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 Background: Development of resistance to antimicrobial agents by staphylococci is a 
major public health problem. Objective: a retrospective study was conducted to 
determine the rate of resistance to antibiotics by S. aureus strains isolated from 
pediatric patients. Results: A total of 1601 different clinical specimens of pediatric 
patients were investigated. High susceptibility rate of S. aureus strains was recorded to 
vancomycin (96.6%), followed by amikacin (77.8%) and ciprofloxacin (75.8%). High 
resistance rate was also recorded for S. aureus strains to aztreonam (82.7%) followed 
by ceftazidime (78.0%), cefixime (69.3%) and ampicillin (61.3%). Conclusion: 
Aztreonam, imipenem, and most of β-lactam antibiotics were found to be ineffective at 
in vitro inhibition of the S. aureus of pediatric origin. S. aureus infections could be 
effectively treated with vancomycin, amikacin and ciprofloxacin. The high resistance 
rate to most of β-lactam antibiotics studied could be attributed to their prevailing usage 
and abuse in the area of study. 
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INTRODUCTION 
 
 Staphylococcus aureus are Gram-positive spherical bacteria that colonize mainly the nasal passages, but it 
may be found regularly in most other anatomical locales, including the skin, oral cavity and gastrointestinal 
tract. Numbers of both community-associated and hospital-acquired infections have increased in the past 20 
years. From 1990-1992, S aureus was the most common cause of nosocomial pneumonia and operative wound 
infections and the second most common cause of nosocomial bloodstream infections, CDC (1999). S. aureus 
produces pustules, carbuncles, boils, and impetigo; it is also a frequent cause of septicemia, osteomyelitis, 
bacteraemia, and otitis. Emmerson M (1994)

 
and Shaposhnikova I et al. (1995). 

 Development of resistance to antimicrobial agents by staphylococci is a major concern primarily because 
they are still frequently associated with hospital and community – acquired infections, Locksley et al. (1982). 
Antibiotic resistance among these isolates has increased because of antibiotic pressure. Currently, less than 5% 
of clinical isolates remain sensitive to penicillin, CDC (1997).

 
A survey in the USA revealed that the proportion 

of methicillin-resistant isolates with sensitivity only to vancomycin increased from 22.8% in 1987 to 56.2% in 
1997, CDC (1997).

 
 

 Exposure to new antibiotics often results in further selection of homologous resistant strains, Haley et al. 
(1982) a phenomenon particularly favored by irrational antimicrobial drug usage and conditions of poor 
sanitation, Tobih et al. (2006) and Bartoloni A, et al. (2004). Infection with such resistant strains is likely to be 
more severe and require longer hospitalization with incumbent increased costs, than infection with susceptible 
strains, Baron (1992). Despite world-wide use of antibiotics, the distribution of the resistance is far from being 
uniform even in the same area, Burwen et al. (1994). However, there is little information on antimicrobial 
susceptibility pattern in Jordan. Therefore, this retrospective study was conducted to determine the rate of 
susceptibility to commonly used antibiotics by S. aureus strains isolated from cultures of different clinical 
specimens received from pediatric patients at Princess Rahmah Hospital during a period of five years (2005-
2009).  

MATERIALS AND METHODS 
 
 This study was carried out in the diagnostic Medical Microbiology Laboratory of Princess Rahmah Hospital 
located in Irbid, Jordan, during the year of 2005-2009.  
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 A total 1601 of S. aureus isolates were identified from different clinical specimens using standard 

bacteriological methods. These clinical specimens included blood conjunctival swabs, ear swabs and urine. 

Microbiological and antibacterial susceptibility data of this study obtained from records of Medical 

Microbiology Laboratory of Princess Rahmah Hospital. These data were filled in a prepared data sheet. The 

antimicrobial susceptibility patterns of these isolates to antibiotics were determined using the Kirby-Bauer 

method of disc diffusion test, Bauer et al. (1960). The isolates were tested against the following antibiotics; 

amikacin, amoxicillin-clavulanic acid, ampicillin, aztreonam, cefixime, cefotaxime, ceftazidime, ceftriaxone, 

ciprofloxacin, cotrimoxazole, gentamicin, imipenem pipracillin, tobramycin and vancomycin. 

