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ABSTRACT
Aims: To determine the prevalence of hospital-acquired MRSA (HA-MRSA) and community-acquired MRSA (CA-MRSA), compare their antibiotic susceptibility patterns, and determine their multiple antibiotic resistance (MAR) indices.
Study Design: A cross-sectional comparative study.
Place and Duration of Study: Irrua Specialist Teaching Hospital (ISTH), Irrua, and Ekpoma community, Edo State, Nigeria, between January and July 2023.
Methodology: The total number of samples collected was 620, including 310 samples of nasal swab, wound swab, and fomite from doctors, nurses, patients, cleaners, and fomites in 14 different departments of ISTH, as well as 310 nasal swabs from apparently healthy people in Ekpoma community. The samples were cultured on Mannitol Salt Agar and isolates that grew presumptively Staphylococcus aureus were tested on Oxacillin Resistant Screening Agar Base using 1 μg oxacillin disks for confirmation. Susceptibility test was conducted using Kirby-Bauer disk diffusion test on antibiotics such as vancomycin, linezolid, cloxacillin, ciprofloxacin, gentamicin, tetracycline, and erythromycin.
Results: Overall MRSA prevalence was 22% (133/620), with HA-MRSA at 27% (82/310) and CA-MRSA at 17% (51/310). Fomites yielded the highest HA-MRSA proportion (32%), followed by cleaners (24%), nurses (19%), patients (13%), and doctors (12%). Markets (30%) and motor parks (27%) had the highest CA-MRSA prevalence. All isolates (100%) were sensitive to vancomycin and linezolid, while 96% of both groups were resistant to cloxacillin. HA-MRSA showed higher resistance to ciprofloxacin (41% vs 20%), gentamicin (45% vs 35%), and erythromycin (26% vs 6%) compared to CA-MRSA. MAR index ranged from 0.2–0.4 for HA-MRSA and 0.1–0.2 for CA-MRSA.
Conclusion: HA-MRSA isolates exhibited higher antibiotic resistance and MAR indices than CA-MRSA, indicating antibiotic overuse in hospital settings. Strict antibiotic stewardship and infection control measures are advocated.
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1. INTRODUCTION 

Methicillin-resistant Staphylococcus aureus (MRSA) is a group of S. aureus bacteria that have become resistant to methicillin and other beta-lactam antibiotics due to the presence of the mecA gene encoding penicillin-binding protein 2a (PBP2a) (Shittu et al., 2011). Since the emergence of the first case in 1961, MRSA has become one of the major sources of healthcare-associated infections across the world, causing hard-to-treat infections such as bacteremia, pneumonia, endocarditis, and surgical site infections (Tacconelli et al., 2008; Sganga et al., 2016). The worldwide burden of MRSA is significant, as there were about 80,461 invasive MRSA infections and 11,285 deaths per year in the USA only (Bratu et al., 2005).
The epidemiology of MRSA has been evolving considerably during the past decades. Initially considered to be a pathogen acquired in hospitals (HA-MRSA), MRSA is now a recognized problem in community-acquired MRSA infections (CA-MRSA), which occur in healthy people without risk factors related to their stay in healthcare facilities (Okon et al., 2011). In addition to differences in epidemiology, HA-MRSA strains and CA-MRSA strains are characterized by the distinct genetic structure and patterns of resistance. For example, HA-MRSA strains possess large SCmec elements (SCCmec types I, II, and III), while CA-MRSA stains possess small SCmec elements (SCCmec types IV and V) (Collins & Rudkin, 2010).
In Nigeria and Africa as a whole, the exact prevalence of MRSA is difficult to determine as a result of poor surveillance system in place. The World Health Organization has stated that there are considerable weaknesses in the area of monitoring and tracking of antibiotic resistance in the region, with information from only few countries in the region available (Naik & Teclu, 2009). Various studies done in several regions in Africa have reported the prevalence of MRSA to be between 3.7% in Kenya to 47% in Ethiopia, with some areas reporting as high as 80% of staphylococcal infections to be resistant to methicillin (Alli et al., 2015). In Nigeria, the prevalence rate of MRSA is quite variable from one region to another and from various healthcare settings, with very little information from Edo State in particular (Igbinosa et al., 2016; Okwu et al., 2014).
Clinical implications of MRSA infections are immense. MRSA infections carry a high mortality rate of 15-50% compared to the mortality rate of 10% in the case of MSSA infections (Cosgrove et al., 2005). In addition, MRSA infections have been linked with increased hospitalization period, increased healthcare cost, and limited treatment options. Another challenge in the treatment of MRSA infections is the emergence of vancomycin-intermediate and vancomycin-resistant strains of S. aureus (Shittu et al., 2011). Multiple antibiotic resistance (MAR) index provides an important tool for determining the level of antibiotic resistance and high-risk sources of antibiotic consumption. An MAR index above 0.2 implies a high-risk situation of frequent misuse of antibiotics (Krumperman, 1983). Knowledge on the MAR index of MRSA from various sources can be useful in antibiotic stewardship programs.
Although the clinical importance of MRSA is well recognized, there is insufficient literature comparing HA-MRSA and CA-MRSA in Edo State, Nigeria. The present study was carried out to fill the gap in knowledge by determining the prevalence, antibiotic resistance profile and MAR index of HA-MRSA and CA-MRSA from ISTH and Ekpoma community. The aims of the study were to determine the prevalence of HA-MRSA amongst isolates from ISTH, to determine the prevalence of CA-MRSA amongst apparently healthy individuals in Ekpoma community, to compare the antibiotic susceptibility profile of HA-MRSA and CA-MRSA isolates and to determine the MAR index of these isolates.

