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One hundred clinical Staphylococcus aureus  including 57 methicillin-resistant (MRSA) and 43 
methicllin-sensitive (MSSA) isolates were analyzed for susceptibility to three aminoglycosides and for  
the presence of genes encoding aminoglycoside modif ying enzymes (AMEs). 52% of these isolates 
were resistant to 1-3 aminoglycosides, which includ ed 65% MRSA and 35% MSSA isolates. The 
aminoglycoside resistance genes were more frequentl y identified in MRSA than in MSSA isolates. The 
most frequent gene was aac(6')/aph(2")  and it was detected in 45% S. aureus  isolates which included 
52.6% MRSA and 34.8% MSSA isolates. The second prev alent gene was ant(4',4")  and it was detected in 
31% S. aureus  which included 40.3% MRSA and 18.6% MSSA isolates.  21% of S. aureus  isolates 
including 29.8% MRSA and 9.3% MSSA isolates, carrie d the  aph(3') III gene. The most frequent 
combination of genes was aac(6′)/aph(2 ′′) with ant(4',4")  in 22.8% MRSA and in 16.2% MSSA isolates. 
The second dominant gene combination was aac(6')/aph(2")  with aph(3')III  in 17.5% MRSA and in 6.9% 
MSSA isolates. The ant(4',4")  and aph(3 ′)III combination existed only in 7% MRSA isolates. The 3 genes 
coexisted in 5.3% MRSA and in 2.3% MSSA isolates. T he concordance between the presence of genes 
and aminoglycoside resistance phenotype was observe d in most MRSA and MSSA isolates. Emerging 
of isolates harboring these genes must not be ignor ed because it limits the choices in the number of 
antibiotics available to clinicians to treat staphy lococcal infections in risk patients.  
 
Key words: Staphylococcus aureus, aminoglycoside resistance genes, methicillin-resistant, methicillin-
sensitive, polymerase chain reaction, Jordan.  

 
 
INTRODUCTION 
 
Methicillin–resistant Staphylococcus aureus (MRSA) is a 
major cause of hospital and community-acquired infec-
tions (Konno et al, 1995; Kluytmans-VandenBergh and 
Kluytmans, 2006). MRSA isolates may also be resistant 
to a wide range of antibiotics including aminoglycosides 
which are often used in combination with either a β-
lactam or a glycopeptide, for treatment of serious staphy-
lococcal infections such as bacteremia and endocarditis 
(Baddour et al., 2005; Cosgrove et al., 2009; Kim et al., 
2010). The main mechanism of aminoglycoside 
resistance is drug inactivation by aminoglycoside 
modifying enzymes (AMEs) (Nakaminami et al., 2008; 
Fatholahzadeh et al., 2009) which can be plasmid-borne 
or chromosomally encoded on transposable elements 

(Byrne et al., 1990; Chambers, 1997; Ito et al., 1999; 
Vakulenko and Mobashery, 2003). The bifunctional 
enzyme, aminoglycoside-6'-N-acetyltransferase/2"-O-
phosphoryltransferase [AAC(6')/APH(2")], encoded by the 
aac(6′)/aph(2′′) gene, is the most frequently encountered 
AME in staphylococcal isolates and mediates resistance 
to gentamicin, tobramycin, kanamycin, dibekacin, 
netilmicin, amikacin and isepamicin (Byrne et al., 1990; 
Vakulenko and Mobashery, 2003). Additional enzyme 
such as aminoglycoside-4'-O–nucleotidyltransferase I 
[ANT(4')-I] encoded by ant(4′)-Ia is known to mediate 
resistance to neomycin, amikacin, kanamycin and 
tobramycin in staphylococci (Chambers, 1997; Ito et al., 
1999; Vakulenko and  Mobashery,  2003).  Resistance  to 



5260         Afr. J. Microbiol. Res. 
 
 
 

Table 1.  Primers and the anticipated sizes of the target region s for the tested genes. 
 

