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Abstract 

 Methicillin-resistant Staphylococcus aureus (MRSA) presents major health risk for humans 

causing serious nosocomial and community-acquired infections with high rates of morbidity and 

mortality among patients worldwide. It is a well-recognized public health problem throughout the 

world. Since the Coronavirus emerged in China and began spreading around the globe, reports of 

bacterial co-infections and wide spread antibiotic use in patients has prompted concerns that the 

unprecedented viral pandemic could fuel a rise in antimicrobial resistance (AMR).This study 

investigated the prevalence of Methicillin resistant (MRSA) and susceptible (MSSA) 

staphylococcus aureus isolates among patients attending hospitals and its public health 

implications. This hospital-based cross-sectional study included 200 patients attending three (3) 

major hospitals in Jos, Plateau state. Standard procedures were employed for the isolation of 

Staphylococcus aureus from ear and cutaneous wound swabs of patients, followed by screening 

and susceptibility testing of the isolated Staphylococcus aureus. Staphylococcus aureus was 

identified by growth on mannitol salt agar (MSA), and MRSA by growth on mannitol salt agar 

containing 4μg Oxacillin, Gram staining, and a conventional biochemical test. Isolates of 

Staphylococcus aureus were characterized by antibiotic susceptibility testing using the disc 

diffusion method. A total of 135 isolates were identified as Staphylococcus aureus based on 

morphology, Gram stain reaction and biochemical characteristics. Of the total Staphylococcus 

aureus, 36 (26.7%) were identified as Methicillin-Resistant Staphylococcus aureus(MRSA) while 

99 (73.3%) were Methicilin-Susceptible Staphylococcus aureus (MSSA). The overall prevalence 

of MRSA and MSSA among the study population were found to be 13.6% and 37.5% respectively 

The study has established the existence of Methicillin –resistant and susceptible Staphylococcus 

aureus infections in patients attending hospital in the post COVID 19 era with an overall 

prevalence of 13.3%. The MRSA isolated showed multiple drug resistance to beta-lactams 

commonly prescribed antibiotics.  
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Introduction 

Staphylococcus aureus is a gram-positive 

bacterium causing nosocomial infections, 

surgical wound infections and several 

opportunistic infections. The organism has 

been continuously evolving and developing 

resistance to antibiotics since the medical use 

of penicillin began in1942 (Lobanovska& 

Pilla.2017).Methicillin-resistant 

Staphylococcus aureus (MRSA) is a major 

problem worldwide causing hospital-

acquired infections (Baldenat al., 2009). Of 

concern is the high mortality associated with 

MRSA infections. Methicillin-resistant 

Staphylococcus aureus acquires its resistance 

via the methicillin resistance gene mecA, 

which encodes a low affinity penicillin-

binding protein (PBP2a) that is absent in 

susceptible Staphylococcusaureus strains 

(Hiramatsuet al., 2001;Sievert et al., 2008). 

This resistant penicillin binding protein 

receptor does not bind well to most β-lactams 

and therefore allows MRSA to grow in their 

presence (Hiramatsu et al., 2001). 

MRSA isolates became multi-resistant to 

other classes of antimicrobial. Rates of 

methicillin resistance increased slowly, but 

progressively, until the late 1990s when a 

dramatic surge in MRSA rates began 

(Carleton, et al., 2004). 

Methicillin resistant staphylococcus aureus 

(MRSA) is a bacterium responsible for 

several difficult –to- treat infections in 

human and animal. It may also be called 

multi drug resistant Staphylococcus aureus   

or oxacillin –resistant Staphylococcus aureus 

(ORSA), (Klevens, et al., 2007). MRSA is by 

definition, any strain of staphylococcus 

aureus bacteria that have developed 

resistance to beta-lactam antibiotics which 

include the penicillins (methicillin, 

Dicloxacillin, Nafcillin, oxacillin etc.) and 

the cephalosorins (Moreno et al., 2007). 

