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ABSTRACT 
 
Clinical infections caused by Staphylococcus aureus (S. aureus) will likely remain common and serious. Not only there has been an increase in 
antimicrobial resistance, but also the spectrum of clinical disease continues to increase. Our aim in this research is to determine the prevalence as well 
as to identify and characterize the pattern of resistance of S. aureus isolates recovered from pediatrics with otitis media admitted to tertiary hospitals in 
Alexandria, Egypt. Out of 180 clinical samples, 193 different bacterial isolates were recovered. Along with Pseudomonas aeruginosa, S. aureus was 
the predominant (18.6%) pathogen isolated. Antibiotic susceptibility testing among S. aureus isolates revealed that up to 27 (75%) out of the tested 
isolates exhibited high (> 0.2) MAR index values. Methicillin-resistant S. aureus (MRSA) isolates were determined using the minimal inhibitory 
concentration (MIC) of cefoxitin. The incidence of MRSA among S. aureus isolates was 44.4%. On the other hand, none of the tested isolates was 
linezolid resistant. The presence of methicillin resistance genes (mecA and femA) and aminoglycoside resistance genes (aac (6′)Ie/aph(2′′)Ia, aph(3′)-
IIIa and ant(4′)-Ia) were detected using Polymerase Chain Reaction (PCR) technique. The incidence of aac (6′)Ie/aph(2′′)Ia, aph(3′)-IIIa and ant (4′)-
Ia was 38.9%, 36.1% and 30.6%, respectively. Besides, the incidence of cap8, cap5 and lukS/F-PV virulence genes was 33.3%, 25% and 11.1%, 
respectively. Accordingly, we recommend the necessity of continuous surveillance and control of antimicrobial resistance and virulence level in S. 
aureus as one of the major pathogens of pediatric otitis media in Alexandria, Egypt. 
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INTRODUCTION 
 
Otitis media is an inflammation of the mucous membrane of the 
middle ear which includes the tympanic cavity, mastoid antrum, 
mastoid air cells and the eustachian tube. It is characterized by 
the accumulation of discharge from the ear through a perforation 
in the tympanic membrane causing suppurative otitis media that 
is accompanied by bulging of the eardrum and pain in the ear1. In 
childhood, otitis media is a leading cause of health care visits 
worldwide, as it is the second most common clinical problem 
after an upper respiratory infection. Different types of otitis media 
can be manifested including acute otitis media, otitis media with 
effusion and chronic suppurative otitis media. Otitis media is a 
multi-factorial disease, with many associated risk factors, 
including microbial agents, anatomic factors, host characteristics; 
relating to an immature or defective immunologic status, 
environmental risk factors and social factors. Bacterial and viral 
infections are the most important cause of otitis media. Common 
bacteria isolated from the middle ear fluid includes S. aureus, 
Streptococcus pyogenes or Group A Streptococcus, S. 
epidermidis, Pseudomonas aeruginosa, Alloiococcus otitidis, 
Escherichia coli and Klebsiella pneumonia.2 

 
S. aureus is a Gram-positive bacterium that can cause a wide 
variety of infections, which range from superficial lesions to a 
systemic and life-threatening conditions3,4. Penicillin was the 
first-line treatment of S. aureus infections. Later on, β-lactamases 

producing S. aureus were identified and as a result, penicillin 
became inactive against 50% of S. aureus infections5. 
Methicillin-resistant Staphylococcus aureus (MRSA) causes 
rapidly progressive, potentially fatal diseases, such as life-
threatening pneumonia, necrotizing fasciitis, endocarditis, 
osteomyelitis, severe sepsis, toxinosis such as toxic shock 
syndrome and soft tissue infections, including nasal and ear 
infections6. Numerous risk factors contribute to the emergence of 
MRSA causing ear and sinonasal infections. The major factors 
are previous nasal surgeries and widespread use of broad-
spectrum antibiotics7. 
 