Target gene  Primer sequence  Size of  the target  region (bp)  

rrs ( 16S rRNA) 
5'-GGATTAGATACCCTGGTAGTCC-3' 

320 
5'-TCG TTGCGGGACTTAACCCAAC -3' 

   

aac(6')/aph (2" ) 
5'-CCAAGAGCAATAAGGGCATA-3' 

220 
5'-CACTATCATAACCACTACCG -3' 

   

aph (3') III 
5'-GCCGATGTGGATTGCGAAAA-3' 

292 
5'-GCTTGATCCCCAGTAAGTCA -3'      

   

  ant (4', 4" ) 
5'-GCAAGGACCGACAACATTTC -3' 

165 
5'-TGGCACAGATGGTCATAACC -3' 

 
 
 
 
neomycin, and kanamycin is also conferred by an 
aminoglycoside-3'-O-phosphoryltransferase III [APH(3')-
III] encoded by aph(3′)-III (Vakulenko and Mobashery, 
2003; Woodford, 2005). The acetylated, phosphorylated 
or adenylated aminoglycosides do not bind to ribosomes, 
and thus do not inhibit protein synthesis (Woodford, 
2005). AME produced by MRSA isolates can be 
determined by identifying the corresponding genes (Van 
De Klundert and Vliegenthart 1993; Schmitz et al., 1999; 
Hauschild et al., 2008). 

Development of multiple aminoglycosides resistant 
MRSA isolates was reported in different countries around 
the world (Schmitz et al., 1999; Ida et al., 2001; Choi et 
al., 2003; Nakaminami et al., 2008; Ardic et al., 2006; 
Fatholahzadeh et al., 2009; Liakopoulos et al., 2011). 
Differences in prevalence of these isolates is linked to the 
antibiotic policies applied in different countries (Schmitz 
et al., 1999; Mangeney et al., 2002). Infections caused by 
these isolates are particularly difficult to treat, often 
associated with high mortality and increased healthcare 
costs (Klein et al., 2007; Nickerson et al., 2009). There is 
currently little information on the prevalence and 
predominant types of AME genes in MRSA isolated in the 
Middle-East countries where the prevalence of MRSA is 
high (Ardic et al., 2006; Fatholahzadeh et al., 2009). In 
Jordan, the prevalence of clinical MRSA is 57% (Al-Zu’bi, 
et al. 2004) and the aminoglycosides are widely used in 
the hospitals and community in the absence of national 
antimicrobial use guidelines (Al-Bakri et al., 2005). Also, 
reports on the aminoglycoside susceptibility phenotype of 
MRSA isolates, and the prevalence and distribution of the 
aminoglycoside resistance genes in these isolates are 
lacking. Therefore, the aim of the present study was to 
provide information regarding the prevalence and 
distribution of aac(6′)/aph(2′′), ant(4', 4") and aph(3′)-III 
genes encoding the most clinically relevant AMEs in 
clinical methicillin-resistant and sensitive S. aureus 
isolates. This information is necessary to define a 
baseline for monitoring possible future increase in the 

prevalence of resistant strains and for the implementation 
of an antibiotic use policy in Jordan. 
 
 
MATERIALS AND METHODS 
 
Bacterial strains 
 
This study included 100 clinical S. aureus isolates which were 
obtained from various clinical specimens submitted to the 
microbiology laboratory of Jordan University Hospital, Amman, 
Jordan. These isolates were identified by biochemical tests. Their 
sensitivity to oxacillin was studied and the mecA gene was detected 
by polymerase chain reaction (PCR) in 57 MRSA isolates (Al-Zu’bi 
et al., 2004). 
 
 
Antimicrobial susceptibility test 
 
In vitro susceptibility of 57 MRSA and 43 methicillin-sensitive 
(MSSA) isolates to the aminoglycosides: gentamicin (Gen), 
tobramycin (Tob) and kanamycin (K) (Sigma, USA) was tested 
using the agar dilution method (Woods and Washington., 1995). 
Isolates with minimum inhibitory concentrations (MICs) of ≤4 µg/ml 
to gentamicin and tobramycin and MICs of ≤16 µg/ml to kanamycin 
were considered to be susceptible. Isolates with MICs of ≥16 µg/ml 
to gentamicin and tobramycin and MICs of ≥64 µg/ml to kanamycin  
were considered to be resistant. 
 
