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Abstract	Comment by hp: Write abstract as per journal format
Meticillin-resistant Staphylococcus aureus (MRSA) is currently a serious global public health problem, responsible for both nosocomial and community-acquired infections. This resistance is due to the acquisition of the mecA gene, carried by a mobile gene cassette. To detect the mecA gene and assess its prevalence in MRSA, 120 strains of Staphylococcus aureus were isolated. The cefoxitin disk diffusion test was used to detect MRSA phenotypes, while PCR was used to amplify the mecA gene. The results revealed that 54.2 % of the strains were resistant to cefoxitin, a phenotypic marker for MRSA. The interpretation of the antibiogram showed that these strains were also highly resistant to several other antibiotics, such as kanamycin (69.7%), tobramycin (65.2%), gentamycin (65.2%) and erythromycin (62.1%).). Pristinamycin, rifampicin and lincomycin proved to be potential therapeutic alternatives because our strains presented low resistance to these antibiotic molecules with respective rates of 4.6%, 13.7% and 15.2%. The PCR results showed that 47.0% of these isolated strains carried the mecA gene, revealing a discordance with the phenotypic detection. Although there is this discrepancy between the phenotypic and genotypic detection of MRSA, the high percentage of MRSA and the presence of the mecA gene could constitute a serious public health problem that requires increased surveillance and refined diagnostic strategies.	Comment by hp: methicillin	Comment by hp: italics	Comment by hp: italics, S. aureus	Comment by hp: gentamicin	Comment by hp: isolated	Comment by hp: detection	Comment by hp: represent	Comment by hp: concern
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Therefore, the acquisition of the mecA gene, which confers resistance to methicillin, enables Staphylococcus aureus (MRSA) to persist and potentially facilitates the spread of MRSA epidemics through the accumulation of additional virulence factors.
1. Introduction	Comment by hp: Write headings as per journal format
Staphylococcus aureus (S. aureus) is a ubiquitous bacterium found on the skin and nasal mucosa of humans and animals, and is one of the main etiological agents responsible for superficial and deep suppurative infections and toxin-related syndromes [1].  It has a great capacity to acquire and express a wide range of virulence and antibiotic resistance factors [1, 2].  This resistance is acquired by insertion into the bacterial chromosome of a mobile genetic element called SCCmec (Staphylococcal Cassette Chromosome mec) containing the mecA gene characterised by a low affinity for ß-lactamins[3, 4].  Therefore, the acquisition of the mecA gene conferring resistance to meticillin to S. aureus (MRSA) may promote the spread of the MRSA epidemic by acquisition of additional virulence factors [1]. In fact, several epidemic and pandemic MRSA clones are expanding both in hospitals and in the community, in some cases creating new clinical syndromes and even severe infections, such as necrotising pneumonia [5, 6]. Furthermore, the emergence of vancomycin-resistant strains, once considered the antibiotic of last resort, considerably complicates the treatment of MRSA infections. This has led to the emergence of multiresistant strains, dubbed 'superbacteria', making S. aureus infections particularly difficult to combat [7, 8, 9]. The alarming increase in antibiotic resistance among methicillin-resistant Staphylococcus aureus (MRSA) poses a growing threat to public health. Indeed, the prevalence of MRSA worldwide is highly heterogeneous and variable according to country and region, study period, services and living conditions of the populations concerned [10]. In the United States, approximately 1.5% of the population is infected with S. aureus and MRSA [8]. Approximately 478,000 hospitalizations have been associated with S. aureus infections [11,12]. In Africa, variability has been observed, with a high prevalence of MRSA in Togo in the early 2000 [13]. In the Republic of Congo, community MRSA infections tend to be widespread, reaching rates approaching 40 % [14]. The aim of our study was to assess the prevalence of the mecA gene in methicillin-resistant S. aureus strains.	Comment by hp: common	Comment by hp: delete extra space	Comment by hp: into the bacterial chromosome	Comment by hp: encoding a penicillin-binding protein with	Comment by hp: , which confers resistance to methicillin, enables	Comment by hp: spelling	Comment by hp: italics	Comment by hp: through the	Comment by hp: multi-resistant	Comment by hp: and making	Comment by hp: italics	Comment by hp: MRSA	Comment by hp: varying significantly by	Comment by hp: italics	Comment by hp: italics	Comment by hp: acquired	Comment by hp: with	Comment by hp: MRSA
2. Material and methods
2.1. Material
It consisted of 120 isolates of Staphylococcus aureus isolated from urine samples, suppurations, and vaginal swabs over the period from January to June 2021 at the bacteriology department of the Laboratoire National de Santé Publique in Brazzaville.	Comment by hp: italics

