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Abstract                                                                                                                                                                                                    
Objective: To detect mec A gene associated with methicillin-resistant Staphylococcus aureus 

isolated from fingertips of health-care workers in intensive care units in Khartoum State.                                                                                                                                             

Background: Staphylococcus aureus is one of the major causes of both community and hospital 

acquired infections. This is because of production of numerous enzymes, toxins, including super 

antigens that cause unique disease entities such as toxic-shock syndrome.                                                                                                                                           

Materials and methods: Fingertips print were taken from 102 health-care workers. Each 

participant was asked to wash his hands and to touch the surfaces of a blood agar and a Maconky 

agar. The samples were cultured and isolates were identified and antibiotic sensitivity testing was 

performed. Polymerase chain reaction was conducted to detect mec A gene on methicillin-

resistant Staphylococcus aureus.  

Results: 101(59.8%) strains of Staphylococcus aureus were isolated, from which 32 (19%) were 

found methicillin resistant mec A gene was detected in 41% of them. This was followed by 

Bacillus spp.(20.7%), Acinetobacter (7.1%), coagulase negative Staphylococcus aureus (4.7%), 

Pseudomonas aeruginosa (4.1%), and Klebsiella aerogenes (3.6%). Regarding antimicrobial 

susceptibility pattern there were 3 Staphylococcus aureus and 33.3% Klebsiella aerogenes 

vancomycin resistant.                                                                                                                         

Conclusion: Hands of health care workers in the intensive care units were colonized with 

multidrug resistant Staphylococcus aureus. Polymerase chain reaction was used to detect mec A 

gene responsible for antimicrobial resistance; and the was an association between 

Staphylococcus aureus and health-care workers in intensive care units.                                                           
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Introduction                                                                                                                                                       

Methicillin-resistant Staphylococcus aureus MRSA is a species of S. aureus that is resistant to 

the sub-group of beta-lactam antibiotics. The resistant caused by genetic changes due to exposure 

to antibiotic therapy. Genotypes examination for MRSA resistance has been conducted to know 

antibiotics resistance gene such as mecA which is a gene found in bacterial cells and allows them 

to be resistant to antibiotics such as methicillin, penicillin, and other penicillin-like antibiotics1.  
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The bacteria strain most commonly known to which is present in some of MRSA strains and is 

known to encode penicillin binding protein 2a (PBP2a), mecA gene within range of a particular 

chromosome in Staphylococcal Cassette Chromosome (SCCmec). PBP2A has a lower affinity 

for beta-lactam antibiotics such as methicillin and penicillin than D-alanyl-D-alanine 

transpeptidase does, so it does not bind to the ring like structure of penicillin-like antibiotics. 

This enables trans peptidase activity in the presence of beta-lactams, preventing them from 

inhibiting cell wall synthesis2.  

the gold standard for the detection of mecA is amplification of mecA, by using polymerase chain 

reaction (PCR). As the (MRSA) is a worldwide major cause of Hospital Acquired Infections 

(HAI), the prevalence of MRSA in hospitals in different parts of the world diverse, ranging 

between 2-70%, 20% in average3. 

The prevalence rate of Methicillin Resistant Staphylococcus aureus (MRSA) ranges from 20-

80% in India4. Antimicrobial resistance emerges due to inappropriate usage of antimicrobials, 

and miss used of drugs, result in development of multidrug resistant organisms, not only in 

intensive care units and hospital, but also in community. This problem more prominent in 

developing countries5. This study was conducted to evaluate the degree of microbial 

contamination of HCWs’ hands. Because contact between the patients and heath care workers 

(HCWs) happens in the intensive care units (ICU). The serious environmental contamination that 

carried through Health care worker hands are Multi Drug Resistant Organisms (MDROs), which 

means increase the mortality and morbidity of patient hospital stay and healthcare costs, so ICU 

one of workplaces that need the highest hygiene standards. 

Such work done for hand hygiene of health care workers, to achieve and reduce transmission of 

germs and infections, which means reduction in HAIs and subsequently morbidity and mortality. 

Hospital associated infections (HAIs), Multiple Drug Resistant (MDR) organisms are 

microorganisms (predominately bacteria) resistant to more than one class of microbial agents. 