2. material and methods 

2.1 Study Area and Population
The study was carried out in Ekpoma community and Irrua Specialist Teaching Hospital (ISTH), Irrua, Edo State, Nigeria. Ekpoma is the administrative capital of Esan West Local Government Area, located at latitude 6°45'N, longitude 6°08'E, with a population of more than 80,000. Irrua is the administrative capital of Esan Central Local Government Area, located at latitude 5°15'48"E, with a population of about 40,000. ISTH is a Federal Government teaching hospital and the teaching hospital for Ambrose Alli University's medical program.
The study population consisted of two different groups: HA-MRSA isolations involved doctors, nurses, patients, cleaners, and fomites from ISTH, Irrua; while CA-MRSA isolations were carried out on apparently healthy residents of Ekpoma community who have not visited any hospital within the year prior to the study.
2.2 Sample Size Determination
Sample size was determined using Bartlett's formula (Bartlett et al., 2001):

Where:  = required sample size,  = percentage occurrence of the event (30%; Ogefere and Lawrence, 2019),  = percentage error required (5%),  = statistical value corresponding to confidence level (95%) which is 1.96
Inputting these figures into Bartlett's formula:




Hence, a total of 310 samples were required from each study population, giving a total of 620 samples for this study (both CA-MRSA and HA-MRSA).
2.3 Ethical Approval
Ethical approval was obtained from the Ethical Committee of ISTH, Irrua, before commencement of the study.
2.4 Sample Collection
The sample size for HA-MRSA consisted of 310 nasal, wound, and fomite samples collected from 14 clinic departments of ISTH. For each department, 20-25 samples were collected based on the number of shifts. Nasal and wound samples were obtained by using sterile swab sticks (Oxoid) from doctors, nurses, cleaners, and patients; similarly, fomites were also sampled by swabbing. For CA-MRSA, 310 nasal swabs were obtained from healthy individuals from the Ekpoma community including schools, churches, markets, and motor parks.
2.5 Isolation and Identification of Staphylococcus aureus
Swab samples were streaked on Mannitol Salt Agar (MSA) and incubated for 24 hours at 37°C. The presumptive S. aureus strains (yellow colonies resulting from the fermentation of mannitol) and coagulase-negative staphylococci (CoNS) underwent Gram staining and various biochemical tests such as catalase, coagulase, oxidase, citrate, indole, urease, and sugars metabolism tests using standard protocols (Cheesbrough, 2000).
2.6 Isolation of MRSA
MRSA was detected among presumptive S. aureus isolates on Oxacillin Resistant Screening Agar Base (ORSAB) through a change in color from pale blue to deep blue. The isolated strains were subjected to confirmation through the disk diffusion method using 1 μg oxacillin disks on 5% NaCl Mueller Hinton agar. Zones of clearance were determined after 24 hours of incubation at 37°C following CLSI (2017) guidelines.
2.7 Antibiotic Susceptibility Testing
Susceptibility testing of all confirmed MRSA isolates was carried out using a range of antibiotics including vancomycin (1 μg), linezolid (1 μg), cloxacillin (5 μg), ciprofloxacin (5 μg), gentamicin (5 μg), tetracycline (10 μg) and erythromycin (5 μg). 0.5 McFarland standard of each isolated organism was suspended and used to flood 5% NaCl Mueller Hinton agar plates. Antibiotic disks were then applied on the plate and incubated for 24 hours at 37°C. The results obtained were interpreted based on the CLSI (2017).
2.8 Determination of Multiple Antibiotic Resistance (MAR) Index
The MAR index was calculated as the ratio of the number of antibiotics to which an isolate was resistant () to the total number of antibiotics tested () (Krumperman, 1983):

