In Vitro Antibacterial Activity of Linezolid against Methicillin-resistant Staphylococcus aureus Clinical Isolates at a Northcentral Tertiary Healthcare Institution in Nigeria



























ABSTRACT
Background: Methicillin-resistant Staphylococcus aureus (MRSA) strains are a persistent and increasing cause of healthcare-associated and community-acquired infections in the world. Therapeutic options for MRSA infections are very limited. With the increasing prevalence of MRSA worldwide, and the consequent increase in vancomycin-resistant strains, new chemotherapeutic agents are urgently needed to combat such strains. This study aimed at determining the in vitro antibacterial activity of linezolid against methicillin-resistant S. aureus clinical isolates at a Northcentral Tertiary Healthcare institution in Nigeria.
Objectives: (i) To determine the prevalence of MRSA at the study site. (ii) To assess the antimicrobial susceptibility of MRSA clinical isolates to linezolid and other convectional antibiotics. (iii) To determine the Minimum Inhibitory Concentration (MIC) of linezolid against suspected linezolid-resistant strains of MRSA using the E-test strip.
Materials and Methods: A total of 168 clinical isolates of S. aureus were obtained, and fully identified by standard methods. They were further tested for methicillin resistance using cefoxitin (30µg) disc (Oxoid, England) following the modified Kirby-Bauer disc diffusion method. MRSA strains were tested for their sensitivity to linezolid (30µg) disc (Oxoid, England), and other antibiotics (Oxoid, England). The MIC of linezolid was done using linezolid E-test strips on selected MRSA strains.
Results: Of the 168 clinical isolates, 68 MRSA strains were detected, giving a prevalence of 40.5%. The activity of linezolid was found to be potent against MRSA strains with an efficacy of 100%. The MIC of linezolid on the tested strains ranged from 0.38-1.5µg/ml, with mean MIC of 0.68µg/ml. The resistance pattern of MRSA strains to other antibiotics included: tetracycline (97.1%), ciprofloxacin (73.5%), gentamicin (60.3%), ceftriaxone (48.5%), Augmentin (47.1%), erythromycin (41.2%), and cefuroxime with (40.1%).
Conclusions: The prevalence of MRSA was high. Linezolid may be effectively used against MRSA including cases of treatment failure from vancomycin usage, and in vancomycin-allergic patients.
Keywords: Linezolid, Staphylococcus aureus, Antibacterial, Methicillin-resistance.