 
PCR detection of aminoglycoside resistance genes 
 
The aminoglycoside resistance genes in the cell lysate of the 
antibiotic resistant S. aureus isolates were detected by multiplex 
PCR (Van De Klundert and Vliegenthart, 1993) using 15 p.mole of 
each primer shown in Table 1. DNA amplification was carried out in 
GeneAmp PCR system 9600 (Perkin Elmer, USA) with the following 
thermal cycling profile: an initial denaturation at 94°C for 3 min 
followed by 32 cycles of 30 s at 94°C, 45 s at 60°C , 2 min at 72°C 
and final extension at 72°C for 7 min (Van De Klunde rt and 
Vliegenthart, 1993). The PCR products were detected in 3% 
agarose gel and band size was assessed by direct comparison with 
50 bp DNA ladder (Invitrogen life technologies, UK). S. aureus 
CECT 976 [possessing aaphA3 gene] kindly provided by the 
Spanish Type Culture Collection] and the mecA-positive  S.  aureus  
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Table 2.  Susceptibility of the clinical S. aureus isolates to the tested aminoglycosides by the agar dilution method. 
 

*S. aureus   Number 
 No. (%) of isolates resistant to ╪Aminoglycosideא

susceptibility profile 

 No. (%) aminoglycosideא
resistant isolates Gentamicin Tobramycin Kanamycin 

MRSA 57 30 (52.6) 35 (61.4) 31 (54.4) 

GenR, TobR, KR 26 (45.6) 
GenR, TobR, KS 2 (3.5) 
GenR, TobS, KR 1 (1.7) 
GenR, TobS, KI 1 (1.7) 
GenS, TobR, KR 4 (7) 
GenS, TobR, KS 3 (5.3) 

Total      37(65) 
.       

MSSA 43 14 (32.5) 14 (32.5) 13 (30.2) 
GenR, TobR, KR 13 (30.2) 
GenR, TobS, KI 1 (2.3) 
GenI, TobR, KI 1 (2.3) 

Total      15 (35) 
Overall total 100 44 (44) 49 (49) 44 (44)  52 (52) 

 

* MRSA: Methicillin Resistant S. aureus; MSSA: Methicillin Sensitive S. aureus. ╪ Abbreviations: Gen, gentamicin; Tob, tobramycin; K, 
kanamycin. R, resistant; I, intermediate; S, sensitive to the antibiotic. אThe percentage is based on the number of MRSA (57) or MSSA (43) 
isolates. 

 
 
 
ATCC 43300 [possessing aac (6′)/aph(2′′) and ant(4',4") genes] strains 
were used as positive PCR controls throughout this study.  
 
 
Statistical analysis 
 
The Z-test was used to compare the proportion of aminoglycoside 
resistance rate in MRSA and MSSA isolates. P < 0.05 was 
considered statistically significant (Johnson and Bhattacharyya, 
1996). 
 
 
RESULTS 
 
Susceptibility to the aminoglycosides  
 
The MICs of 100 S. aureus isolates to the tested 
aminoglycosides ranged from 0.25 to >256 µg/ml. A total 
of 48 (48%) isolates which included 20/57 (35%) MRSA 
and 28/43 (65%) MSSA isolates were sensitive to the 
three aminoglycosides. Fifty two (52%) S. aureus isolates 
were resistant to 1-3 aminoglycosides and included 37/57 
(65%)  MRSA and 15/43 (35%) MSSA isolates. Of the 
100 S. aureus isolates, 44 (44%), 49 (49%) and 44 (44%) 
were resistant to gentamicin, tobramycin and kanamycin, 
respectively (Table 2). The aminoglycoside resistance 
rate in MRSA was significantly (P < 0.05) higher than that 
in MSSA isolates (Table 2). One MRSA isolate was 
intermediate resistant to kanamycin (MIC= 32 µg/ml). 
Two MSSA isolates were intermediate resistant to 
kanamycin and one was intermediate resistant to 
gentamicin (MIC = 8 µg/ml). 