Methicillin- resistant Staphylococcus 

aureuswas discovered in 1961 in the United 

Kingdom. It made it first major appearance in 

the United States in 1881 among intravenous 

drug users (carmeliet al., 2005). During the 

past 2 decades, methicillin –resistant 

Staphylococcus aureus (MRSA) has gained 

global attention as a human pathogen in 

hospital and in communities. Recent report of 

MRSA infection and colonization of patients 

have involved wound and post-operative 

infections (Weese& Lefebvre, 2007). Most 

patients are probably infected or colonized as 

a result of contact with contaminated 

environment or affected people. However, 

once infected or colonized, it can be passed 

to other pets or to people (Weeseet al., 2006). 

Infection with methicillin –resistant 

Staphylococcus aureus may be more difficult 

to treat and predispose to increase morbidity 

and mortality in affected  patients (Van 

Duijkeren, et al., 2004) 

Even though different studies have shown 

that the burden of MRSA constitutes a major 

public health problem (Kahsay et al., 2014; 

Godebo et al., 2013;Dilnessa&Bitew, 2-16), 

prevention and control strategies are not well 

established to minimize MRSA. In addition, 

antibiotics are still widely and 

inappropriately used resulting in increased 

prevalence of drug resistance strain bacteria 

such as MRSA,  The study on the prevalence 

of these pathogens and their antimicrobial 
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susceptibility patterns will give updated 

information necessary for the management of 

patients and timely monitoring of the 

emergence of resistant bacteria. In general 

,the current study results can also be used as 

baseline data to establish a guideline to 

minimize the burden of MRSA. 

 

The study was designed to investigate the 

prevalence of methicillin-resistance and 

methicillin susceptible Staphylococcus 

aureus (MRSA and MSSA) among patients 

in post COVID-19 era. 

 

Materials and Method. 

Study design 

This was a hospital based cross-sectional 

study conducted in three hospitals located in 

Jos, Plateau state namely; the National 

Veterinary Research Institute (NVRI) Clinic, 

Evangelical Church of West Africa (ECWA) 

Clinic and Jos University Teaching Hospital 

(JUTH). The study population comprised of 

200 patients attending either of the three 

aforementioned hospitals. 

 

Sample collection 

Ear and cutaneous wound swabs were 

collected randomly from 200 patient 

attending either of the three hospitals using 

sterile swab sticks moistened with buffered 

peptone broth. Sixty (60) samples were 

collected from NVRI clinic Vom, eighty (80) 

samples from ECWA clinic Bukuru and sixty 

(60) samples from Jos University teaching 

hospital (JUTH). All collected specimens 

were labeled and transported immediately to 

the laboratory for processing. 

 

Cultural procedure 

Each swab sample was inoculated into brain 

heart infusion broth and incubated at 37oC for 

24 hours. After 24 hours, each broth culture 

sample was aseptically applied to a small area 

of nutrient plates plus 7% Nacl and blood 

agar plate whose surface has been dried in the 

incubator shelf at 37oC for ten minutes prior 

to use. Each inoculum was aseptically 

streaked out from the well to obtain discrete 

colonies. The plates were then incubated 

aerobically at 37oC for 24 hours. The 

characteristics golden yellow colonies were 

aseptically isolated and sub-cultured on 

mannitol salt agar. All plates were incubated 

in aerobic atmosphere at 35–37°C for 24h. 

Staphylococcus aureus was identified based 

on established microbiological methods that 

include colonial morphology, Gram stain, 

hemolysis and biochemical characteristics 

(Cheesbrough, 2004). Isolates that were 

Gram positive cocci in clusters, catalase 

positive, coagulase positive and DNase test 

positive were considered as Staphylococcus 

aurerus. 

