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Frequency of MecA gene and Susceptibility Pattern in Airborne 

Methicillin Resistant Staphylococcus aureus Isolated from Different 

Hospitals in North of Jordan. 
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Summary:  

Methicillin-resistant Staphylococcus aureus (MRSA) is seen with increasing frequency in hospitals and 

considered as a major cause of hospital acquired infection. Our objective is to evaluate the presence of 

airborne MRSA in the operating theatres (OT), intensive care units (ICU) and nursery intensive care 

units (NICU) of six Hospitals, North of Jordan, their susceptibility to different antibiotics and their 

analysis for the presence of methicillin resistant gene (mecA) by PCR. Thirty four air samples of 100 

liters volume/min were collected by a microbiological air sampler from the above units during the 

period June-December/2005. Air samples were impacted on trypticase soy agar (TSA) then incubated 

at 37 °C for 48 h. Each bacterial colony appeared on agar plates were sub-cultured on TSA or blood 

agar with incubation at 37 °C for 24-48 h, and then identified by standard methods. From all S. aureus, 

17.2 % were identified as MRSA which comprised 5.8%, 3.9% and 7.5 % in the ICU, NICU and OT, 

respectively. MRSA isolates were remarkably susceptible (>80%) to each of amikacin, 

chloramphenicol, imipenem and rifampin. MRSA isolates were shown in all units with MIC value 

between 4 to >256μg/l in hospitals units. PCR analysis of 96.8 % MRSA isolates indicated the 

amplification of the mecA gene with size band of 220 bp.  
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Introduction:  

The presence of airborne microorganisms 

within the indoor environments of hospitals is 

of increasing concern with respect to many 

acute diseases, infections, allergies, and types 

of microorganisms.
1,2

 Different types of Gram 

positive cocci were reported to be transmitted 

in hospital environments though the air and 

cause the infection of the patients. They 

include methicillin-resistant Staphylococcus 

aureus (MRSA), coagulase-positive 

staphylococci and beta-hemolytic 

streptococci.
3,4

   

 

Methicillin-resistant Staphylococcus aureus 

(MRSA) is of a special concern because they 

are resistant to numerous antibiotics and 

associated with community-acquired infection 

and considered as a major nosocomial 

pathogen that can have serious consequences 

in terms of increased patient mortality, 

morbidity, length of hospital stay and overall 

costs.
5,6

 MRSA was isolated from hospital air, 

medical equipment and devices
7-9

 it also has 

been reported in ICU, NICU and OT especially 

in cases where MRSA has colonized the 

respiratory tract of patients and carriers and 

transmission among persons within hospitals 

or the community.
10-12

 MRSA was found to 

comprise 16 % of all bacterial isolates sampled 

from the air of hospitals
11

 and 12.98% from all 

isolated bacteria from air of ICU.
13

   
 

Most MRSA resistance commonly
 
mediated by 

the mecA gene which is chromosomally 

encoded. mecA is a large element called a 

resistance island that is only rarely transferred 

horizontally from one organism to another 

because of its size and complexity. Harboring 

mecA gene is not sufficient
 

for methicillin 

resistance; some S. aureus (<2%) strains 

containing
 
the mecA gene are susceptible to 

methicillin.
14,15

 The mecA
 

gene is widely 

distributed in both coagulase positive and 

coagulase
 
negative staphylococci, is carried on 

a transposon, and appears
 
to integrate into a 

single site in the staphylococcal chromosome
 

along with an additional 30 kb of DNA, the 

mec locus.
16

   
 

Identification of MRSA by molecular methods 

is widely used and based in general on the 

detection of S. aureus specific gene target the 

mecA gene.
17
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Several methods have been used to identify 

and detect the MRSA isolates including the 

1µg of oxacillin disk diffusion test, agar plate 

screen, the micro broth dilution and 

Epsilometer test (E-test) to evaluated MIC and 

polemerase chain reaction (PCR) amplification 

of mecA gene. For typically detection of 

MRSA isolates, most of these methods include 

media supplemented with NaCl.
18,19

  

This article reports the findings of a study on 

the measurements of airborne Gram positive 

cocci present in the indoor environments of the 

operating theatres (OT), intensive care units 

(ICU) and nursery intensive care units (NICU) 

of six Hospitals, North of Jordan. In addition 

the presence of airborne MRSA in the above 

units, their susceptibility to different antibiotics 

and their content of mecA gene were evaluated.  

