzed using standard 

microbiology techniques. Antimicrobial susceptibility testing was carried out by the Kirby-Bauer disk diffusion 

technique using standard antibiotic disks, and MRSA isolates was identified using disk diffusion technique. Out of 

the 100 clinical samples, a total of 33 (75%) MRSA isolates was recovered from female patients while 41 (73.2%) 

MRSA isolates was recovered from male participants. The carriage rate of MRSA among the in-patients and out-

patients was 69.2 % and 75.2 % respectively. MRSA isolates was recovered from all the age-groups of the 

participants. However, more MRSA isolates was recovered from participants at the age of 6-10 yrs (86.7 %) and 

11-16 yrs (80 %). The isolated pathogenic S. aureus from both the in-patients and out-patients were highly resistant 

to more than 50 % of the tested antibiotics especially to ampicillin, cefotaxime, cefoxitin, bacitracin, oxacillin, 

ertapenem, amikacin and vancomycin. Conclusively, this study reports the occurrence of MRSA strains amongst 
in-patients and out-patients of adolescence age group, and it was revealed that MRSA is harboured by both patients 

within the hospital environments and those coming from the community. The emergence and spread of antibiotic 

resistant pathogens including MRSA strains should be kept under check through accurate and prompt monitoring, 

evaluation, and detection of resistant pathogens from suspect specimens in both the community and hospital 

environment. 
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bacteria known to be resistant to penicillin. Their 

emergence and spread is a serious worry in human 

medicine because of their multiple antibiotic resistance 

nature. MRSA carries genes that make pathogenic 

Staphylococcus aureus insensitive to methicillin, a potent 

class of antibiotic in clinical medicine.[7,8] The 
acquisition of mecA gene confers on pathogenic 

Staphylococcus aureus strain the ability to show total 

resistance to all β-lactam antibiotics including penicillin, 

cephalosporins, and other non-beta-lactam drugs like 

gentamicin.[9] Methicillin resistant Staphylococcus 

aureus can cause infection in either the community or 

hospital environment, and thus the two major types of 

MRSA are community-acquired MRSA and hospital-

acquired MRSA – which cause infection in the 

community and hospital settings respectively.[10] This 

present study presumptively detected the occurrence of 

MRSA-producing strains from clinical samples in a 
tertiary hospital. 

 

MATERIALS AND METHODS 
 

Sampling and study design: The clinical samples used 

in this study were collected from in-patients and out-

patients attending the paediatrics unit of a tertiary 

hospital in Abakaliki metropolis, Ebonyi State Nigeria 

after obtaining ethical clearance from the Ethics and 

Research Committee of the same hospital. A total of 100 

individuals who presented clinical signs of bacterial 

pneumonia infection were included in this study. 
 

Sample collection:  Samples was aseptically collected 

from the anterior nares (nostrils) of each participant in 

the study using sterile swab sticks; and each of the 

collected samples was returned to their respective 

containers, labeled and transported to Microbiology 

Laboratory Unit of Ebonyi State University, Abakaliki, 

Nigeria for bacteriological analysis. 

 

Isolation and identification of pathogenic 

Staphylococcus aureus: Each of the collected samples 
was inoculated onto 5 ml nutrient broth (Oxoid, UK) and 

incubated for 18-24 hrs overnight at 37oC; and a loopful 

of the turbid culture was aseptically transferred onto 

mannitol salt agar (MSA) plates, and incubated at 37oC 

for 18-24 hrs. S. aureus was identified using standard 

microbiology identification techniques, and the organism 

produces yellowish colonies on MSA.[10,11]
  

Antimicrobial susceptibility testing: This was carried 

out by the Kirby-Bauer disk diffusion technique using 

single antibiotic disks including ampicillin, amikacin, 

ofloxacin, erythromycin, amoxicillin, ertapenem, 

vancomycin, amoxycillin-clavulanic acid, cefotaxime, 

cefoxitin, oxacillin, gentamicin and mupirocin (Oxoid, 
UK). Briefly, suspension of the test organism (adjusted 

to 0.5 McFarland turbidity standards) was aseptically 

swabbed onto freshly prepared Mueller-Hinton (MH) 

agar plates, and each of the antibiotic disks was 

aseptically placed on the inoculated MH agar plates. All 

susceptibility test plates was incubated at 37oC for 18-24 

hrs, and the inhibition zone diameters (IZDs) was 

measured as per the CLSI guidelines.[12,13] 