2.2 Methods
2.2.1. Isolation and Identification
The bacteria were isolated by culture of the biological product on mannitol salt agar medium (Bio Rad), for 18 to 24 hours at 37 ° C. For dentification, after growth, we first performed Gram staining on suspect colonies. The catalase test was used to characterize the Staphylococcus genus, as well as the coagulase test for differentiation between S. aureus and others. The probable presence of Staphylococcus aureus was confirmed using the API® Staph gallery (Bio Mérieux) according to the manufacturer's recommendations.	Comment by hp: incubated	Comment by hp: remove space	Comment by hp: spelling, identification	Comment by hp: Gram staining was performed on suspected colonies to assess the morphological and staining characteristics.	Comment by hp: italics	Comment by hp: italics	Comment by hp: other bacteria.	Comment by hp: italics
2.2.2. Antibiotic susceptibility testing 
Antibiotic susceptibility testing was carried out using the agar diffusion technique according to the recommendations of the Antibiogram Committee of the French Society of Microbiology (CA-SFM, 2022). The inoculum was prepared by suspending a well-isolated colony of a pure bacterial culture (18 to 24 hours on agar medium) in 5 ml of normal saline (0.9% NaCl), and the suspension turbidity was adjusted to 0.5 Mac Farland using Vitex Densichek. The swab technique was used to inoculate the suspension on Mueller-Hinton agar medium, as recommended by CA-SFM, 2022. Antibiotic discs were then applied to the inoculated Mueller Hinton agar medium. The plates were incubated at 37°C for 18-24 h. The diameters of the zones of bacterial growth inhibition around the disc after incubation were measured and interpreted on the basis of the threshold values published by CA-SFM, 2022 ( https://www.sfm-microbiologie.org). These values were transcribed into categories of susceptible (S) and resistant (R). Phenotypic detection of methicillino-resistance in isolates was performed using the cefoxitin disc (30 µg). Following verification of methicillino-resistance, another sensitivity test was performed on MRSA strains using the following antibiotics: Kanamycin (K,30μg), tobramycin (T,30μg), gentamycin (G,15μg), Erythromycin (E,15UI), lincomycin (L,15μg), pristinamycin (PT,15μg), fusidic Acid (FC,10μg), Rifampicin (RD, 5μg). The reference strain of Staphylococcus aureus ATCC 29213 was used for quality control according to CASFM recommendations.	Comment by hp: -, write in same format in all text.	Comment by hp: Check Spelling 	Comment by hp: Check spelling	Comment by hp: Write the correct spelling	Comment by hp: italics
2.2.3 Genotypic detection of the mecA gene
2.2.3.1. Extraction
DNA from metillo-resistant strains was extracted using the Nucleospin DNA kit following the recommendations of the MACHEREY NAGEL protocol.	Comment by hp: spelling
2.2.3 2. Amplification of the mecA gene
A 310-bp fragment of the mecA gene was amplified using primers mecA-F: 5'- AAAATCGATGGTAAAGGTTGGC-3' and mecA-R: 5' AGTTCTGCAGTACCGGATTTGC-3' [14]. The 50 µl amplification reaction mix contained 2 µl DNA template and 48 µl master mix. The mix consisted of 31.75 µl sterile distilled water, 2 µl forwad primer (F), 2 µl reverse primer (R), 2 µl dNTP, 10 µl PCR buffer (x5) and 0.25 µl Taq polymerase. Amplification conditions were as follows: initial denaturation at 94°C for 5 min, 30 cycles of denaturation at 94°C for 30 seconds, hybridization at 54°C for 30 seconds, elongation at 72°C for 30 seconds and final elongation at 72°C for 7 minutes.  Five microliters (5μl) of PCR product were resolved on a 1.5% agarose gel containing 0.5 μg / ml of ethidium bromide in Tris- Borate-EDTA buffer, at 100 V for 40 minutes. For this molecular analysis, a reference strain of meticillin-resistant Staphylococcus aureus possessing the mecA gene was used as a positive control.	Comment by hp: master mix included	Comment by hp: of	Comment by hp: of	Comment by hp: of	Comment by hp: of	Comment by hp: of	Comment by hp: of	Comment by hp: delete space	Comment by hp: MRSA
3. Results 
3.1. Distribution of strains according to origin of specimen
The study included 120 strains of Staphylococcus aureus isolated from various clinical specimens. The frequency of S. aureus isolation was highest in suppurations (58.3%), followed by urine (29.2%) and vaginal swabs (12.5%).	Comment by hp: S. aureus
3.2. Meticillin resistance profile	Comment by hp: spelling
Of the one hundred and twenty S. aureus strains tested for susceptibility to cefoxitin, sixty-six (54.2%) showed an inhibition diameter of less than 27 mm, an indicator of resistance to meticillin (MRSA). The distribution of MRSA according to sample type showed that the majority (60.6%) were isolated from suppurations, followed by urine (28.8%) and 10.6% vaginal swabs (figure 1). 	Comment by hp: spelling
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Figure 1: Frequency of phenotypic detection of MRSA depending on their origin

