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Abstract 
Background: Staphylococcus aureus bacteria are Gram positive bacteria that cause infection in tropical areas 

such as Indonesia due to dusty air conditions, warm temperatures, and humidity. Various diseases caused by S. 

aureus range from food poisoning, skin and soft tissue infections, serious and even fatal infections acquired in 

the hospital (nosocomial infections) to severe life-threatening infections. Treatment of S. aureus infection is 

done by administering antibiotics, such as beta-lactam antibiotics, polypeptides, aminoglycosides, 

chloramphenicol, tetracycline, macrolides and fluoroquinolones. Beta-lactam antibiotics are the most 

commonly used drugs because they are the first line of antibiotic therapy for treating bacterial infections, but 

the level of bacterial resistance to beta-lactam antibiotics continues to increase. This review article discusses 

the resistance pattern of S. aureus bacteria to beta-lactam antibiotics using the Kirby-Bauer agar diffusion 

method. The aim of this study is to examine the scientific literature regarding the resistance pattern of S. aureus 

bacteria to beta-lactam antibiotics from clinical samples in various hospitals. 
Materials and Method: This literature review uses a method by collecting various literatures in the form of 

primary data in the form of international journals from the last 10 years (2010-2020) using online media 

through several official websites. 

Results: S. aureus is resistant to 10 types of beta-lactam antibiotics. The tested antibiotics consisted of penicillin 

G with an average percentage of resistance 96.6%, oxacillin 61.2%, ampicillin 84.4%, amoxicillin 64.9%, 

cefoxitin 49.8%, cefuroxime 39.2%, cefalotin 22.4%, cefotaxime 60.4%, ceftriaxone 36.7%, and imipenem 

17.9%. The resistance results were obtained from three sampling locations. 

Conclusion: The highest level of resistance was found in penicillin G antibiotics, namely 96.6%, while the 

lowest level of resistance was in the antibiotic imipenem at 17.9%. 
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I. Introduction 
Staphylococcus aureus is a Gram-positive spherical bacterium, usually arranged in irregular shapes like 

grapes, not forming spores and flagella. S. aureus contains polysaccharides and proteins that function as 

antigens and are important substances in the cell wall structure (1). S. aureus is a normal flora of the human 

body which is an opportunistic pathogen. S. aureus bacteria are known as cause various diseases ranging from 

food poisoning, skin and soft tissue infections, serious and even fatal infections acquired in hospital (nosocomial 

infections) to severe life-threatening infections (2).  

Treatment of S. aureus infection by administering antibiotics, such as beta-lactam antibiotics, 

polypeptides (vancomycin), aminoglycosides (gentamycin, kanamycin, amikacin), chloramphenicol, 

tetracycline, macrolides (erythromycin) and fluoroquinolone (ciprofloxacin). Beta-lactam antibiotics are the 

most commonly used drugs because they are the first line of antibiotic therapy for treating bacterial infections, 

but the level of bacterial resistance to beta-lactam antibiotics continues to increase (3).  

The general mechanism of antibiotics by inhibiting cell wall synthesis, inhibiting protein synthesis, 
folate antagonists and influencing the synthesis or metabolism of bacterial nucleic acids (4). Beta-lactam 

antibiotics have a mechanism by inhibiting cell wall synthesis, where the beta-lactam ring inhibits the action of 

the transpeptidase enzyme which is used by bacteria to form peptidoglycan (a component of bacterial cell walls) 

(5). About 40-62% of antibiotics are used inappropriately for diseases should not require antibiotics. In various 

hospitals it is found that 30% -80% of antibiotic uses is not based on indications which is one of the causes of 

bacterial resistance to antibiotics. To reduce resistance, the choice of antibiotics must be appropriate for the 

bacteria causes the infection (6). 

Antibiotic resistance is a condition when bacteria develop the ability to defeat antibiotics designed to 

kill them, it does not mean the body is resistant to these antibiotics (7). Bacterial resistance to antibiotics is a 

problem in the world, especially in developing countries where the use of antibiotics has not been properly 
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monitored (8). Antibiotic resistance occurs through 3 mechanisms, namely the drug cannot reach its working 

place, drug inactivation and microbes change the antibiotic binding site (3).  