Where:  = number of antibiotics to which the isolate was resistant,  = total number of antibiotics tested
A MAR index greater than 0.2 indicates a high-risk source of antibiotic usage.
2.9 Statistical Analysis
Data were analyzed using descriptive statistics. Prevalence rates, resistance percentages, and MAR indices were calculated and presented as frequencies and percentages.

3. results and discussion

3.1 Prevalence of MRSA in the Studied Populations
A total prevalence rate of 22% (133/620) was noted for MRSA in this study. From the total of 310 samples taken from the ISTH, there were 82 (27%) HA-MRSA whereas, from the total of 310 samples collected from the community, there were 51 (17%) CA-MRSA (Table 1). The prevalence rate of 22% is in line with the other Nigerian studies but variations do exist in other locations within the country. For instance, in Southwest Nigeria, Shittu et al. (2011) noted 33% prevalence while Igbinosa et al. (2016) observed a prevalence of 31% at the University of Benin Teaching Hospital. The lower prevalence in this study could be due to the fact that apparently healthy members of the community were sampled. It is common knowledge that apparently healthy individuals in the community generally have a lower prevalence rate than hospitalized individuals. The variations in prevalence rates could also be a result of different sample sizes, sampling techniques, location and demographic factors. The prevalence rate of 22% noted in this study is significant because it is above the 10% cut-off value often used for defining high-prevalence settings.
HA-MRSA prevalence recorded in this study, at 27%, is similar to 29% reported by Otabor and Isibor (2014) among hospitalized patients in Ekpoma hospitals, but higher than 31% reported by Igbinosa et al. (2016). CA-MRSA prevalence in this study (17%) is a little bit lower compared to 19% reported by Okwu et al. (2014) among Okada community, Edo State population. Such differences could be due to variation of samples used or location of research studies. High prevalence of CA-MRSA (17%) in apparently healthy population is an alarming result since it means silent spreading of MRSA among the population and may become a source of new infections. It is in line with the recent global trends, as prevalence of CA-MRSA has been growing recently. That can be explained by emergence of new clones of MRSA that are highly transmissible and virulent (David & Daum, 2010).
Table 1: Prevalence of MRSA among the Studied Population
	Sample Source
	No. of Samples
	No. (%) Positive for MRSA

	Hospital (HA-MRSA)
	310
	82 (27)

	Community (CA-MRSA)
	310
	51 (17)

	Total
	620
	133 (22)



