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Abstract 
Background: 

Methicillin Resistant Staphylococcus aureus (MRSA) has evolved 
as a serious threat to public health. 

 
Objectives:  

The objectives of the present study were to determine the antibiotics 
susceptibility patterns of S. aureus and the minimum inhibitory 

concentration (MIC) of vancomycin to MRSA isolated from 

different clinical samples at the Colombo South Teaching Hospital 
(CSTH) in Sri Lanka. 

 
Methodology:  

A total 72 isolates of S. aureus, obtained from different clinical 
samples at the CSTH, from January to May 2017 were included in 

the study. S. aureus isolates were identified by Gram stain, colony 
morphology, catalase, slide/tube coagulase tests. The antibiotic 

susceptibility tests were carried as per Clinical Laboratory Standards 
Institute (CLSI) guidelines. MRSA isolates were detected using the 

cefoxitin (30 μg) disk diffusion test. Inducible clindamycin 
resistance (MLSB i) was detected by the disk approximation (D test) 

test. The vancomycin MICs were determined by the E-test method 
with a 0.5 McFarland standard inoculum. The MIC clinical 

breakpoints were defined according to the CLSI guidelines 
(susceptible, ≤2 μg/ml; intermediate, 4–8 μg/ml; and resistant, ≥16 

μg/ml). 
 

Results:  
Of the 72 S. aureus clinical isolates, 29 (40.2%) were MRSA. 

Inducible clindamycin resistance was detected in 16% of the MRSA 
isolates. Minimum inhibitory concentrations of vancomycin to the 

isolates of MRSA ranged from 0.125 μg/ml to 2 μg/ml. 
 

Conclusions:  
The rate of isolation of MRSA was high and it has emerged as a 

serious public health threat to Sri Lanka. The Minimum Inhibitory 
Concentration (MIC) of all the MRSA isolates were ≤2 μg/ml. None 

of the MRSA isolates were found to be intermediate-sensitive or 

vancomycin resistant. Therefore, vancomycin can be used as the 
drug of choice for treatment of infections caused by MRSA. 
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Background 

Methicillin-resistant Staphylococcus aureus 
(MRSA) has been recognized as one of the major 

pathogens in both hospital and community 

settings1. The first case of MRSA was isolated 

way back in 19612 . Since then, there has been 

an escalating rate of infections caused by MRSA 

worldwide resulting in increased mortality and 

morbidity statistics3. Vancomycin is regarded 

as the drug of choice for the treatment of 

infections caused by MRSA4-8. The emergence 

of VISA and VRSA has been reported by many 

authors9. Further, there are some reported cases 

of treatment failure of the infections caused by 

MRSA having MIC of vancomycin just below 

cutoff value 10. Till date, there is one VRSA 

that has been reported from Sri Lanka11. The 

increasing trends of decreased susceptibility of 

the strains of MRSA to vancomycin reported from 

a community study conducted in Sri Lanka, 

indicated the need of more research in the 

field12. High vancomycin MIC for MRSA 

which are susceptible to vancomycin may 

indicate the drug resistance to many 

antibiotics13-14.  MRSA is resistant to entire 

classes of 𝛽-lactams including cephalosporins and 

carbapenems and has higher risk of development 

of resistance to quinolones, aminoglycosides and 

macrolides15-16. Methicillin resistance in S. 

aureus is mediated through an altered protein 

called low-affinity penicillin binding protein 

(PBP2a). PBP2a is encoded by mec A gene which 

is present in chromosomal mobile genetic element 

called Staphylococcal cassette chromosome mec 

(SCCmec)13-18. Due to possible association of 

MRSA with multiple antibiotic resistance and 

relatively difficult and higher cost of treatment, 

the accurate and rapid identification of MRSA is 

essential for management of the infections caused 

by this superbug18. The objectives of the 

present study were to determine the antibiotics 

susceptibility patterns of S. aureus and the 

minimum inhibitory concentration (MIC) of 

vancomycin to MRSA isolated from different 

clinical samples at the Colombo South Teaching 

Hospital (CSTH) in Sri Lanka. 