Multi-resistance to three aminoglycosides (GenR, TobR, 
KR) was observed in 26/57 (45.6%) MRSA isolates and 
was significantly (P <0.05) higher than that observed in 
13/43 (30.2%) MSSA isolates (Table 2). Multi-resistance 

to two aminoglycosides (GenR, TobR; GenR, KR; and 
TobR, KR) was detected in 7/57 (12.3%) MRSA and 0% 
MSSA isolates. Four (7%) MRSA and two (4.6%) MSSA 
isolates demonstrated resistance to one of the 
aminoglycosides tested (Table 2). 
 
 
PCR detection of aminoglycoside resistance genes 
 
The aminoglycoside resistant S. aureus isolates were 
screened by PCR for the presence of three genes 
encoding the most clinically relevant AMEs. The PCR 
positive isolates produced the expected 220, 292 and 
165 bp PCR products (Van De Klundert and Vliegenthart, 
1993) for aac(6')/aph(2"), aph(3')III and ant(4',4") genes, 
respectively. The prevalence of the three AME genes is 
shown in Table 3 and it was significantly (P < 0.05) higher 
in MRSA than in MSSA isolates. The most frequently 
gene was aac(6')/aph(2") and it was detected in 45 (45%) 
S. aureus isolates which included 30/57 (52.6%) MRSA 
and 15/43 (34.8%) MSSA isolates. The concordance 
between the presence of aac(6′)/aph(2′′) gene and 
aminoglycoside resistance phenotype was observed in 
most MRSA and all MSSA isolates (Table 3).  

The second prevalent AME gene was ant(4',4") and it 
was detected in 31 (31%) S. aureus isolates which 
included 23/57 (40.3%) MRSA and 8/43 (18.6%) MSSA 
isolates (Table 3). This gene was detected in 65.7% 
(23/35) TobR-MRSA and in 57% (8/14) TobR-MSSA 
isolates. Also, it was detected in 64.5% (20/31) KR-MRSA 
and in 53.8% (7/13) KR-MSSA isolates. On the other 
hand, 21(21%) S. aureus isolates including 17/57 
(29.8%) MRSA and 4/43 (9.3%) MSSA isolates, carried 
the   aph(3')III  gene.  It  was  detected  in  51.6%  (16/31) 
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Table 3.  The prevalence of the AME genes in the clinical S. aureus isolates. 
 

S. aureus  
*No. (%) of isolates harboring the AME genes 

aac(6′)/aph(2 ′′) ant(4', 4") aph(3') III 
MRSA (n = 57) 30 (52.6) 23 (40.3) 17 (29.8) 
GenR 30 0 0 
TobR 28 23 0 
 KR 27 20 16 
    
MSSA (n = 43) 15 (34.8) 8 (18.6) 4 (9.3) 
GenR 14 0 0 
TobR 14 8 0 
KR 13 7 4 
╪ Total No. (%) 45 (45) 31 (31) 21 (21) 

 

AME, aminoglycoside modifying enzyme; R, resistant; Gen, gentamicin; Tob, tobramycin; K, 
kanamycin.* The percentage is based on the number of MRSA (57) or MSSA (43) isolates; ╪ Total 
number of MRSA and MSSA isolates harboring each AME gene and percentage per 100 S. aureus 
isolates. 

 
 
 
KR-MRSA and 30.7 % (4/13) KR-MSSA isolates (Table 3). 
 
 
AME gene combinations in the multi-resistant S. 
aureus  isolates   
 
Table 4 shows the distribution of the AME genes in S. 
aureus isolates with different aminoglycoside suscep-
tibility phenotype. A total of 41% of the S. aureus isolates 
including 30/57 (52.6%) MRSA and 11/43 (25.5%) MSSA 
isolates harbored the aac(6′)/aph(2′′) gene in combination 
with either ant(4',4") and/or aph(3′)III or carried ant(4',4") 
in combination with aph(3′)III only. The most frequent 
combination of AME genes was aac(6′)/aph(2′′) with 
ant(4',4"). The prevalence of this combination in 13/57 
(22.8%) MRSA isolates was significantly higher (P = 
0.0088) than that in 7/43 (16.2%) MSSA isolates. The 
second dominant gene combination was aac(6')/aph(2") 
with aph(3')III. The prevalence of this combination in 
10/57 (17.5%) MRSA isolates was not significantly higher 
(P = 0.1212) than that in 3/43 (6.9%) MSSA isolates. The 
ant(4',4") and aph(3′)III combination existed only in 4/57 
(7%) MRSA.  

