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Abstract 

Objectives: Methicillin-resistant Staphylococcus aureus (MRSA) is prevalent in Nigeria. Due to its increasing resistance 
to treatments with single antibiotics, such as vancomycin and others, it has become necessary to identify appropriate 
combination of antibiotics for treatment. This research tested the proneness of MRSA isolated in southeastern Nigeria 
to a combined treatment of selected antibiotics (vancomycin, clindamycin, gentamicin, and ceftriaxone), to identify the 
best combination for the treatment of MRSA isolated in the region.  

Methods: Various samples from patients were obtained in three laboratories in Enugu, Nigeria and cultured for 
isolation and purification. Minimum inhibitory concentration of vancomycin, clindamycin, gentamicin, and ceftriaxone 
antibiotics against the purified isolates was determined and the combined activity of the drugs on the isolates was also 
evaluated using Checkerboard-technique.  

Results: MRSA isolates were found to be highly prevalent in the clinical samples. They also showed multidrug-resistant 
traits. The different combinations of antibiotics against different species of MRSA indicated synergistic, indifferent, 
additive, and antagonistic effects. The best combination that could treat muti-drug resistant MRSA was found to be 
gentamycin and clindamycin. MRSA has developed resistance to many drugs, making its infections difficult to treat. The 
combination of gentamicin and clindamycin is a promising strategy for treating MRSA in the region.  
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1. Introduction 

Multi-resistant Staphylococcus aureus (MRSA), is a microbiome that causes skin and soft tissue infection, wound, 
pneumonia, osteomyelitis, endocarditis, septicemia and meningitis in humans [1,2]. It has been a problem in hospitals, 
in the community, and in livestock worldwide [2]. It is among the three most important millennium public health 
threats. Individuals who are healthy may carry it without indications for many years while  individuals  with low 
immunity may suffer from secondary infection with symptom.  

The infections are mostly treated with cephalexin, trimethoprim-sulfamethoxazole, vancomycin, doxycycline, 
clindamycin, teicoplanin and gentamycin [3-5]. It could be eliminated with substances like hydrogen peroxide, 
tobramycin, chlorhexidine digluconate, honey and levofloxacin [6-8].  

MRSA resistance to vancomycin, clindamycin, and other drugs [9-11] has been observed. The tendency that MRSA 
strains will continue to evolve new antibiotic resistances with a single target of action in future makes it an important 
subject of continuous studies. Since few antibiotics can treat infection by this organism, combination therapy is 
considered to revive the healing potentials of existing antibiotics, improve the spectrum of drug activity, and prevent 
the advent of resistance.  

This study therefore aims at evaluating the efficacy of the combinations of gentamicin and clindamycin, ceftriaxone and 
clindamycin, ceftriaxone, and vancomycin against these isolates and to identify the best combinations that can be useful 
in the management of (MDR) MRSA in the southeast of Nigeria. Currently, there is no investigation on combinations of 
these drugs against MRSA in Enugu.  

2. Materials and Methods 

2.1. Materials 

A hundred isolates of MRSA obtained from clinical samples at the Safety Molecular Pathology Laboratory Services Ltd, 
University of Nigeria Teaching Hospital (UNTH), and Annunciation Specialist Hospital, in Enugu, eastern Nigeria were 
used in this research. The samples included skin scrapings, urine, semen, sputum, catheter tips, and swab from urethra, 
vagina, endocervix, throat, ears, eyes, and wounds.  

The agar media used were Mannitol salt agar (MSA), Mueller Hinton Agar (MHA) and Methicillin Resistant 
Staphylococcus aureus (MRSA) Agar Base (Acumedia, Michigan, USA), while Brain Heart Infusion (BHI), Sucrose broth, 
Lactose broth and Glucose broth were the broth media used. These media were prepared in accordance with the 
manufacturer’s instructions. Vancomycin (Hospira, Inc. Lake Forest, USA), gentamycin (Greenfield Pharm (Jiang Su) Co. 
Ltd China), ceftriaxone (Nemel Pharm. Ind. Ltd, Nigeria), cloxacillin sodium and clindamycin (Nichben Pharm. Co Nig 
Ltd) were the pure drugs used.  