Aminoglycosides are a class of antibiotics that have a great role 
in the treatment of staphylococcal infections8. The resistance of 
aminoglycosides includes many forms, the main mechanism in S. 
aureus is the inactivation by aminoglycoside-modifying enzymes 
(AMEs)8,9. AMEs are classified into three main groups consistent 
with their ability to phosphorylate, acetylate or adenylate amino 
or hydroxyl groups on aminoglycosides structure resulting in a 
decrease in the binding affinity to its target resulting in loss of its 
antibacterial efficiency. The most important genes encoded for 
AMEs are the aac(6’)-Ie + aph(2’’), encoding aminoglycoside-
6'-N-acetyltransferase/2"-O-phosphoryltransferase AAC (6’)-Ie 
+ APH (2’’), ant(4’)-Ia, encoding aminoglycoside-4'-O-
nucleotidyltransferase I ANT (4’)-Ia and aph(3’)-IIIa, encoding 
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aminoglycoside-3'-O- phosphoryl transferase III APH (3’)-IIIa. 
In S. aureus, AAC (6') and APH (2") is a bi-functional enzyme 
which is the most common enzyme responsible for the resistance 
to gentamicin, kanamycin and tobramycin8,9. 
 
S. aureus produces several virulence factors including capsular 
polysaccharides (CP) which protect it from complement binding 
and subsequent phagocytic killing by neutrophils10,11. On the 
contrary, anti-capsular antibodies released by the host can 
opsonize the pathogen, augmenting the host immune defense 
mechanisms10,12. More than 90% of S. aureus harbored CP with 
11 different serological types (CP1 to CP11). CP5 and CP8 are 
the predominant types among S. aureus isolates13–15. Both 
polysaccharides consist of similar trisaccharide repeat units of N-
acetyl mannosaminuronic acid (ManNAc), N- acetyl-L-
fucosamine (L-FucNAc), and N-acetyl-D-fucosamine (D-
FucNAc) but differ in the linkages between the sugars and the 
sites of O-acetylation on the monosaccharide units10. In addition, 
Panton-Valentine leucocidin (PVL) is a bi component leukocidin 
encoded by two co transcribed genes, namely, lukS-PV and lukF-
PV (lukS/F-PV), which reside on a prophage and cause leukocyte 
destruction and tissue necrosis. The presence of PVL in S. aureus 
appears to be associated with increased disease severity, ranging 
from a cutaneous infection requiring surgical drainage to severe 
chronic diseases16. This research aims to phenotypically and 
genotypically characterize S. aureus isolates from pediatrics 
suffering from otitis media in Alexandria hospitals, Egypt. 
 
MATERIAL AND METHODS 
 
Sample collection and bacterial identification 
 
A total of 36 S. aureus isolates were recovered from 180 otitis 
media clinical samples recovered from pediatrics with otitis 
media admitted to tertiary hospitals in Alexandria, Egypt. 
Bacterial identification was performed using standard 
morphological and biochemical techniques.  
 
Antimicrobial susceptibility testing 
 
Antimicrobial susceptibility testing was performed using the 
Kirby-Bauer method according to the guidelines from Clinical 
and Laboratory Standards Institute (CLSI) 201717. The antibiotics 
tested included penicillin (P), cefoxitin (FOX), gentamicin (CN), 
tobramycin (TOB), amikacin (AK), kanamycin (K), tetracycline 
(TE), azithromycin (AZM), erythromycin (E), linezolid (LZD), 
chloramphenicol (C), ciprofloxacin (CIP), levofloxacin (LEV) 
and sulfamethoxazole-trimethoprim (SXT). All antibiotic discs 
were obtained from Oxoid®, UK. S. aureus isolates showing 
cefoxitin MIC values > 8 µg/ml were identified as MRSA using 
broth microdilution test and confirmed by the appearance of the 
intense mauve color of produced colonies on chromogenic 
MRSA agar (Oxoid®). 
 
Multiple antibiotic resistance (MAR) index studies in S. 
aureus isolates18 
 
MAR index values for each isolate were calculated using the 
following formula: 
 

MAR index for certain isolate =  
number of antibiotics to which the isolate was resistant / total number 

of antibiotics to which the isolate was exposed 
 
 
 
 

Genotypic detection of resistance and virulence genes among 
S. aureus isolates using PCR technique 
 
DNA extraction and gel electrophoresis procedure 
 
Genomic DNA was extracted from S. aureus isolates by the 
boiling method as described by Rahimi (2009)19. PCR reaction 
mixture was prepared as mentioned by Lorenz20. Thermal cycler 
conditions were carried out as described in other reports with 
specific primers. The amplified products were loaded on 2% 
agarose gel along with 100 bp DNA ladder (Gene Direx, USA) 
and electrophoresed at 100 volts for 45 min using Mupid-exU 
System gel electrophoresis equipment (ADVANCE). Ethidium 
bromide-stained bands were visualized under UV 
transilluminator20. 
 
