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ABSTRACT

Introduction: Methicillin resistant Staphylococcus aureus (MRSA), majorly associated with 
nosocomial and community infections worldwide, are emerging as resistant strains to many 
antibiotics narrowing down the efficacy of antimicrobial therapy.  In order to investigate the 
changing resistant pattern of MRSA to empirical drugs, the study was carried out at KIST Medical 
College and Hospital, Nepal. It also aims to determine the minimum inhibitory concentration 
(MIC) of vancomycin among MRSA. 

Methods: Altogether 3500 clinical samples including 1303 blood, 1489 urine and 708 body 
fluids were collected and processed. Isolated S. aureus were further screened for methicillin 
resistance by Kirby-Bauer disk diffusion technique using cefoxitin (30µg) disk. All MRSA 
were subjected to in vitro determination of MIC of vancomycin by agar dilution method as 
recommended by CLSI guidelines.

Results: Total 287 S. aureus were isolated from the different clinical samples.  Altogether 248 
(86.41%) were found to be multidrug resistance (MDR) while 42 (14.63%) of the isolates were 
methicillin resistance with the highest prevalence in the age group of 16-30. All 42 (100%) 
MRSA isolates were resistant to ampicillin and penicillin followed by 41 (97.62%), 32 (76.19%), 
31(73.81%), 29 (69.05%), 9 (21.43%) and seven (16.67%) to cefotaxime, gentamycin, 
cotrimoxazole, erythromycin, tetracycline and ciprofloxacin respectively. Although all MRSA 
strains were sensitive to vancomycin on disc diffusion, four isolates were intermediates in vitro 
determination of MIC of vancomycin. The break point for vancomycin was found to be 15mm. 

Conclusions: The increment in vancomycin MIC among MRSA is alarming. Strict control 
measures to prevent MRSA spread and a routine surveillance for VRSA must be incorporated 
in hospitals.
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INTRODUCTION

The first methicillin resistant S. aureus, MRSA was 
reported in 1961 in UK.1 Until the explosion of MRSA 
threat in hospital in 1990s, it generally remained an 
uncommon finding even in hospital settings.2 Soon, 
several outbreaks of MRSA infections occurred 
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worldwide.3,4 The global estimate showed that around 
two billion people carry some forms of S. aureus; of 
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these 53 million (2.7% of carriers) are thought to carry 
MRSA.5

MRSA has remained sensitive to only empirical drug 
vancomycin, the glycopeptides for few years3 but 
soon in 1997, the first isolates of S. aureus with 
reduced susceptibility to vancomycin (MIC, 8 µg/ml) 
were reported in Japan.6 Since then, six confirmed 
vancomycin – resistant S. aureus (VRSA) (MIC, ≥32µg/
ml) have been documented in United States.7 

Although no VRSA is reported in Nepal till now, the 
emergence of MRSA isolates with reduced susceptibility 
to vancomycin reinforced the importance of growing 
research in this area. Thus the study was carried with 
an objective to know the changing resistant pattern of 
MRSA isolates to vancomycin. 

METHODS

The study was descriptive cross-sectional study which 
was carried out in KIST Medical College and Hospital, 
Imadol, Lalitpur from November 2011 to May 2012. 

The research was approved by Institutional Research 
Committee, IRC board of the hospital. Both the verbal 
and written consent were obtained from the patient and 
their care takers prior to sample collection as stated by 
IRC. 

All patients suspecting of MRSA infections and 
recommended by physician for their sample culture 
were included in the study. Those patients who refused 
to participate in the study and didn’t provide verbal and 
written consent were excluded from the study. 

Altogether 3500 samples were collected, out of which 
1303, 1489 and 708 were blood, urine and body fluids 
respectively. The collected samples were processed 
immediately, within an hour. All the blood samples 
were cultured in Brain heart infusion (BHI) broth while 
other samples in blood agar (BA) plates and incubated 
aerobically at 37⁰C for 24-72 hours. ⁰-haemolytic or 
typical colonies on blood agar and  cultures from BHI 
were further screened for identification of S. aureus 
following standard conventional procedures. S. aureus 
ATCC 25923 was used as quality control reference 
strain.