INTRODUTION
Staphylococcus aureus is an important pathogen in human infections causing illnesses ranging from minor skin infections and abscesses to life-threatening diseases such as pneumonia, meningitis, endocarditis, toxic shock syndrome and septicaemia which may be rapidly fatal [1]. Bacterial resistance to antibiotics has been recognized since the first drugs were introduced for clinical use. Increasing resistance to antibiotics is a consequence of selective pressure [2].
Methicillin-resistant S. aureus (MRSA) was first discovered in 1961; they are isolates of S. aureus which have acquired genes encoding antibiotic resistance to all penicillins including methicillin and other narrow spectrum β-lactamase-resistant penicillin antibiotics. Since then, hospitals worldwide have reported varying proportions of MRSA among S. aureus isolates [3]. Thus, MRSA has become a real clinical and therapeutic problem.
MRSA becomes resistant by acquiring a mecA gene, usually carried on a larger piece of DNA called a staphylococcal cassette chromosome (SCC) mec. Expression of mecA yields PBP2a, a penicillin binding protein with reduced affinity for β-lactam antibiotic binding [4].
Therapeutic options for MRSA infection are very limited because most MRSA strains are resistant not only to β-lactams but also to multiple antimicrobial agents, such as macrolides, aminoglycosides, and fluoroquinolones [5]. Until now, glycopeptides such as intravenous vancomycin are one of the only few cost-effective options available for the treatment of MRSA infections in developing countries [6]. With the increasing prevalence of MRSA worldwide and the consequent increased use of vancomycin, it was inevitable that infections with vancomycin-resistant S. aureus would be reported. The first clinical isolate of S. aureus with reduced susceptibility to vancomycin was reported from Japan in 1996. In July 2002, the first documented report of clinical infection caused by S. aureus that was fully resistant to vancomycin was published in the United States [7]. Therefore, new chemotherapeutic agents and new approaches are urgently needed to combat such multiple-antibiotic-resistant bacteria.
Linezolid was the first oxazolidinone to be developed and approved for clinical use by FDA in the USA in April, 2000 and in the UK in January, 2001. It is active against a range of bacteria, but its primary clinical role is in the treatment of infections caused by aerobic Gram-positive organisms, including resistant strains such as vancomycin-resistant enterococci, methicillin-resistant Staphylococcus aureus and penicillin-resistant pneumococci [8].
The oxazolidinones are protein synthesis inhibitors: they stop the growth and reproduction of bacteria by disrupting translation of messenger RNA (mRNA) into proteins in the ribosome. Linezolid appears to work on the first step of protein synthesis, initiation, unlike most other protein synthesis inhibitors, which inhibit elongation [9]. It does so by preventing the formation of the initiation complex, composed of the 30S and 50S subunits of the ribosome, tRNA, and mRNA. Linezolid binds to the 23S portion of the 50S subunit (the center of peptidyl transferase activity) close to the binding sites of chloramphenicol, lincomycin, and other antibiotics [10]. Due to this unique mechanism of action, cross-resistance between linezolid and other protein synthesis inhibitors is highly infrequent or non-existent [11]. A remarkable feature of linezolid is that it has 100% oral bioavailability: nearly identical peak serum concentrations and elimination profiles are achieved when the drug is administered by either the oral or the parenteral route [12].


MATERIALS/METHODS
Collection of Isolates
A total number of 168 clinical isolates of Staphylococcus aureus were obtained non-repetitively from Medical Microbiology and Parasitology Laboratory Unit of University of Ilorin Teaching Hospital. The age, sex, ward and clinical diagnosis of the patients were obtained along with the isolates.

Purification and Identification of Staphylococcal Isolates
Cultures of the isolates were obtained on mannitol salt agar (Oxoid, England) plates and incubated at 350C for 18-24 hours. Isolates that produced colonies with characteristic golden yellow pigmentation were selected and used for further tests. Following standard microbiological techniques, S. aureus isolates were identified by gram stain and biochemical tests including catalase and coagulase tests.

Detection of MRSA Using Disc Diffusion Method
0.5 McFarland standards of the MRSA isolate were prepared and sterile cotton swabs were used to inoculate the test organism onto Mueller Hinton agar plate [13]. Sterile forceps were used to carefully place cefoxitin disc (30μg) (Oxoid, England) on the inoculated plates. The plates were incubated aerobically at 350C for 16-18 hours. The zones diameters were measured in reflected light, and interpreted following the CLSI guidelines [14].
Antibiotic Sensitivity Pattern of the MRSA Isolates
0.5 McFarland standards of the MRSA isolate were prepared and sterile cotton swabs were used to inoculate the test organism onto Mueller Hinton agar plate [13]. The following discs were used: Linezolid (30µg), Gentamycin (10µg), Erythromycin (15µg), Ciprofloxacin (5µg), Augmentin (20/10µg), Cefuroxime (30µg), Ceftriaxone (30µg) and Tetracycline (30µg) (Oxoid, England). The antibiotics were placed using sterile forceps on agar plates 15mm from the edge of the plate and no closer than 25mm from disc to disc.
Control: S. aureus ATCC 25923 was used as MRSA negative control.
S. aureus ATCC 43300 was used as MRSA positive control [14].