Detection of antibiotic resistance genes 
 
All S. aureus isolates were tested for mecA and femA by 
multiplex PCR. The primers used to amplify each of the genes 
were (mecA-F): CTGGAACTTGTTGAGCAGAG, (mecA-R): 
TGGCTATCGTGTCACAATCG, (femA-F): 
CTTACTTACTGCTGTACCTG and (femA-R): 
ATCTCGCTTGTTATGTGC21. Also, aminoglycoside resistance 
among tested isolates was confirmed by the detection of AMEs. 
Multiplex PCR was used for amplification of aac(6’)Ie/aph(2”)Ia 
and ant(4’)-Ia genes. The primers used to amplify 
aac(6’)Ie/aph(2”)Ia were (aac(6’)Ie/aph(2”)Ia-F): 
CAGAGCCTTGGGAAGATGAAG and (aac(6’)Ie/aph(2”)Ia-
R): CCTCGTGTAATTCATGTTCTGGC22. While, the primers 
used for ant(4’)-Ia gene were designed by primer BLAST as 
following, (ant(4’)-Ia-F): CGGTGAGTGGAAGGTGGAAG 
and (ant(4’)-Ia-R): GCACAAATCGCATCGTGGAA. 
Conventional PCR was used for amplification of aph(3′)-IIIa 
gene, the primers used for amplification of this gene were (aph 
(3′)-IIIa-F): CTGATCGAAAAATACCGCTGC and (aph (3′)-
IIIa-R): TCATACTCTTCCGAGCAAAGG23.  
        
Detection of S. aureus virulence factors: Capsular 
polysaccharides cap5 and cap8 were detected in all S. aureus 
isolates by multiplex PCR while, lukS/F-PV gene was detected by 
conventional PCR. The primers used to amplify cap5 and cap8 
genes were (cap5-F): GAAAGTGAACGATTAGTAGAA, 
(cap5-R): GTACGAAGCGTTTTGATAGTT, (cap8-F): 
GTGGGATTTTTGTAGCTTTT and (cap8-R): 
CGCCTCGCTATATGAACTAT24. While, the primers used for 
amplification of lukS/F-PV genes were (lukS/F-PV-F): 
ATCATTAGGTAAAATGTCTGGACATGATCCA and 
(lukS/F-PV-R): 
ATCATTAGGTAAAATGTCTGGACATGATCCA16. 
 
RESULTS 
 
A total of 193 bacterial isolates were collected from 180 
pediatrics suffering from otitis media. Fifty-two isolates were 
identified as Staphylococci by catalase test and microscopical 
examination. Among these, 36 isolates were identified as S. 
aureus by tube coagulase test and 35 out of these were mannitol 
fermenters.  
 
The susceptibility of S. aureus isolates to various agents is shown 
in Table 1. Penicillin showed the highest resistance (91.7%) 
followed by kanamycin (80.6%) and tobramycin (55.6%). On the 
other hand, none of the tested isolates was linezolid resistant. Up 
to 31 different antibiotic resistance patterns were observed among 
36 S. aureus isolates as shown in Table 2. Determination of MAR 
index values of bacterial isolates revealed that 27 (75%) out of 
the tested isolates exhibited a high (>0.2) MAR index value. A 
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total of 16 (44.4%) S. aureus isolates showing cefoxitin MIC ≥ 8 
µg/ml and intense mauve color of produced colonies on 
chromogenic MRSA agar were recorded as MRSA.  
 