3.3. MRSA susceptibility to different antibiotics
Sixty-six (66) cefoxitin-resistant strains of Staphylococcus aureus were subsequently tested with eight (08) different antibiotics. Antibiotic susceptibility test results revealed high levels of resistance.  Aminoglycosides were the least active antibiotics, with resistance rates of 69.7% for kanamycin and 65.2% for gentamicin and tobramycin. However, pristinamycin was the most active antibiotic, with a sensitivity rate of 4.6% (Table 1).	Comment by hp: S. aureus	Comment by hp: Delete extra space	Comment by hp: It should be resistance rate, as per table sensitivity is 95.4 %. 
Table 1: MRSA resistance rates to different antibiotics.
	Antibiotics tested
	SARM (N=66) 

	
	 R(%)
	S (%)

	Erythromycin (E)
	41(62.1)
	15(37.9)

	Lincomycin (L)
	10(15.2)
	56(84.8)

	Pristinamycin (PT)
	3(4.6)
	63(95.4)

	Kanamycin (K)
	46(69.7)
	20(30.3)

	Tobramycin (T)
	43(65.2)
	23(34.8)

	Gentamycin (G)	Comment by hp: spelling
	43(65.2)
	23(34.8)

	Fusidique Acid (FA)
	31(47.0)
	35(53.0)

	Rifampicin (Rf)
	9(13.7)
	57(86.3)




R: resistance, S: sensitive
3.4. Prevalence of mecA gene in MRSA strains
The analysis of 66 isolated and amplified MRSA strains revealed the presence of the mecA gene in 31 of them, representing a prevalence of 47.0 %. It is notable that among these 31 strains carrying the mecA gene, a majority (22 strains) were isolated from suppurations samples (Table 2).	Comment by hp: corresponding to	Comment by hp: rate	Comment by hp: delete space
Table 2: Distribution of mecA-positive MRSA according to their origin.	Comment by hp: keep same pattern for headings
	Origins
	  SARM numbers
	PCR