The resistance of S. aureus bacteria to beta-lactam antibiotics continues to grow (9). The resistance of 
S. aureus to beta-lactam antibiotics is because S. aureus bacteria produce the beta lactamase enzyme which 

hydrolyzes the beta lactam ring, causing the antibiotic unable to inhibit the work of the transpeptidase enzyme, 

which is used by bacteria to form peptidoglycan (a component of bacterial cell walls), so the bacteria are 

unsusceptible to antibiotics and continue to thrive (5). Resistance of S. aureus to antibiotics occurred in the 

1940s when S. aureus was first reported to be resistant to penicillin (10).  

Several factors cause bacterial resistance are the use of inappropriate antibiotics, the emergence of 

bacterial strains that are resistant to antibiotics and the spread of these strains to other bacteria. Factors need to 

be considered are the presence of host (intrinsic) such as the location of infection, the ability of antibiotics to 

reach the target organ of infection according to the concentration of the therapeutic dose, the patient's normal 

flora and environmental ecology (11). 

 

II. Material and Methods 
The search for data in this review article was carried out by collecting various literatures of primary 

data in the form of official books and international journals from the last 10 years (2010-2020). Using online 

media through websites such as Academic Journals, ResearchGate, ScienceDirect, Semantic Scholar, PubMed, 

and the Journal of Advances in Microbiology by using the keywords "Staphylococcus aureus bacteria", "Beta 

lactam antibiotics", "S. aureus resistance to antibiotics", "S. aureus resistance to beta-lactam antibiotics". 

 

III. Result 
Tabel 1. The Resistance Patterns of S. aureus toward Beta-Lactam Antibiotics 

  

Antibiotics Sampling Location Sampling Type Number 

of 

Isolates 

Resistant 

Isolates 

% Resistance Reference 

 

 

 

 

 

 

 

 

Penicillin G 

 

 

 

 

Kist Medical College 

Hospital, Lalitpur 

 

Urine, blood, pus, 

sputum, swabs, 

bodily fluids and 

tips  

 

 

 

100 

 

 

100 

 

 

100% 

 

 

(12) 

 

 

HIV patient YRG 

CARE, a tertiary HIV 

care center in Chennai, 

India 

 

Urine, pus, 

sputum and body 

fluids 

 

 

396 

 

 

380 

 

 

95.2% 

 

 

(13) 

 

Chitwan Chitwan 

Medical University 

Teaching Hospital, 

Nepal  

 

 

Pus, blood, urine 

and sputum 

 

 

306 

 

 

290 

 

 

94.7% 

 

 

(14) 

 

 

 

 

 

 

Oxacillin 

 

 

 

 

 

 

 

Oxacillin 

 

Abia State University 

Teaching Hospital, 

Aba Southeast Nigeria  

 

Blood, swab (ear, 

throat, wound, 

vaginal high) pus 

and urine 

 

 

104 

 

 

68 

 

 

65.4% 

 

 

(15) 

 

From chronic sinusitis 

patients in Northern 

Iran. 

 

 

 

Nose swab 

 

 

10 

 

 

6 

 

 

60% 

 

 

(16) 

 

 

Cotonou National 

University Hospital 

(Benin) 

 

Urine, sperm, 

urethral dan 

vaginal 

 

 

24 

 

 

14 

 

 

58.3% 

 

 

(17) 

 

 

 

 

 

Midnapore Medical 

College Hospital, 

Midnapore, West 

 

 

Burns swab 

 

 

100 

 

 

96 

 

 

96% 

 

 

(18) 
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Ampicillin 

Bengal, India  

 

 

Debre Markos Referral 

Hospital, Amhara 

Region, Ethiopia 

Surgical scars 

swab 

 

 

73 

 

 

60 

 

 

82.2% 

 

 

(19) 

 

 

Kist Medical College 

Hospital, Lalitpur 

 