 

Materials and Methods:  

Collection of air samples 

During the period between June to December 

/2005, a total of 258 air samples were collected 

from operating theatres (OT), intensive care 

units (ICU) and nursery intensive care units 

(NICU) of six different hospitals serving a 

population of about 1.3 million. 128 separated 

samples were collected from the OT, and 68, 

62 other samples were collected from the ICU 

and the NICU, respectively. Each air sample 

was collected manually or by a microbiological 

air sampler (M.A.Q.S.II-90)/ OXOID, UK) 

that holds 90 mm Petri dishes within an 

autoclavable anodized aluminum head of 380 

holes. The sampler was set at an air-sampling 

rate 100 L/min for two minutes per sample. 

Duplicated air samples were collected from 

each visit at different sites of each unit with a 

one m elevation from the floor (i.e. the same 

level of the patient’s bed). Samples from the 

OT were collected before the operation when 

the room is empty. 

Sample processing 

After impacting the air samples on Trypticas 

Soy Agar (TSA) media plates, they were 

transported to the laboratory and immediately 

incubated at 37 °C for 48 h to determine the 

total Gram positive cocci bacterial count. 

Diversity and total counts of bacteria on TSA 

plates were recorded by using the colony 

counter (560, Suntex, Labolan). 

 

Bacterial identification 

Based on Gram stain results, each Gram 

positive cocci bacterial colony was sub-

cultured under aseptic conditions on different 

culture media for isolation pure form, 

identification, and testing the susceptibility of 

the isolates for common used antibiotics.  The 

culture media that have been used were: blood 

agar with 5-7% defibrinized blood, Mueller-

Hinton agar, mannitol salt agar, and nutrient 

agar. All of the above agar or broth media were 

obtained from Oxoid Company, UK. 

 

Identification of Staphylococcus aureus  

Identification of Staphylococcus was based on 

the catalase test which was performed to the 

standard methods (20) and on the morphology 

of colonies. They can grow on mannitol and 

their coagulation of plasma indicates positive 

results of coagulase production especially for 

S. aureus.  

Antimicrobial susceptibility test 

Plates and inoculums preparation 

Test organism from isolated culture was 

activated by inoculation into Mueller-Hinton 

broth or trypticase soy broth (Oxoid, UK) then 

incubated at 37 °C for 24 h. Turbidity of 

organisms in the broth was adjusted to be equal 

to or greater than 0.5 McFarland turbidity 

standards (1.5 x 10
8
 cfu/ml). Mueller-Hinton 

agar plates and 0.5 McFarland standards were 

prepared according to the recommendation of 

Kirby-Bauer disc diffusion procedure (Bauer et 

al., 1966) and NCCLS.
21

 The test organisms 

were homogeneously inoculated by a sterile 

cotton swab on the surface of two freshly 

prepared Mueller-Hinton agar plates. Plates 

were incubated at 37 °C for 24 h.  

Application of disks and incubation 

Eighteen different antibiotic discs (Oxoid, UK) 

(Table 1) were used for susceptibility test of 

Staphylococcus aureus. Antibiotic disks were 

applied to the agar surface under aseptic 

conditions. Plates were then inverted and 

incubated at 35°C for 16-18 h. The results of 

susceptibility test (inhibition zone diameter) 

for each isolate were measured in (mm) and 

interpreted according to NCCLS standards on a 

special data sheet.   

Identification of methicillin resistant S. 

aureus (MRSA) 

The isolated MRSA were confirmed by widely 

used standard methods including the positive 

coagulase reaction and growth on mannitol salt 

agar for isolation S. aureus, disk diffusion (1 

μg oxacillin and cefoxitin 30 μg) on Mueller 

Hinton agar and E-test.
22

 Any bacterium 

identified as coagulase positive Gram positive 

cocci and was able to ferment mannitol by 

growing on mannitol salt agar was described as 

S. aureus. Methicillin resistant S. aureus 

(MRSA) was detected from all isolated S. 
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aureus by the inoculation of the tested 

organisms on 4% NaCl Mueller-Hinton agar 

and then a disc of Oxacillin (OX, 1 μg) and 

cefoxitin (FOX, 30 μg) was applied to the 

plates. The inoculated plates were incubated at 

37 °C for 24 h, the diameter of the inhibition 

zone around the Oxacillin disc was measured. 

