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Abstract                                                                                                                                                  

Background: Methicillin Resistance Staphylococcus aureus (MRSA) is a major cause of infections 

worldwide, and hospital outbreaks caused by MRSA are being reported with increasing 

frequency, challenging clinicians and infection control teams throughout the world. 

Investigations of MRSA outbreaks in nosocomial settings often require strain-typing data to 

verify effectively that the isolates belong to the outbreak strain, and to distinguish epidemic from 

sporadic strains.                                                                                                                          

Objective: To phenotype methicillin resistant Staphylococcus aureus in Khartoum (Sudan).                                                                                                                                                                        

Materials and methods: This is a cross-sectional study conducted to perform molecular 

analysis of the MRSA isolates collected from Khartoum Teaching Hospital. A total of 48 MRSA 

strains isolated from 214 different patients. These isolates were recovered from post-operative 

wound infections, chronic wound infections, abscesses, ulcers, and burns. Positive and negative 

control organisms were included for phenotypic investigations. Susceptibility testing was done 

by the Kirby-Bauer method.                                                                                                                   

Results: A total of 48 S. aureus strains were investigated. The number of MRSA strains 

detected was 39 (81.25%), and were found resistant to methicillin and oxacillin. The overall 

resistance to antibiotics was 91.5%. The antibiotics that showed a high effect against S. aureus 

were co-trimoxazole and rifampicin.                                                                                                          

Conclusion: The incidence of MRSA in Sudan is still low as compared with that in many other 

countries. However, the spread of vancomycin resistance and other antibiotics among MRSA 

strains represented a fearful existence. 
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Introduction  
 

Staphylococcus aureus (S. aureus) is a Gram-positive coccus about1 μm in diameter. The cocci 

are mainly arranged in grape-like cluster, but some specially when examined in pathological 

specimens occurs as single cells or pairs of cells. The organisms are non-sporing, non-motile;  
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except for rare non-capsulated strains. Individual colonies are circular, 2-3 mm in diameter with 

a smooth, shiny surface. Colonies appear opaque and often pigmented (golden-yellow, fawn or 

cream), though a few strains are un-pigmented. The main distinctive diagnostic tests can be used 

to identify S. aureus include production of protein A, cell-bound clumping factor, extracellular 

coagulase and heat-stable nuclease1.                                                                                                                  

There are some remarkable assembly of non-essential, variable traits that are carried by 

accessory genetic elements and collectively determine the uniqueness of the genus and the 

individuality of particular strains of any one species. These traits include resistance to antibiotics 

and other substances and formation of extracellular enzymes, toxins, and other proteins that are 

involved in pathogenicity. Plasmids are the primary carriers of antibiotic resistance in 

staphylococci. Three major types have been identified. One consists of small multicopy plasmids 

and in copy number. Each contains a single resistance determinant for tetracycline, streptomycin, 

chloramphenicol, macrolides, kanamycin, and cadmium salts. A second type consists of large 

plasmids and carries resistance to penicillin and inorganic ions. Recently,  a third type related to 

the second, has been identified still larger conjugative plasmids, typically carrying resistance to 

gentamicin, penicillin, neomycin, quarernary ammonium compounds such as ethidium bromide, 

and sometimes trimethoprim.                                                                                                                        

As in Gram-negative bacteria, many of the antibiotic resistance genes of staphylococci are 

carried by transposons and therefore can exist either on plasmids or integrated into the 

chromosome. Other accessory genes are also carried by variable genetic elements. The 

staphylokinase and enterotoxin A structural genes are located on temperate phage genomes, and 

the gene for toxic shock syndrome toxin-1 (TSST-1) seems to be carried by a transposons2.                                                                                                                                                             

Quick and reliable typing methods are required to obtain information on the relatedness among 

MRSA isolates and to allow faster implementation of appropriate control measures.                                    