	
	
	+ (%)
	- (%)

	Suppurations
	40
	       22 (55.0)
	18 (45.0)

	Urines	Comment by hp: Urine 
	19
	       7 (36.8)
	12 (63.2)

	vaginal swabs
	7
	2 (28.6)
	8 (71.4)

	Total
	66
	31 (47.0)
	35 (53.0)


(-): absence of the mecA gene; (+): presence of the mecA gene; %: Percentage

4. Discussion
In this study, 120 strains of Staphylococcus aureus were isolated, including 58.3% from suppurations. This result can be explained by the ability of Staphylococcus spp. strains to form a suppurative collection, and their classification among pyogenic germs [1]. These results corroborate with those reported by Dendi in Algeria, with a higher frequency of isolation in pus samples [15]. The cefoxitin disk diffusion test revealed that 54.2% of strains were resistant to this antibiotic, an indicator of methicillin resistance. This relatively high prevalence could be attributed to antibiotic selection pressure.  This rate of resistance to cefoxitin reported in our study is higher than those observed in Brazil in 2018 with a rate of 23% [16] and in Nigeria where a rate of 46.66% of MRSA was reported on 90 strains of S.aureus isolated from clinical samples in Sokoto [17]. However, studies from Iran and Iraq reported MRSA rates ranging from 66 to 100% [18,19]. These differences in results could be explained by several factors, including the size and type of samples, but also the diversity of geographic locations of the studies. It is important to note that the prevalence of MRSA can vary considerably by region, country, year and even within the same country, as shown in numerous published studies [13, 15] High levels of MRSA, particularly those responsible for bacteremia, lead to major complications in patient management. High levels of MRSA, particularly those responsible for bacteremia, lead to major complications in patient management. They are associated with a poorer vital prognosis, longer hospital stays, higher mortality and increased hospital costs [16].	Comment by hp: italics	Comment by hp: italics	Comment by hp: past tense	Comment by hp: delete extra space	Comment by hp: indicate rate in bracket	Comment by hp: from	Comment by hp: of study	Comment by hp: even between different areas	Comment by hp: put full stop	Comment by hp: repeated lines	Comment by hp: These
[bookmark: _Hlk195348062][bookmark: _Hlk195348083][bookmark: _Hlk195348121]Antibiotic susceptibility testing of the 66 MRSA strains revealed a high level of resistance to the various antibiotics tested, highlighting the presence of multi-resistant isolates and thus limiting therapeutic options. Among the antibiotics tested, aminoglycosides proved the least effective, with resistance rates of 69.7% for kanamycin, 65.2 % for tobramycin and 65.2 % for gentamicin. These rates of resistance to aminoglycosides are lower than those observed in Côte d'Ivoire (100%) [20] (Guessennd et al., 2013), but higher than those reported in Morocco (Elazhari et al., 2010) [21] and Congo (AHOMBO et al., 2019) [14]. This high resistance to aminoglycosides could be linked to the production of enzymes that inactivate aminoglycosides and have a high potential for dissemination, namely APH (3'), ANT (4') and APH (2')-AAC (6'), responsible respectively for the inactivation of kanamycin, (kanamycin and tobramycin) and (kanamycin, tobramycin and gentamicin) and conferring the K, KT and KTG phenotypes [22]. Of the macrolides tested, erythromycin (62.1% of resistant strains) proved the least effective, it is important to note that methicillin resistance is frequently associated with inducible resistance to MLSBs [14, 23]. This finding contrasts with studies of community MRSA by [14, 24]. These discrepancies could be attributable to multiple factors such as geographical variations, antibiotic selection pressure, local epidemiology, diversity of resistance mechanisms (target modification, Erm enzymes, efflux) and local antibiotic therapy practices [25]. Our results also highlighted the efficacy of pristinamycin and lincomycin against methicillin-resistant Staphylococcus aureus (MRSA) strains, with sensitivity rates of 95.4% and 84.8% respectively. These two antibiotics could represent promising therapeutic alternatives for the treatment of MRSA infections. For