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ABSTRACT

Objective: The study was carried out to check the antibiotic susceptibility profile of Staphylococcus aureus.

Methods: In this study for the isolation of strain, skin swabs from different parts of the body were taken aseptically with the set protocol. The 
sensitivity patterns of S. aureus were explored with different antibiotics for the treatment of S. aureus infections. We have studied the susceptibility 
pattern of various antibiotics including present all line therapies and other antibiotics using disk-diffusion method.

Results: It has been found that bacteria show the highest sensitivity toward third-line antibiotic tetracycline, trimethoprim, and minocycline. The 
different concentrations of these antibiotics were used to check the minimum inhibitory concentration and found to be effective even at the lower 
concentration of 0.01 mcg/disc. Furthermore, the minimum inhibitory concentration of each antibiotic has been calculated to find the most effective 
antibiotic at low concentration. The isolates are found to be highly resistant toward ampicillin, ciprofloxacin, and cefotaxime.

Conclusion: The research concluded that the bacteria S. aureus are found to be more sensitive for chloramphenicol, kanamycin, and trimethoprim in 
first-line antibiotics, second-line antibiotics, and third-line antibiotics, respectively.
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INTRODUCTION

Staphylococcus is non-spore-forming cocci, a genus of Gram 
positive belongs to the Micrococcaceae family. These bacteria are 
generally present as normal human microbiota of the skin and nasal 
cavity. However, Staphylococcus aureus, Staphylococcus hominis, 
Staphylococcus haemolyticus, Staphylococcus epidermidis, and 
Staphylococcus saprophyticus are pathogenic in nature. S. aureus is 
proved to be the most pathogenic bacteria. It is able to coagulate plasma 
as it is coagulate positive in nature. It is commonly found in hospital 
and community-acquired nosocomial diseases. It is accountable as 
causative of a broad spectrum of skin diseases [1,2]. S. aureus has the 
ability to produce a wide range of toxins which include enterotoxins 
cause food poisoning, cytotoxins (general systemic toxins), and toxic 
shock superantigens [3] which leads to mild skin infection to serious 
life-threatening diseases [4]. In the 1880s, S. aureus was discovered 
causing skin and tissue infection and food poisoning. However, later, it 
becomes resistant to penicillin. Methicillin was used for the treatment 
of S. aureus infection. In 1961, S. aureus was given a name methicillin-
resistant S. aureus (MRSA) as it becomes resistant to beta-lactams 
including amoxicillin and methicillin. The major issue with the species 
of S. aureus is its resistance toward antibiotics [5]. The recognition of 
the antimicrobial resistance pattern is required for a researcher to 
widely spread a pragmatic and pathogen-specific therapy. The various 
classes of antimicrobial agents have become less effective due to the 
emergence of antimicrobial resistance often due to the selective 
pressure of antimicrobial usage [6]. This selective pressure is the result 
of extensive use of antibiotics and the overuse of existing drugs [7].

METHODS

Collection of sample
For the isolation of Staphylococcus, skin samples were collected in a 
sterile container using a sterile swab and transferred aseptically to the 
laboratory at 40°C for further testing.

Isolation of Staphylococcus
The isolation of bacteria was done using selective media, i.e., Mannitol 
salt agar. After the inoculation of the swab sample on the plate, it was 
incubated for 24 h at 37°C. Presumptive S. aureus identified by the 
fermentation of mannitol as it produces yellow colonies. After the 24 h 
of incubation, the colonies obtained were further streaked to obtain the 
pure culture of bacteria [8].

Identification
The process of identification was done by morphological examination and 
biochemical tests. Gram staining was performed for the morphological 
identification. The various biochemical tests performed were citrate 
test, catalase test, oxidase test, Methyl Red - Voges Proskauer test, and 
sugar fermentation test [9-11].

Antibiotic susceptibility test
The commonly used antibiotics for the treatment of S. aureus associated 
diseases were tested for antibiotic susceptibility screening against these 
bacteria. The pure isolate was identified and selected for further study, by 
two methods: Spot-on-lawn and disk-diffusion method. Mueller–Hinton 
agar plates were prepared and 24 h old culture was inoculated. Antibiotic 
discs of different concentrations and various antibiotics were used and 
placed over the spread plates incubated at 37°C for 24 h. An evaluation 
was done on the basis of the size of the zone of inhibition (ZOI) [12].