3.2 Distribution of HA-MRSA According to Subjects and Hospital Departments
In the case of the 82 HA-MRSA isolates collected, the majority were isolated from fomites (32%) while the remaining isolates were in the order: cleaners (24%), nurses (19%), patients (13%), and doctors (12%) (Table 2). Such distribution gives insight into the dynamics of MRSA transmission in the hospital environment. The fact that most of the HA-MRSA isolates came from fomites (32%) is significant. Fomites are any objects that can carry infectious agents and may include bed rails, tables, chairs, door handles, medical equipment, and linens. The presence of such a large proportion of isolates among fomites indicates that such surfaces act as major sources of HA-MRSA in the hospital environment. Such observation is consistent with the observation made by Cooper et al. (2008) where it was observed that fomites carry the largest numbers of HA-MRSA in the hospital environment. The persistence of HA-MRSA in fomites is due to their capacity to form biofilms and resist desiccation.
The gradient flow of HA-MRSA isolation (fomites > cleaners > nurses > patients > doctors) implies the following pattern of transmission, which starts from the infected fomites and continues through the hospital staff and patients. The highest isolation rate was found for the cleaners, who interacted with contaminated fomites most often. It is not surprising since cleaners have direct contact with infected surfaces and can transmit the bacteria further, when hand hygiene is poor. The third-highest isolation rate was observed for nurses, which is associated with their frequent contacts with patients and their participation in invasive activities, including wound care. The lowest isolation rates were observed for patients (13%) and doctors (12%), which may be attributed either to the lesser number of exposures to infection or better hand hygiene habits.
The distribution of MRSA within the different hospital departments revealed that the male surgical ward (13%), female surgical ward (11%) and the laundry (11%) had the highest isolation rate, whereas MCH and ICU had the lowest isolation rate (4%) each (Table 2). Surgical wards have a high risk for MRSA because there are people with open wounds, surgical wounds, and invasive instruments like catheters and drains. These people are very susceptible to MRSA and hence the MRSA can easily thrive in this environment. The laundry has contaminated beddings, scrubs and linens, which act as reservoirs for MRSA. This result is similar to the findings of Abubakar et al. (2012) on prevalence of MRSA in the surgical wards and laundry department of Ahmadu Bello University Teaching Hospital, Zaria. The low isolation rates of MRSA in MCH and ICU departments may be due to more infection control practices, lower number of patients and lower sampling effort in these departments. However, the presence of MRSA in these departments, even at low rates, warrants continued vigilance.
Table 2: Distribution of HA-MRSA Isolates in ISTH
	Department/Ward
	No. of MRSA Isolates
	Percentage (%)

	Male Surgical
	11
	13

	Female Surgical
	9
	11

	Laundry
	9
	11

	A&E
	7
	9

	Lassa Ward
	6
	7

	Ophthalmology
	6
	7

	Labour Ward
	6
	7

	Gynecology
	5
	6

	Radiology
	5
	6

	Pediatrics
	4
	5

	Post-natal
	4
	5

	SCBU
	4
	5

	MCH
	3
	4

	ICU
	3
	4

	Total
	82
	100



3.3 Distribution of CA-MRSA from Different Sites in Ekpoma Community
Out of 310 samples collected from the community, markets were found to have the highest percentage of CA-MRSA prevalence at 30%, while motor parks had 27%, schools had 19%, and churches had 8% (see Table 3). From the prevalence of CA-MRSA in markets and motor parks, it can be deduced that crowded places enhance MRSA transmission. In markets and motor parks, there is a high density of people; frequent physical contact; and sharing of things such as walls, floors, and vehicles. This observation aligns with that made by Shittu et al. (2011), where they noted high amounts of CA-MRSA from market places compared to other community places in Ondo State, Nigeria. The lower prevalence in schools (19%) and churches (8%) may reflect smaller population densities or shorter durations of contact in these settings.
The isolation of CA-MRSA in healthy people in the community raises alarm due to the fact that these people act as a source of infection for MRSA that can spread from the community to hospitals. In community settings, people carrying MRSA have no symptoms of disease and hence can infect their families, co-workers, and healthcare workers without knowing. The fact that there is CA-MRSA in the community means that healthcare professionals should be aware of MRSA in treating community infections with antibiotics empirically. It has been found that 17% of the apparently healthy people harbored CA-MRSA in the study, which is greater than 2.4% reported by Stephani et al. (2012) in the US in their cohort study.
Table 3: Distribution of CA-MRSA in Ekpoma Community
	Sample Source
	No. of Samples
	No. (%) Positive

	Schools
	130
	25 (19)

	Churches
	120
	9 (8)

	Markets
	30
	9 (30)

	Motor Parks
	30
	8 (27)

	Total
	310
	51 (17)