 

Detection of MRSA  

The MRSA isolates were identified by 

growth on mannitol salt Agar (MSA) 

containing 4μg/ml oxacillin (CLSI, 

2014).Four oxacillin-resistant 

Staphylococcus aureus isolates were tested 

for the mecA gene–a molecular marker of 

methicillin resistance in Staphylococcus 

aureus by modified KirbyBauer disc 

diffusion method using cefoxitin (30μg) disc 

(CLSI, 2014). Isolates resistant to cefoxitin 

were noted as MRSA and susceptible one as 

MSSA. 
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Antimicrobial susceptibility by disc 

diffusion method 

The antimicrobial susceptibility testing was 

carried out using Kirby–Bauer’s disc 

diffusion method according to clinical and 

laboratory standards institute (CLSI) 2015 

guidelines (CLSI, 2015). All identified 

MRSA isolates were subjected to in vitro 

antibiotic susceptibility tests by the modified 

Kirby-Bauer disc diffusion method 

recommended by CLSI guidelines (CLSI, 

2014). The antibiotics tested were penicillin 

G (10U), gentamicin (10μg), erythromycin 

(15μg), ciprofloxacin (5μg), tetracycline 

(30μg), clindamycin (2μg), cotrimoxazole 

(1.25/23.75μg), chloramphenicol (30μg) and 

linezolid (30μg). A standard inoculum was 

prepared by direct colony suspension in 

saline and compared with 0.5 McFarland 

standard turbidity and inoculated on Muller 

Hinton agar plate (OXOID UK). Antibiotic 

discs were applied to the inoculated MHA 

plates and incubated at 35 °C for 18–24 h. 

After incubation, the zone of inhibition 

around the discs were noted, and the results 

were interpreted according to the CLSI 

guidelines as sensitive, intermediate, or 

resistant (CLSI 2014). Standard strains of 

Staphylococcus aureus (ATCC25923)  

obtained from NAFDAC JOS were used as 

controls on the biochemical tests and agar 

plates including MHA with antimicrobial 

discs to assure the testing performance of 

antimicrobial discs. 

 

Data analyses 

Data obtained were analysed using SPSS 

version 22.0 for Windows. Chi square test or 

Fisher’s exact test was used where applicable 

to compare the proportions of categorical 

variables. P value <0.05 was considered as 

statistically significant. 

 

Results 

Socio-demographic Characteristics of 

Study Participants.  

A total of 200 participants were included in 

this study. Of these, 112 (56%) were male 

while 88 (44%) were female. The mean ages 

of the study participants were 32.8 ± 12.4 

years (range from 5 to 70 years). A greater 

percentage (74, 37%) had primary 

education, majorities also lived in urban 

areas (128, 64%) (Table 1). 

 

Table 1: Socio-demographic characteristics of the study participants 

Characteristics  Frequency Percentage (%) 

 

Sex 

Male 112 56 

Female 88 44 

   

 

 

Age (years) 

5 – 14 16 8 

15 – 24 51 25.5 

25 – 34  60 30 

35 – 44 35 17.5 

45 – 54  18 9 
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≥55 20 10 

    

Residence Rural 72 36 

Urban 128 64 

    

 

Educational status 

No formal 26 13 

Primary 74 37 

Secondary 63 31.5 

Tertiary 37 18.5 

 

Prevalence of MRSA and MSSA. 

Out of 200 patients, a total of 135 isolates 

were identified as Staphylococcus aureus. Of 

the total Staphylococcus aureus, 36 (26.7%) 

were identified as Methicillin-Resistant 

Staphylococcus aureus (MRSA) while 99 

(73.3%) were Methicilin-Susceptible  

Staphylococcus aureus (MSSA). The overall 

prevalence of MRSA and MSSA among the 

study population were found to be 13.6% and 

37.5% respectively. According to socio-

demographic characteristics of the study 

participants, MRSA and MSSA were highest 

among patients aged 25-34 years. Male 

patients also recorded higher prevalence of 

MRSA and MSSA (72.22% and 68.69% 

respectively). Patients who resided in urban 

areas had higher prevalence of MRSA and 

MSSA than those in rural areas. MRSA and 

MSSA were also highest among patients with 

primary education (33.33% and 36.36% 

respectively) and those with no history of 

antibiotic use. There was no significant 

difference in the proportion of MRSA and 

MSSA according to demographic 

characteristics (p>0.05). The overall 

prevalence of MRSA and MSSA among the 

study population were found to be 13.6% and 

37.5% respectively. According to sample 

source, the prevalence of MRSA and MSSA 

was higher in cutaneous wound swab (55.6% 

and 52.5% respectively). With respect to 

hospital, ECWA church clinic Bukuru 

showed the highest prevalence of MRSA 

(38.9%) while Jos University Teaching 

Hospital showed the highest prevalence of 

MSSA (37.4%) (Table 3). There was no 

significant difference in the proportion of 

MRSA and MSSA according to sample 

source and hospital type (p>0.05). 