 

Methods 

A total 72 clinical isolates of S. aureus obtained 

from different clinical samples (pus/wound 

swabs, ear swabs, urine, sputum, tracheal 

aspirates, fluid aspirates and blood) received at 
the Department of Microbiology, CSTH were 

included as the study sample. This was a 

descriptive, cross sectional study and the study 

was conducted from January to May 2017. 

Isolation and identification of S. aureus 

The clinical samples were inoculated on blood 

and MacConkey agar and were incubated at 350C 

to 370C for 18 hours. The S. aureus clinical 

isolates were identified by Gram stain, colony 

morphology, catalase, slide/tube coagulase tests.  

 

Detection of methicillin resistance 

Detection of MRSA was performed by using 

cefoxitin disc (30 μg). The isolates showing 

diameter of zone of inhibition of ≤ 21 mm were 

considered as methicillin resistant S. aureus 
(MRSA) while those with diameter of zone of 

inhibition of ≥ 22 mm were identified as 

methicillin sensitive S. aureus (MSSA). 

 

Antibiotic susceptibility test 

The antibiotic susceptibility tests were carried as 

per Clinical Laboratory Standards Institute 

(CLSI) guidelines. The antibiotic susceptibility 

tests were carried out for Erythromycin (15µg), 

Clindamycin (2µg), Ciprofloxacin (5µg), 

Gentamycin (10µg), Trimethoprim-

sulfamethoxazole (1.25/23.75µg), Amikacin 

(30µg), Linezolid (30µg), Chloramphenicol 

(30µg), Tetracycline (30µg) and Penicillin G 

(10U).  

 

Detection of inducible clindamycin resistance 

The isolates that were resistant to erythromycin 

were further studied for inducible clindamycin 

resistance (MLSB i) by the disk approximation (D 

test) test. Clindamycin and erythromycin disks 

were placed 15-26 mm apart from each other on 

the MHA plates. After 18 hours of incubation at 

35○C -37○C, plates were checked. Flattening of 

inhibition zone (D-shaped) around clindamycin 

was considered as inducible clindamycin 

resistance (MLSB i). The isolates resistant to both 

erythromycin and clindamycin were defined as 

constitutive MLSB (MLSB c) phenotype and 

isolates that were resistant to erythromycin and 

sensitive to clindamycin were defined as MSB 

phenotype. 

 

Determination of minimum inhibitory 

concentration of vancomycin to MRSA 

The vancomycin MICs of MRSA were 

determined by the E-test method with a 0.5 
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McFarland standard inoculum. The different 

dilutions of vancomycin used were 0.016μg/ml to 

256 μg/ml. 

The MIC clinical breakpoints were defined 

according to the CLSI guidelines (susceptible, ≤2 

μg/ml; intermediate, 4 to 8 μg/ml; and resistant, 

≥16 μg/ml). 

 

Results 

Of the 72 S. aureus clinical isolates, 41 (56.90%) 

isolates were MSSA and 31 (43.05%) isolates 

were MRSA. The number and percentage of S. 

aureus clinical isolates (MSSA and MRSA) are 

shown in Figure 1.  

 

Figure 1. Number and percentages of S. aureus 

clinical isolates (MSSA and MRSA) 

 

 

The MSSA isolates of the present study were 

highly resistant to penicillin (87.5%), 

erythromycin (61.1%) and clindamycin (54.16%). 

On the contrary, lower resistance was shown to 

trimethoprim-sulfamethoxazole (19.44%), 

amikacin (16.66%), linezolid (11.11%) and 

chloramphenicol (9.72%). The antibiotic 

sensitivity patterns of MSSA are shown in Table 

1. 

