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Abstract                                                                                                                          

Background: A pressure ulcer is a localized injury to the skin and/or underlying tissue, 

usually over a bony prominence, as a result of pressure, or pressure in combination with shear. A 

number of contributing or confounding factors are also associated with pressure ulcers; 

However, the significance of these factors is yet to be elucidated. Bacterial colonization may 

attack pressure ulcers and may cause serious complications that may lead to death.                                                                                                                                 

Objective: To determine the frequency rate of methicillin-resistant Staphylococcus aureus 

isolated from bed sores in hospitalized patients in Khartoum State (Sudan).                                                                                                                                       

Materials and methods: This study was conducted to estimate the frequency rate of methicillin- 

resistant staphylococcus aureus (MRSA), during the period from December, 20 13 to March, 2014. 125 

specimens of pressure ulcer wound swabs were collected from patients with pressure ulcers at Khartoum  

Teaching Hospital, Soba University Hospital, Khartoum North Teaching Hospital, Omdurman Teaching 

Hospital, and Military Teaching Hospital. The specimens were investigated using microbiological 

techniques to isolate the bacteria species colonizing the pressure ulcers. MRSA strains were isolated and 

purified, and further they were tested with the polymerase chain reaction (PCR) technique using specific 

primers, to detect the genes responsible for the resistance of methicillin (oxacilin) developed by 

Staphylococcus aureus strains.                                                                                                          

Results: A total of 125 specimens were investigated. The isolated organisms were 73 (57.9%) 

Staphylococcus aureus (S. aureus) and 52 (41.3%) were gram negative bacilli. MRSA were 

46.5% of S. aureus and 27.2% of total sample size. Only 8.8% of MRSA isolated were positive 

by PCR using specific primers.   

Conclusion: Frequency rate of MRSA was high in pressure ulcers, and antibiotics bacterial resistance 

was continuing to increase in clinical practice.   
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Introduction                                                                                                                                                                   
 

The incidence rate of pressure ulcers varies greatly with the health care settings. The incidence  
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 rate ranges from 0.4% to 38% in hospitals, 2.2% to 23.9% in skilled nursing facilities, and 0.0 % to 

17% among home health agencies. There is sufficient evidence that the majority of pressure ulcers 

occur relatively early in the admission process. For patients in hospital, pressure ulcers can occur 

within the first 2 weeks. With the increased acuity of elderly patients admitted and decreased lengths 

of stay in hospital, new data suggest that 15% of elderly patients will develop pressure ulcers within 

the first week of hospitalization. For those elderly residents admitted for long-term care, pressure 

ulcers most likely develop within the first 4 weeks of admission. Mortality is also associated with 

pressure ulcers. Several studies noted mortality rates as high as 60% for older persons with pressure 

ulcers within 1 year of hospital discharge. Most often, pressure ulcers do not cause death; rather the 

pressure ulcer develops after a sequential decline in health status. Thus, the development of pressure 

ulcers can be a predictor of mortality. Studies further suggested that the development of skin  

breakdown post-surgery can lead elders to have major functional impairment post-surgical 

procedure1.                                                                                                                                                                                                       

Multiple studies of the prevalence and incidence rates of pressure ulcers had been conducted, 

showing an incidence rate of pressure ulcers in the ICU ranges from 10% to 41 %2.                                

Pressure ulcers occur when soft tissues (most commonly the skin) are distorted in a fixed manner 

over a long period. This distortion occurs either because the soft tissues are compressed and/or 

sheared between the skeleton and a support, such as a bed or chair when the person is sitting or 

lying, or because something is pressing into the body, such as a shoe, surgical appliance or 

clothing. Blood vessels within the distorted tissue are compressed or stretched out of their usual 

shape and blood is unable to pass through them. The tissues supplied by those blood vessels 

become ischemic3
 .  

It is important to understand that the application of pressure in itself does not cause damage. Although 

the external pressures can be extremely high, they do not cause tissue distortion because they are 

uniform. It is only when pressure becomes non-uniform and pressure gradients occur between adjacent 

areas of tissue that distortion occurs and the potential for pressure damage arises.  
 