 

Phenotypic determination of MRSA isolates: MRSA 

isolates was phenotypically screened and confirmed 

using disk diffusion technique. To screen for and 
phenotypically confirm methicillin resistance in the 

pathogenic S. aureus isolates, cefoxitin disk and oxacillin 

disk was used. The pathogenic S. aureus isolates 

(adjusted to 0.5 McFarland turbidity standards) were 

subjected to cefoxitin disk (30 µg) and oxacillin disk (5 

µg) on MH agar plates, and incubated at 37oC for 18-24 

hrs. After incubation, the zones of inhibition was 

measured, recorded and interpreted as per the guidelines 

of the Clinical Laboratory Standards Institute 

(CLSI).[13,14,15]  

 

RESULTS  
 

This study evaluated the occurrence of methicilin 

resistant Staphylococcus aureus from clinical samples of 

both in-patients and out-patients in a tertiary hospital in 

Abakaliki, Ebonyi State, Nigeria. Table 1 shows the 

prevalence of MRSA isolates amongst male and female 

individuals. Out of the 44 female patients, only 33 (75 

%) individuals were positive for MRSA while 41 male 

participants were found to be positive for MRSA out of 

56 male patients included in the study (Table 1). Table 2 

shows the frequency of MRSA from both in-patients and 
out-patients. MRSA isolates was recovered in higher 

amounts from clinical samples of out-patients (75.2 %) 

than from samples of in-patients (69.2 %). The 

distribution of MRSA isolates according to the age of the 

participants in this study is shown in Table 3. 

     

 Table 1: Carriage rate of methicillin resistant S. aureus among male and female individuals. 
  

Sex Number of Participants MRSA Positive n (%) 

Females 44 33 (75) 

Males 56 41 (73.2) 

 

Table 2: Frequency of MRSA among in-patients and out-patients. 
 

Participants Number of Participant MRSA Positive n (%) 

In-patients 26 18 (69.2) 

Out-patients 74 56 (75.2) 
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 Table 3:  Carriage Rate of MRSA among Different Age Groups of the participants. 
 

Age group Number of 

Participant 

MRSA 

Positive 

Percentage 

(%) 

0-5 70 49 70.0 

6-10 15 13 86.7 

11-16 15 12 80 

Total 100 74 236.7 

  

Table 4 shows the antimicrobial susceptibility profile of 

the S. aureus isolates to some commonly used 

antibiotics. The pathogenic S. aureus isolates from both 
the in-patients and out-patients showed varying rates of 

susceptibility and resistance to the tested antibiotics. S. 

aureus from in-patients were found to be highly resistant 

to ampicillin (100 %), amoxicillin (100 %), cefotaxime 

(100 %), cefoxitin (94. 4 %), cloxacillin (100 %), 

bacitracin (100 %), oxacillin (100 %), mupirocin (100 

%) and vancomycin (100 %). However, the S. aureus 
from the out-patients were found to be less resistant to 

the tested antibiotics when compared to S. aureus 

isolates from in-patients (Table 4).  

  

Table 4: Antimicrobial susceptibility profile of S. aureus isolates from in-patients and out-patients 
 

Antibiotics  Inpatients Outpatient 

 Sensitive (%) Resistance (%) Sensitive (%) Resistance (%) 

Amikacin 11 (61.1) 7 (38.9) 14 (25) 42 (75) 

AMC 1 (5.5) 17 (94.4) 2 (3.6) 54 (96.6) 

Ampicillin 0 (0) 18 (100) 0 (0) 56 (100) 

Amoxicillin 0 (0) 18 (100) 1 (1.7) 55 (98.2) 

Cefotaxime 0 (0) 18 (100) 0 (0) 56 (100) 

Cefoxitin 1 (3.8) 18 (94.4) 2 (3.6) 54 (96.6) 