3.4 Antibiogram of HA-MRSA Isolates
Vancomycin and linezolid showed high susceptibility (100%) to all the 82 HA-MRSA isolates tested. Resistance rates to other antibiotics tested were 96% to cloxacillin, 41% to ciprofloxacin, 45% to gentamicin, 26% to erythromycin, and 9% to tetracycline (Table 4). These antibiogram results support vancomycin and linezolid as the choice antibiotics in treating MRSA infections in this study area. This finding is in agreement with that of Shittu et al. (2011), who found vancomycin and linezolid to be the most efficacious antibiotics in the treatment of MRSA in Nigeria. Nevertheless, the recent emergence of vancomycin-intermediate and vancomycin-resistant strains of S. aureus worldwide (Shittu et al., 2011) calls for monitoring and prudent use of these last-resort antibiotics. Dependence on these two antibiotics to treat MRSA infections is a matter of serious concern.
High resistance to cloxacillin (96%) is not surprising since cloxacillin belongs to the group of beta-lactams while MRSA isolates are defined by their resistance to beta-lactams (Choo et al., 2016). Four percent of isolates that showed intermediate sensitivity to cloxacillin might be a case of heterogeneous resistance when only some of the cells of the isolate are resistant. Higher levels of resistance to ciprofloxacin (41%), gentamicin (45%), and erythromycin (26%) among HA-MRSA isolates are a result of increased antibiotic pressure in hospitals where different antibiotics are often administered to patients. HA-MRSA isolates are often exposed to various drugs, resulting in their resistance development via horizontal gene transfer and antibiotic pressure. The resistance to ciprofloxacin should cause special concerns because fluoroquinolones are one of the empirical therapy drugs often used to treat different infections, and thus resistance to this group of antibiotics reduces the range of treatment opportunities. Resistance to tetracycline is comparatively low (9%), so this drug can be considered for the treatment of HA-MRSA infections, but only after susceptibility test.
Table 4: Antibiogram of HA-MRSA Isolates (n=82)
	Antibiotic
	Sensitive (%)
	Intermediate (%)
	Resistant (%)

	Vancomycin
	82 (100)
	0 (0)
	0 (0)

	Linezolid
	82 (100)
	0 (0)
	0 (0)

	Cloxacillin
	0 (0)
	3 (4)
	79 (96)

	Ciprofloxacin
	48 (59)
	0 (0)
	34 (41)

	Tetracycline
	74 (90)
	1 (1)
	7 (9)

	Gentamicin
	43 (52)
	2 (2)
	37 (45)

	Erythromycin
	61 (74)
	0 (0)
	21 (26)



3.5 Antibiogram of CA-MRSA Isolates
All CA-MRSA isolates (n = 51; 100%) were susceptible to vancomycin and linezolid. Resistance rates for cloxacillin, ciprofloxacin, gentamicin, erythromycin, and tetracycline were 96%, 20%, 35%, 6%, and 8%, respectively (see Table 5). It is clear from the low resistance rates exhibited by CA-MRSA isolates as opposed to HA-MRSA isolates due to low selection pressure of antibiotics in community settings. CA-MRSA isolates are exposed to fewer antibiotics than HA-MRSA isolates and are less likely to acquire multiple resistance genes. This finding is consistent with findings by Okwu et al. (2014), who indicated vancomycin, linezolid, and tetracycline as drugs of choice for CA-MRSA infections. However, 35% of CA-MRSA isolates being resistant to gentamicin and 20% to ciprofloxacin suggest misuse of antibiotics in communities, although at lower frequency than in hospitals. Overuse of antibiotics in the community through self-medication and use of partial antibiotic regimens can contribute to the development and spread of resistant strains. It can be observed that erythromycin and tetracycline, with 6% and 8% levels of resistance, respectively, are likely to remain effective against CA-MRSA infections, but the importance of susceptibility testing cannot be overlooked. Resistance levels of 96% of the isolates to cloxacillin confirm the classification of MRSA and the presence of mecA gene.
Table 5: Antibiogram of CA-MRSA Isolates (n=51)
	Antibiotic
	Sensitive (%)
	Intermediate (%)
	Resistant (%)

	Vancomycin
	51 (100)
	0 (0)
	0 (0)