 

Materials and methods                                                                                                                     
 

This was a descriptive cross-sectional study conducted in Khartoum Teaching Hospital, Soba 

University Hospital, Khartoum North Teaching Hospital, Omdurman Teaching Hospital, and 

Military Teaching Hospital. The study population included were known stage two (partial-

thickness skin loss) and higher pressure ulcer patients. The study was conducted during the period 

from December to April, 2014. The data was collected using direct interview questionnaire. The 

sample size was 125 wound swabs collected from pressure ulcer patients. The study was based on 

non-probability convenience sampling technique when the patients were attending the hospitals 

for medical care. Permission to conduct the study was taken from the College of Graduate 

Studies at the University of Khartoum and the Ministry of Health (Khartoum). The patients were 

informed for the purpose of the study before collection of the specimens, and verbal consent was 

taken from each participant.                                                                                                                                                      
The wound swabs were taken by a well-trained nurse or a laboratory technologist. The swabs were 

taken from the ulcer before dressing and after washing with sterile warm normal saline under aseptic 

techniques. Two sterile swabs were used: one for culture and the other for direct staining. The swabs 

were moistened with saline solution and rotated over a one cm square area of granulation tissue with 

sufficient pressure to force out the fluid from the wound tissue. The whole ulcer surface was swabbed       
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specially from purulent, blood- stained, and inflamed area.                                                                      

Isolation and identification: The culture media used in the study were: blood agar enriched 

medium for detecting β-hemolytic strains of Staphylococcus aureus, Colombia agar base (Oxoid Ltd, 

Basingstoke, Hampshire, England), Mac Conkey agar differential medium without salt (Oxoid Ltd, 

Basingstoke, Hampshire, England) for detecting lactose fermenting strains of Staphylococcus 

aureus, and mannitol salt agar(selective and differential) for identification of Staphylococcus aureus. 

All these media were incubated aerobically at 35°-37° C up 48 hours. Direct and indirect Gram stain 

was performed to focus on finding gram positive, cluster cocci. Biochemical testing was performed by: 

catalase test to detect the catalase enzyme, coagulase test (slide and tube methods) to detect the 

bound coagulase enzyme, deoxyribonuclease test (Dnase test) to detect the deoxyribonuclease 

enzyme that was produced only by Staphylococcus aureus,                                                                                

Antibiotic susceptibility testing: After culture the organism is inoculated on Mueller Hinton medium 

using 0.5 Mc Farland turbidity standard. The discs applied were: oxacillin, vancomycin, amikacin,  

rifampacin, and fusidic acid. Plates were incubated aerobically at 35°-37° C up to 24 hours.  

After incubation the zone of inhibition was measured.                                                                                          

Molecular techniques:  Staphylococcus aureus DNA extraction was performed by the phenol, 

chloroform extraction technique. This technique would remove proteins from nucleic acid samples in 

which DNA is isolated and concentrated in aqueous solution of the phenol chloroform extraction, 

followed by ethanol precipitation.                                                                                                                             
Primer design: To detect the methicillin resistant genes, the following primers were used:                                        

* MecA-1551: F(GCACTCGAA TT AGGCAGT AAGA)                                                                                                                        

*MecA-1929 : R(GAGTTCTGCAGT ACCGGA TTT)                                                                                                     

The following reagents were used for the standard PCR reaction: Template DNA, standard Taq reaction 

buffer, dNTP, forward primer, reverse primer, Tag DNA polymerase, and nuclease-free water.                                

The reagents were gently mixed, and quick spanned. Then the PCR tubes were transferred from ice to  

PCR machine and the block was preheated to 95°C and thermocycling is started for 5 cycles to amplify 

the DNA. The amplified DNA was then analyzed on an agarose gel electrophoresis machine to read the 

DNA products. The considered positive band size was 370. Negative result was considered when no 

bands appear against the ladder.  
 

Results                                                                                                                                                                    
 

Out of the 125 pressure ulcers samples investigated, 60 patients (47.6%) were males, and 65 

patients (51.6%) were females. All samples were cultured to evaluate the colonization of 

methicillin-resistant Staphylococcus aureus. 73 samples (57.9%) yielded S. aureus and 52 

samples (41.3%) yielded Gram negative bacilli.                                                                                                            

All S. aureus species were cultured on Mueller-Hinton medium using 0.5 Mc Farland turbidity 

standard. The antibiotics used to perform susceptibility testing to detect MRSA strains were 

oxacillin, vancomycin, amikacin, rifampacin and fusidic acid. 34 (46.5%) of the Staphylococcus 

aureus species tested were methicillin resistant; and 6 species (17.6%) were vancomycin 

resistant.                                                                                                                                                                   

The DNA extraction of the MRSA species was performed to detect the gene responsible for the 

resistance of methicillin (oxacillin) by Staphylococcus aureus. Only 3 species (8.8%) out of the 

34 MRSA tested were found positive by PCR technique.                                                                          

The antibiotic susceptibility testing showed that the most effective antibiotic (82.3%) against the  
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MRSA species isolated was vancomycin, followed by amikacin (73.5%), fusidic acid (55.8%), 

and rifampacin (52%).   

