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ABSTRACT 
 

Staphylococcus aureus is a known pathogen responsible for various skin diseases and nasal 
infections in humans. The bacterium can also cause infections that vary widely in their 
severity and susceptibility to antibiotic treatment. Source of exposure to novel, potentially 
more virulent strains of Staphylococcus aureus is recreational swimming areas and polluted 
marine water due to untreated effluent discharges. The standard measure of Staphylococcus 
aureus contamination in recreational waters is the concentration of colony forming units. 
Vancomycin resistant Staphylococcus aureus (VRSA) and Vancomycin resistant 
Staphylococcus epidermidis (VRSE) are the strains of Staphylococcus aureus and 
staphylococcus epidermidis respectively, that have become resistant to the glycopeptide 
antibiotic Vancomycin .With the increase of Staphylococcal resistance to methicillin, 
vancomycin is often a treatment of choice in infections with Methicillin – Resistant 
Staphylococcus aureus (MRSA), which have been a major concern. Among eighteen 
antibiotics of different groups, Rifampicin, Ampicillin, Penicillin and Amoxycillin showed 
maximum inhibition zone of vancomycin resistant mutants of Staphylococus aureus and 
Staphylococcus epidermidis in inhibition zone technique. In broth dilution method, 
Rifampicin showed maximum inhibition against all the mutants prepared in the lab, hence 
considered to be highly active against them, followed by Penicillin and Ampicilin. All the 
mutants showed maximum growth between 12 to 16 hours, which is the normal incubation 
growth period of Staphylococci. Further characterization of vancomycin and methicin 
resistant Staphylococcus aureus in the environment could therefore; contribute to a better 
understanding of the epidemiology of community-acquired Staphylococcus aureus 
infections. 

Key Words : Water Pollution, Infection, Antibiotic resistance, Staphylococcus aureus, 
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INTRODUCTION 

The increasing demand on recreational 
water have made microbial contamination of 
surface water a matter of increasing public 

and scientific concern1-2. The indiscriminate 
use of antimicrobials especially in 
developing countries has evoked serious 
bacterial resistance and led to the emergence 
of new and highly resistant strains of bacteria 
to commonly used antimicrobials. A study * Author for correspondence 
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conducted in Lebanon reveals that pollution 
levels and bacterial infections are increasing 
at a high rate as a result of inadequate control 
measures to limit untreated effluent 
discharges into the sea or freshwater 
resources. The results on the antimicrobial 
resistance indicated that the level of 
resistance of Staphylococcus aureus (S. 
aureus) varied with various antimicrobials 
tested. The resistance patterns ranged 
between 45% and 54.8% in freshwater and 
seawater isolates respectively. Fifty one 
percent of the tested isolates have shown 
resistance to at least one of the five tested 
antimicrobials; with seawater isolates 
exhibiting the highest rates of antimicrobial 
resistance3.  

S. aureus is an opportunistic human 
pathogen capable of causing a wide variety 
of diseases including septicemia, pneumonia, 
wound sepsis, septic arthritis, osteomyelitis, 
food poisoning, and toxic shock syndrome4. 
Most people are passive carriers of S. aureus, 
which is often found colonizing the nasal 
passages5, and in some cases, an infection 
may arise from self-inoculation of a wound. 
S. aureus infections have been a major 
problem in hospitals for decades, but the 
incidence of community-acquired infections 
has also been increasing6. A correlation 
between seawater exposure and S. aureus 
infection rates7 suggests that the oceans may 
be one pathway by which community-
acquired infections are transmitted. S. aureus 
is readily shed from people while swimming 
or engaging in other water-related activities8 
and high counts of S. aureus in recreational 
waters is often considered a risk factor for 
contracting many diseases that affect areas 
such as the skin, eyes, and ears9. 

Antibiotic resistance among bacteria is a 
world wide problem. The emergence of 
bacteria resistance to most of the commonly 
used antibiotics / drugs is of considerable 
medical significance10 because of public 
health implications11. S. aureus is a common 

cause of hospital and community acquired 
infections12. In 1996, the first clinical isolate 
of S. aureus with reduced susceptibility to 
vancomycin was reported from Japan13. The 
vancomycin minimum inhibitory 
concentration (MIC) result reported for this 
isolate was in the intermediate range 
(vancomycin MIC = 8 µg/ml) using 
interpretive criteria defined by the National 
Committee for Clinical Laboratory 
Standards14. The development of 
vancomycin – resistant Enterococci in 1998 
led the way to the emergence of vancomycin 
resistance S. aureus [minimum inhibitory 
concentration (MIC) ≥ 32 µg /ml]15. 
Although the acquired vancomycin resistant 
determinants vanA , vanB , vanD , vanE , 
vanF and  vanG have been reported from 
vancomycin – resistant Enterococci (VRE) , 
these resistance determinants have not 
previously been indentified in clinical 
isolates of  S. aureus16. 