The target of this study was MRSA which is one of the most common hospital problematic 

pathogens because of its resistance to antibiotics. The study was an attempt to investigate the 

molecular identification, and genotyping of MRSA in Khartoum, and to analyze its various 

typing methods. 
 

Materials and methods           

This was a cross-sectional study carried out in Khartoum Teaching Hospital (Sudan). The study 

population was hospitalized patients with post-operative wound infections, chronic wound 

infections, abscesses, ulcers, and burns. The software used for the data analysis was the 

Statistical Package for Social Sciences (SPSS). For categorical variables, proportions were 

compared by the chi-square test as appropriate. The means and medians of the continuous 

variables were compared by Student’s t test depending on the sample distribution. Frequencies, 

percentages, and graphs were used for presentation of the data.                                                                            

214 patients were investigated. Specimens of superficial incisions, open wounds, burns and 

ulcers were collected by sterile dry cotton wool swabs. Deep ulcerated and necrotic tissues were 

aspirated by sterile needles and syringes, and the fluid was transferred into sterile leak-proof  
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containers. Specimens of pus from abscesses and closed wounds were collected at the time the 

abscesses were incised and drained. All pus specimens were collected with special care to avoid 

contamination with commensal organisms from skin, and before an antiseptic dressing were 

applied. The pus was collected by sterile cotton wool swab from infected sites.                                        

The specimens were cultured on blood agar media and incubated aerobically at 35-37° C for 18-

24 hours. The colonies should exhibit features of Staphylococcus aureus growth, i.e. colony size, 

shape, surface appearance, pigmentation, and changes in the agar media (haemolysis and change 

in pH). Staphylococcus aureus isolates were purified by picking up a discrete colony from the 

plate and streaked over slope of nutrient agar and incubated at 35-37° C for 18-24 hours.                                        

Identification of Staphylococcus aureus isolates was performed by Gram stain, catalase test, 

coagulase test, mannitol fermentation, and deoxyribonuclease test.                                                                         

Detection of methicillin resistance was carried out by the method described by Brown1 et al and 

Felten3 et al The inocula were made by diluting five colonies grown overnight in 5 ml of distilled 

water to prepare a suspension equivalent in density to 0.5 Mc Farland barium sulfate standard 

unit. The entire surface of the Mueller-Hinton plate was covered with the required inoculum, and 

the plate was air dried for 15 min before the disks were laid on the surface, and incubation was 

performed for 24 h at 37° C. In standardized disc diffusion tests with methicillin or oxacillin, 

most strains show no zone of inhibition.                                                                                         

Susceptibility testing of Staphylococcus aureus was conducted by Kirby-Bauer disk diffusion 

technique. Mueller-Hinton medium was used for this purpose. 0.5 Mac Farland turbidity 

standard was selected for adjusting the turbidity of the inoculum. 10 antibiotic discs were 

applied, namely: cephalexin (30 mcg), co-trimoxazole (25 mcg), clindamycin (2 mcg), 

erythromycin (15 mcg), vancomycin (30 mcg), tetracycline (30 mcg), rifampin (5 mcg), 

amoxicillin (10 mcg), ampicillin (10 µg), and ciprofloxacin (5 µg). Control organisms used for 

the susceptibility testing were S. aureus ATCC 43300, S. aureus 25923, two coagulase-negative 

staphylococci (S. epidermidis and S. saprophyticus), Escherichia coli and Pseudomonas 

aeruginosa. These organisms were included as positive and negative controls for phenotypic 

characterization. Interpretation of inhibition zones was performed by measurements of zone 

diameter and the results were evaluated as susceptible (S), or resistance (R).                                                                                             

Results 

Demographical and clinical data of all participants were obtained from the hospital records and 

nursing staff; and collected on a numbered data check list. The variables concerning each           

S. aureus isolate were recorded, e.g. age, gender, ward, date of admission, length of hospital stay, 

type of infection (wounds, ulcers, burns), antibiotic treatment. The mean age of patients 

investigated was 37.71 ± 13.92. The occurrence of MRSA was higher in the age range 31-40 

years and lowest in the age range 61-70 years.                                                                                                        