Multidrug resistant organisms (MDROs) require compliance with hand hygiene and 

contamination free surface.                                                                                                                                                 
 

Materials and methods                                                                                                                                                                                                  

This was a hospital-based, prospective cross-sectional study. It was conducted in three Sudanese                                                       

ICUs of National Center for Neurological Sciences (NCNS), Soba University Hospital, and                                                                                  

Al Akadimi Hospital (Khartoum). The duration of the study was 90 days (from 15 May to                                                                          

30 October, 2019). The study population included nurses, physicians, anesthetists, and cleaners.                                                   

Inclusion criteria were HCWs in the ICUs, and exclusion criteria were any lesion or laceration or                                                     

disease on hands of HCWs. Each participant was requested to touch the surfaces of solid blood and                                                    

Mc Conkey agar media. The sample size 102 HCWs, and the fingertips print technique was                                                         

employed during the working hours and before washing hands. The specimens were transported in                                                  

transport media to the microbiology laboratory at Soba University Hospital. Specimens were                                                        

incubated at 37°С aerobically for 24-48 hrs. Pure isolates were identified using gram stain and                                                      

biochemical reactions, i.e. catalase test, coagulase test, citrate test, urease test, indole test, oxidase                                                                                                                                                                                                                                                                                                   
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test, and Kligler's iron agar test, and lactose fermentation. Antibiotics susceptibility testing was                                                    

performed using the antimicrobial disk method recommended by the Clinical and Laboratory                                                            

Standards Institute (CLSI). Eight antimicrobial agents were used to determine the anti-biogram of                                                       

the isolated organisms according to the panel of antimicrobials  recommended by CLSI.                                                                              

The antimicrobial panel comprised: clindamycin (2ug), erythromycin (15ug), tetracycline (30ug),                                                 

gentamycin (10ug), co-trimoxazole (25ug), ciprofloxacin (5ug), vancomycin (30ug), and cefoxitin                                                      

(30ug). Kirby Bauer disk diffusion method according to gram negative panel of antimicrobials                                                     

recommended by the CLSI.  

DNA extraction: For methicillin-resistant Staphylococcus aureus, detection of mec A gene was                                                                

performed. MRSA strains isolated were cultivated in mannitol salt agar for 24hrs, then further                                                            

cultured in nutrient agar for 24 hrs. Few colonies were picked from the nutrient agar medium and                                                               

boiled in 500ul distilled water in an Eppendorff tube.                                                                                                                                

Then 2-3 colonies of MRSA were added to 100ul of lysozyme (30 mg/ml), mixed manually,                                                          

centrifuged, and incubated at 37°С for 1 hr. The mixture was centrifuged at 14000 rpm for 5min. The                                                

supernatant was discarded, the mixture was resuspended in 500ul distilled water and incubated in                                                              

a water bath at 100°С for 15 mins, and immediately freezed at -20°С for 10min. Then again incubated                                                       

in a water bath at 100°С for 15mins, immediately freezed in at -20°С for 10 min, centrifuged at 14000                                                      

rpm for 10 min, and then the supernatant was transferred to a new Eppendorff tube. 

Polymerase Chain Reaction: To detect mec A gene:                                                                                                                                 

Backward: 5′-AACGTTGTAACCACCCCAAGA-3′  and  

Forward:    5′-TGCTATCCACCCTCAAACA GG-3′                                                                                                                                  

These primers were used to amplify mec A region, and the reaction was performed in 20 ul volume 

using INtRON master mix kit. 

The volume included: master mix, one ul forward primer, one ul reverse primer, 5 ul extracted DNA                                                       

and 13 ul distilled water. The DNA was amplified in thermocycling conditions using PCR machine                                                                

(Techno, Japan) as follows:  

Initial denaturation at 94°С for 5 min, followed by 35 cycles of denaturation at 94°C for one min.,                                                                        

annealing at 62°C for one min. and extension at 72°C for one min., with a final extension at 72°C 

for 7 min. Each amplicon was run in 2% agarose gel MRSA clinical samples. 
 

                                                        Table (1): PCR universal primers sequence                                                                                                                                                                                                                   

                                                               used for the amplification of mecA gene 

 

Primers Sequence  

 
Forward 5′-TGCTATCCACCCTCAAACAGG-3′ 

Reverse 5′- AACGTTGTAACCACCCCAAGA-3′ 
 

 

Study variables: 

* Different types of isolated organism obtained from hands of HCWs. 