PCR results revealed the presence of mecA and femA genes in 
47.2% and 25% of the isolates respectively (Figure 1). All 16 
MRSA isolates with MIC ≥ 8 µg/ml were also mecA positive, on 
the other hand only one isolate with MIC < 8 µg/ml harbored 
mecA gene. Genes encoding AMEs including 
aac(6’)Ie/aph(2”)Ia (38.9%), ant(4’)-Ia (30.6%) and aph(3′)-IIIa 
(36.1%) regardless of gene combinations were detected in 28/36 
isolates (77.8%) (Figures 2 and 3). Twenty-eight isolates were 

positive for at least one AME gene. Interestingly two 
phenotypically resistant isolates were negative for all 
aminoglycosides resistant genes (Table 3). None of the tested 
aminoglycosides resistant genes were detected in 8 isolates, 6 
isolates of them were aminoglycoside sensitive phenotypically. 
Virulence genes: cap5, cap8 and lukS/F-PV were present in 25%, 
33.3% and 11.1% of the S. aureus isolates, respectively (Figures 
4 and 5). Each of the tested isolates harbored one of these 
virulence genes however, one isolate was positive for both cap5 
and cap8 genes. Two isolates produced amplicons of the expected 
sizes for both cap5 and lukS/F-PV. 
 

 
Table 1: The percentage of resistance of the recovered S. aureus isolates against tested antibiotics 

 
Class of Antibiotic Antibiotic (𝜇g/disc.) Percentage of Resistance 

β lactams Penicillin (10 𝜇g) 91.7% 
Cefoxitin (30 𝜇g) 55.6% 

Aminoglycosides Gentamicin (10 𝜇g) 50% 
Tobramycin (10 𝜇g) 52.8% 
Amikacin (30 𝜇g) 41.7% 

Kanamycin (30 𝜇g) 80.6% 
Tetracyclines Tetracycline (30 𝜇g ) 44.4% 
Macrolides Azithromycin (15 𝜇g) 22.2% 

Erythromycin (15 𝜇g) 33.3% 
Oxazolidinones Linezolid (30 𝜇g) 0% 

Chloramphenicol Chloramphenicol (30 𝜇g) 5.6% 
Quinolones Ciprofloxacin (5 𝜇g) 22.2% 

Levofloxacin (5 𝜇g) 19.4% 
Folates Sulphamethoxazole/ Trimethoprim (25 𝜇g) 13.9% 

 
Table 2: Antimicrobial resistance patterns of S. aureus isolates 

 
Pattern code Antimicrobial resistance pattern* No. (%) of isolates MAR index for isolates 

PI a P-FOX-E-AZM-AK-K-TOB-CN-CIP-LEV-SXT 1 (2.8) 0.78 
PI b P-FOX-TE-E-AK-K-TOB-CN-CIP-LEV-SXT 1 (2.8) 0.78 
PII P-FOX-E-AK-K-TOB-CN-CIP-LEV-SXT 1 (2.8) 0.71 

PIII a P-FOX-TE-AK-K-TOB-CN-CIP-LEV 1 (2.8) 0.64 
PIII b P-TE-E-AZM-C-K-TOB-CIP-LEV 1 (2.8) 0.64 
PIII c P-FOX-TE-E-AZM-K-CN-CIP-LEV 1 (2.8) 0.64 
PIV a P-FOX-TE-E-AK-K-TOB-CN 1 (2.8) 0.57 
PIV b P-AZM-AK-K-TOB-CN-CIP-LEV 1 (2.8) 0.57 
PV a P-FOX-TE-AK-K-TOB-CN 4 (11.1) 0.5 
PV b P-FOX-E-AZM-K-TOB-CN 1 (2.8) 0.5 
PV c P-FOX-TE-K-TOB-CN-CIP 1 (2.8) 0.5 
PV d P-TE-E-AZM-K-TOB-CN 1 (2.8) 0.5 
PVI a P-FOX-TE-K-TOB-CN 1 (2.8) 0.42 
PVI b P-TE-AK-K-TOB-CN 1 (2.8) 0.42 
PVII a P-TE-AK-K-TOB 1 (2.8) 0.35 
PVII b P-E-AZM-AK-K 1 (2.8) 0.35 
PVII c P-K-TOB-CN-SXT 1 (2.8) 0.35 
PVIII AK-K-TOB-CN 1 (2.8) 0.64 
PIX a P-TE-K 1 (2.8) 0.21 
PIX b P-FOX-TE 1 (2.8) 0.21 
PIX c P-FOX-K 1 (2.8) 0.21 
PIX d P-E-AZM 1 (2.8) 0.21 
PIX e P-AZM-K 1 (2.8) 0.21 
PIX f AK-K-CN 1 (2.8) 0.21 
PX a P-FOX 1 (2.8) 0.14 
PX b P-SXT 1 (2.8) 0.14 
PX c P-K 3 (8.3) 0.14 
PX d P-C 1 (2.8) 0.14 
PX e P-E 1 (2.8) 0.14 
PXI a P 1 (2.8) 0.07 
PXI b K 1 (2.8) 0.07 