2.2. Methods 

Isolates were inoculated onto MRSA agar plates that contained cloxacillin sodium 600 μg/ml in 1 litre agar and 
incubated at 37 oC for 24 h. The colonies were subjected to Gram staining, coagulase, catalase, lactose, sucrose, glucose, 
and mannitol fermentation tests for identification up to species level [13]. Each colonial growth was stored in glycerol 
stock (15 % of distilled water and 85 % of glycerol) at 4 oC. Before use, an aliquot of the colonies was cultured onto 
MRSA agar containing 600 μg/ml of cloxacillin sodium in 1 litre agar and incubated at 37 oC for 24 h to reactivate them. 
The cultures were standardized by aerobically growing them in a shaker water bath at 37 oC for 16 ±2 h to a cell density 
of 2.0 x 108cfu/ml [14]. 

Minimum inhibitory concentration (MIC) of vancomycin, gentamycin, clindamycin, and ceftriaxone was evaluated using 
macro-broth dilution method. The standardized drugs in BHI were prepared in two-fold serial dilutions and mixed with 
0.1 ml standardized MRSA cultures in tubes. After 20 mins, the tubes were incubated at 37oC for 24 h. The microbial 
growths were examined visually and the lowest concentration of the drugs that inhibited the growth of MRSA after 24 
h incubation period was recorded as MIC [15]. These were repeated two times, and the mean was taken.  

Different solutions of vancomycin, gentamicin, clindamycin, and ceftriaxone containing twice the MIC of each drug were 
prepared with injection water. These drugs solutions were combined in ratios in a checkerboard model [16]. Each 
combination was diluted (in triplicates) with normal saline in two-fold serial dilution up to 7 dilutions in sterile test 
tubes. Then, 0.1 ml of 0.5 McFarland standard MRSA cultures were added into each tube and incubated at 37oC for 24 h. 

http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Immune_system
http://en.wikipedia.org/wiki/Secondary_infection
http://en.wikipedia.org/wiki/Vancomycin
http://en.wikipedia.org/wiki/Teicoplanin
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The Fractional Inhibitory Concentration (FIC) of all the combination ratios of the drugs was determined while the FIC 
index for each drug was computed using the formula [16]: 

        

    
A

MIC of drug A in combination with drug B
FIC

MIC of drug A alone
  

   B     A

   B 
A

MIC of drug in combination with drug
FIC

MIC of drug alone
  

   A BFIC Index FIC FIC 
 

The FIC index is interpreted as: “FIC index < 1.0 means Synergism, 1 means additivity, > 1, but less than 2 means 
indifference while ≥ 2 means antagonism” [16]. 

3. Results 

The result of MRSA isolated from the clinical specimens indicates that it is one of the most prevalent pathogens found 
in these clinical samples. The Gram-stained result showed that they were Gram-positive cocci while the biochemical 
result indicated that they were catalase and coagulase positive and fermented glucose, lactose, sucrose, and mannitol. 
The MIC result when compared with the MIC values of Clinical Laboratory Standard Institute (CLSI) breakpoints for S. 
aureus [17] revealed that MRSA isolates were resistant to the test drugs except ceftriaxone (Table 1). Our result showed 
high resistance of the isolates to the drugs.  

Table 1 Minimum Inhibitory Concentration of antibiotics against isolates of MRSA 

Isolates MIC(μg/ml) 

Va Cl Ge Ce 

1 250.0 125.0 42.1 2.0 

2 125.0 62.5 42.1 4.0 

3 125.0 125.0 42.1 2.0 

4 250.0 31.3 42.1 0.5 

5 125.0 62.5 675.0 2.0 

6 250.0 31.3 675.0 2.0 

7 125.0 31.3 42.1 0.5 

8 250.0 187.5 13330.0 4.0 

9 125.0 375.0 675.0 2.0 

10 125.0 250.0 42.1 0.5 

11 62.5 23.4 42.1 0.5 

12 250.0 125.0 675.0 2.0 

13 62.5 250.0 42.1 4.0 

14 125.0 62.5 42.1 4.0 

15 125.0 62.5 42.1 2.0 

16 125 31.25 675 2.0 

17 62.5 62.5 42.12 2.0 

18 125 31.25 42.12 0.5 
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19 62.5 125 42.12 4 