Four AME gene profiles (i to iv) were detected in the 
multi-resistant MRSA and MSSA isolates with GenR, 
TobR, KR

–phenotype (Table 4). The aac(6')/aph(2") and 
ant(4',4") gene combination was predominant in the four 
profiles and occurred in 13/26 (50%) GenR, TobR, KR-
MRSA and in 6/13 (46%) GenR, TobR, KR-MSSA isolates. 
The second dominant AME gene profile in this phenotype 
included the aac(6')/aph(2") and aph(3')III combination in 
9/26 (34.6%) GenR, TobR, KR-MRSA and in 3/13 (23%) 
MSSA isolates. The 3 AME genes coexisted in 3/26 
(11.5%) multi-resistant GenR, TobR, KR-MRSA and in 1/13 
(7.7%) GenR, TobR, KR-MSSA isolates. These isolates 
were highly resistant to the  tested  aminoglycosides  and 

most have MIC ≥128 µg/ml. 
Two AME gene profiles (i and ii) were detected in two 

MRSA isolates with GenR, TobR, KS
–phenotype (Table 4). 

The aac(6')/aph(2") and aph(3')III combination was 
detected in one isolate only. However, aph(3')III and 
ant(4',4") combination was detected only in 4 multi-
resistant (GenS, TobR, KR) MRSA isolates. The 
aac(6')/aph(2") and ant(4',4") combination was detected 
in one MSSA with GenI, TobR, KI  phenotype (Table 4). 
On the other hand, one AME gene was detected in the 
remaining multi-resistant S. aureus isolates (Table 4). 
 
 
DISCUSSION 
 
Development of aminoglycoside resistance MRSA strains 
(Schmitz et al., 1999; Ida et al., 2001; Choi et al., 2003; 
Ardic et al., 2006; Nakaminami et al., 2008;  
Fatholahzadeh et al., 2009; Liakopoulos et al., 2011) has 
become a global threat to effective health care delivery 
(Klein et al., 2007; Nickerson et al., 2009). In the present 
study, 52% of S. aureus isolates were resistant to 1-3 
aminoglycosides which is higher than that in some 
European countries including Poland (38.1%) (Hauschild 
et al., 2008) and Greece (48.2%) (Liakopoulos et al., 
2011). The higher prevalence may be due to the misuse 
of antibiotics in Jordan (Al-Bakri et al., 2005).  A total of 
44, 49 and 44% of the Jordanian isolates were resistant 
to gentamicin, tobramycin and kanamycin, respectively 
(Table 2), which is within the range reported in Europe 
and Korea for gentamicin (6.3 to 66%), tobramycin (12.9 
to 71%) and kanamycin (48.2 to 97.8%) (Liakopoulos et 
al., 2011; Schmitz et al., 1999; Choi et al., 2003; 
Hauschild et al., 2008). The aminoglycoside resistance 
rate in MRSA was almost double that in MSSA isolates 
(Table 2)  and  it  was due  to  the  presence  of  1-3 AME  
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Table 4.  Aminoglycoside resistance genes in the clinical S. aureus isolates with different susceptibility phenotypes. 
 

S. aureus 
* Aminoglycoside 
susceptibility pheno type   

╪Aminoglycoside resistance genes † Number (%) of isolates 
aac(6')/aph(2")       ant(4', 4")                                        aph(3') III 

MRSA 

GenS, TobS, KS ND ND ND 20 (35) 
     
GenR, TobR, KR     

Gene profile 

(i) + + – 13 (22.8) 
(ii) + – + 9 (15.8) 
(iii) + + + 3 (5.3) 
(iv) + – – 1 (1.7) 

     
GenR, TobR, KS         

Gene profile 
(i) + – – 1 (1.7) 
(ii) + – + 1 (1.7) 