RESULTS

Out of 56 isolated samples, 9 strains were studied after isolating a 
pure colony on selective media. One strain was selected on the basis 
of biochemical characterization. Pure isolated bacteria showed yellow-
colored colonies on Mannitol salt agar media (Fig. 1) which confirmed 
it as S. aureus and found to be Gram positive as showed purple-colored 
grapes like the cluster in round shape (Fig. 2) (Table 1). The biochemical 
tests were catalase positive, i.e., culture showed bubble formation 
after adding the hydrogen peroxide (Fig. 3), citrate positive (after 24 h 
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incubation of inoculated Simmons’ citrate agar color has changed from 
green to blue) (Fig. 4), oxidase positive, and methyl red positive tests 
(Table 2).

The antibiotic susceptibility of a selective isolate of S. aureus isolates 
revealed varying degrees of susceptibility patterns. Minimum inhibitory 
concentration has been calculated on the basis of ZOI for a different 
antibiotic with various ranges of concentrations. It has been found that 
the strain has shown maximum sensitivity toward tetracycline and 
chloramphenicol (Figs. 5-7). It was resistant toward nalidixic acid and 
ampicillin. The strain was also sensitive against ceftazidime, kanamycin, 
cefotaxime, and ciprofloxacin. A table has been formulated for different 
results which depict its sensitivity pattern (Tables 3-6).

The concentration used for all line therapy antibiotics and other 
antibiotics ranged from 0.01 mcg/disc to 240 mcg/disc. The 
minimum effective concentration of ceftazidime was 4 mcg and ZOI 
formed was 4 mm. Ampicillin and cefotaxime showed its affectivity at 
minimum concentration 32 mcg and ZOI formed was 5 mm and 7 mm, 
respectively.

DISCUSSION

Omoigberale et al. investigated the antibiotic resistance pattern of 
S.aureus, isolated from vaginal and urethral swab specimens. The 
authors found that isolates were more sensitive for chloramphenical 
and tetracycline and resistant for nalidixic acid and ampicillin. These 
results are found to be similar to our study indicated [13]. In our study, 
it has been concluded that S. aureus is found to be more resistant toward 

ampicillin and nalidixic acid and susceptible for chloramphenicol, 
cefotaxime, and tetracycline which is in contrast with the study of Salau 
et al. according to which antibiotic susceptibility pattern of S. aureus 
shows resistance to ampicillin (90.2%), chloramphenicol (13.1%), 
cefoxitin (32.8%), and tetracycline (13.1%) [14]. MRSA is found to be 
highly resistant to gentamicin (76%), erythromycin (67.03%), and 
ciprofloxacin (65.09%) [15].

A recent study on resistance pattern of S. aureus performed was showed 
that S. aureus isolates were more sensitive to linezolid (96.8%) than 

Table 1: Morphological characterization of 
Staphylococcus aureus

Test Observation
Gram staining Gram-positive (cocci)

Table 2: Biochemical characterization of Staphylococcus aureus

S. No. Biochemical tests Observation
1. Catalase Positive
2. Oxidase Negative
3. Coagulase Positive
4. Mannitol fermentation Positive
5. Citrate Positive
6. Urease Positive

Fig. 1: Yellow-pigmented colonies on Mannitol salt agar

Fig. 2: Gram-positive, round shape cluster

Fig. 3: Catalase test

Fig. 4: Citrate test
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tetracycline (90.9%) and piperacillin/tazobactam (80.6%). These 
results are also similar to our study [16].

In the previous study, ampicillin recorded the highest rate of resistance 
of 90.2% with a sensitivity of 9.8%. The ability of S. aureus to resist 
this antibiotic is due to the ability of S. aureus to produce a plasmid-
encoded beta-lactamase that hydrolyzes the beta-lactam ring of this 
class of antibiotic which is essential for its antimicrobial activities [17], 
and also, the high resistance to ampicillin could be due to the misuses 
or abuse of antibiotics which is common phenomenon in developing 
countries [18,19].