 

Table 2: Prevalence of MRSA and MSSA among study participants according to their socio-

demographic characteristics 

Characteristic  MRSA MSSA X2 p-value  

 5 – 14 1 (2.78) 14 (14.14) 8.68 0.1225 

 15 – 24 8 (22.22) 17 (17.17)   

Age 25 – 34  13 (36.11) 23 (23.23)   

 35 – 44 9 (25) 16 (16.16)   
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 45 – 54  2 (5.56) 11 (11.11)   

 ≥55 3 (8.33) 18 (18.18)   

      

Sex Male 26 (72.22) 68 (68.69)  0.8330 

 Female 10 (27.78) 31 (31.31)   

      

Residence Rural 12 (33.33) 32 (32.32)  >0.9999 

 Urban 24 (66.67) 67 (67.68)   

      

Education No formal 6 (16.67) 14 (14.14) 0.3598 0.9484 

 Primary 12 (33.33) 36 (36.36)   

 Secondary 10 (27.78) 30 (30.30)   

 Tertiary 8 (22.22) 19 (19.19)   

      

History of 

antibiotic use 

Yes 11 (30.56) 38 (38.38)  0.4272 

 No 25 (69.44) 61 (61.62)   

 

 

 

Table 3: Prevalence of MRSA and MSSA among study participants according to ample 

source and hospital type 

Characteristic  MRSA MSSA X2 p-value  

      

Sample source Ear swab 16 (44.44) 47 (47.47)  0.8461 

 Wound swab 20 (55.56) 52 (52.53)   

      

Hospital NVRI clinic Vom 12 (33.33) 28 (28.28) 1.079 0.5831 

 ECWA clinic Bukuru 14 (38.89) 34 (34.34)   

 Jos University Teaching Hospital 10 (27.78) 37 (37.37)   

 

Antibiotic Resistance Pattern of MRSA 

and MSSA 

Out of the 36 MRSA isolates, all the isolates 

showed total resistance (100%) to penicillin, 

17 (47.2%) resisted gentamycin, 14 (38.9%) 

resisted erythromycin, 20 (55.6%) were 

resistant to ciprofloxacin, 12 (33.3%) were 

resistant to tetracycline, 6 (16.7%) 

clindamycin, 18 (50%) were resistant to 

cotrimoxazole while 10 (20%) were resistant 

to chloramphenicol. Out of the 99 isolated 

MSSA, 82 (82.8%) were resistant to 

penicillin, 11 (11.1%) were resistant to 

gentamycin, 12 (12.1%) were resistant to 

erythromycin, 15 (15.2%) were resistant to 

ciprofloxacin, 9 (9.1%) were resistant to 



   INTERNATIONAL JOURNAL OF APPLIED SCIENCE RESEARCH   VOL.3  ISSUE NUMBER 3 

(ISSN: 2229-5518)  OCTOBER, 2022 

Eduzor Chukwunonso Mabel and Okafor  Uchenna  Rita 
 

80 | P a g e  
 

tetracycline, 5 (5.1%) were resistant to 

clindamycin,13 (13.1%)were resistant to 

cotrimoxazole while 7 (7.1%) were resistant 

to chloramphenicol. (Table 4) 

 

Table 4: Antibiotic resistance patterns of MRSA and MSSA isolates 

Antibiotic MRSA  

n=36 

MSSA 

n=99 

Penicillin 36 (100%) 82 (82.8%) 

Gentamycin 17 (47.2%) 11 (11.1%) 