20 62.5 62.5 42.12 2 

Key: Va = vancomycin, Cl = clindamycin, Ge = gentamicin, Ce = ceftriaxone 

The results of clindamycin and gentamycin combination on some MRSA isolates are shown in Fig. 1. It follows from this 
figure that 24 % are indifferent, 42 % exhibited synergistic effect, and 18 % was additive (10:0/0:10) while 16 % was 
antagonistic. The distinctive finding in this result is that each ratio showed some levels of synergism on at least one of 
the isolates irrespective of the controls. 

 

Figure 1 Clindamycin and gentamicin combination on some MRSA isolates 

Combinations of clindamycin and ceftriaxone on some species of MRSA exhibited antagonistic and indifferent effects. 
Only 7 % of the ratios are synergistic and should be taken as insignificant (Figure 2). 

 

   Figure 2 Clindamycin and ceftriaxone combination on some MRSA isolates 

Combinations of vancomycin and ceftriaxone result presented in Fig. 3 indicated that 64% of the ratios were indifferent, 
18 % are additive, 3 % was antagonistic, and 15% exhibited synergistic effect on the isolates. Synergism did not occur 
in most of the isolates tested. Therefore, clindamycin and gentamycin remain the best combination.  
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Figure 3 Ceftriaxone and vancomycin combination on some MRSA isolates 

4. Discussion  

Methicillin-resistant Staphylococcus aureus strains represent a worldwide threat because they are widely distributed 
and highly virulent [18,19]. This is buttressed by this study. The biochemical tests result confirmed the isolates to be S. 
aureus.[20]. In order not to compound the problem of antibiotic resistance through wrong reporting of other species as 
S. aureus especially, in poor and developing country, it is necessary to categorize the organisms epidemiologically and 
clinically to the specie level. The MIC results were in concordance with the report of some researchers which stated that 
the MRSA strains are often resistant to β-lactam agents, vancomycin, fluoroquinolones, chloramphenicol, clindamycin, 
tetracyclines, gentamycin and aminoglycosides [10,21,22]. However, they disagree with earlier works [23], which 
reported that vancomycin, clindamycin, and gentamycin are used to treat MRSA infections. The reason for the observed 
multi- drug resistance could be mutation of the MRSA strains over the years. This makes their infections difficult to 
treat.  

Combining antibiotics could be the best approach to handle infections caused by muti-drug resistant MRSA. Another 
advantage offered by combination of antibiotics is that it is used to boost the effect of single antimicrobials by means of 
synergistic interactions; reduce the dosage of individual drugs to minimize chances of occurrence and adversative 
effects; overcome problems that are harmful and prevent treatment failure [24-27]. Combinations of gentamycin can 
inflate the scope of treatment, quicken the clearance of bacteria and reduce the resistance to antibiotics [28]. It is 
inferred therefore, that gentamicin and clindamycin combinations improved on the efficacy of the respective drugs and 
will be effective in the treatment of infection involving multidrug-resistant MRSA. According to some findings, 
clindamycin and gentamycin combination is effective for all the surgical wounds contaminants, such as Pseudomonas 
aeruginosa, S. aureus, and anaerobic organisms. Others indicated that they are used in the treatment of pelvic 
inflammatory disease (PID) and post cesarean endometritis [29,30]. Because they have different mechanisms of 
neuromuscular blockades, they can interact synergistically to reduce the concentrations of each drug [31]. During this 
research, we discovered that the combination can effectively be used to treat multidrug-resistant MRSA as well.  

5. Conclusion 

MRSA is one of the most isolated pathogens in Nigeria and has developed high resistance to many drugs, making their 
infections difficult to treat. This poses threat to health within the region and the world at large. Nevertheless, a drug 
combination such as clindamycin and gentamycin are an encouraging strategy that may be adopted in treating MRSA.  

Our research in vitro study provides preliminary information on the combination of gentamycin and clindamycin but 
did not state the side effects of the combination.  
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