The MRSA isolates of the study were highly 

resistant to erythromycin (83.87%), clindamycin 

(80.64%), tetracycline (58.06%) and 

ciprofloxacin (48.38%). Lower resistance was 

manifested by trimethoprim-sulfamethoxazole 

(35.48%), amikacin (29.03%), linezolid (22.58%) 

and chloramphenicol (16.12%) in MRSA isolates. 

The antibiotic sensitivity patterns of MRSA are 

shown in Table 2. 

Inducible Clindamycin Resistance of MSSA and 

MRSA isolates Of the 41 MSSA isolates 

inducible clindamycin resistance (MLSB i 

phenotype) was detected in 5 (12.10%) of the 

isolates and of the 31 MRSA isolates, MLSB i 

phenotype was detected in 5 (16.10%) isolates. 

The number and the percentage of MLSB i, MLSB 

c and the MSB phenotypes of the MSSA and the 

MRSA isolates are shown in Table 3. 

Table 1: The antibiotic sensitivity pattern of 

MSSA 

 
Antibiotic Sensitive 

Number 

and the 

Percentage 

(%) 

Resistant 

Number and 

the 

Percentage 

(%) 

Intermediate 

Number and 

the 

Percentage 

(%) 

Cefoxitin 41  

(56.90%) 

31  

(43.05%) 

 

Trimethoprim/ 

sulfamethoxaz

ole 

58 

(80.50%) 

14  

(19.44%) 

 

Erythromycin 25  

(34.72%) 

44  

(61.11%) 

3    

(4.16%) 

Clindamycin 33  

(45.83%) 

39  

(54.16%) 

 

Ciprofloxacin 35 

(48.61%) 

27  

(37.50%) 

10  

(13.80%) 

Gentamycin 55  

(76.38%) 

17 

 (23.61%) 

 

Amikacin 59 

(81.94%) 

12  

(16.66%) 

1    

 (1.38%) 

Linezolid 64  

(88.88%) 

8  

(11.11%) 

 

Chlorampheni

col 

65 

(90.27%) 

7  

(9.72%) 

 

Tetracycline 50 

(69.44%) 

20 

 (27.77%) 

2   

  (2.77%) 

Penicillin 9  

(12.50%) 

63  

(87.50%) 

 

 

MICs of Vancomycin in MRSA isolates 

Minimum inhibitory concentrations of 

vancomycin to the isolates of MRSA ranged from 

0.25 µg/ ml to 2 µg/ ml. The vancomycin MICs of 

the MRSA isolates are shown in Table 4. 

The number of isolates within the MIC of ≤ 

1µg/ml was 21 and the number of isolates within 

the MIC of 1 <MIC ≤2 µg/ml was 10. 

 

Discussion 

Staphylococcus aureus is an adaptable pathogen, 

which may be responsible for causing community 

acquired as well as nosocomial infections[19]. 

Despite the years of efforts to develop the new 

antibiotics for the eradication of MRSA, it has 

established itself as the commonest cause of skin 

and soft tissue infections[20,21]. 

The isolation rate of MRSA in the present study 

was 43.5%. A study that was conducted at a 

Tertiary Care Hospital in Bangalore India, had 

shown that the isolation rate of MRSA ranged 

from 29% to 39.5% and another study conducted 

in Iran the isolation rate of MRSA was 35%[22]. 

A study which was conducted at the National 

Hospital of Sri Lanka had identified that 86% of 

the S. aureus isolates from wound curettings were 
as MRSA[28]. 

 

MRSA

MSSA

31 (43.05%) 
41 (56.9%) 
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Table 2: The antibiotic sensitivity pattern of 

MRSA 

Antibiotic Sensitive 

Number 

and the 

Percentage 

(%) 

Resistant 

Number 

and the 

Percentage 

(%) 

Intermediate 

Number and 

the 

Percentage 

(%) 

Cefoxitin 0 

(0%) 

31 

(100%) 

 

Trimethoprim / 

sulfamethoxazo

le 

20 

(64.51%) 

11 

(35.48%) 

 

Erythromycin 4  

(12.90%) 

26 

(83.87%) 

1 

(3.22%) 