fusidic acid and rifampicin, we observed sensitivity rates of 53.0% and 86.3 %, respectively. These results are broadly in line with the literature, which reports sensitivity rates ranging from 40% to 80% [10]. Resistance to these antibiotics could be due to the selective pressure exerted by our strains, as well as inappropriate consumption of antibiotics, including self-medication and non-compliance with dosing regimens. However, it is important to note that our results differ from those reported in Congo by Ahombo, who observed higher rates of resistance to fusidic acid and rifampicin (81.6% and 67.3%, respectively), particularly in community strains of MRSA [14]. This difference could be explained by variations in the populations studied.	Comment by hp: Check the format of refrence	Comment by hp: Check reference format	Comment by hp: Font size and font type diderent from text	Comment by hp: the	Comment by hp: MRSA	Comment by hp: the	Comment by hp: the results differed	Comment by hp: font type and size different , check in all text
Analysis of the PCR results of 66 strains of methicillin-resistant Staphylococcus aureus (MRSA) revealed the presence of the mecA gene in 31 of them, corresponding to a rate of 46.96%. This mecA gene detection rate is significantly higher than the results obtained in other studies carried out in the region. For example, work carried out in the Republic of Congo reported rates of 30% to 36% [14], while in Nigeria and Algeria, the rates were 33% and 22.7% respectively [15,26]. However, wide variations were observed, with one study in Nigeria reporting a prevalence of 85.7% of MRSA harboring the mecA gene [17] and other studies reporting the presence of the mecA gene in all MRSA isolates (100%) [19,27]. These results underline the considerable variability in the prevalence of the mecA gene depending on the contexts studied. In our study, we found that only 47.0% of methicillin-resistant Staphylococcus aureus (MRSA) strains carried the mecA gene, while 53.0% of MRSA did not. These results are consistent with studies carried out in other countries, such as Iran, Nigeria and Algeria, which have also reported the presence of MRSA strains lacking the mecA gene [15, 26]. The absence of the mecA gene in 53.0 % of MRSA strains could be explained by the fact that they are Borderline Staphylococcus aureus (BORSA). These strains therefore exhibit hypersecretion of penicillinase, leading to hydrolysis of penicillin M. In this case, we observe low resistance, associated with increased production of β-lactamases, in particular hyperproduction of methicillinase [28].	Comment by hp: no need to write full name in all text, write instead as MRSA	Comment by hp: isolates	Comment by hp: prevalence	Comment by hp: MRSA	Comment by hp: 53.0% of the phenotypically resistant MRSA did not harbor this gene	Comment by hp: particularly	Comment by hp: is observed
Conclusion
This study identified 120 strains of Staphylococcus aureus, 66 of which were resistant to methicillin (MRSA) and multi-resistant to other antibiotics. This multi-resistance considerably complicates the treatment of MRSA infections. However, pristinamycin, rifampicin and lincomycin proved to be potential therapeutic alternatives. A significant discrepancy was observed between the rate of MRSA detected by phenotypic method and the presence of the mecA gene, detected by PCR. This difference highlights the limitations of phenotypic MRSA detection, and underlines the reliability and accuracy of the PCR technique for MRSA isolation.  Thus, given the high virulence of MRSA, it is crucial to strengthen molecular detection capabilities in laboratories. The implementation of molecular biology techniques is essential for accurate and rapid diagnosis of MRSA infections, enabling better control of their spread. Finally, it's important to note that the presence of the mecA gene can influence the antibiotic susceptibility profile of Staphylococcus aureus strains, contributing to an increase in antibiotic resistance. This phenomenon is exacerbated by the inappropriate use of antibiotics and the hand-carried transmission of bacteria.	Comment by hp: delete extra space
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