The results were interpreted according to 

NCCLS standards on a special data sheet.
22

    

 

E- Test method 

The E-test method was performed according to 

Carolyn et al., (1994) on Mueller Hinton agar 

plates.
23

  

Handling and applying of E-test strips 

E-test strip (AB Biodisk/Sweden) was applied 

to the central of the inoculated agar plates by a 

sterile forceps with complete contact with the 

agar surface and the MIC scale facing 

upwards. The plates were incubated at 37 °C 

for 24 h then the MIC was visually observed 

by detection of the inhibition ellipse intersects 

the scale (Fig. 1). The results of MIC of 

oxacillin and susceptibility were reported 

according to NCCLS (2005). 

Detection of mecA gene by PCR 

Growth conditions  
All of the 31 MRSA isolates were cultured on 

nutrient broth (Oxoid) at 37 C with shaking at 

140 rev min
-1

 for 24 h. Purity of the cultures 

was confirmed by plating 0.1 ml from the 

broth on TSA plates and incubated at 37 °C for 

48 hours. 

Extraction of genomic DNA frommethicillin-

resistant Staphyolococcus aureus (MRSA) 

isolates.  

Genomic DNA extraction was conducted using 

Wizard Genomic DNA Purification Kit 

(Promega, USA). One ml of a 24 h broth 

growth was used. All DNA manipulation, 

handling and PCR work was conducted using 

DNase, RNsae-Free barrier tips.
24

  

Estimation of the purity and quantity of the 

extracted DNA.  

The isolated DNA was checked for purity and 

quantitated by spectrophotometric method.
25

 In 

each extraction group one sample (selected 

randomly) was extracted twice, and was used 

in the estimation process. One sample (50 l) 

was diluted in 950 l TE buffer and measured 

at 260 and 280 nm wavelengths (Genesys 2, 

Milton Roy, USA). The readings at 260 nm 

were used to calculate the DNA concentration 

in the original sample, where 1 OD 

corresponds to 50 g/ml of double-stranded 

DNA. The ratio between the readings at 260 

nm and 280 nm (OD260 /OD280) was used to 

estimate the purity of the DNA. 

Primers for detection of mecA gene (mecA).  

Two primers (Operon Technologies, USA) 

were selected,
22,24

 were used in the PCR study. 

These primers were forward primer (mecA1) of 

15 mer long: 5´-GCAATCGCTAAAGAA-3´, 

and reverse primer (mecA2) of 20 mer long: 5´- 

GGGACCAACATAACCTAATA-3´.  

PCR amplification 

Amplification reactions were performed in 

volumes of 20 µl containing 7.76 µl of master 

mix (Promega, USA), 0.9 µl of each forward 

and reverse primer (200 pmol/µl), 10.24 µl 

nuclease free water and 2 µl of template DNA. 

PCR amplification was carried out in 0.2 ml 

thin walled, nucleases free water PCR tubes 

(Treff lab, Switzerland) using iCycler 

theromocycler (Bio-Rad, USA) programmed 

as followed: initial denaturizing step at 94°C 

for 3 min for the first cycle, 94 °C for 10 sec 

and 53 °C for 20 sec for the next 30 cycles, and 

72 °C for 5 min in the last cycle. After that, the 

tubes were held at 4 °C for direct use, or stored 

at -20 °C.  

Electrophoresis and photography 

Electrophoresis was carried out at 100 Volts 

for 1.5 hours. The size of the PCR products 

were estimated using 100 bp DNA ladder 

(Promega, USA) and viewed on 2% agarose 

(Promega, USA) in 1X TBE buffer and 

detected by staining with ethidium bromide 

(EB) (Acros Organic, USA) at 0.5 µl ml
-1

 final 

concentration. DNA bands containing-gels 

were viewed using Gel Doc (Bio-Rad, USA) 

and photographed using the same instrument.  

 

Results and Discussion:  

In this study bacterial count and diversity were 

variable with wide range in OT, ICU and 

NICU between the different hospitals this may 

due to many factors including the number of 

visitors, cases of patients, opened doors and 

the amount of material brought from outside, 

such as flowers and fruits.
1,2,26

 These were 

recognized as sources of hospital 

contamination.
27

 Bacterial counts in OT were 

less than ICU and NICU. This is due to the 

high sanitary standards in OT, as compared to 

other hospital areas.   