Clindamycin 6  

(19.35%) 

25 

(80.64%) 

 

Ciprofloxacin 13 

(41.93%) 

15 

(48.38%) 

3 

(9.67%) 

Gentamycin 18 

(58.06%) 

13 

(41.93%) 

 

Amikacin 21 

(67.74%) 

9  

(29.03%) 

1 

(3.22%) 

Linezolid 24 

(77.41%) 

7  

(22.58%) 

 

Chloramphenic

ol 

26 

(83.87%) 

5  

(16.12%) 

 

Tetracycline 12 

(38.70%) 

18 

(58.06%) 

1 

(3.22%) 

Penicillin 0 

(0%) 

31 

(100%) 

 

 

Table 3. The number and the percentage of 

MLSB i, MLSB c and the MS B phenotypes of 

the MSSA and the MRSA isolates 

 
Number 
of isolates 

MLSB i 
Number 

and 
Percentage 

% 

MLSB c 
Number 

and 
Percentage 

% 

MS B 

Number 
and 

Percentage 
% 

MSSA 
(41) 

5  
(12.10%) 

13 
(31.70%) 

5  
(12.10%) 

MRSA 
(31) 

 5  
(16.1%)  

25  
(80.6%) 

1  
(3.2%) 

Total 10  
(13.8%) 

38  
(52.7%) 

6 
 (8.3%) 

 

The difference in the prevalence of MRSA among 

different studies may be due to difference in the 

location and time period of the study. The 

prevalence of MRSA may differ from one 

hospital to another hospital, depending upon the 

types of the patients it receives, infection control 

measures of the hospital and the health care 

workers. If the hospital is a referral center then the 

prevalence of the MRSA among the patients may 

be very high, as the chance of getting 

antimicrobial therapy before reaching the referral 

center is very high and due to selective pressure 

the bacteria may acquire drug resistance. 

 

Table 4. The vancomycin MICs of the MRSA 

isolates 

 

 

MIC range 

(µg/ml) 

 

 

MRSA 

Number and the Percentage 

(%) of isolates 

≤0.25 0 (0%) 

≤0.38 1 (3.2%) 

≤0.75 2 (6.4%) 

≤0.5 2 (6.4%) 

≤1 16 (51.61%) 

≤1.5 9 (29.0%) 

≤2 1 (3.2%) 

 

Healthcare workers may be not only the important 

source of transmission of MRSA to patients or 

among patients or to the community[23]. Strict 

implementation of hand hygiene and 

decolonization of the MRSA carriers will be 

helpful to control the transmission of MRSA[11]. 

In addition, maintaining proper (environmental as 

well as personal) infection control measures in the 

hospital, among healthcare workers and patients 

will be more beneficial[24]. Due to the 

availability of limited treatment options for 

infections caused by MRSA, the treatment of such 

infections is often difficult leading to prolonged 

hospital stay and longer course along with higher 

cost of treatment sometimes leading to treatment 

failure resulting into fatal outcome[23].  

Further, the higher rate of isolation of MRSA 

from clinical specimens of patients suggests that 

more attention to be given for infection control 

and surveillance, which may increase the overall 

infection control cost in the hospital[25]. 

The MRSA isolates of the present study had 

shown a high level of resistance to commonly 

used anti-staphylococcal antibiotics such as 

erythromycin (84%), clindamycin (81%), 

tetracycline (55%) and ciprofloxacin (48%). This 

was higher than levels of resistance described in 

earlier studies conducted in Sri Lanka[28]. 

Multidrug-resistant strains limit the therapeutic 

options, creating an economic and social burden 

to the healthcare system. Horizontal gene transfer 

in the hospital setting is responsible for 

disseminating antibiotic resistant 

determinants[26]. Therefore, the determination of 
accurate antibiotic susceptibility pattern is very 

important in the clinical care of bacterial 
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infections, especially in organisms that possess 

acquired resistance mechanisms. At the same time 

careful consideration should be given when 

deciding how to interpret phenotypic 

susceptibility data 27,28. In Sri Lanka, many 

laboratories have adopted CLSI guidelines as a 

basis for interpreting their susceptibility data. 