	Linezolid
	51 (100)
	0 (0)
	0 (0)

	Cloxacillin
	0 (0)
	2 (4)
	49 (96)

	Ciprofloxacin
	39 (76)
	2 (4)
	10 (20)

	Tetracycline
	47 (92)
	0 (0)
	4 (8)

	Gentamicin
	32 (63)
	1 (2)
	18 (35)

	Erythromycin
	47 (92)
	1 (2)
	3 (6)



3.6 Minimum Inhibitory Concentration (MIC) and MAR Index
MIC of oxacillin for HA-MRSA was found to be 0.5-8 µg/ml, with HA-MRSA strains isolated from male surgical ward having the highest MIC (2-8 µg/ml). For CA-MRSA strains, MIC was found to be 0.5-2 µg/ml. The relatively high values of MIC of HA-MRSA strains compared to those of CA-MRSA strains are because of the increased heterogeneity of resistance mechanisms of these bacteria strains. MIC is a quantitative measurement of antibiotic susceptibility and thus gives more information than the qualitative test of disk diffusion method. The relatively high MIC of HA-MRSA strains isolated from surgical wards could be due to heterogeneity of resistance.
The MAR index for HA-MRSA was recorded to be between 0.2-0.4, where the highest MAR index was recorded among the isolates in the female surgical ward and laundry (0.4). MAR index for Lassa ward, A&E, and male surgical ward was recorded as 0.3, while that for the rest of the departments was 0.2. On the other hand, the MAR index for CA-MRSA was 0.1-0.2 (Tables 6 and 7). As suggested by Krumperman (1983), MAR index above 0.2 is considered high risk for antibiotic use. Consequently, the female surgical ward, laundry, A&E, male surgical ward, and Lassa ward are considered high risk for MRSA transmission and antibiotic resistance in ISTH. This is in agreement with Igbinosa et al. (2016), who reported A&E and surgical wards as high-risk sources of HA-MRSA in University of Benin Teaching Hospital. The high MAR index in these areas suggests that antibiotics are frequently used and misused, creating selective pressure for the emergence and spread of resistant strains.
On the other hand, the CA-MRSA isolates had a low MAR index (0.1-0.2), showing that the antibiotic selection pressure is relatively low in the community setting. This corroborates with the results by Osmon et al. (2013) where the MAR index was found to be relatively low for CA-MRSA compared to HA-MRSA. Nonetheless, the fact that the isolates from the market and motor parks had a MAR index of 0.2 shows that the misuse of antibiotics is still present in the community setting but at a relatively lower level compared to hospitals. The MAR index is a useful tool for identifying high-risk sources of antibiotic resistance and can guide targeted interventions to reduce antibiotic misuse.
Table 6: MIC Values and MAR Index of HA-MRSA Isolates
	Department
	No. of MRSA
	MIC (μg/ml)
	MAR Index

	SCBU
	4
	1-2
	0.2

	Gynecology
	5
	1-4
	0.2

	Lassa
	6
	0.5-2
	0.3

	MCH
	3
	2-4
	0.2

	Ophthalmology
	6
	0.5-4
	0.2

	Female Surgical
	9
	2-8
	0.4

	ICU
	3
	2-4
	0.1

	Pediatrics
	4
	0.5-2
	0.2

	Labour Ward
	6
	1-4
	0.2

	Post-natal
	4
	2-4
	0.2

	A&E
	7
	0.5-4
	0.3

	Male Surgical
	11
	2-4
	0.3

	Laundry
	9
	0.5-4
	0.4

	Radiology
	5
	2-4
	0.2



Table 7: MIC Values and MAR Index of CA-MRSA Isolates
	Source
	No. of MRSA
	MIC (μg/ml)
	MAR Index