This report describes the development of 
the mutants of S. aureus and Staphylococcus 
epidermidis, which are fully resistant to 
vancomycin and their sensitivity to 
antibiotics, were investigated. 

MATERIAL AND METHODS 
Microbial strains 

This study has been conducted on five 
bacterial strains , out of which two strains are 
wild type strains of Staphylococcus aureus 
(SA) and Staphylococcus epidermidis (SE) 
and two are mutant strains developed in the 
laboratory for Staphylococcus aureus 
(VRSA30) and Staphylococcus epidermidis 
(VRSE30) , by growing them on agar plates 
of vancomycin , where the minimum 
inhibitory concentration (MIC) of 
vancomycin against both the mutants is 30 
µg/ml. Additionally one clinical isolate of 
methicillin resistant mutant of  
Staphylococcus aureus (MRSA) was also 
studied . After growing them on poison agar 
plate using Streak-plate method17, broth 
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cultures were prepared, which were then 
used for antibiotic sensitivity tests and 
determination of growth curve.  

Antibiotic sensitivity tests 

All the bacterial strains were tested for 
their sensitivity to 18 (eighteen) antibiotics 
by means of a Disc Diffusion Method18 and 
Broth Dilution Method. The stock solutions 
of 10 µg/ml of the following antibiotics were 
prepared: Vancomycin, Penicillin, 
Ampicillin, Amoxicillin, Methicillin, 
Cephataxime, Kanamycin, Rifampicin, 
Tetracycline, Streptomycin, Nalidixic acid, 
Norfloxacin, Tobramycin, Neomycin, 
Erythromycin, Polymyxin, Ofloxacin, 
Cephalosporin. Nalidixic acid was dissolved 
in 0.5 N NaOH, Amoxicilin and 
Cephalosporin were dissolved in Dimethyl 
Sulfoxide (DMSO) (Sigma chemicals) and 
all the other antibiotics were dissolved in 
distilled water.  

In Disc Diffusion Method, the antibiotics 
were added to each disc (5 µg/ disc). The 
commercial antibiotics discs were placed on 
nutrient agar plates previously seeded with 
24 hr broth culture of the test organisms. The 
plates were incubated at 37°C for 16 hours, 
after which zones of inhibition were 
examined and interpreted accordingly19. 

The Broth Dilution Method employs two 
fold serial dilution techniques to access the 
minimum inhibitory concentration (MIC) of 
the antibiotics against the bacterial strains. 
For the serial dilution, 1.0 ml of nutrient 
broth was added into a series of eight tubes 
(Borosil cat no. 991016 x 55mm). In first 
tube, the required volume of antibiotic was 
added from the stock solution of 10 µg /ml, 
and nutrient broth was added to make up the 
volume to 2.0 ml. Subsequently, 1.0 ml of 

standard mixture from one tube to the other 
was transferred and was finally discarded 
from the 7th tube. Control was maintained in 
8th tube with no antibiotic. To each of these 
tubes, 10 µl of diluted overnight culture was 
added. The tubes were then incubated at 
37°C at 200 rpm for 16 hours and then 
examined by visible turbidity. 

Determination of growth curve 

Overnight log phase cultures of the 
bacterial strains were diluted by mixing with 
fresh broth in the ratio of 1:20. Further, 10 µl 
of diluted culture was added to 5 ml fresh 
broth. This mixture was used for preparing 
various experimental concentrations. The 
cultures were incubated at 37°C and assayed 
by plating cells at regular time intervals till 
48 hours (02 hours interval till 12 hours; 04 
hours interval till 12 to 36 hours and finally 
after 48 hours). Optical density (O. D.) of 
incubated cultures was measured at 600 nm 
using a spectrophotometer. 1.0 ml of the 
sample was spread plated on agar surface 
using sterile glass spreader in each case. The 
numbers of colonies per plate were counted 
and the concentration of the viable bacteria 
in culture was calculated. Optical density at 
600 nm verses time was plotted to ascertain 
the critical point in the growth curve.  