The intermediate resistance for cefotaxime has been founded by a 
previous study. This agrees with the result of the present study which 
shows resistance of S. aureus toward cefotaxime at concentration 16 
mcg produced ZOI 32 mm [20].

S. aureus has been found to be more sensitive for chloramphenicol and 
it has been reported for the use of chloramphenicol antibiotic in case of 
multidrug-resistant Gram-positive bacteria [21]. This interpretation is 
exact as our study has proved the effectiveness of chloramphenicol even 
at minimum concentration [22,23].

Statistical analysis
For the statistical analysis, one-way ANOVA used to determine 
the significance of the results obtained. Level of significance was 
adjusted at 0.05 and results were said to be significant if their 

Table 3: Zone of inhibition showing effect of first-line antibiotics on Staphylococcus aureus

Concentrations 
(mg/disc)

First-line antibiotics Mean±SD

Ampicillin Cefotaxime Chloramphenicol Ceftazidime Nalidixic acid Sulfamethoxazole
0.01 R R 5 R R 3 1.33 ± 2.16
0.1 R R 5 0.1 R 6 1.85 ± 2.85
5 R R 14 2.5 4 8 4.75 ± 5.42
10 R R 19 3.1 4 11 6.18 ± 7.46
30 4.6 6.5 22 4.6 7 13 9.62 ± 6.81
60 9.3 11.2 24 7.5 8 155 12.50 ± 6.26
120 14 15 25 10 12 16 15.33 ± 5.20
240 15.9 19.6 27 11.2 14 19 17.78 ± 5.49
R: Resistance

Table 6: Minimum inhibitory concentration of antibiotics on 
Staphylococcus aureus

Antibiotics MIC
First-line antibiotics

Ampicillin 0.400313
Cefotaxime 0.388284
Chloramphenicol 0.065709
Ceftazidime 0.160025
Nalidixic acid 0.333678
Sulfamethoxazole 0.183194

Second-line antibiotics
Ciprofloxacin 0.45914
Kanamycin 0.304479
Clindamycin 0.321107

Third-line antibiotics
Tetracycline 0.215788
Trimethoprim 0.136798
Linezolid 0.157019
Minocycline 0.246289

MIC: Minimum inhibitory concentration

Table 5: Zone of inhibition showing effect of third-line antibiotics on Staphylococcus aureus

Concentrations (mg/disc) Third-line antibiotics Mean ± SD

Tetracycline Trimethoprim Linezolid Minocycline
0.01 5 5 R 3 3.25 ± 2.36
0.1 8 6 5 4 5.75 ± 1.71
5 8 8 7 6 7.25 ± 0.96
10 9 12 10 8 9.75 ± 1.71
30 10 14 11 11 11.50 ± 1.73
60 12 15 12 13 13.00 ± 1.41
120 15 15 12 17 14.75 ± 2.06
240 19 18 15 21 18.25 ± 2.50
R: Resistance

Table 4: Zone of inhibition showing effect of second-line antibiotics on Staphylococcus aureus

Concentrations (mg/disc) Second-line antibiotics Mean±SD

Ciprofloxacin Kanamycin Clindamycin 
0.01 R R R 0.00 ± 0.00
0.1 R R R 0.00 ± 0.00
5 R 2 4 2.00 ± 2.00
10 R 4 7 3.67 ± 3.51
30 R 8 10 6.00 ± 5.29
60 R 14 11 8.33 ± 7.37
120 10 17 13 13.33 ± 3.51
240 17 17 13 15.67 ± 2.31
R: Resistance
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p<0.05 and Fcrit<F-value according to one-way ANOVA. Minimum 
inhibitory concentrations of all the antibiotics calculated show that 
chloramphenicol, kanamycin, and trimethoprim are more effective 
in first-line antibiotics (Fig. 8), second-line antibiotics, and third-line 
antibiotics, respectively (Graphs 1-3).
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CONCLUSION

In the present investigation, it was found that S. aureus shows sensitivity 
toward first-, second-, third-line and other antibiotic. The bacteria 
found to be more sensitive toward third-line antibiotics, and minimum 
inhibitory concentration of antibiotics found to be is 0.01 mcg/disc.
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