	Schools
	25
	0.5-2
	0.2

	Churches
	9
	0.5-2
	0.2

	Markets
	9
	0.5-2
	0.2

	Motor Parks
	8
	0.5-1
	0.1



3.7 General Comparison between HA-MRSA and CA-MRSA
Summary of the differences between HA-MRSA and CA-MRSA as obtained from the study is shown in Table 8 below. It can be observed that the HA-MRSA isolates were prevalent, had higher antibiotic resistance, MAR index (0.2-0.4 vs 0.1-0.2) and MIC values (0.5-4.0 vs 0.5-2.0 µg/ml) than the CA-MRSA isolates (27% vs 17% and 57% vs 38%). All these results together suggest that the HA-MRSA isolates are more resistant to antibiotics and therefore a bigger problem to treat compared to the CA-MRSA isolates. The reason why there are differences in the resistance profile between HA-MRSA and CA-MRSA is because of the differences in their evolution and ecology. The HA-MRSA strains have evolved in the hospital setting where there is high antibiotic pressure and easy transmission due to close contact with patients and invasive practices. CA-MRSA strains, on the other hand, have evolved in the community, where antibiotic pressure is lower and transmission occurs primarily through skin-to-skin contact.
The increased resistance of HA-MRSA isolates has many clinical implications. For instance, HA-MRSA infections are harder to treat and are associated with longer hospital stay, thereby increasing health care costs and morbidity. The limited treatment options available for HA-MRSA infections show the importance of adopting infection control measures in order to reduce their spread. The susceptibility of CA-MRSA to non beta lactams is similar to what has been reported before, and this might mean that these drugs can be used in treating CA-MRSA infections. On the other hand, some areas have reported the presence of multi drug resistant CA-MRSA (David & Daum, 2010).
Table 8: General Comparison between HA-MRSA and CA-MRSA
	Parameter
	HA-MRSA
	CA-MRSA

	Prevalence
	27%
	17%

	Resistance to antibiotics
	57%
	38%

	MIC value (μg/ml)
	0.5-4.0
	0.5-2.0

	MAR index
	0.2-0.4
	0.1-0.2



3.8 Implications for Clinical Practice and Public Health
The results of the study raise various issues in terms of their implications for clinical practice in Edo State as well as in the country at large. First of all, the results highlight the necessity of implementing more aggressive strategies in order to detect MRSA-positive carriers and infected individuals in both clinical and non-clinical settings. Thus, hospitals should introduce surveillance cultures aimed at detection of MRSA positive individuals and isolation of infected people. Promotion of hand hygiene, disinfection and sterilization of equipment are key aspects of MRSA control programs.
Another issue is the high MAR index detected for HA-MRSA strains. The presence of high MAR index means that implementation of antibiotic stewardship programs in hospitals is highly desirable. In fact, antibiotic stewardship includes optimization of antibiotic therapy in terms of its choice, dose and duration of treatment with the ultimate goal of improving patient outcomes, minimizing resistance to antibiotics and side effects.
Thirdly, the detection of CA-MRSA in the community calls for the provision of public education on hygiene measures and proper utilization of antibiotics. Members of the community should be informed about the significance of good hand hygiene, proper wound care, and the avoidance of sharing personal objects. Misuse of antibiotics in the community, including self-treatment and improper course of treatment, should be prevented.
Fourthly, since fomites carry the highest proportion of HA-MRSA, there is a need to prioritize environmental cleaning and disinfection. Healthcare facilities should put in place and enforce strict cleaning measures, especially for high-contact surfaces such as bed rails, tables, and doorknobs. The use of antimicrobial products that are effective against MRSA is vital.
Lastly, the isolation of MRSA in the community has an impact on empirical antibiotic therapy. The healthcare practitioners should include MRSA as one of the causes of community-acquired infections and should try to obtain cultures and susceptibility information when possible. Antibiotics such as vancomycin and linezolid that are active against MRSA should only be used when it is certain that the infection is due to MRSA. 


