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ABSTRACT
Staphylococcus aureus is a major cause of nosocomial infections, causing high morbidity and
mortality throughout the world. The proportion of methicillin-resistant Staphylococcus aureus
(MRSA) has risen worldwide during the last two decades. This study was undertaken to find
the prevalence of vancomycin resistant Staphylococcus aureus in Chennai and magnitude of
the problem created by them and to make the clinicians aware of this impending public health
disaster. Out of 80 samples tested, it was found that 100% of nasal swab, catheter tip and
purulent discharge from throat, 86% of urine sample, 83 of vaginal swab, 71% of pus sample,
67% of sputum sample and 50% of throat swab contained MRSA. Out of the MRSA strains
isolated, there were two strains, showing intermediate resistance to vancomycin and the other
was a complete vancomycin resistant strain. This was confirmed using the MIC. The
epidemiology of MRSA is gradually increasing since its emergence and the association
resistance with MRSA is complicating the therapy.
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Introduction

Staphylococcus aureus is a major cause of
hospital-acquired infections, causing high morbidity
and mortality throughout the world. The proportion
of methicillin-resistant Staphylococcus aureus (MRSA)
has risen worldwide during the last two decades. [1]
The emergence of MRSA and its multiple drug
resistance property has led to the search for an
effective antibiotic to combat staphylococcal sepsis. [2]
Staphylococcus aureus has overcome most of the
therapeutic agents that have been developed in the
recent years and hence the antimicrobial
chemotherapy for this species has always been
empirical. [3] The risk factors which contribute to
MRSA are indiscriminate antibiotic usage, lack of
awareness, prolonged hospitalisation, intravascular
catheterization etc. [4] outbreaks of infections care
units. Since 1993, an increase in the incidence of
nosocomial outbreaks of intensive care units. Since
1993, an increase in the incidence of nosocomial
outbreaks of MRSA strains in different geographic
areas in Spain, with an incidence of close to 50% has
been reported for the period 1994 to 1995. [5] The
recommended treatment for multidrug resistant
Staphylococcus aureus is glycopeptides, particularly
vancomycin. [1]

Vancomycin, a glycopeptide, is the main
antimicrobial agent available to treat serious

infections with MRSA. [6] Until recently, vancomycin
was the only uniformly effective treatment for
staphylococcal infections. [7, 8] It has been used for
more than thirty years to treat gram-positive
bacterial infections, especially MRSA infections. In
recent years, S.aureus clinical isolates with resistance
to teicoplanin, a glycopeptide antibiotic closely related
to vancomycin, have been reported. [9, 10, 11] In
1997, the first strain MU 3 with reduced
susceptibility to vancomycin and teicoplanin followed
by MU 50 were reported in Japan. Since the
emergence of vancomycin resistance in enterococci in
1988 and its in vitro demonstration that its resistance
genes (vanA and vanB) are transmissible to other
bacterial species including S.aureus, emergence of
vancomycin resistance in clinical staphylococci has
become a great concern. Clinicians are continually
being challenged by infections caused by S.aureus.
[10, 1]

The development of multiple drug resistance
and control of disease transmission by MRSA isolates
in hospitals / communities and reduced susceptibility
to vancomycin have been recognized as the major
challenges as the bacterial population that expresses
the resistant phenotype varies according to the
environmental conditions. Therefore, it is important
to have the knowledge of prevalence of MRSA and
their current antimicrobial profile in the selection of
appropriate empirical treatment of these infections.
[12]

With many reports showing the emergence of
reduced susceptibility to the drug vancomycin from
many parts of the world, a study was undertaken to
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find the prevalence of vancomycin resistant S.aureus
(VRSA) and magnitude of the problem created by
them and to make the clinicians aware of this
impending public health disaster, if inappropriate use
of this glycopeptide is continued.

Materials and Methods

Eighty samples were collected from various
hospitals and clinical laboratories in and around Chennai
for a period of one year. The clinical samples include
sputum, throat swab, blood, stool, catheter tip, urine and
pus. The throat swabs and pus samples collected were
inoculated in peptone water. Other samples like urine,
blood, sputum etc. were collected in sterile test tubes.
The samples were placed in an ice box and transported.
A detailed case history of the patients were also collected.
After transportation, the organisms were isolated in
nutrient agar medium by incubating the inoculated
plates at 37°C for 24 hours. The isolated strains were
subjected to further preliminary and biochemical tests
for identification. [13]

The antimicrobial susceptibility testing was
performed by Kirby-Bauer disc diffusion method by a
lawn culture on Muller Hinton Agar for all the
Staphylococcus aureus using the antibiotic methicillin
(5 μg) to identify and isolate MRSA. Later this agar
disc diffusion tests were performed using other
antibiotics to MRSA cultures obtained during screening
and compared with S.aureus ATCC 29213 obtained
from King’s Institute of Preventive Medicine, Chennai.
The other antibiotics used were erythromycin (15 μg),
gentamicin (10 μg), kanamycin (30 μg), trimethoprim
(5 μg)  and vancomycin (30 μg).