 
*P: penicillin, FOX: cefoxitin, E: Erythromycin, AZM: azithromycin, AK: amikacin, K: kanamycin, TOB: tobramycin, CN: gentamicin,  

CIP: ciprofloxacin, LEV: levofloxacin, SXT: sulfamethoxazole/ trimethoprim, TE: tetracycline, C: chloramphenicol. 
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Table 3: Frequency of Aminoglycoside resistance genes among the tested S. aureus isolates 
 

Pattern code Aminoglycoside resistance genes Phenotype* No. (%) of samples 
aac(6′)Ie/aph(2′′)Ia an(4′)-Ia aph(3′)-IIIa 

1 ᐩ ᐩ ᐩ AK, K, TOB, CN 2 (5. 6%) 
2 ᐩ ᐩ − K, CN 1 (2.8%) 

3a ᐩ − − AK, K, TOB, CN 3 (8.3%) 
3b ᐩ − − K, TOB, CN 3 (8.3%) 
3c ᐩ − − K 1 (2.8%) 
4 − ᐩ ᐩ AK, K, TOB, CN 1 (2.8%) 

5a − ᐩ − AK, K, TOB 1 (2.8%) 
5b − ᐩ − K, TOB, CN 1 (2.8%) 
5c − ᐩ − AK, K 1 (2.8%) 
5d − ᐩ − K, TOB 1 (2.8%) 
5e − ᐩ − K 1 (2.8%) 
5f − ᐩ − − 2 (5.6%) 
6a − − ᐩ K, TOB, CN 1 (2.8%) 
6b − − ᐩ AK, K 1 (2.8%) 
6c − − ᐩ K 3 (8.3%) 
6d − − ᐩ − 1 (2.8%) 
7 ᐩ − ᐩ AK, K, TOB, CN 4 (11.1%) 

8a − − − AK, K, TOB, CN 2 (5.6%) 
8b − − − − 6 (16.7%) 

 
*AK: amikacin, K: kanamycin, TOB: tobramycin, CN: gentamicin 

 
Figure 1: Multiplex PCR-generated DNA of mecA and femA genes in S. aureus isolates Lane 1, 3, 4, 9, 10: mecA and femA; lane 5, 11, 12: 

mecA only; lane 13: negative control and lane 7: 100 bp DNA ladder 

 
Figure 2: Multiplex PCR-generated DNA of aac(6′)Ie/aph(2′′)Ia and ant(4′)-Ia genes in S. aureus isolates. Lane 1, 3, 4, 5, 11 and 12: 

aac(6′)Ie/aph(2′′)Ia; lane 6: both aac(6′)Ie/aph(2′′)Ia and ant(4′)-Ia; lane 13: negative control and lane 7: 100 bp DNA ladder 

 
Figure 3: Conventional PCR-generated DNA of aph(3′)-IIIa gene in S. aureus isolates. Lane 1, 2, 4, 5 and 12: aph(3′)-IIIa; lane 13: negative 

control and lane 7: 100 bp DNA ladder 
 

 
Figure 4: Multiplex PCR-generated DNA of Capsular Polysaccharides cap5 and cap8 genes in S. aureus isolates. Lane 4: cap8; Lane 5: cap5; 

Lane 1: negative control and lane 7: 100 bp DNA ladder 
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Figure 5: Conventional PCR-generated DNA of Panton-Valentine leucocidin encoding lukS-PV/lukF-PV gene in S. aureus isolates. Lane 8: 

encoding lukS-PV/lukF-PV; lane 13: negative control and lane 7: 100 bp DNA ladder 
 