The occurrence of nosocomial acquisition of MRSA infection was common; the epidemiological 

and clinical characteristics of patients were significantly at the 0.05 and 0.01 levels at the area of 

the study (Khartoum Teaching Hospital).                                                                                                             
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27 (56.3%) of the MRSA strains were isolated from the surgical wards, 15 (31.3%) were isolated 

from the orthopedic wards, and 6 (12.5%) were isolated from burns patients. The total number of 

MRSA strains isolated was 48 (22.4%) isolates. They were isolated from 214 nosocomial 

infected patients. 35 patients (72.9%) were males and 13 (27.1%) were females (Table I). 

Phenotypic resistance to methicillin and oxacillin was performed by disc diffusion technique. 

The ranges of the inhibition zone diameters for all isolates showed no inhibition zone diameter to 

methicillin and oxacillin. Therefore, the methicillin and oxacillin disc diffusion test was 100% 

sensitive and 100% specific. Among the MRSA isolates, the overall resistance to the antibiotics 

used was 91.5%. The highest resistance rate (48%) was exhibited by amoxicillin, ciprofloxacin, 

ampicillin, and vancomycin. On the other hand, the highest susceptibility rate (18%) was 

exhibited by co-trimoxazole (Table II). 
 

Table (I): Frequency rate of MRSA according to gender and infection site 

 

 

Specimens 

         Gender 
 

Total 
Male Female 

Post-operative wound 

infection 

4 - 4 

(8.3%) 

Chronic wound 

infection 

23 5 28 

(58.4%) 

Ulcers 4 - 4 

(8.3%) 

Burns - 6 6 

(12.5%) 

Abscesses 4 2 6 

(12.5%) 

Total 35 13 48 

(100%) 

 

 

Discussion 

The prevalence of MRSA in Sudan is not well defined. This study at Khartoum Teaching Hospital 

(Sudan) demonstrated the prevalence of MRSA as 81.25% among 48 S. aureus isolates                                       
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from nosocomial infections. The organism affected all age groups. Almost all the patients 

were in the extremes of age group (<10 or >60 years of age). The frequency rate of MRSA in 

the surgical wards was 58.3%, and this may be due to MRSA acquisition and association 

with old age, prolonged hospitalization, prior antibiotic therapy, surgical procedures, wound 

infection, pressure ulcers, and certain diseases such as diabetic septic foot. Other risk factors 

may include intravascular devices, mechanical ventilation, tracheostomy, severe underlying 

diseases, disability, stay in intensive care units, stay in burns units, exposure to cross-infection, 

and contaminated hospital environment4.                                                                                                          

The frequency rate of antibiotic resistance developed by MRSA strains among nosocomial 

acquired infection had increased. 81.25% S. aureus strains were methicillin resistant. The 

emergence of methicillin resistant strains was associated with past exposure to antibiotics. 

Methicillin was replaced by less toxic anti-staphylococcal agents such as oxacillin. Thus 

oxacillin was used to detect methicillin resistance. Staphylococcal strains reported as 

oxacillin-resistant were also methicillin resistant5.                                                                                                                             

Table (II): Antimicrobial sensitivity of MRSA 

 

 

Antibiotic 

No. of MRSA isolated 

Sensitive Resistant 

Rifampicin 12(25.0%) 36(75.0%) 

Amoxicillin - 48(100%) 

Tetracycline 4(8.3%) 44(91.7%) 

Cephalexin 1(2.1%) 47(97.9%) 

Co-trimoxazole 18(37.5%) 30(62.5%) 

Ampicillin - 48(100%) 

Erythromycin 3(6.3%) 45(93.8%) 

Ciprofloxacin - 48(100%) 

Clindamycin 5(10.4%) 43(89.6%) 