     
GenR, TobS, KR + – – 1 (1.7) 
GenR, TobS, KI + – – 1 (1.7) 
GenS, TobR, KR – + + 4 (7) 
GenS, TobR, KS – + – 3 (5.3) 
Total 30 23 17 57 

      

MSSA 

GenS, TobS, KS ND ND ND 28 (65) 
GenR, TobR, KR          

Gene profile 

(i) + + – 6 (14) 
(ii) + – + 3 (7) 
(iii) + + + 1 (2.3) 
(iv) + – – 3 (7) 

     
GenR, TobS, KI + – – 1 (2.3) 
GenI, TobR, KI + + – 1 (2.3) 
Total 15 8 4 43 

Overall total 45 (45) 31 (31) 21 (21) 100 (100) 
 
 
 
genes. The aac(6′)/aph(2′′) gene was the most dominant 
gene as reported in Europe, Korea, Japan and Middle 
East countries (Schmitz et al., 1999; Hauschild et al., 
2008; Choi et al., 2003; Nakaminami et al., 2008; Ardic et 
al., 2006; Fatholahzadeh et al., 2009) and in MSSA 
isolates in Korea (Choi et al., 2003). Detection of this 
gene in both MRSA and MSSA isolates in Jordan (Tables 
3 and 4) could be explained by the fact that it exists as a 
transposable genetic element (Tn4001) which is carried 
on different types of plasmids  (Byrne et al., 1990; Udou, 
2004). The presumed horizontal transfer of this gene 
among MRSA and MSSA isolates in Jordan mediates 
resistance to gentamicin, tobramycin and kanamycin 
(Tables 3 and 4).    

The second prevalent AME gene was ant(4',4") and it 
was detected in 31% of S. aureus isolates (Tables 3 and 
4). Similarly, it was the second dominant gene detected 
in 26.7 to 48% of S. aureus isolates in Europe and Korea 
(Choi et al., 2003; Schmitz et al., 1999; Hauschild et al., 

2008). In contrast, this gene was the least frequent AME 
gene (26%) among the Iranian MRSA isolates 
(Fatholahzadeh et al., 2009) and the most prevalent gene 
(84.5%) in MRSA isolated in Japan (Ida et al., 2001). In 
the present study, the prevalence of this gene in MRSA 
(40.3%) was 2 folds that in MSSA (18.6%) isolates 
(Tables 3) which is presumed to be due to the integration 
of pUB110 containing the ant (4', 4") gene in the mec 
element downstream of mecA gene (Ito et al., 1999; 
Chambers, 1997). However, mec elements lacking this 
plasmid have been described (Oliveira et al., 2000) which 
could explain the absence of this gene in our remaining 
tobramycin and kanamycin-resistant MRSA isolates and 
all MRSA isolates in Turkey (Ardic et al., 2006). In 
Jordan, the concordance between tobramycin and 
kanamycin resistance and the presence of this gene in 
MRSA isolates and in MSSA isolates (Table 3) was 
higher than that in the Korean isolates (45%) (Choi et al. 
2003) and lower than that in the  Polish  isolates  (100%), 
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(Hauschild et al., 2008). 

The third prevalent AME gene was the aph(3')III gene. 
Detection of this gene among MRSA and MSSA isolates 
could be due to its existence on a transposable genetic 
element (Tn5405) (Derbise et al., 1996) which can be 
disseminated among the isolates. This gene was also the 
third frequently encountered AME gene in MRSA and 
MSSA isolates of Korea (Choi et al., 2003), Japan (Ida et 
al., 2001) and European countries (Schmitz et al., 1999; 
Hauschild et al., 2008). In contrast, this gene was the 
second prevalent AME gene in Iranian MRSA (71%) 
isolates (Fatholahzadeh et al., 2009), while all Turkish 
MRSA isolates were negative for this gene (Ardic et al., 
2006).  The concordance between kanamycin resistance 
(KR) and the presence of this gene was 51.6% in KR-
MRSA and 30.7% in KR-MSSA isolates (Table 3) 
compared to 45% in the Korean (Choi et al., 2003) and 
100% in the Iranian MRSA (Fatholahzadeh et al., 2009) 
isolates. 