4. Conclusion

MRSA was found to have a prevalence of 22% in Edo State, Nigeria, with HA-MRSA prevalence (27%) higher than CA-MRSA prevalence (17%). Most of the HA-MRSA was isolated from fomites (32%) and cleaners (24%). Male surgical ward, female surgical ward and laundry departments had the highest rate of isolation. All isolates were susceptible to vancomycin and linezolid, but resistant to cloxacillin (96%) in both categories. HA-MRSA had more resistance to ciprofloxacin, gentamicin, and erythromycin than CA-MRSA isolates. MAR index in HA-MRSA isolates (0.2-0.4) was higher than CA-MRSA isolates (0.1-0.2). It is evident that there is higher rate of misusing antibiotics in hospitals. From this study, HA-MRSA isolates have higher antibiotic resistance and MAR indices when compared to CA-MRSA. Moreover, fomites are found to be important sources of MRSA transmission in hospitals. The high prevalence rate of MRSA in both hospitals and communities in Edo State has important clinical and public health implication, which includes high morbidity, mortality and healthcare cost. In accordance to the results of this study, the following recommendations can be made:
i. Healthcare providers need to practice good hygiene by washing hands frequently and cleaning and disinfecting surfaces and fomites in the hospital regularly. The laundry section needs to be handled professionally with the treatment of waste water prior to dumping.
ii. The high MAR value of HA-MRSA suggests the overprescription of antibiotics in the hospital. Antibiotic stewardship program should be put in place to control the rational use of antibiotics.
iii. It is necessary to educate the public on the proper use of antibiotics and the risks associated with self-medication. There should be no antibiotics prescription without prescription.
iv. The CA-MRSA infection that has been found in crowded places such as markets and motor parks necessitates the need for hand hygiene campaigns. Hand sanitizers and hand washing at school level will help in preventing the spread of infections among students.
v. Monitoring of MRSA prevalence and its resistance patterns is very important to help determine the trends and make guidelines on how to treat such infections. There should be molecular typing of MRSA to determine the genetics behind its resistance and virulence.
vi. Hospital staff should be screened for MRSA carriage especially those working in critical units like the surgical ward, laundry, and A&E to detect any carriers of the organism and help decolonize them so that they do not infect patients.
vii. It is important to conduct research on the transfer mechanism of SCCmec from HA-MRSA to CA-MRSA.

COMPETING INTERESTS

The authors declare no competing interests.
CONSENT

Informed consent was obtained from all participants. Ethical approval was granted by the Ethical Committee of Irrua Specialist Teaching Hospital, Irrua, Edo State, Nigeria.

Ethical approval 

Ethical approval was obtained from the Ethical Committee of ISTH, Irrua, before commencement of the study.
Declaration of AI Use



This manuscript was prepared through the intellectual contributions of the author(s) to the study design, data analysis, interpretation of results, and scholarly content. Grammarly and ChatGPT were used solely to assist with grammatical refinement and reference formatting during manuscript revision. The author(s) accept full responsibility for the accuracy, integrity, and final content of the manuscript.
Definitions, Acronyms, Abbreviations

Definitions

Antibiogram: The measurement of the susceptibility of bacteria to antibiotics to determine resistance patterns.

Biofilm: A community of microorganisms attached to a surface by a self-produced polymeric matrix.

Fomites: Inanimate objects or surfaces that can carry infectious agents.

MAR Index: Multiple Antibiotic Resistance Index; ratio of antibiotics an isolate is resistant to, divided by total antibiotics tested.

MRSA: Staphylococcus aureus resistant to methicillin and other beta-lactam antibiotics.

Prevalence: The proportion of a population found to have a condition at a specific time.

Virulence: The degree of pathogenicity or harmfulness of a microorganism.

Acronyms and Abbreviations

A&E — Accident and Emergency

CA-MRSA — Community-Acquired Methicillin-Resistant Staphylococcus aureus

CLSI — Clinical and Laboratory Standards Institute

CoNS — Coagulase-Negative Staphylococci

HA-MRSA — Hospital-Acquired Methicillin-Resistant Staphylococcus aureus

ICU — Intensive Care Unit

ISTH — Irrua Specialist Teaching Hospital

MAR — Multiple Antibiotic Resistance

MCH — Mother and Child Health

MIC — Minimum Inhibitory Concentration

MRSA — Methicillin-Resistant Staphylococcus aureus

MSA — Mannitol Salt Agar

MSSA — Methicillin-Susceptible Staphylococcus aureus

ORSAB — Oxacillin Resistant Screening Agar Base

PBP2a — Penicillin-Binding Protein 2a

PCR — Polymerase Chain Reaction

PVL — Panton-Valentine Leukocidin

SCBU — Special Care Baby Unit

SCCmec — Staphylococcal Cassette Chromosome mec
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