 

Table (1): Zones of inhibition of antibiotics tested against MRSA species  
 

Antibiotics  Concentration Resistant  Intermediate Sensitive 

Methicillin  5 mg ≤ 13 mm 14-17 mm ≥ 18 mm 

Vancomycin 30 mg --- --- ≥ 15 mm 

Fusidic acid 30 mg --- --- 26-37 mm 

Rifampicin 5 mg ≤ 16 mm 17-19 mm ≥ 20 mm 

Amikacin  10 mg --- --- 16-23 mm 
 

Discussion                                                                                                                                              
 

Staphylococcus aureus is an important pathogen in human infections and is implicated in a wide 

variety of infections, from mild skin infections to more serious and invasive infections, including 

septicaemia, pneumonia, endocarditis, deep-seated abscesses, and toxaemia including food 

poisoning and toxic shock syndrome. Bed sore infections by Staphylococcus aureus is a known 

predominant cause of nosocomial infection, resulting in considerable morbidity and mortality in 

tropical Africa. Data on MRSA infection especially for bed sore are highly limited in Sudan and 

other tropical African countries. The 57.9% positive Staphylococcus aureus observed in this study is 

higher than the 8.8% prevalence rate in deep-seated recurrent genital ulcers reported in Nigeria and 

the 10.7% prevalence rate in wound infections in Iran4.                                                                                        

The 57.9% prevalence rate of Staphylococcus aureus reported in the present study may depict the 

level of Staphylococcus aureus carriage and may be attributed to the degree of contamination arising 

from the conduct and habits of some volunteers to treat their wounds aseptically before seeking 

appropriate medical care. It may also be due to absence of personal hygiene and poor health 

education which still persists in Sudan compared with Nigeria and Iran.   

In the present study and out of 27.2% MRSA positive isolates, 60 (47.6%) were male patients 

infected with S. aureus; and it was less than the 65 (51.6%) positive isolates in females.                                                       

In this study, the prevalence rate of MRSA among S aureus isolates due to bed sore infection  

was found to be 8.8%. This prevalence rate was less than the (26.9-29.6%) prevalence rate reported 

in USA, Middle East, and other selected African hospitals5.                                                                                     

This difference may show that the level of awareness and control measures adopted in Sudan against 

MRSA prevalence are not comparable to the standards applied elsewhere. This may explain the 8.8% 

prevalence rate of MRSA detected in bed sores infected with S. aureus in Khartoum hospitals. 

According to various reports the population at risk to MRSA infection are patients who have recently 

been hospitalized (within the past year), and patients in long-term health care facilities (nursing 

homes and dialysis centers)6.                                                                                                                                   

Medical conditions that weaken the immune system (AIDS and cancer) and increase the risk for 

MRSA may include recent invasive medical procedures (surgery, catheterization, dialysis), and 

recent use of antibiotics. Health care workers (nurses, physicians) and people who are in close  
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contact with health care workers are also at increased risk for developing MRSA infections.               

Children also have a higher risk for infection, possibly because of their undeveloped immune 

systems. It appears there is a decline in the overall ability of different healthcare settings to stop or 

reduce the spread of MRSA to the minimum. In developing countries, it has always been contended 

that the inappropriate use of antibiotics for community infections may increase the prevalence rate of 

resistant bacteria infection, including MRSA7.                                                                                                              

Therefore, the use of two mechanisms to control the spread of MRSA could reduce the burden of bed 

sore infection with MRSA in Sudan. First, the number of surgical patients who are colonized before 

surgery would be reduced, decreasing the likelihood of an inadequate antimicrobial prophylaxis 

choice in those settings where preoperative screening for MRSA colonization is not done, e.g. using 

a β- lactam agent for a patient with unrecognized MRSA colonization. Second, for those patients  

who are not colonized with MRSA prior to surgery, successful control of transmission would 

reduce the risk of acquiring it from an external source during or after surgery8.                                                                             

To sum up, S. aureus is highly prevalent in surgical-site infections in Khartoum hospitals. 

MRSA is (8.8%) prevalent among the study population. Methicillin resistant Staphylococcus 

aurous is a very dangerous organism facing bed ridden patients. The MRSA screening test 

performed in this study was compared to the PCR gold standard, and was able to rapidly and 

accurately determine the presence of methicillin resistance mediated by the mec A gene. Hence 

there a need for new antibiotic agents that can be used against multi-drug resistant organisms.                                                                                             

Recommendations: This study has opened a broad research horizon that will enable future 

researchers to investigate the source of MRSA, the link between MRSA acquisition and various 

factors like age, sex, occupation, ethnicity, geographical location, hospitalization, antibiotic 

usage, surgery and distinction between community-acquired MRSA and hospital acquired 

MRSA. Based on this study, our recommendations are: more research in large sample size, 

routine culture of swabs collected from pressure ulcers. Nevertheless, pressure ulcer can be 

avoided by mobility and use of wound cleanliness and antiseptic measures.                                                                                                                                      

Conclusion: Frequency rate of MRSA was high in pressure ulcers, and antibiotics bacterial 

resistance was continuing to increase in clinical practice.   
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