In the present study, inducible resistance to 

clindamycin was present in MSSA (12%) and the 

MRSA (16%) isolates.  In our study, the 

occurrence of inducible clindamycin resistance 

was not significantly different among the MSSA 

and MRSA isolates. However, differentiation of 

inducible clindamycin resistant phenotypes from 

others is crucial for therapeutic implication of 

clindamycin. As use of clindamycin for treatment 

of the infections caused by such bacteria may 

result into treatment failure, clindamycin should 

not be used for treatment of such infections; rather 

it should be used only for the treatment of the 

infections caused by bacteria, which are negative 

for inducible clindamycin resistance[5]. 

Clindamycin susceptible strains, which are 

erythromycin resistant, may show inducible 

clindamycin resistance (𝐷-test positive) and it has 

been suggested that inducible clindamycin 

resistant strains should be reported as 

clindamycin resistant[29]. Avoiding the use of 

clindamycin for the treatment of infections caused 

by erythromycin resistant strains also omits the 

chances of treatment failure[30]. 

In the present study, no strains of MRSA were 

found to be vancomycin resistant or vancomycin 

intermediate sensitive and the minimum 

inhibitory concentrations of vancomycin of the 

MRSA isolates ranged from 0.25 μg/ml to 2 

μg/ml. A study conducted in Nepal 27, showed 

that there were four reported cases of VISA, with 

MIC of vancomycin ranging from 0.5 μg/ml to 4 

μg/ml1. The discrepancy seen in results of 

different studies conducted in different parts in 

the world may be because of the involvement of 

the patients with previous history of exposure to 

vancomycin in some studies. No VRSA has yet 

been reported from Sri Lanka, but one isolate of 

VISA was reported in 200311. Decreased 

susceptibility of S. aureus to vancomycin was 

reported first from Japan in 19971,32 and the 

first strain of VRSA was isolated in 2002 from 

Michigan, USA1,33. Since then the VISA and 

VRSA have been reported frequently by many 

researchers1,27,31,34. 

The mechanism behind the resistance of 
Staphylococcus aureus to vancomycin may be the 

thickening of cell wall1,31-33. In addition; prior 

exposure to vancomycin increases the chances of 

the isolation of the strains of Staphylococcus 

aureus with reduced susceptibility and the reason 

for emergence of VRSA/VISA may be the 

selective pressure due to the haphazard use of the 

antibiotics (vancomycin)1,27. The morbidity 

and mortality due to infection caused by VRSA 

are very high because of limited treatment options 

available1,31. At present when the infections 

due to MRSA have become a serious public health 

concern; the development and rapid spread of 

resistance of S. aureus to the reserve drug 

(vancomycin) is very fearsome and immediate 

actions should to be taken by the responsible 

authorities to halt it31,34. There is increasing 

trend of development of drug resistance among 

the micro-organisms due to the inappropriate use 

of antibiotics and this condition is more critical in 

developing countries1. To prevent the situation 

of the drug resistance from worsening; the use of 

antibiotic for the treatment of the patients should 

be based on culture and sensitivity reports[34]. 

 

Conclusions 

In the present study, the rate of isolation of MRSA 

among the isolates of S. aureus was high and it 

was 43%. The MIC of vancomycin for MRSA 

was found to be lower in comparison to similar 

other studies conducted in other countries. None 

of the MRSA isolates were found to be 

vancomycin-intermediate sensitive or 

vancomycin-resistant and vancomycin can still be 

used as the drug of choice for treatment of 

infections caused by MRSA. The MRSA isolates 

of the present study were resistant to multiple 

antibiotics. Therefore, proper antibiotic 

stewardship programs, adherence to infection 

control measures and health education programs 

will be necessary in the prevention and 

transmission of multi-drug resistance pathogens. 
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