In views of the fact, agar disc diffusion test is
a qualitative indication of whether the organism is
showing a susceptibility or resistance to vancomycin
and not a quantitative estimation, minimum
inhibitory concentration (MIC) test was performed for
those strains, which showed reduced susceptibility to
vancomycin in agar disc diffusion method. MIC was
performed on a standard S.aureus ATCC 29213
culture also for comparison. In this tube dilution
method, vancomycin (Sigma, USA) were serially
diluted in the Mueller Hinton Broth (HiMedia,
Mumbai) in the range 2 − 1024 μg/ml. To each tube
1 ml of 18 hr working inoculum was added. Inoculum,
broth and antibiotic controls were also maintained
and all tubes were incubated at 37°C for 24 hours.
Minimum bactericidal concentration (MBC) was
determined by subculturing 0.01 ml from each tube
onto blood agar plate by spread plate method and all
the plates were incubated at 37°C for 24 hours. MBC
was determined by counting the number of colonies
using colony counter.

Results

Out of 80 samples tested, one or more of
Staphylococcus aureus, Staphylococcus epidermis,
Streptococcus faecalis, Corynebacterium diphtheriae,
Staphylococcus citreus and Staphylococcus
saprophyticus were isolated and their distribution
pattern is represented in figure 1. The percentage
distribution of S.aureus in various samples is given
in figure 2. The sensitivity pattern of clinical isolates
of S.aureus to methicillin is given in table 1. The
results of antibiogram revealed that nearly 90% of
the clinical isolates were methicillin resistant strains
(MRSA) and 7.8% were methicillin intermediate
resistant strains (MISA).

Ignoring the single Methicillin sensitive strain,
the prevalence of MISA & MRSA was significantly
different in the remaining 50 clinical samples tested:
it was found that 100% of nasal swab, catheter trip
and purulent discharge from throat, 86% of urine
sample, 83% of vaginal swab, 71% of pus sample, 67%
of sputum sample and 50% of throat swab contained
MRSA. The results of sensitivity patterns of these

Fig. 1 Bacterial Distribution in Clinical

Fig. 2 Percentage distribution of S. aureus in
various sample
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MISA & MRSA to other antibiotics are shown in
table 2. As is evident from the table, among the
MRSA strains isolated, there were two strains
resistant to the antibiotic Vancomycin, one of which
showed only intermediate resistance to the drug.

In order to confirm the results, the broth
dilution method was adopted to determine the
Minimum Inhibitory Concentration (MIC) of
Vancomycin, the schematic of which is given in figure
3. The growth of S.aureus was clearly seen with
increasing turbidity in the tubes containing 1 μg/ml
to 32 μg/ml for one strain and in tubes with
1 μg/ml to 8 μg/ml for the other strain. These results
confirm that one strain is vancomycin intermediate
resistant (VISA), with an MIC of ~8 μg/ml, and other
is completely vancomycin resistant (VRSA), with MIC
being as high as ~32 μg/ml.

Discussion

Isolates of vancomycin resistant S.aureus have
emerged in many parts of the world and MIC
determination by broth dilution is the only standard
method available for their identification; even the
Center for Disease Control, USA, strongly prescribes
the broth microdilution method to identify VISA &
VRSA strains. The results of the MIC technique for
vancomycin were interpreted using the following
standard chart:

Susceptible MIC: ≤ 4 μg/ml 
Intermediate MIC: 8 − 16 μg/ml 
Resistant MIC: ≥ 32 μg/ml 

The development of multiple drug resistance by
S.aureus may be due to any one of the following
mechanisms:

• Acquisition of resistance through genetic informa-
tion delivered by transposons or extrachromosomal
plasmids. For eg. vanA, vanB and vanC genes
coded for vancomycin resistance are transferred
from Enterococci to Staphylococci.

• Mutations in chromosomal genes, like meCA gene
of Staphylococcus (a gene coding for penicillin bind-
ing protein), will provide resistance to all β-lac-
tams.

• Resistance may also be achieved through enzy-
matic inactivation of the drug, for eg. Penicillinase,
which cleaves the beta-lactam ring of penicillin.

• Yet another mechanism of resistance may be due
to alteration of the drug target site to prevent
binding or by enhanced removal of the drug from
the host tissue.

Table 1: Sensitivity pattern of clinical
isolates of S.aureus to Methicillin

Antibiot-
ics

Number of Clinical Isolates of
S.aureus

Sensitive Intermediate Resistant
Methicillin 1 4 46

Table 2: The sensitivity pattern of clinical
isolates of MRSA to other antibiotics

Sensitive Intermediate Resistant

Erythromycin 38 7 5

Gentamicin 32 6 12

Kanamycin 38 1 11

Trimethoprim 36 3 11

Vancomycin 48 1 1

Conclusion 

The incidence of MRSA is gradually increasing
since its emergence, leading to the search for
alternative drugs that arrest the growth of these
strains. In the study undertaken in the city of
Chennai, Tamil Nadu, Vancomycin was found to be
the most effective of the five antibiotics tried on the
MRSA strains isolated from diverse clinical samples.
However, a close look at the results clearly indicates
the presence of two strains, in a population of 50,
which exhibit partial or complete resistance to the
drug. While this proportion of the resistant strains is
very small, there is a probability of this fraction
increasing, given the various possible mechanisms for
development of drug resistance.

To combat the development of multidrug
resistance in MRSA strains, especially to vancomycin,
the WHO and CDC have provided a few guidelines
to be followed. [14, 15] The first and foremost step
is to implement the prescribed procedures for
identification and isolation of infected individuals, in
order to prevent spread of the disease. Secondly, a
periodic survey for the identification and isolation of
resistant strains has been recommended. Lastly, but
most importantly, the health care practitioners and
the patients must be educated concerning the prudent
use of vancomycin and other broad spectrum
antibiotics since prolonged usage or over dosage of
the drug can lead to drug resistance development.
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