A total of 41% of the S. aureus isolates carried the 
aac(6′)/aph(2′′) gene in combination with either ant(4',4") 
and/or aph(3′)III or carried ant(4',4") in combination with 
aph(3′)III only (Table 4). In Korea, 50% of the S. aureus 
isolates carried the aac(6′)/aph(2′′) gene in combination 
with either ant(4',4") and/or aph(3′)III (Choi et al., 2003). 
In the present study, the most frequent combination of 
genes was aac(6′)/aph(2′′) with ant(4', 4") (Table 4) which 
is similar to that detected in Korea (Choi et al., 2003). 
The coexistence of these genes could be due to the fact 
that the ant(4', 4") gene is also carried next to the 
aac(6')/aph(2") gene on some plasmids (Byrne et al., 
1990). The second dominant AME gene combination was 
aac(6')/aph(2") with aph(3')III (Table 4) which could be 
due to harboring the transposons Tn4001 (Byrne et al., 
1990) and Tn5405 (Debrise et al., 1996). The ant(4',4") 
and aph(3′)III combination coexisted only in 4/57 (7%) 
MRSA which could harbor the integrated copy of pUB110 
carrying ant(4',4") (Ito et al., 1999; Chambers, 1997) and 
Tn405 carrying aph(3′)III (Debrise et al., 1996). The 3 
genes coexisted only in 3/57 (5.3%) MRSA and in 1/43 
(2.3%) MSSA isolates which were highly resistant to the 
3 tested aminoglycosides.   

There is a concordance between the AME gene 
combinations and the phenotypic multi-resistance of S. 
aureus isolates to 2 and 3 aminoglycosides (Tables 2 and 
4). Multi-resistance to three aminoglycosides (GenR, 
TobR, KR) was observed in 26/57 (45.6%) MRSA and in 
13/43 (30.2%) MSSA isolates (Table 2) with four 
heterogenous AME gene profiles (i to iv) (Table 4). In 
these profiles, the aac(6')/aph(2") and ant(4',4") gene 
combination was predominant followed by aac(6')/aph(2") 
and aph(3')III combination. In contrast, the aac(6')/aph(2") 
and aph(3')III combination was dominant over the 
aac(6')/aph(2") and ant(4',4") gene combination in Iran 
(Fatholahzadeh et al., 2009). However, multi-resistance 
to two aminoglycosides was detected only in 7/57 
(12.3%) MRSA isolates (Tables 2 and 4) harboring the 
aac(6')/aph(2")   gene   only,   the  aph(3')III   and    ant(4',4")   

 
 
 
 
combination, and the aac(6")/aph(2") and aph(3')III 
combination. 

Four (7%) MRSA and two (4.6%) MSSA isolates 
demonstrated resistance to one of the aminoglycosides 
tested and most harbored the ant(4', 4") gene (Table 4). 
The finding of at least one AME gene is important in 
terms of showing the possibility of spreading of other 
AME genes to the aminoglycoside sensitive MRSA (35%) 
and MSSA (65%) isolates (Table 4). The speed of 
resistance development in these isolates could be linked 
to the absence of national antimicrobial use guidelines 
and regulations which control the community use of 
antibacterial drugs in Jordan. These drugs are dispensed 
with and without a prescription, either via self-medication 
or pharmacist recommendation (Al-Bakri et al., 2005). 

In conclusion, a high prevalence (52%) of amino-
glycoside resistance was determined in the clinical S. 
aureus due to the presence of 1 to 3 AME genes. 
Emerging of MRSA isolates with heterogenous AME 
gene profiles, especially those which harbor the 3 types 
of AME genes, must not be ignored because it limits the 
choices in the number of aminoglycosides available to 
clinicians to treat staphylococcal infections in risk patients 
with either a β-lactam or a glycopeptide. Irrational use of 
antibiotics is likely behind the selection of these isolates 
in Jordan. There is a need to force regulations to control 
the use of antibiotics which could lead to parallel changes 
in resistance patterns and may favor the emergence of 
aminoglycosides susceptible-MRSA strains as reported in 
other countries (Mangeney et al., 2002). Therefore, 
periodic surveillance of aminoglycoside resistance and of 
the corresponding genes is recommended.  
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