Urine, blood, pus, 

sputum, swabs, 

body fluids and 

tips  

 

 

100 

 

 

75 

 

 

75% 

 

 

(12) 

 

 

 

 

 

 

 

 

Amoxicillin 

 

Cotonou National 

University Hospital 

(Benin) 

 

Urine, sperm, 

urethral dan 

vaginal 

 

 

24 

 

 

20 

 

 

83.3% 

 

 

(17) 

 

Debre Markos Referral 

Hospital, Amhara 

Region, Ethiopia  

Surgical scars 

swab 

 

 

73 

 

 

60 

 

 

82.2% 

 

 

(19) 

 

Gondar University 

Hospital  

 

Blood 

 

17 

 

5 

 

29.4% 

 

(20) 

 

 

 

 

 

 

 

 

 

Cefoxitin  

 

Midnapore Medical 

College Hospital, 

Midnapore, West 

Bengal, India  

 

 

Burn swab 

 

 

100 

 

 

70 

 

 

70% 

 

 

(18) 

 

Chitwan Chitwan 

Medical University 

Teaching Hospital, 

Nepal  

 

 

Pus, blood, urine 

and sputum 

 

 

306 

 

 

132 

 

 

43.1% 

 

 

(14) 

 

 

 

 

Local hospital in 

northern Jordan 

 

Blood, swab (ear, 

eye, nose, 

wound), abscess, 

semen, sputum, 

catheter tip, and 

urine  

 

 

 

 

358 

 

 

 

130 

 

 

 

36.3% 

 

 

 

(21) 

 

 

 

 

Cefuroxime 

 

 

 

 

 

 

 

 

Cefuroxime 

 

 

Okitipupa Specialist 

Hospital, in Ondo 

State, Nigeria 

 

Skin swab, 

nostrils, wound 

exudates or 

umbilical cord 

excision sites of 

hospitalized 

patients  

 

 

 

17 

 

 

12 

 

 

70.6% 

 

 

(22) 

 

Various hospitals and 

clinical wards in 

Pattukkottai, Tamil 

Nadu State, India 

 

 

 

Sputum and throat 

swab 

 

 

 

81 

 

 

 

 

22 

 

 

 

 

27% 

 

 

 

 

(23) 

 

 

 

Chronic sinusitis 

patient in Northern 

Iran  

 

 

 

Nose swab 

 

 

10 

 

 

2 

 

 

20% 

 

 

(16) 
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Cefalotin 

  

 

 

Jimma University 

Specialized Hospital 

(JUSH), Ethiopia 

 

Wound swabs 

(Surgical scars, 

trauma, abscesses, 

boils, burns and 

diabetic foot 

ulcers) 

 

 

 

 

47 

 

 

 

14 

 

 

 

29.8% 

 

 

 

(24) 

 

 

Yekatit 12 Hospital 

Medical College, 

Addis Ababa, Ethiopia 

 

Pus/abscess, swab 

(nose, throat, eye), 

vaginal discharge, 

urine, body fluids, 

ear fluid, feces 

and sputum 

 

 

 

 

194 

 

 

 

37 

 

 

 

19.1% 

 

 

 

(25) 

 

Hawassa University 

Comprehensive 

Specialized Hospital 

 

 

 

Ear swabs 

 

 

33 

 

 

6 

 

 

18.2% 

 

 

(26) 

 

 

 

 

 

 

Cefotaxime  

 

 

 

Brazzaville Hospital, 

Congo 

 

 

Wound swab 

 

42 

 

42 

 

100% 

 

(27) 

 

Abia State University 

Teaching Hospital, 

Aba Southeast Nigeria 

 

Blood, swab (ear, 

throat, wound, 

vaginal high) pus 

and urine 

 

 

104 

 

 

44 

 

 

42.3% 

 

 

(15) 

 

Three referral 

hospitals namely 

Milad, Motahary and 

Loghman 

 

Urine, feces, 

sputum, 

nasopharyngeal 

swab and blood 

 

 

98 

 

 

38 

 