RESULTS AND DISCUSSION 
Two vancomycin resistant mutant strains 

were developed and used in the laboratory 
for Staphylococcus aureus and 
Staphylococcus epidermidis.  Additionally, 
one methicillin resistant mutant of 
Staphylococcus aureus was also studied. 
These three mutants serve as a bioscreen 
together, against which antibacterial activity 
of eighteen antibiotics were studied. 
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Disc diffusion assay 

In the inhibition zone technique, the 
inhibitory action of antibiotics against the 
bacterial strains was observed and results are 
presented in Table 1. It was evident from the 
disc diffusion assay , that most of the 
antibiotics did not show activity against 
methicillin resistant Staphylococcus aureus ( 
MRSA) at a concentration of 500 µg. 
Penicillin, ampicillin, cephataxime, 
kanamycin, nalidixic acid, norfloxacin, 
tobramycin, erythromycin, and cephalosporin 
showed no net zone of growth against MRSA 
, while rifampicin and tetracyclin showed the 

net zone of 13 mm against MRSA. Penicillin 
and ampicillin showed the net zone of 
inhibition of 30 mm against VRSA30 and 
VRSE30 and rifampicin showed net zone of 
inhibition of 23 mm and 25 mm for VRSA30 
and VRSE30 respectively. No zone was 
found by nalidixic acid and cephalosporin 
against any of the mutants although they 
showed small zones of 03 mm and 05 mm 
against the wild type SA and SE. Rotun et al. 
isolated the S. aureus strain from a dialysis 
patient with a fatal case of bacteremia, and 
found the reduced susceptibility of the strain 
to vancomycin20. 

Table 1 : Sensitivity of the bacterial strains towards different antibiotics using disc 
diffusion assay 

Name of 
antibiotics 

Net zone of growth inhibition (in mm) 

SA SE MRSA VRSA30 VRSE30 

Vancomycin 05 05 05 02 03 

Methicillin 18 23 06 25 33 

Penicillin 22 27 – 30 30 

Ampicillin 18 25 – 30 30 

Amoxicillin 23 29 12 35 25 

Cephataxime 12 14 – 23 18 

Kanamycin 06 10 – 13 12 

Rifampicin 15 19 13 23 25 

Tetracycline 11 17 13 17 16 

Streptomycin 03 06 05 13 14 

Nalidixic acid 05 05 – – – 

Norfloxacin 14 18 – 15 15 

Tobramycin 12 10 – 25 15 

Neomycin 13 08 06 23 12 

Erythromycin 16 10 - 23 16 

Polymyxin 08 05 05 13 08 

Ofloxacin 10 17 08 25 20 

Cephalosporin – 03 – – – 

– No inhibition zone. 
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Broth dilution technique 

The sensitivity of different antibiotics 
against strains was observed in terms of 
minimum inhibitory concentration (MIC). 
Rifampicin was highly active against all the 
mutants, followed by penicillin and 
ampicillin (Table 2 and Table 3). As the MIC 
of rifampicin against VRSA30, VRSE30 and 
MRSA was 0.04 µg/ml, which was lowest as 
compared to MIC of other antibiotics, hence 
considered to be highly active. The MIC of 
penicillin and ampicillin against both the 
mutants were 0.09 µg/ml and 0.39 µg/ml 
respectively. Similar work has been done by 
Whitener in 2004, where he isolated the S. 
aureus    strain    which    was    resistant    to  

vancomycin of concentration 32 µg /ml21. 
Testing and subsequent analysis of VRSA 
has also been done by the New York State 
Department of Health (NYSDOH), according 
to their work the MIC of vancomycin against 
VRSA was 64 µg/ml, using National 
committee for Clinical Laboratory Standards 
broth micro dilution reference method15. The 
isolate contained both the mecA and vanA 
genes mediating oxacillin and vancomycin 
resistance respectively. The isolate was 
susceptible to chloramphenicol, linezolid, 
minocycline, quinupristin-dalfopristin, 
rifampin, and trimethoprim-
sulfamethoxazole. 

Table 2 : Minimum inhibitory concentration [MIC] of  different antibiotics against 
Staphylococci strains. 