Determination of Minimum Inhibitory Concentration (MIC)
Following the methods described by Cheesbrough [13], 0.5 McFarland standards of suspected Linezolid-resistant MRSA strains (with linezolid zone of inhibition ≤28 mm) were prepared. Sterile cotton swabs were used to streak the entire agar surface evenly in three directions. After the inoculation, sterile forceps was used to apply linezolid E-test strips (Biomrieux, France) on to the agar surface, with the MIC scale facing upwards. The plates were then incubated in an inverted position at 350C for 16-18 hours.
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Statistical Analysis
Data generated in this study were analysed using the Statistical Package for Social Sciences (SPSS) software version 20.0 (IBM SPSS, 2020). The results were expressed as percentages for qualitative variables and as mean/standard deviation for quantitative variable. Charts, graph and tables were used for illustrations. Statistical significance of the MRSA isolates in association with clinical infections was determined using the Chi-square. P value ≤ 0.05 was considered statistically significant.
RESULTS
Of the 168 isolates of S. aureus tested, 68 (40.5%) were resistant to methicillin while 100 (59.5%) were susceptible to methicillin, as shown in figure 1.


Figure 1: Distribution of methicillin resistant S. aureus and methicillin-susceptible S. aureus.
The age distribution of patients infected by MRSA strains is as shown in table 1. The mean age of the subjects was 31.5 ± 21.4 years. The age group with the highest rate of MRSA isolation was 21-40 years with 30(44.1%). This was followed by 0-20 years age group representing 14(20.6%) isolation rate. The least isolation rate was seen in ages 41-60 years and 61-80 years, representing 12(17.6%) each.

Table 1: Age Distribution of Patients Infected by MRSA Strains.
	[bookmark: _Hlk84600506]Age Range
	Isolates (%)
	MRSA (%)
	MSSA (%)
	X2
	p-value

	0-20
	50(29.8)
	14(20.6)
	36(36)
	5.289
	0.152

	21-40
	70(41.7)
	30(44.1)
	40(40)
	
	

	41-60
	25(14.9)
	12(17.6)
	13(13)
	
	

	61-80
	23(13.7)
	12(17.6)
	11(11)
	
	

	Total
	168(100)
	68(40.5)
	100(59.5)
	
	



Of the 68 MRSA isolates, (32) 47.1% were recovered from the male gender while (36) 52.9% were recovered from the female gender as shown in table 2. There is no significance difference (X2 = 0.061, p-value = 0.805) between the infections by MRSA strains and gender.






Table 2: Distribution of MRSA strains across gender of patients.
	[bookmark: _Hlk84600971]Gender
	Isolates, N (%)
	MRSA, N (%)
	MSSA, N (%)
	X2
	P-value

	Male
	81 (48.2)
	32 (47.1)
	49 (60.5)
	0.061
	0.805


	Female 
	87 (51.8)
	36 (52.9)
	51 (58.6)
	

	

	Total
	168 (100)
	68 (40.5)
	100 (59.5)
	
	



[bookmark: _Hlk84601135]Based on the distribution of MRSA strains across specimen types as shown in table 3, the isolation rate was highest in wound swab 25(36.8%). This was followed by urine with 14(20.6%) while MRSA was not isolated from urethral and throat swabs. There is no significance difference (X2=20.463; p-value= 0.084) in the rate of MRSA isolation from the specimen types.

Table 3: Distribution of MRSA across Different Specimen Types.
	[bookmark: _Hlk84601106]SPECIMEN
	ISOLATES (%)
	MSRA (%)
	MSSA (%)
	
	p-value

	Wound swab
	48(28.2)
	25(36.8)
	23(23)
	20.463


	0.084

	Blood
	34(20.2)
	10(14.7)
	24(24)
	
	

	Urine
	32(19.0)
	14(20.6)
	18(18)
	
	

	Sputum
	15(8.9)
	3(4.4)
	12(12)
	
	

	Aspirate
	10(6.0)
	3(4.4)
	7(7)
	
	

	Eye swab
	8(4.8)
	3(4.4)
	5(5)
	
	

	Wound biopsy
	7(4.2)
	4(5.9)
	3(3)
	
	

	ECS/HVS
	7(4.2)
	4(5.9)
	3(3)
	
	

	Throat swab
	3(1.8)
	0(0)
	3(3)
	
	

	Urethral Swab
	2(1.2)
	0(0)
	2(2)
	
	

	Ear swab
	2(1.2)
	2(2.9)
	0(0)
	
	

	Total
	168 (100)
	68(40.5)
	100(59.5)
	
	


ECS: Endocervical Swab.