* Antimicrobial susceptibility pattern for the pathogenic organisms. 

* mec A gene detection for MRSA.                                                                                                                                                         
 

Ethical considerations: Approval to perform the study was granted from the Sudan Medical 
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Specialization Board, the Council of Clinical Microbiology, Ministry of health (Khartoum State),                                                          

Soba University Hospital, Al Akadimi Hospital, and the National Center for Neurological Sciences.                                                                                                                                                        
 

Results                                                                                                                                                                                        
Specimens were collected from three medical centers: National Center for Neurological Sciences,  

Al Tamuz Hospital, and Soba University Hospital. 102 HCWs were investigated: 64 nurses (62.7%),                                                            

36 physicians (35.2%), one anesthetist (0.9%) and one cleaner (0.9%). The Staphylococcus aureus                                                  

strains isolated in the study were 169 isolates (59.8%). 42 strains (97.6%) were isolated from Soba                                            

University Hospital HCWs (15 were MRSA strains), 20 strains were isolated from the National                                                      

Center for Neurological Sciences HCWs (6 were MRSA strains), and 39 strains were isolated from                                                      

Al Tamuz Hospital HCWs (11 were MRSA strains). 

Bacterial species isolated from different medical centers is shown in Table (1). 32 strains of                                                             

Staphylococcus aureus out of 101 were found resistant to methicillin (MRSA) giving a prevalence                                                                    

rate of 31.6%; and 2 out of them were vancomycin resistant.  

DNA extraction was performed for 32 samples and all were found MRSA positive. Polymerase                                          chain 

reaction (PCR) was conducted in gel electrophoresis (band 285 bp) and was found specific for mecA                                                             

gene. mec A gene was detected in 13 (40.6%) MRSA strains and coagulase negative staphylococci                                                           

was detected in 4.7% of cases. Bacterial isolates isolated from different hospitals are shown in                                                            

Table (1).                                                                                                                                                                                    
 

Discussion                                                                                                                                                                 Bacterial 

growth pattern in this study was consistent with the previous studies conducted in different clinical                                         

settings. MRSA has emerged as an important human pathogen with increasing trend of resistance                                                   

toward currently used antimicrobial therapy. Globally the prevalence rate of MRSA is heterogeneous                                                           

with varying prevalence rates. Recent studies had shown higher prevalence rate (26%-69%) indicating                                                           

the rising trend over the years. Most of the studies investigating MRSA utilized just cefoxitin and                                                            

oxacillin for screening. Compared to oxacillin, cefoxitin is a better drug to detect mecA gene in MRSA                                             

and is considered as a substitute marker. Detection of mecA gene or its product PBP2a by cefoxitin is                                      

considered as the gold standard for MRSA confirmation.                                                                                                                          

In our study, 59.8% of Staphylococcus aureus isolates were MRSA. However, other previous studies                                               

from Nepal reported low prevalence rate (<50%) of MRSA. These differences may have been due to                                        the 

length of study period, sample size, number of study sites, sample type, and the laboratory procedures                                           

utilized for estimation of MRSA.                                                                                                                                              PCR 

Assay was performed using a single set of primers for the amplification of mecA gene. 32 strains of                                                  

Staphylococcus aureus out of 101 were found resistant to methicillin (MRSA) giving a prevalence                                                                    

rate of 31.6%; and 2 out of them were vancomycin resistant. All 32 strains were confirmed to be                                                     

methicillin resistant disc diffusion susceptibility method. This finding may have resulted from a false                                                

negative PCR reaction that can arise from point mutation or deletion in mecA gene or due to the                                                                                                       

presence of inhibitors. Studies had suggested that a variety of genes regulatory elements such as fem                                           

factors (factors essential for methicillin resistance) mecI and mecR1 regulatory genes are involved in                                                      

mecA expression or repression. Cefoxitin may be used as a more reliable marker than oxacillin for                                                                                                 

methicillin resistance. In the diagnostic laboratories, detection of mecA gene confirms the MRSA                                             

strains, which has been established by previous studies from Sudan, Iraq, Saudi Arabia, India,                                                        
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Australia, Japan, and USA. Although the detection of genes had long been regarded as the gold                                                                     

standard among resistant isolates, a number of studies suggest the absence of mecA among resistant                                        

isolates. Studies had also shown that the non-mecA resistance can be caused by mecC. Additionally,                                                                  

isolates that lacked the mecA gene may show moderate methicillin resistance.                                                                                        