DISCUSSION 
 
Otitis media infection is one of the most common infections in 
pediatrics and a major cause of childhood use of antibiotics25. In 
most of the developing countries, no available guidelines are 
concerning the use of antibiotic treatment in otitis media26. S. 
aureus is considered as the predominant bacterial cause of otitis 
media and shows a global concern in resistance to the majority of 
available treatment options5. In the present study, the prevalence 
of S. aureus isolates recovered from children suffering from otitis 
media was investigated in Alexandria inpatients’ and outpatients’ 
ENT clinics. In this study 35/36 S. aureus isolates (97.2%) were 
mannitol positive. Similarly, the presence of mannitol negative S. 
aureus was also reported by Danielle Caldeira in Brazil among 
15% of his S. aureus isolates27. Because of genetic variation, 
some coagulase-positive S. aureus lack the ability to ferment 
mannitol28. Regarding antibiotic resistance results, it was found 
that, penicillin showed the highest antibacterial resistance 
(91.7%) followed by kanamycin (80.6%) and tobramycin 
(55.6%). Our results were comparable with the findings reported 
in other studies performed in several countries including 
Egypt29,30. A study in the Ismailia governorate showed that 90% 
of S. aureus isolates were resistant to penicillin29. These findings 
indicate that these antibiotics are no longer effective against S. 
aureus infections in Egypt. Our tested S. aureus isolates showed 
high susceptibility rates against linezolid and chloramphenicol 
(100% and 94.4% respectively), these results were consistent 
with the findings reported in other studies30,31. Chloramphenicol 
susceptibility indicated that routine exposure of bacteria to newly 
developed antibiotics cause a reversal of susceptibility to 
outdated antibiotics. Moreover, Linezolid became one of the most 
important antibiotics worldwide in the treatment of S. aureus 
infections5. However, Linezolid must be used with caution to 
prevent future resistance as S. aureus isolate resistant to linezolid 
was firstly discovered in the United states in July 200132. Another 
study conducted in Pakistan in 2017 showed that the incidence of 
MRSA and MSSA resistance to linezolid was 48.1% and 29.2% 
respectively33. 
 
Methicillin-resistant S. aureus (MRSA) is responsible for a great 
number of antibiotic-resistant infections worldwide34,35. In the 
present study, 16 (44.4%) MRSA isolates were detected using 
chromogenic MRSA agar media and confirmed using the 
cefoxitin broth microdilution method with MIC ranging from 8 to 
256 µg/ml. Moreover, MRSA isolates were confirmed by the 
detection of mecA and femA genes using multiplex PCR. The 
mecA gene was detected in 17 isolates (47.2%). Similarly, 
another study performed in Cairo, Egypt revealed that 43.97% of 
S. aureus were found to be MRSA36. A controversy was obvious 
where a higher incidence of MRSA in Menoufia (73.5%)37 and a 
lower rate (24%) was found in Minia were reported among 
recovered S. aureus isolates38. Another study in Tanta, Egypt 
performed on otitis media patients reported a lower percentage of 
MRSA (25.6%) among their isolates39. The variation in the 
incidence of MRSA concerning Egypt could be due to different 

study designs, different populations, geographical locations and 
the quality of hospital sampling carried out9.  
 
Aminoglycosides have good activity against S. aureus, including 
methicillin-resistant, vancomycin-intermediate and resistant 
isolates. Gentamicin is known to be one of the most common 
antibiotics used worldwide for the treatment of S. aureus 
infections in combination with other antibiotics40. Concerning 
aminoglycosides resistance, it was found that 50%, 41.7%, 80.6% 
and 52.9% of our tested S. aureus isolates were resistant to 
gentamicin, amikacin, kanamycin and tobramycin respectively. A 
study in Iran showed a higher resistance percentage of MRSA 
isolates against amikacin, kanamycin, gentamycin and 
tobramycin where, 77.6%, 86.3%, 84.5% and 82% respectively 
were resistant41. Another study in Egypt revealed that 30% and 
90% of MRSA isolates were resistant to gentamicin and 
kanamycin respectively42. Ameen demonstrated that 27% of S. 
aureus isolates showed resistance to gentamicin29. 
 