Table 4 shows the distribution of MRSA across clinical diagnosis, which shows that MRSA was most isolated from sepsis, with a rate of 16.2%, which was followed by urinary tract infection and least from otitis media with a rate of 1.5%. There is no significant difference (X2=17.863; p-value=0.465) in the rate of MRSA strains and specimen types.










Table 4: Distribution of MRSA across clinical diagnosis
	DIAGNOSIS
	ISOLATES (%)
	MRSA
	MSSA
	
	p-value

	CAP
	31(18.5)
	7(10.3)
	24(24)
	17.863



	0.465




	SEP.
	25(14.9)
	11(16.2)
	14(14)
	
	

	UTI
	24(14.3)
	9(13.2)
	15(15)
	
	

	SSI
	13(7.7)
	8(11.8)
	5(5)
	
	

	SSTI
	11(6.5)
	3(4.4)
	8(8)
	
	

	D.U
	9(5.4)
	5(7.4)
	4(4)
	
	

	W.I
	9(5.4)
	3(4.4)
	6(6)
	
	

	B.I
	8(4.8)
	4(5.9)
	4(4)
	
	

	URE.
	8(4.8)
	4(5.9)
	4(4)
	
	

	OST.
	7(4.2)
	3(4.4)
	4(4)
	
	

	ABS.
	6(3.6)
	2(2.9)
	4(4)
	
	

	E.I
	5(3.0)
	2(2.9)
	3(3)
	
	

	PID
	4(2.4)
	2(2.9)
	2(2)
	
	

	PRO.
	3(1.8)
	2(2.9)
	1(1)
	
	

	ENC.
	3(1.8)
	2(2.9)
	1(1)
	
	

	O.M
	2(1.2)
	1(1.5)
	1(1)
	
	

	Total
	168 (100)
	68 (40.5)
	100 (59.5)
	
	


CAP: Community Acquired Pneumonia; SEP: Sepsis; UTI: Urinary Tract Infection; SSI: Surgical Site Infections; SSTI: Skin and Soft Tissues Infections; D.U: Diabetic Ulcers; W.I: Wound Infections; B.I: Burns Infections; URE: Urethritis; OST: Osteomyelitis; ABS: Abscess; E.I: Eye Infection; PID: Pelvic Inflammatory Disease; PRO: Prostatitis; ENC: Encephalitis; O.M: Otitis Media.

The antibiotic susceptibility profile of the MRSA strains shown in table 5 reveals that the highest rate of resistance to tetracycline with 97.1% (p= 0.0001) while the least resistance was to cefuroxime with 40.1% (p= 0.0001). There is a significant difference in the activities the conventional antibiotics against the clinical isolates.

























Table 5: A representation of the antimicrobial sensitivity profile of MRSA.
	ANTIBIOTICS
	
	ISOLATES (%)
	MRSA (%)
	MSSA (%)
	X2
	P-value

	Cefuroxime
	S
	107(63.7)
	30(40.1)
	77(77)
	22.302
	0.0001

	
	I
	18(10.7)
	8(11.8)
	10(10)
	
	

	
	R
	43(25.6)
	30(40.1)
	13(13)
	
	

	Augmentin
	S
	124(73.8)
	36(52.9)
	88(88)
	25.736
	0.0001

	
	R
	44(26.2)
	32(47.1)
	12(12)
	
	

	Ceftriaxone
	S
	70(41.7)
	13(19.1)
	57(57)
	29.023
	0.0001

	
	I
	49(29.2)
	22(32.4)
	27(27)
	
	

	
	R
	49(29.2)
	33(48.5)
	16(16)
	
	

	Erythromycin
	S
	103(61.3)
	30(44.1)
	73(73)
	16.569
	0.0001

	
	I
	22(13.1)
	10(14.7)
	12(12)
	