In our study, 31.6% of isolates were tested positive for mecA, suggesting the presence of such gene to                                     be 

crucial but not mandatory in the development of resistance. A number of intrinsic factors could play                                                      

role in developing resistance which can suppress the expression of such gene(s). In a previous study                                   

reported from Nigeria, 5 major SCC mec types, mecA, and the gene product of PBP2 were completely                                           

absent but the isolates were still phenotypically resistant, suggesting the probability of hyper                                                       

production of β-lactamase. Another study suggested the probable role of specific alterations in amino                                            

acids on protein binding cascades (PBPs 1, 2, and 3) for the development of MRSA. These alterations                                    can 

occur by both identical and non-identical substitution of amino acids, which was observed in the                                                

isolates of different sequence types by multilocus sequence typing (MLST). These studies suggested                                                    

that the mecA itself is a predominant but not mandatory factor to confer resistance in MRSA isolates;                                                

the existence of other intrinsic factors and mechanisms may explain the methicillin resistance in this                                          

bacterial species. Findings from this study suggest that the existing diagnostic tools (conventional and                                  

molecular) cannot be a standalone test for the detection of MRSA. Combination of these tools probably                                           

aids in accurately detecting the burden and trend of MRSA including in guiding the antimicrobial                                             

therapy. The findings of this study are consistent with the studies reported from India.                                                                                                                                                                                       

The findings and conclusions of this study are useful for major tertiary centers where nosocomial                                                

infections are high.                                                                                                                                                                                    

These findings can inform the antimicrobial policy for tertiary care centers including preparing the                                           

management of hospital infections, treatment protocol, and diagnostic procedure. There are few                                                      

limitations of this study that includes the shorter duration of the study, and smaller sample size and the                                              

study was conducted in a single hospital. Future studies can build on it to conduct a longitudinal study                                                      

at multiple tertiary care centers to strengthen the findings. Nonetheless, as a first study of its types                                                    

triangulating the phenotypic and molecular methods, this will be a valuable reference for future studies                                                      

on MRSA in Sudan.                                                                                                                                                                                   

This study was conducted to investigate the hand hygiene compliance of the health care workers                                                     

during their routine patient care, to determine the methicillin-resistant Staphylococcus aureus (MRSA)                                             

hand colonization of the HCWs, to investigate the effect of different hand hygiene products on MRSA                                                

colonization and to evaluate the effectiveness of chromogenic agar for detecting MRSA. HCWs were                                              

investigated during their routine patient care and hand cultures were taken before and after hand wash/                                                      

hygiene. MRSA strains grown on those cultures were confirmed with conventional methods. A total of                                                            

101 HCWs involving physicians , nurses and health care assistants, were included in the study.                                                 In 

Hand hygiene is a key component in reducing infection.                                                                                                                     

There are few reports on the prevalence of methicillin-resistant Staphylococcus aureus (MRSA) on                                             

healthcare workers' (HCWs') hands. The fingertips from all categories of HCWs were by the                                                                

imprinting of fingertips on MRSA agar plates. Overall, 32/101 (31.6%) fingertips from 101 HCWs                                                    

were MRSA-positive. High prevalence of MRSA among cardiac patients is suggestive of the medical                                              

emergency as MDR strains can lead to various extent of treatment failures, uncontrolled nosocomial                                                     

infections, and mortalities.                                                                              
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Conclusion                                                                                                                                                                                              

Hands of health care workers in the intensive care units were colonized with multidrug resistant                                     

Staphylococcus aureus. Polymerase chain reaction was used to detect mec A gene responsible for                                             

antimicrobial resistance; and the was an association between Staphylococcus aureus and health-care                                          

workers in intensive care units. These findings are in line with the international literature. Antimicrobial                                                              

resistance is also steadily growing in Italy with rates varied for different pathogens.                                                                                                                                                                                                                                    
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