Cloxacillin 0 (0) 18 (100) 0 (0) 56 (100) 

Ertapenem 9 (50) 9 (50) 4 (7.1) 52 (92.9) 

Erythromycin 2 (11.1) 17 (88.9) 10 (17.9) 46 (82.1) 

Gentamicin 12 (66.7) 4 (22.2) 35 (63.7) 21 (37.5) 

Bacitracin 0 (0) 18 (100) 2 (3.6) 54 (96.4) 

Ofloxacin 10 (55.6) 8 (44.4) 25 (44.6) 31 (55.4) 

Oxacillin 0 (0) 18 (100) 3 (5.3) 54 (94.6) 

Mupirocin 0 (0) 18 (100) 11 (19.6) 45 (80.4) 

Vancomycin 0 (0) 18 (100) 0 (0) 56 (100) 

AMC = Amoxicillin-clavulanic acid 

 

DISCUSSION 
 

Pneumonia caused by pathogenic Staphylococcus aureus 

and strains of S. aureus that are methicillin resistant is on 
the horizon in both the community and hospital 

environments. Methicillin-resistant Staphylococcus 

aureus otherwise known as MRSA still remains an 

important nosocomial and community-acquired pathogen 

because of its multidrug resistant nature which gives 

them the acquired ability to evade the onslaught of many 

antibiotics used in clinical medicine. This study 

determined the frequency of MRSA isolates from clinical 

samples of 100 individuals (inclusive of in-patients and 

out-patients) who sought medical care in a tertiary 

hospital in Abakaliki, Ebonyi state, Nigeria. The isolated 
pathogenic S. aureus isolates showed varying levels of 

susceptibility to the tested antibiotics. A high level of 

resistance of the pathogenic S. aureus from in-patients 

was observed to amoxicillin (100 %), cefotaxime (100 

%), cefoxitin (94. 4 %), cloxacillin (100 %), bacitracin 

(100 %), oxacillin (100 %), mupirocin (100 %) and 

vancomycin (100 %). However, the pathogenic S. aureus 

isolates from the out-patients were found to show less 

susceptibility to a greater number of the antibiotics used 

especially to amoxicillin, gentamicin, cefoxitin, 

oxacillin, mupirocin, ampicillin, ertapenem, 

erythromycin and vancomycin. The high resistance of 
pathogenic S. aureus to the tested antibiotics in this study 

is in agreement with the work of Suleiman et al.
[16]

 and 

Huang et al.[17] – who reported in their study that 

pathogenic S. aureus especially those with genes for 

resistance to methicillin are multidrug resistant in nature. 

The carriage rate of MRSA amongst the participants was 

highest amongst the female patients (75 %) than in the 

male participants who had a carriage rate of 73 %. 

Higher prevalence of MRSA isolates as reported in this 

study have also been described elsewhere.[18,19] However, 

the carriage rate of MRSA amongst the female and male 
patients in this study is higher than the rate reported by 

Adcock et al.,[20] – who showed in their study that 

MRSA was isolated at the rate of 42 %. Also in a similar 

work, Gorak et al.,[21] also reported a lesser prevalence 

rate of MRSA amongst their study participants (40.6%). 

The carriage rate of MRSA amongst the in-patients and 

out patients in this study varied.  A higher carriage rate 
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of MRSA was observed amongst the out-patients (75.7 

%) included in this study when compared to the in-

patients (69.2 %). MRSA isolates was recovered from 

participants of all age group included in this study, but 

participants in the age group of 6-10 yrs showed higher 

carriage rate of MRSA (86.7 %) than participants in the 
age group of 11-16 yrs (80 %). This is also in agreement 

to the study of Balta et al.,[22] and Bogaert et al.,[23] – 

who showed higher carriage rate of MRSA in people of 

younger age. According to Kamana et al., and previous 

reports,[4,5,6,24] the current antibiotic resistance 

phenomenon across the globe is an indication of the 

indiscriminate use of antibiotics for both human and non-

human purposes. Thus, the effective usage of antibiotics 

in both the community and hospital environments is 

important to assuage the growing prevalence of antibiotic 

resistance across the globe.     
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