Vancomycin - 48(100%) 
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In this study, the methicillin and oxacillin disc diffusion tests were found to be specific for 

MRSA under the test conditions. This implies that the oxacillin could work as an alternative to 

the methicillin disc method in routine MRSA susceptibility testing.                                                                                                                                        

The MRSA-screen test, the oxacillin disc diffusion, and the oxacillin-salt agar screening test 

showed sensitivity of (100%, 61.3%, and 82.5%), specificity of (99.2%, 96.7%, and 98.3%) 

respectively6.                                                                                                                                 

Staphylococcal resistance to methicillin/oxacillin occurs when an isolate carries an altered PBP 

2a which is encoded by the mecA gene. The new PBP 2a binds with lower affinity which results 

in resistance to this class of antimicrobial agents. On the other hand, cefoxitin and moxalactam 

disc diffusion tests were found 100% sensitive, specific and very suitable for detection of MRSA. 

However cefoxitin is an even better inducer of the mecA gene, and disc diffusion tests using 

cefoxitin give clearer endpoints and are easier to read than tests with oxacillin. Intermediate 

methicillin resistance is a rare phenomenon amongst isolates. Intermediately resistant strains 

usually result from the hyperproduction of β-lactamase and should be considered resistant for clinical 

purposes. The broth microdilution technique is also used by some laboratories, but this method is 

less sensitive for the detection of heteroresistant MRSA isolates. The anlibiotype has been the main 

typing tool in many hospital outbreaks because the technique is widely available and 

standardized. Disc diffusion method was a good, and simplest epidemiological marker showing a 

highly significant resistant, the results is easy to interpret, and equipment are required. MRSA 

which causes nosocomial infections is among the most important multi-resistant pathogens 

worldwide7.                                                                                                                                

According to the measurements and principles of Kirby-Bauer and NCCLS criteria, the overall 

antibiotic sensitivity of S. aureus isolates in our study was 8.5%, and they were low sensitive to co-

trimoxazole, rifampicin, clindamycin, tetracycline, erythromycin, cephalexin, and resistant to 

other antibiotics selected. Therefore, the MRSA is now practically resistance to antibiotics used 

in this study, and this was due to abuse of antibiotics. Also clinical examination in Sudan is not 

always supported by culture and sensitivity testing and this leads to inappropriate diagnosis of 

infections.                                                                                                                                                                      

Vancomycin has become the drug of choice for treatment of staphylococcal nosocomial infections. 

Nosocomial infections or colonization due to enterococci with high-level resistance to vancomycin 

was first reported in 1989 in England. Both vancomycin-resistant enterococci (VRE) and MRSA 

share a similar feature, and they possess a conjugative transfer of the resistant gene between 

them. Recent reports, however, described that some clinical strains of MRSA have reduced 

susceptibility to vancomycin. Such strains are prevalent in USA, France, United Kingdom, Spain, 

Hong Kong and Korea; and they are designated as Vancomycin-Intermediate S. aureus (VISA)8.                                                                                                                                                                                                                                                                                                                                                      

Investigation of MRSA outbreak in nosocomial settings often requires strain-typing data to verify that 

the isolates belong to the outbreak and discriminate strains. Quick and reliable typing methods are 

required to obtain information on the relatedness among MRSA isolates and to allow faster 

implementation of appropriate control measures.                                                                                                                                      

From this study we could recommend that attempts to control the spread of MRSA in Khartoum 

hospitals should continue, with reinforcement of hygienic precautions and infection control      
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measures. Hospitals also should develop policies to restrict the use of antibiotics and establish 

monitoring systems for rapid identification of epidemics and determination of factors responsible 

for spread and colonization of infectious agents to allow faster implementation of appropriate control 

measures.                                                                                                                                                                 

Conclusion: The incidence of MRSA in Sudan is still low as compared with that in many other 

countries. However, spread of vancomycin resistance and other antibiotics among MRSA is 

fearfully existence.                                                                                      
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