 

Statistical Analysis: 

 Data were analyzed using SPSS (version15 for Windows) to calculate the frequencies and cross tables.   

 The study protocol was approved by the Ethics Committee of the ministry of health in Jordan (MOH, REC, 

08, 0057). 

 

Results: 
 During five years period (2005-2008), a total of 1601 positive S. aureus cultures of pediatric patients aged 

below 15 years old were studied. The distribution of S. aureus strains from various clinical specimens was 1031 

(64.4%) from blood, 434 (27.1%) from ear swabs, 80 (5.0%) from conjunctival swabs and 56 (3.5%) from urine 

(Table 1).  
 
Table 1: Distribution of S. aureus isolates in different clinical specimens. 

Clinical specimen Year Total % 

2005 2006 2007 2008 2009 

Blood 79 111 129 326 386 1031 (64.4) 

Ear swab 70 65 68 119 112 434 ( 27.1) 

Eye swab 10 14 24 22 10 80 (5.0 ) 

Urine 11 11 10 12 12 56 (  3.5) 

Among all specimens 170 201 231 479 520 1601 (100.0) 

 

 Overall, high susceptibility rate was observed for vancomycin (96.6%) followed by amikacin (77.8%), 

ciprofloxacin (75.8%), gentamicin (72.4%) and tobramycin (71.7%). Lower susceptibility rates were recorded 

for aztreonam (17.3%), followed by ceftazidime (22.0%), cefixime (30.7%), ampicillin (38.7%) (Table 2). 

 

Discussion: 

 This current study provides information regarding the distribution of pathogenic S. aureus isolates and its 

antimicrobial susceptibility patterns in pediatric patients. Most S. aureus strains isolated from blood samples 

followed by isolates that obtained from samples of ear, eye and urine. 

 Results of this study showed low susceptibility rate of S. aureus to most tested antimicrobial agents. Similar 

findings regarding high potentials for developing resistance for pathogenic isolates of S. aureus were reported, 

Karlowsky et al. (2004).  

 Susceptibility rates of S. aureus from different clinical specimens was highly significant deceased 

(P<0.001) to aztreonam, ceftazidime, cefixime and tobramycin in comparison between the years of 2005 vs. 

2009. By the way, amoxicillin-clavulanic acid, ampicillin, ceftriaxone, and vancomycin also showed decreases 

in their activity, but this decrement was not significant. The cause of decrement in the activity of aztreonam, 

ceftazidime, cefixime and tobramycin is may due to the widespread and lengthy use of these antibacterial drugs 

in the world including Jordan.  These results are in accordance with other studies that reported high resistance 

rates of S. aureus isolates against various antibiotics from various clinical specimens, Bernardo and Ueno 

(2008), Farzana, K and Abdulhameed (2006), Fish et al. (1995).  

 In contrast, susceptibility rates of S. aureus isolated from different clinical specimens' showed improvement 

to amikacin, ciprofloxacin, cotrimoxazole, cefotaxime, gentamicin, imipenem and pipracillin in comparison 

between the years of 2005 vs. 2009. This increment was highly significant (P<0.001) for gentamicin, imipenem 

and pipracillin. These results coincide with a study conducted in Shiraz, which show 100 percent of S. aureus 

isolates were sensitive to vancomycin, Alborzi et al. (2000). The cause of significant improvement in the 

activity of imipenem and pipracillin is may due to little use of these medicines in treatment of bacterial infection 

in children.    

 In this study, S. aureus recorded the highest susceptibility rate (96.6%) to vancomycin. These results 

coincide with a study conducted in Shiraz, which show 100 percent of S. aureus isolates were sensitive to 

vancomycin Alborzi et al. (2000). This high rate of sensitivity may be because vancomycin is not in common 

use and is expensive drug.  

 High susceptibility rates of S. aureus isolates (above 70%) were also recoded to amikacin, ciprofloxacin, 

gentamicin and tobramycin. This may be because these antimicrobial agents are relatively not in common use by 
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the population as compared to β-lactam antibiotics. Similar finding was reported elsewhere Vahdani et al. 

(2004).  