 

39% 

 

 

(28) 

     

 

 

 

 

 

 

 

 

Ceftriaxone 

 

 

 

 

 

 

 

 

 

 

Burns unit at Dhaka  

Medical College 

Hospital, Dhaka, 

Bangladesh 

 

 

Burns swab 

 

 

29 

 

 

17 

 

 

60% 

 

 

(29) 

 

Gondar University 

Hospital, 

Northwestern Ethiopia 

 

 

Blood 

 

 

17 

 

 

6 

 

 

35.3% 

 

 

(20) 

 
Jimma University 

specialized 
hospital(JUSH), 

Ethiopia 

 

Wound swabs 

(Surgical scars, 

trauma, abscesses, 

boils, burns and 

diabetic foot 

ulcers) 

 

 

 

47 

 

 

 

7 

 

 

 

14.9% 

 

 

 

(24) 

 

 

 

 

 

 

 

Imipenem 

 

Brazzaville Hospital, 

Congo 

 

 

Wound Swab 

 

42 

 

13 

 

30.9% 

 

(27) 

 

Three referral 

hospitals namely 

Milad, Motahary and 

Loghman 

 

Urine, feces, 

sputum, 

nasopharyngeal 

and blood swabs 

 

 

 

98 

 

 

 

12 

 

 

 

13% 

 

 

 

(28) 

 

Burns unit at Dhaka 

Medical College 

Hospital, Dhaka, 

Bangladesh 

 

 

Burns swab 

 

 

29 

 

 

3 

 

 

10% 

 

 

(29) 
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IV. Discussion 
Infectious diseases caused by bacteria are increasingly reported in Indonesia which cause a decrease in 

the quality of human health, for example Staphylococcus aureus. S. aureus bacteria have the ability to be 

resistant to an antibiotic. As a result of this resistance, handling of bacteria becomes difficult and the choice of 

therapy is limited so that the quality of treatment and health decreases. Actually, treatment of infection is not too 

difficult if we know the cause and the medicine to anticipate it. Treatment of S. aureus infection carried out by 

administering antibiotics. Resistance occurs due to inappropriate administration of antibiotics. Antibiotic 

resistance occurs when bacteria develop the ability to defeat the antibiotics designed to kill them, which does 

not mean that the body is resistant to them (7).  

Based on the results of the literature, the researchers conducted a study to determine the resistance and 

susceptibility of S. aureus, whose isolates came from clinical samples of patients in the hospital such as wound 

swabs, burn swabs, surgical scars swab, diabetic foot ulcer swabs, nostril swab, nose swab, throat swab, eye 
swab, ear swab, nasopharyngeal swab, high vaginal swab, skin swab, wound exudate or umbilical cord excision, 

urine, pus, boil, abscess, vaginal discharge, blood, body fluids, ear fluid, feces, earwax, sputum, semen, sperm, 

vaginal, urethral and catheter tip. 

Antibiotic susceptibility testing was carried out by using the agar diffusion method (Kirby-Bauer). This 

method is very commonly used because it is a standard procedure for testing the sensitivity of bacterial isolates. 

The standard medium used was Mueller-Hinton agar (MHA). This test was carried out by incubating the 

bacterial isolate at 37°C for 24 hours (31). Kirby-Bauer agar diffusion is carried out by placing a disk containing 

antimicrobial compounds on the surface of the test microbial inoculated medium. During incubation, these 

antimicrobial compounds will diffuse into the agar medium. The effectiveness of antimicrobial compounds after 

the event in the presence of an inhibition zone that forms around the disk. The wider the inhibition zone, the 

more sensitive the compound is (10). 
Currently S. aureus is resistant to several types of beta-lactam antibiotics. According to the results of 

the literature review, which are shown in Table 1, S. aureus is resistant to 10 types of beta-lactam antibiotics. 