	

	
	R
	43(25.6)
	28(41.2)
	15(15)
	
	

	Gentamicin
	S
	99(58.9)
	22(32.4)
	77(77)
	34.685
	0.0001

	
	I
	10(6.0)
	5(7.3)
	5(5)
	
	

	
	R
	59(35.1)
	41(60.3)
	18(18)
	
	

	Ciprofloxacin
	S
	92(54.8)
	18(26.5)
	74(74)
	44.495
	0.0001

	
	I
	4(2.4)
	0(0)
	4(4)
	
	

	
	R
	72(42.9)
	50(73.5)
	22(22)
	
	

	Tetracycline
	S
	94(56.0)
	2(2.9)
	92(92)
	130.3
	0.0001

	
	I
	0(0)
	0(0)
	0(0)
	
	

	
	R
	74(44.0)
	66(97.1)
	8(8)
	
	

	Linezolid
	S
	168(100)
	68(100)
	100(100)
	--
	--

	
	R
	0(0)
	0(0)
	0(0)
	
	


S: Sensitive; I: Intermediate; R: Resistant.

The activity of linezolid against MRSA strains was found to be 100% effective, as all the strains were sensitive to it. The Minimum Inhibitory Concentration of linezolid (as shown in table 6) against selected MRSA strains (strains with linezolid zone of inhibition ≤28 mm) ranged from 0.38-1.5µg/ml, with mean MIC of 0.68µg/ml. Below is a graphical presentation of the MIC of linezolid against MRSA strains.


Table 6: The MIC of Linezolid against Suspected Linezolid-Resistant MRSA Strains
	MIC Values (µg/ml)
	Number of MRSA Isolates