 There are many possible reasons for increasing resistant rate of S. aureus to common used antimicrobial 

drugs, including inappropriate and incorrect administration of antimicrobial agents in empiric therapies and lack 

of appropriate infection control strategies Zakaria (2005), Dimitriv et al. (2004). This problem indicates 

importance of performing antibiotic susceptibility testing before blind antibiotic therapy.  

 

Conclusions: 

 The variation found in the sensitivity pattern of S. aureus to these commonly used drugs could be attributed 

to the prevailing usage and abuse of the drugs in the area of study. The high rate of resistance to these 

commonly used drugs contrast with the high sensitivity to vancomycin, amikacin and gentamicin, which are less 

frequently used. This further suggests a relationship between antibiotic usage and the level of drug resistance 

encountered in this study. 

 The data also suggest that aztreonam, ceftazidime, cefixime and imipenem should not be used in treating 

infections caused by pathogenic S. aureus and other related bacteria in Jordan. These findings also reinforce the 

need for ongoing investigation to show trends in antibiotic resistance, which can help clinicians provide safe and 

effective empiric therapies. Moreover, the data would also help authorities to formulate antibacterial 

prescription policies. 

 
Table 2: Susceptibility pattern of S. aureus from clinical specimens to various antimicrobials. 

Significance 2005 
vs. 2009 

Total 
 

N= 1601 

2009 
N= 520 

2008 
N= 479 

2007 
N= 231 

2006 
N= 201 

2005 
N= 170 

Number (%) 
of 

Staph 

susceptible 

to 
P-value 

 
N (S %) N (S %) N (S %) N (S %) N (S %) N (S %) 

0.709 714 (64.1) 341 (57.4) 142 (75.3) 99 (69.6) 89 (67.4) 43 (60.4) AMC 

0.133 1082 (77.8) 353 (80.7) 325 (81.8) 125 (65.6) 167 (75.4) 112 (74.1) AMK 

0.945 537 (38.7) 173 (32.3) 182 (37.3) 143 (48.2) 27 (40.7) 12 (33.3) AMP 

<0.001 851 (17.3) 137 (5.1) 314 (3.8) 123 (11.3) 169 (43.7) 108 (37.9) AZT 

<0.001 1103 (22.0) 379 (9.4) 292 (26.0) 142 (25.3) 172 (31.9 ) 118 (33.8 ) CAZ 

<0.001 420 (30.7) 139 (26.6) 79 (29.1) 123 (25.2) 58 (41.3) 21 (66.6) CF 

0.416 1006 (75.8) 188 (77.1) 335 (81.1) 166 (77.7) 179 (64.8) 138 (73.1) CPR 

0.607 343 (47.8 ) 97 (47.4) 109 (37.6) 95 (57.8) 25 (60.0) 17 (41.1) COT 

.0323 941 (45.4) 245 (48.1) 298 (45.9) 134 (42.5 ) 166 (37.9) 98 (54.0) CTR 

0.241 1065 (66.7) 374 (60.9) 355 (74.9) 181 (68.5) 116 (62.9) 39 (51.2) CTX 

<0.001 1256 (72.4) 434 (82.7) 427 (67.2) 201 (70.6) 113 (65.4 ) 81 (59.2) GEN 

<0.001 1077 (42.9) 369 (72.8) 314 (6.3) 118(33.0) 167 (48.5) 109 (49.5) IMP 

<0.001 1112 (59.2) 383 (72.0) 319 (53.6) 131 (64.1) 176 (50.0) 103 (38.8) PIP 

<0.001 1173 (71.7) 396 (54.7) 358 (84.3) 142 (68.3) 168 (86.9 ) 109 (73.3) TOB 

0.833 1203 (96.6) 434 (94.4) 409 (94.4) 153 (98.0) 107 (98.1) 100 (95) VAN 

Number of isolates (N), Sensitive (S) Amoxicillin-clavulanic acid (AMC), Amikacin (AMK), Ampicillin (AMP), Aztreonam (AZT), 
Ceftazidime (CAZ), Cefixime (CF), Ciprofloxacin (CPR), Cotrimoxazole (COT), Ceftriaxone (CTR),Cefotaxime (CTX), Gentamicin 

(GEN), Imipenem (IMI), Pipracillin (PIP), Tobramycin (TOB), Vancomycin (VAN). 
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