Name of 
antibiotics 

MIC of antibiotics (in µg/ml) 
SA SE MRSA VRSA30 VRSE30 

Vancomycin 3.12 3.12 6.25 31.25 31.25 

Methicillin 0.19 0.78 100 3.12 12.5 

Penicillin 0.04 0.09 6.25 0.09 0.09 

Ampicillin 0.04 0.19 6.25 0.39 0.39 

Amoxicillin 0.04 0.39 12.5 12.5 0.19 

Cephataxime 3.12 1.56 250 25 6.25 

Kanamycin 12.5 12.5 250 50 3.12 

Rifampicin 0.09 0.04 0.19 0.04 0.04 

Tetracycline 0.78 0.78 6.25 3.12 3.12 

Streptomycin 6.25 12.5 6.25 3.12 3.12 

Nalidixic acid 800 1000 800 500 1000 

Norfloxacin 0.78 0.78 250 50 25 

Tobramycin 1.56 1.56 500 6.25 3.12 

Neomycin 1.56 1.56 125 12.5 12.5 

Erythromycin 1.56 0.78 1000 12.5 6.25 

Polymyxin 50 25 15.56 6.25 12.5 

Ofloxacin 0.78 0.78 62.5 3.12 12.5 

Cephalosporin 100 500 250 125 125 
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Table 3 : Minimum bactericidal concentration [MBC] of different antibiotics against 
Staphylococci strains 

Name of 
antibiotics 

MBC of antibiotics (in µg/ml) 
SA SE MRSA VRSA30 VRSE30 

Vancomycin 6.25 12.5 25 62.5 62.5 
Methicillin 0.78 1.56 100 6.25 12.5 
Penicillin 0.09 0.19 25 0.16 0.16 
Ampicillin 0.19 0.78 25 0.78 0.78 
Amoxicillin 0.09 0.78 50 25 0.39 
Cephataxime 12.5 3.12 500 100 12.5 
Kanamycin 25 25 500 50 6.25 
Rifampicin 0.19 0.09 0.78 0.78 0.39 
Tetracycline 1.56 1.56 6.25 6.25 6.25 
Streptomycin 6.25 25 6.25 6.25 6.25 
Nalidixic acid >1000 >1000 1000 >1000 >1000 
Norfloxacin 1.56 3.12 500 50 50 
Tobramycin 6.25 6.25 1000 12.5 12.5 
Neomycin 6.25 3.12 250 25 25 
Erythromycin 3.12 1.56 200 25 12.5 
Polymyxin 100 25 31.25 12.5 25 
Ofloxacin 1.56 1.56 125 12.5 25 
Cephalosporin 500 1000 500 250 250 

Growth curve 
All the mutants showed maximum growth between 12 to 16 hrs, which is the normal 
incubation growth period of Staphylococci (Fig. 1). 

 

Fig. 1 : CFU/ml of all the bacterial strains (dilution factor 10) 
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The optical density of MRSA and VRSE30 
was highest (0.270 and 0.337 respectively) 
after 16 hrs, while the optical density of 

VRSA30 was highest (0.382) after 12 hrs 
(Table 4). This variability could be attributed 
to differences in gene content among strains.

Table 4 : Optical densities of all the mutants and wild type 

Strains → 
Hours ↓ 

SA SE MRSA VRSA30 VRSE30 

0 0.012 0.011 0.003 0.006 0.010 

2 0.022 0.012 0.043 0.008 0.014 

4 0.099 0.079 0.104 0.029 0.017 

6 0.294 0.304 0.206 0.046 0.050 

8 0.395 0.424 0.224 0.072 0.082 

10 0.460 0.520 0.229 0.187 0.184 

12 0.491 0.522 0.256 0.382 0.332 

16 0.493 0.512 0.270 0.355 0.337 

20 0.516 0.496 0.248 0.329 0.323 

24 0.454 0.470 0.221 0.262 0.284 

28 0.425 0.452 0.221 0.260 0.267 

32 0.382 0.418 0.209 0.257 0.247 

36 0.360 0.409 0.197 0.247 0.226 

48 0.356 0.382 0.181 0.227 0.202 
                                                                         

CONCLUSION 
This work has revealed that among 

eighteen antibiotics of different groups, 
rifampicin, ampicillin, penicillin and 
amoxycillin showed maximum inhibition 
zone against VRSA and VRSE in inhibition 
zone technique. In broth dilution method, 
rifampicin showed maximum inhibition 
against all the mutants prepared in the lab, 
hence considered to be most active antibiotic 
against all the mutants, followed by 
penicillin and ampicillin. Apart from this we 
also concluded that all the mutants show 
maximum growth between 12 to 16 hours, 
which is the normal incubation growth 
period of Staphylococci. 
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