Erythromycin 14 (38.9%) 12 (12.1%) 

Ciprofloxacin 20 (55.6%) 15 (15.2%) 

Tetracyclin 12 (33.3%) 9 (9.1%) 

Clindamycin 6 (16.7%) 5 (5.1%) 

Cotrimoxazole 18 (50%) 13 (13.1%) 

Chloramphenicol 10 (20%) 7 (7.1%) 

 

Discussion 

 

Methicillin-resistant Staphylococcus aureus 

(MRSA) has been proven to be one of the 

most world wide spread nosocomial and 

community pathogen of the 21st century ( 

Huijsdens, et al., 2000; Cosgrove, et al., 

2003) and it’s increasingly developing 

resistance to many antibiotics (Lowry, 2003). 

The present study determined the prevalence 

of MRSA and MSSA among patients 

attending hospitals in Jos, Plateau state. The 

overall prevalence of MRSA and MSSA 

among the study population were found to be 

13.6% and 37.5% respectively. These 

findings are consistent with reports from 

other studies (Troilletet al., 1998; Davis et 

al., 2004; Lucetet al., 2005) but higher than 

the reports of Tsige et al., (2020). 

We observed a high proportion of MRSA 

(72.2%) and MSSA (68.7%) among male 

patients compared to female patients. The 

prevalence reported here is comparable with 

reports from previous studies conducted by 

Joachim et al., (2017). This could be 

attributed to gender differences in behavioral 

practices and hygiene such as hand washing 

and use of soap or playing contact sports and 

occupation, which may influence MRSA and 

MSSA colonization.  

Previous studies had reported that exposure 

to antibiotic was associated with risk of 

MRSA colonization (Tacconelliet al., 2008; 

Baraboutis et al., 2011). Our findings showed 

a trend of but non-significantly higher MRSA 

and MSSA among patients with previous 

exposure to antibiotics. This could be due to 

our small sample size. Alternatively, there is 

a possibility that some of the patients may 

have not recalled properly the information on 

antibiotic use for the past 3 months and even 

for those who reported some could not 

mention the name of antibiotic or type of drug 

used thus underestimating the role of this 

factor as risk for MRSA and MSSA 

acquisition. 

The resistance profile of MRSA and MSSA 

recorded in this study is similar to the reports 



   INTERNATIONAL JOURNAL OF APPLIED SCIENCE RESEARCH   VOL.3  ISSUE NUMBER 3 

(ISSN: 2229-5518)  OCTOBER, 2022 

Eduzor Chukwunonso Mabel and Okafor  Uchenna  Rita 
 

80 | P a g e  
 

of other studies (Kahsay et al., 2014). 

Concerning the antimicrobial resistance 

profile of the isolates, in the present study, 

MSSA isolates showed resistance to 

antibiotics similar to the reports of previous 

studies by Kahsay et al., (2014). The current 

study showed MRSA isolates were 100% 

resistant to penicillin. This finding is in 

unison with previous studies which reported 

100% resistance to penicillin by MRSA 

(Tsigeet al., 2020). Resistance to other 

antibiotics differed from the reports of 

previous studies. The main variation in drug 

resistance patterns among different studies 

might be due to the indiscriminate use and 

availability of these antibiotics in a certain 

area. The variation of resistance rate among 

different areas indicates that resistance 

pattern of antibiotics varies according to 

regional and geographical location and also 

changes through time. 

Conclusion 

The study has established the existence of 

Methicillin –resistant and susceptible 

Staphylococcus aureus infections in patients 

attending hospital in the post COVID 19 era 

with an overall prevalence of 13.3%. The 

MRSA isolated showed multiple drug 

resistance to beta-lactams commonly 

prescribed antibiotics.The high prevalence of 

MRSA and the increased rates of resistance 

to commonly used antimicrobials among 

MRSA isolates call for attention to the 

importance of including the screening of 

MRSA in our hospitals setting in order to 

prevent further spread of MRSA strains to 

other patients and to the communities. 

Control and prevention strategies should be 

emphasized including decolonization of 

careers. 
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