Resistance results were obtained from three sampling locations. The tested antibiotics consisted of penicillin G 

with a resistance percentage of 100%; 95.2%; 94.7%, oxacillin 65.4%; 60%; 58.3%, ampicillin 96%; 82.2%; 

75%, amoxicillin 83.3%; 82.2%; 29.4%, cefoxitin 70%; 43.1%; 36.3%, cefuroxime 70.6%; 27%; 20%, cefalotin 

29.8%; 19.1%; 18.2%, cefotaxime 100%; 42.3%; 39%, ceftriaxone 60%; 35.3%; 14.9%, and imipenem 30.9%; 

13%; 10%. The average values obtained for the percentage of resistance were penicillin G 96.6%, oxacillin 

61.2%, ampicillin 84.4%, amoxicillin 64.9%, cefoxitin 49.8%, cefuroxime 39.2%, cefalotin 22.4%, cefotaxime 

60.4%, ceftriaxone 36.7%, and imipenem 17.9%. From the average value obtained, the highest level of 

resistance was penicillin G, which was 96.6%, while the lowest resistance level was imipenem antibiotic at 

17.9%. 

Penicillin G and oxacillin antibiotics are actively against Gram positive bacteria but rapidly hydrolyzed 
by beta lactamase so they are not effective against S. aureus. Ampicillin is also actively against certain Gram 

positive and negative bacteria, but can be inactivated by beta lactamase. Almost all Staphylococcus are resistant 

to ampicillin. Amoxicillin is an ampiciliin derivative that has the same antibacterial spectrum. Available in a 

fixed combination form, namely amoxicillin and clavulanic acid (Co-Amoxiclav), which is only given to 

infections suspected to be caused by strains that produce beta lactamase and are resistant to amoxicillin (4). 

Clavulanic acid is a beta lactamase inhibitor that can protect amoxicillin from hydrolysis caused by beta 

lactamase. However, the resistance mechanism is not only through the production of the beta lactamase enzyme 

by bacteria that can destroy beta-lactam antibiotics, but also through changes in penicillin binding protein (PBP) 

(11). 

Cefalotin is the first generation of cephalosporins that are effective against Gram positive bacteria (S. 

aureus), but also can be resistant to these bacteria due to the beta lactamase enzyme. Cefoxitin and cefuroxime 
are second generation cephalosporins that are less effective in treating Gram-positive bacterial (S. aureus) 

infections than the first-generation of cephalosporins. Meanwhile, compared to the first and second generations, 

cefotaxime and ceftriaxone, which are third generation cephalosporins, are less effective against Gram positive 

bacteria (S. aureus) (4). 

Imipenem is a derivative of carbapenem. This antibiotic is bactericidal, has broad spectrum activity, 

which is sensitive to all types of bacteria, both Gram positive and Gram negative bacteria, both aerobic and 

anaerobic (4). 

The resistance of S. aureus to beta-lactam antibiotics is because S. aureus bacteria produce the beta 

lactamase enzyme which hydrolyzes the beta lactam ring, causing the antibiotic unable to inhibit the work of the 

transpeptidase enzyme, which the enzyme is used by bacteria to form peptidoglycan (a component of bacterial 

cell walls), so that bacteria are not susceptible to antibiotics and continue to thrive (5).  

The main cause of bacterial resistance to antibiotics is generally due to their widespread and irrational 
use. More than half of the patients in hospital receive antibiotics as therapy or prophylaxis. About 80% of 
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antibiotic consumption is used for human purposes and at least 40% is based on inaccurate indications, for 

example virus infection (3).  

In addition, education for patients is also important. Education can be delivered through counseling, 
seminars and media such as television, newspapers, radio, social media. Not all diseases are treated with 

antibiotics. If necessary, the use of antibiotics must be in accordance with the doctor's instructions, both the dose 

used and the range of therapy. Antibiotics must be given in appropriate doses to minimize the occurrence of 

bacterial resistance to antibiotics. 

 

V. Conclusion 

The resistance pattern of S. aureus bacteria isolates towards beta-lactam antibiotics in several hospitals 

found that the highest resistance was penicillin G antibiotics, namely 96.6%, while the lowest resistance level 

was imipenem antibiotics at 17.9%. 
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