Diversity of bacteria is usually related to the 

count. In this study the bacterial diversity was 

similar in units of each hospital. Ross & 

Menezes (2004) approved that the high 

microbial biodiversity is associated with high 

temperature and relative air humidity that 

favors microbial growth.
28
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The results of cultured sample identification 

show three major groups of bacteria were 

Gram positive cocci (91 %), Staphylococcus 

was the most isolated Gram positive cocci 

bacteria (78%) in all units; of which S. aureus 

comprised of (36.2%) of all isolated 

Staphylococcus and (28%) of all Gram positive 

cocci bacteria, MRSA was comprised of 4.8 % 

from all isolated Gram positive cocci bacteria 

and 17.2 % from all isolated S. aureus (Table 

2). That can be explained by the ability of 

Staphylococcus spp. to survive relatively well 

in the air compared to many bacteria.
1,27

 The 

markedly high percentage of the isolated Gram 

positive bacteria in NICU may be related to the 

high number of visitors in summer and to the 

outdoor contamination. In addition the results 

can be related to the different factors such as 

human activities, number of visitors and the 

number of operations.
11,29

   

Antimicrobial susceptibility profiles 

The different antibiotics that are commonly 

used in Jordan were evaluated against all S. 

aureus and MRSA isolates by disc diffusion 

method (Table 1). S. aureus isolates were 

resistance to cefoxitin 33.1%, oxacillin 40%, 

azithromycin 70%, clarithromycin 50.9% and 

erythromycin 58.2% (Table 1). These results 

are consistent with results reported by Shehabi 

& Baadran (1996). However, they showed a 

remarkable susceptibility (≥ 80%) to amikacin, 

amoxicillin, ampicillin, cefaclor, cefuroxime, 

chloramphenicol, ciprofloxacin, gentamycin, 

imipenem, penicillin, rifampin and tetracycline 

(Fig. 2). This means that these are acceptable 

alternative antibiotics used for S. aureus 

infection treatments.
30

    

Distribution of methicillin-resistant 

Staphylococcus (MRSA) 

Methicillin-resistant Staphylococcus (MRSA) 

was isolated from the hospital units and 

identified based on the ability of S. aureus to 

resist oxacillin (OX) and cefoxitin (FOX). 

MRSA was isolated from the environment of 

ICU,
12,13

 NICU (10, 31) and from OT.
3,7

   

From all S. aureus, 17.2% (31/180) of them 

were identified as MRSA because they 

completely resist both antibiotics (oxacillin 

and cefoxitin) (Table 2). MRSA comprised of 

43.7%, 22.9% and 33.4% in the ICU, NICU 

and OT from total isolated S. aureus, 

respectively. Shehabi and Baadran (1996) 

reported that MRSA comprised of 42 % of 

total isolated S. aureus from Jordanian ICU 

patients. Other studies reported MRSA 

comprised of 40-50 % and 42 % of total 

isolated S. aureus in hospital patients and 

hospital staff, respectively,
27

 and 38 % in those 

hospitals with more
 
than 500 beds.

10
 The high 

percentages of MRSA in OT and ICU than the 

other units were correlated with the excess use 

of disinfection process antibiotics and patient 

infection.
10,32-34

  

Data indicated that MRSA isolates are 

remarkably susceptible (>70%) to each of 

amikacin, ampicillin, chloramphenicol, 

ciprofloxacin, gentamycin, imipenem, rifampin 

and tetracyclin (Fig. 2). This pattern of 

susceptibility is similar to the results of other 

studies.
30,32,33

  

When E-test method was carried out for the 

methicillin-resistant Staphylococcus (MRSA) 

isolates, data in table 3 indicated that the MIC 

value of the MRSA isolates was ranged from 4 

to >256 μg/l in all studied units. The high 

resistant MRSA percentage (> 256) was 

present in ICU isolates 63.6% (7/11) isolates. 