PCR is a reliable tool for the identification of AME genes in S. 
aureus23. Consequently the incidence of aac(6′)Ie/aph(2′′), 
ant(4’)-Ia and aph(3’)-IIIa resistant genes was 38.9%, 30.6% and 
36.1%, respectively among S. aureus isolates. A study in Iran8 
showed that aac(6′)Ie/aph(2′′) was the most predominant AME 
gene among MRSA isolates (45.2%) followed by aph(3’)-IIIa 
(19%) and ant(4’)-Ia (14.3%). It was found that 
aac(6′)Ie/aph(2′′)Ia gene was dominant, which is consistent with 
other studies8,41,43. On the contrary to our results, a study in Japan 
reported a higher prevalence of ant(4′)-Ia gene (84.5%) than that 
of the other two AME genes44. The difference between these 
reported results from different geographical could be due to 
differences among the isolates, dissimilar study design and 
different antibiotic treatment strategies.  
 
In the present study, six isolates were susceptible to all the tested 
aminoglycosides antibiotics and were also negative for all of the 
AMEs genes. Moreover, all isolates positive for aph(3’)-IIIa gene 
were resistant to kanamycin except for one isolate which was 
susceptible to all tested aminoglycosides. On the other hand, two 
aminoglycoside susceptible isolates harbored the ant(4′)-Ia gene. 
Contrary, the three AMEs genes were absent in two isolates 
(5.6%) although they were phenotypically resistant to all 
aminoglycosides. Another finding was that 12 MRSA isolates 
(75%) harbored one or more of aminoglycosides resistance genes 
except one isolate which was susceptible to all tested 
aminoglycosides, but harbored the ant(4’)-Ia gene. According to 
a justification mentioned by researchers in Poland45, the failure to 
detect the three AMEs genes in two isolates which demonstrate 
phenotypic resistance against aminoglycosides may be due to 
either the presence of variant AME genes that cannot be detected 
with the primers used or the possible presence of a new 
aminoglycoside resistance gene among the S. aureus population. 
On the other hand, the detection of resistance genes in antibiotic 
susceptible isolates may be due to the amplification of repressed 
antibiotic resistance genes or AME of these strains display a 
relatively lower enzymatic activity. 
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Several types of virulence factors were produced by S. aureus 
strains, capsular polysaccharides (CP) types 5 and 8 are the 
prevalent types of CP among S. aureus isolates13–15. Therefore, in 
our study all S. aureus isolates were characterized by the 
detection of cap5 and cap8 specific genes. The results showed 
that cap8 was more predominant than cap5; this finding was 
consistent with another study in Western Australia which 
reported a higher percentage of cap8 than cap5 in S. aureus 
isolates (45.2% and 38.7% respectively)11. Another study in 
Nigeria showed that cap8 and cap5 were present in 94% and 6% 
of S. aureus isolates respectively46. On the other hand, the 
incidence of lukS-PV/lukF-PV was found to be 11.1% in S. aureus 
isolates. Comparing to another study in Nigeria it was found that 
the level of lukS-PV/lukF-PV was higher than our findings 
(80.2%)46. Another study in the USA reported that 33% of S. 
aureus isolates harbored lukS-PV/lukF-PVL gene47.  
 
CONCLUSION 
 
This study highlights the prevalence of S. aureus among 
pediatrics with otitis media admitted to ENT clinics, Alexandria, 
Egypt. The tested isolates exhibited multidrug resistance with 
significant heterogenous resistance profiles. MRSA was 
confirmed in 44.4% of the tested S. aureus isolates. The presence 
of mecA gene was confirmed in all phenotypically methicillin-
resistant isolates. The aac(6′)Ie/aph(2′′)Ia might be considered 
the most common gene responsible for aminoglycosides 
resistance among S. aureus isolates. Moreover, cap8 is found to 
be the most common virulence factor responsible for otitis media. 
Further investigations are essential to develop novel antibacterial 
and/or anti virulence drugs against S. aureus isolate harboring 
resistance as well as virulence genes aiming to minimize the 
incidence or indeed prevent otitis media pathogenesis and its 
long-term consequences for pediatrics all over the world. 
Moreover, the cautious use of antibiotics in many infections for 
improving patients’ quality of life without compromising their 
health. 
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