Methicillin resistance was tested with Kirby-Bauer disk 
diffusion technique using cefoxitin (30µg) disk. The 
diameter for zone of inhibition on Muller Hilton agar 
was measured after incubation at 35°C for 24 hours. 
Strains with zone of diameter ≤ 21mm were regarded 
as methicillin resistant .6 All the identified isolates of S. 
aureus were subjected to in-vitro antibiotic susceptibility 
testing by Kirby-Bauer disk diffusion method. The 
antibiotics used were penicillin (10 units), gentamycin 

(10 µg), ampicillin (10µg), ciprofloxacin (5µg), 
erythromycin 15µg), tetracycline (30µg), cotrimoxazole 
(25µg), cefotaxime (30µg), vancomycin (30µg).

All the identified MRSA isolates thus obtained were 
subjected to in vitro determination of minimum 
inhibitory concentration (MIC) of vancomycin by agar 
dilution method as recommended by CLSI guidelines.8 

Raw data obtained from laboratory investigation were 
tabulated and presented in defined tables and in graphs 
to explore the findings. WHO NET version 5.1 tool was 
used for data analysis.

RESULTS

Out of 3500 clinical samples from inpatients and 
outpatients visiting KIST Hospital, 287 S. aureus were 
isolated. Among 287 total S. aureus, the highest 
number of S. aureus were isolated from urine sample 
109 (38%) followed by 92 (32%) and 86 (30%) from 
blood and body fluid respectively. The prevalence of S. 
aureus was found to be slightly higher in hospitalized 
patients which were 151 (52.61%) than that of 
outpatients 136 (47.39%). However both the sexes 
were equally infected. 

A highest percentage of S. aureus isolates 274 (95.47%) 
were resistant to penicillin followed by 273(95.12%) to 
ampicillin. Similarly 134 (46.69%), 122 (42.51%), 110 
(38.32%), 110 (38.32%), 108 (37.63%), 84 (29.27%), 
and 42 (14.63%) of S. aureus were resistance to 
erythromycin, gentamycin, cotrimoxazole, tetracycline, 
ciprofloxacin, cefotaxime and cefoxitin respectively. All 
the isolates were sensitive to vancomycin. About 248 
(86.41%) of those isolates were MDR and 42 (14.63%) 
were MRSA. All MRSA were multidrug resistant. The 
higher percentage of MRSA was found in body fluid 
samples (Figure 1).

Figure 1. Comparison of MDR, MSSA and MRSA in 
clinical samples.
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Regarding methicillin sensitive S. aureus (MSSA), 
245 (100%) were sensitive to vancomycin followed 
by cefotaxime 201 (82.04%), and gentamicin 165 
(67.35%). Similarly, 42 (100%) MRSA were sensitive to 

vancomycin followed by 35 (83.33%) to ciprofloxacin 
(Table 1).

Table 1. Antibiotics susceptibility pattern of MRSA and MSSA.

Antibiotics used Number of sensitive (%) No. of MDR among

MRSA to MSSA to MRSA (%) MSSA (%)

Ampicillin (10 µg) 0 (0) 13 (5.31)

42 (100) 206 (84.08)

Cefotaxime (30 µg) 1 (2.38) 201 (82.04)

Cotrimoxazole (25 µg) 31 (73.81) 135 (55.10)

Ciprofloxacin (5 µg) 35 (83.33) 143 (58.37)

Erythromycin (15 µg) 13 (30.95) 140 (57.14)

Gentamycin (10 µg) 10 (23.81) 165 (67.35)

Penicillin (10 units) 0 (0) 14 (5.71)

Tetracycline (30 µg) 33 (78.57) 142 (57.96)

Vancomycin (30 µg) 42 (100) 245 (100)

Total number 42 245 42 245

Out of 42 MRSA isolates , 4 (9.52%) isolates were 
intermediate to vancomycin growing in 4 µg/ml, 5 
(11.90%) isolates grew in  2 µg/ml , 5 (11.90%) isolates 
grew in 1 µg/ml and 28 (66.67%) grew in only 0.5 µg/
ml as shown in the scatter-plot below.  The breakpoint 
for vancomycin was found to be 15mm (Figure 2).