While, the percentage of high resistant MRSA 

in OT and NICU was 15.4 % (2/13) and 14.3 

% (1/7), respectively. The results presented 

here are similar to that of Merlino et al., (2002) 

which may be associated with increased 

expression of multiple antibiotic resistance 

genes.
35

   

PCR study for mecA gene  

A Total of 31 coagulase positive MRSA 

isolates (table 3) were tested for the presence 

of mecA gene. A DNA fragment of 220 bp was 

amplified from DNA of all of the tested MRSA 

isolates (Fig. 3). When the presence of the 

mecA gene is correlated with the resistance 

level in the aerosol isolates of S. aureus and 

the MIC of oxacillin and cefoxitin data 

indicated that one (3.2%) of 31 methicillin-

resistant S. aureus was classified as mecA gene 

negative S. aureus according to Merlino et al,
35

 

this negative detection is due to 

hyperproduction of type A β-lactamase. When 

the E test was correlation with PCR pattern of 

the mecA gene and the susceptibility to 

Oxacillin, data indicated that 30 isolates 

(96.8%) were positive for the mecA gene 

which is similar to the results reported by.
32,34-

37
 

Therefore, continuous monitoring and control 

of MRSA in hospital environments, carriers 

and patients, and scientific using of 

antimicrobial drugs and disinfection process 

are recommended.  
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Tables and figures: 

Table 1: Antibiotic panel used for S. aureus and methicillin-resistant Staphylococcus aureus 

(MRSA) and the percentage resistance of these bacteria to different antibiotics. 
 

Antibiotic Symbol Concentration (ug) S. aureus MRSA 

Amikacin AK 3 3.5% 12.9% 

Amoxicillin AX 25 9.4% 51.6% 

Ampicillin AM 10 11.3% 16.1% 

Azithromycin AZM 15 70% 86% 

Cefaclor CEC 30 7.5% 64.5% 

Cefotaxime CTX 30 20% 80.6% 

Cefoxitin FOX 30 33.1% 100% 

Cefuroxime CXM 30 15% 54.8% 

Chloramphenicol C 30 11.3% 12.9% 

Ciprofloxacin CIP 5 6.6% 16.1% 

Clarithromcin CLR 15 50.9% 51.6% 

Erythromycin E 15 58.2% 61.2% 

Gentamicin GN 10 9.4% 16.1% 

Imipenem IPM 10 4.7% 12.9% 

Oxacillin OX 1 40% 100% 

Penicillin P 10 13.2% 61.3% 

Rifampin RA 10 5.2% 12.9% 

Tetracycline TE 30 9.4% 19.4% 

Total   18 18 

 

                                          B  A 

Figure 1: E-Test Method for a resistant (A) and susceptible (B) S. aureus isolate to Oxacillin.  

 

Table 2: the distribution percentages of isolated bacteria from the total isolates. 

  *OT (%) *ICU (%) *NICU (%) *T (%) 

Gram positiveve cocci 39 25 27 91 

Staphylococcus spp 28 24.5 25.5 78 

S. aureus 10.5 8.5 9 28 

MRSA 2.1 1.6 1.1 4.8 

MRSA from all isolated S. aureus 7.5 5.8 3.9 17.2 

*OT: operating theatres, ICU: intensive care units, NICU: nursery intensive care units, T: Percentage 

from the total isolated bacteria.  
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Figure 2: Antimicrobial resistance pattern of (blue) S. aureus and (MRSA) Methicillin-resistant 

Staphylococcus aureus (MRSA).  

 

 
 

Fig. 3: Agarose gel (2%) electrophoresis of PCR amplification of mecA gene from methicillin-

resistant Staphylococcus aureus (MRSA) with mecA1 and mecA2 primers. L1: 100bp DNA 

ladder, 2: negative control, 3, 4, 6: coagulase positive MRSA (positive mecA gene), 5:  

coagulase positive MRSA (negative mecA gene). 
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Table 3: the distribution of MIC values and MecA gene according to hospital units. 
 

 

E-Test/MIC value (μg/l ) 4 6 8 16 24 32 64 96 128 >256 TOTAL 

MRSA IN ICU 1 0 0 2 1 0 0 0 0 7 11 

MRSA IN OT 4 2 1 0 1 2 0 0 1 2 13 

MRSA IN NICU 0 1 0 0 2 1 1 1 0 1 7 

MecA gene psitive 4 3 1 2 4 3 1 1 1 10 30/31 
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