	0.38
	4

	0.5
	3

	0.75
	5

	1.0
	2

	1.5
	1

	Total
	15




DISCUSSIONS
Methicillin-resistant S. aureus (MRSA) is a major global threat to the health of both the community and hospitalised patients, regardless of age, gender, ethnicity and race. The prevalence of methicillin-resistant S. aureus in this study was found to be 40.5%. In comparisons with other reported MRSA prevalence from different parts of the country, Azeez-Akande, reported a prevalence rate of 37.5% from clinical specimens at University of Calabar Teaching Hospital [15]; 79% prevalence rate was recorded from clinical isolates at the University of Benin Teaching Hospital by Onemu [16], while in a recent study carried out in Pakistan, 44% prevalence was recorded [17]. This is fairly similar to what was obtained in this study. The variations prevalence rates cannot be unconnected with differences across locations and differences in the designs/detection techniques used in the different studies. Nevertheless, the high prevalence of MRSA obtained could be linked to the fact that there are no MRSA control measures in hospitals [18].
The highest prevalence of MRSA was found within the age group 21-40 years with 44.1%. This is similar to the result obtained by Fadeyi where MRSA carriers among health worker was recorded between ages 30-39 years, with a prevalence rate of 40.4% [19]. It is also related to the findings of Ikeh et al. where highest MRSA prevalence was seen in individuals of 20‐30 years of age (57.65%) [20].  Patients within the age range of 61-80 years had the least infections MRSA rate (17.6%). It is difficult to explain the reason for this finding, however, future tests will reveal if this trend continues. Otherwise, some studies have documented old age as a risk factor for infections with MRSA [21].
The rate of isolation of MRSA was found to be highest among the female gender (52.9%) while it was 47.1% in the male counterpart. This finding is in concordance with a study by Ikeh et al. who recorded higher carriage rates amongst females than in the male counterparts [20].  This finding may reflect the effect of low level of sanitation standards in the female gender, as inadequate hygiene habits can increase the risk of spread, which is typical of MRSA strains [21].
Based on the distribution of MRSA strains among specimen types, wound swab had the highest prevalence (36.8%). This is fairly similar to the study carried out by Udobi et al. where the highest prevalence rate was recorded from wounds of patients [22]. Additionally, Olowe et al. recorded wound swab as the highest prevalence (19.4%) of MRSA amongst other clinical specimens [23]. Wounds are breaches in the continuity of the intact skin, which makes it exposed to infestation by bacteria either from the environment or by opportunistic body flora. This could account for the highest prevalence across specimen types. Future studies will, however, reveal whether this trend continues.
The antibiotic resistance pattern of the MRSA strains showed the highest rate of resistance in tetracycline (97.1%), while the least rate of resistance was seen in cefuroxime (40.1%). Others include Augmentin (47.1%), Ceftriaxone (48.5%), Erythromycin (41.2%), Gentamicin (60.3%) and Ciprofloxacin (73.5%). In comparison with other studies, in Benin (Nigeria) a very high resistance rate of 99.9% to tetracycline was recorded [16], while in Ado Ekiti a resistance rate of 70% to tetracycline was recorded [24]. In the same vein, in a study carried out in Ibadan, it was recorded that MRSA strains were resistant to Augumentin (85.7%), Tetracycline (57.1%), Gentamycin (42.9%), Ciprofloxacin (28.5%) and Erythromycin (42.9%) [25]. Meanwhile, the reported prevalence of tetracycline resistance among isolates of MRSA in Poland varies from 50% to ≥95% in hospitals [26]. It is known that MRSA are not only resistant to beta-lactams, but are also frequently resistant to multiple drugs, having acquired resistance to a variety of drugs such as tetracyclines, aminoglycosides, macrolides, and floroquinolones [26]. In Staphylococcus aureus, several resistance mechanisms against antibiotics such as tetracycline and macrolides have been described [27]. Also, several multidrug resistance mechanisms have been described that are associated with resistance to antibiotics such as fluoroquinolones [27].
The activity of linezolid was found to be highly potent against the isolated MRSA strains with efficacy of 100%, as no strain was resistant to linezolid. This is in agreement with the findings of studies carried out in Israel [28], and in Pakistan [17] who both recorded 100% efficacy of linezolid against MRSA. It agrees with other findings of other studies [29-32].
The minimum inhibitory concentration (MIC) of linezolid using the epsilometer test strips (Etest) against selected MRSA strains (strains with linezolid zone of inhibition ≤28 mm) showed that all the tested MRSA isolates were susceptible to linezolid.  Meanwhile, Clinical and Laboratory Standard Institutes had given MIC breakpoints for linezolid as ≤4µg/ml as susceptible, and ≥8µg/ml as resistant [14]. Linezolid MIC in this study ranged from 0.38-1.5µg/ml, with mean MIC of 0.68µg/ml. Linezolid has a unique mechanism of action that involves the inhibition of bacterial ribosomal protein synthesis at a very early stage. It binds to the 23S portion of the 50S ribosomal subunit preventing the formation of a functional 70S initiation complex formed with the 30S subunit, fMet-RNA, initiation factors (IF2, IF3) and mRNA [9]. This mechanism of action differs from that of existing protein synthesis inhibitors such as chloramphenicol, aminoglycosides, pristinamycin, lincosamides, macrolides, and tetracycline, which inhibit peptide elongation [33]. Due to this novel mechanism of action, cross resistance between the oxazolidinones and other antimicrobial agents is not expected [34].

CONCLUSION
The detection of MRSA in this study showed that the prevalence of MRSA is high. It is clear that MRSA has become a global pathogen with attendant therapeutic problems and warrants urgent infection control and practice awareness considering the common attitude of unregulated sale and use of antimicrobial agents which may be necessary for rapid dissemination of antimicrobial resistance. The susceptibility testing provided useful information on the antibiotic resistance as the MRSA strains showed varying resistance patterns to beta-lactams, floroquinolone, aminoglycoside and tetracycline. All the MRSA strains were susceptible to linezolid. The MIC of linezolid against selected MRSA strains was also excellent. Linezolid may be effectively used against MRSA including cases of treatment failure from vancomycin usage, and in vancomycin-allergic patients. The result obtained in this study indicates that adequate measures are needed to curtail the spread of MRSA in Nigerian health care institutions.
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