Figure 2. Scatter-plot showing MIC of Vancomycin 
among MRSA.
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DISCUSSION

Staphylococcus aureus is one of the key microorganisms 
involved in nosocomial infections as well as in the 
community settings.9 The emerging resistant strains 
of S. aureus and its occurrence as an infectious agent 
in many clinical infections have been a cause of great 
threat to the world. It also reinforced the importance of 
detail studies on such areas10,11 and our study showed 
the prevalence of S. aureus in different clinical samples 
was 8.20% with a slightly higher percent in urine 
samples. The study by Daniyan and Sani reported even 
less percent of S. aureus which accounts 4.52%.12 
The prevalence was reported higher such as 30% and 

36.8% respectively in the study by Taiwo and Gerald et 
al. in Cameroon.13,14 It shows that the prevalance of S. 
aureus may vary from one hospital to another. 

All the isolates of S. aureus were categorized into two 
groups: methicillin resistant S. aureus (MRSA) and 
methicillin sensitive S. aureus (MSSA). Out of 287 S. 
aureus, 86.41% were multidrug resistant and 14.63% 
were MRSA. All MRSA were the multi drug resistant. 
The study done by Rajbhandari et al. in Bir Hospital 
reported 55% MRSA infection in outpatients and 76% 
in hospitalized patients.15 While Adebayo and Johnson, 
and Dar et al. reported 26.9% and 54.85% prevalence of 
MRSA respectively in their studies.16,17 Khanal and Jha 
found 68% MRSA from skin infected patients attending 
the hospitals in Chitwan Nepal.18 The study by Niraula  
reported 13.7% and 12.9% of MRSA in outpatients and 
inpatients respectively visiting Manmohan Memorial 
Community Hospital, Kathmandu.19 MRSA infections 
were found to be varied in infections of different parts 
of body, geographical regions as well as status of 
patients. Likewise, Salab et al. reported 63% of MRSA 
isolates were multi drug resistant20 which is less than in 
our study (100% resistant) indicating the changing of 
MRSA to multi drug resistant MRSA. 

The most sensitive drugs for MSSA were found to be 
vancomycin (100%) followed by cefotaxime (82.13%) 
and gentamicin (67.48%) while the most sensitive 
antibiotics for MRSA were also vancomycin (100%) 
followed by ciprofloxacin (83.40%) and tetracycline 
(78.60%) in our study. Adebayo and Johnson also 
reported vancomycin as a choice of drug for MRSA 
infections.16 Shailesh et al. in Pondicherry India reported 
that MRSA were 100% sensitive to vancomycin.21 The 
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results from previous researches indicated the emerging 
resistant of MRSA towards the vancomycin. The 
researchers also showed that the penicillin and other 
⁰ -lactam drugs as the least effective drugs in MRSA 
infections because of the production of ⁰-lactamase 
enzymes by the pathogens.

Although S. aureus show a zone of inhibition in the 
sensetive range for vancomycin, MIC determination 
showed a higher MIC for vancomycin which gives a true 
picture of the emerging resistance of S. aureus towards 
this drug.In this study 9.52% isolates of MRSA were 
found to be vancomycin intermediates (4µg/ml) while 
remaining all are vancomycin sensitive. The prevalence 
of vancomycin intermediate S. aureus (VISA) strains 
in India was reported to be 6.3%.22 Likewise Tiwari 
and Sen had reported two strains of VRSA and six 
strains of intermediate (VISA) in the northern part of 
India.23 The MIC values indicated that only 1.9 per cent 
isolates were resistant to vancomycin on the study 
conducted by Venubabu et al. in Hyderabad, India.24 
Although the prevalence of MRSA in our study was 

less, the vancomycin intermediates were found to be 
significantly increasing with a break point of 15 mm. 
The results showed the higher risk of VRSA in Nepal 
too.

CONCLUSIONS

Widespread use of vancomycin to treat infections 
caused by MRSA and other gram-positive cocci such as 
Enterococcus spp., S. aureus and Coagulase negative 
S. aureus (CoNS) had led to the emergence of VISA and 
VRSA. The large scale of development and subsequent 
spread of resistance to vancomycin had been perceived 
as a fearsome threat to the already challenging therapy 
of MRSA. Hence it is suggested to perform routine MIC 
of vancomycin in MRSA infections. 
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