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ABSTRACT

BACKGROUND

Staphylococcus aureus is notorious for its ability to become resistant to antibiotics. MRSA emerged as nosocomial pathogen in the
early 1960s. Methicillin Resistant Staphylococcus aureus (MRSA) are implicated in serious infections and nosocomial infection
outbreaks. These strains show resistance to a wide range of antibiotics, thus limiting the treating options to very few agents such
as vancomycin and teicoplanin. Vancomycin has been regarded as the first-line drug for treatment of MRSA. At the same time, there
has been an increase in the use of this antibiotic for other infections as well. This has further lead to an increase in the number of
both Vancomycin Intermediate Staphylococcus aureus (VISA) and Vancomycin Resistant Staphylococcus aureus (VRSA).

Aims- To determine the presence of MRSA and VRSA among staphylococcal isolates in Eastern Bihar.

MATERIALS AND METHODS

A total of 10806 samples from patients attending inpatient and outpatient departments from January 2011 to April 2013 were
included in the study. Samples were processed as per standard protocol and antibiotic susceptibility testing was done by modified
Kirby-Bauer method. Isolates were tested by disc diffusion using oxacillin disc 1 pg, cefoxitin disc 30 pg and by agar dilution for
MRSA. VRSA isolates were tested using 30 pg vancomycin disc. MIC of vancomycin to Staphylococcus aureus was determined by
agar dilution method.

RESULTS

Out of a total of 633 Staphylococcus aureus isolates, 22.4% were found to be methicillin resistant, 9.95% were VISA and 3.79%
were VRSA. Results of oxacillin agar dilution method were in concordance with the cefoxitin disc diffusion method in detecting
MRSA strains. All VISA strains were sensitive to linezolid and all VRSA were sensitive to imipenem. 88.7% and 87.3% of all MRSA
isolates were sensitive to imipenem and linezolid respectively.

CONCLUSION

The present shows that antibiotic resistance is steadily on the rise. It is also quite clear that MRSA is acquiring resistance to drugs
like rifampicin, teicoplanin, amikacin, netilmicin and imipenem which were at one time used as an alternative to vancomycin. It is
therefore imperative for the medical community to work together to fight against this man-made phenomenon called antibiotic
resistance.
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BACKGROUND

rapidly whether Staphylococcus aureus isolates are

Methicillin Resistant Staphylococcus aureus (MRSA) are
implicated in serious infections and nosocomial infection
outbreaks. These strains show resistance to a wide range of
antibiotics (multi-resistance), thus limiting the treating
options to very few agents such as vancomycin and
teicoplanin. Therefore, it is clinically crucial to determine
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methicillin resistant or not and this is of utmost importance
for both treatment and control as it requires extensive
hygienic precautions to limit the spread of such strains.!

Staphylococcus aureus is notorious for its ability to
become resistant to antibiotics. Infections that are caused by
antibiotic-resistant strains often occur in endemic waves that
are initiated by one or a few successful clones. MRSA features
prominently in these epidemics. Historically associated with
hospital and other health care settings, MRSA has now
emerged as a widespread cause of community infections as
well. Community-associated MRSA (CA-MRSA) can spread
rapidly among healthy individuals. Outbreaks of CA-MRSA
infection has been reported worldwide.2

The frequency of MRSA infections continues to grow in
hospital-associated settings, and more recently in community
setting globally. The increase in the incidence of infections
due to Staphylococcus aureus is partially a consequence of
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advances in patients care and also of the pathogen’s ability to
adapt to a changing environment. Infection due to
Staphylococcus aureus imposes a high and increasing burden
on health care resources. A growing concern is the emergence
of MRSA infection in patients with no apparent risk factors. In
India MRSA prevalence has increased from 12% in 1992 to
80.83% in 1999.2

MRSA emerged as nosocomial pathogen in the early 1960s.
Most occurrences were isolated occurring in sporadic
outbreaks but in 1970s, an increasing number of large
hospital outbreaks were reported in many countries
including USA, Europe, Japan, and Australia. Staphylococcus
aureus is the predominant organism isolated from surgical
wound infections with a prevalence rate ranging from 4.6%-
54.4% of all Staphylococcus aureus isolations.3

Most of these nosocomial infections include bacteraemia,
surgical wound infections and pneumonia as well. The
problem of MRSA infection is exacerbated by the propensity
of the organism to cause cross-infection and its ability to
colonize individuals for months or years. Selection pressure
for this organism is seen in hospital settings due to intensive
use of many antibiotics especially cephalosporins, to which it
is resistant.*

Vancomycin has been regarded as the first-line drug for
treatment of MRSA. At the same time, there has been an
increase in the use of this antibiotic for other infections as
well such as pseudomembranous colitis due to Clostridium
difficile and coagulase negative staphylococcal infections in
hospitalized patients. When the drug was introduced, it was
believed that there would be no resistance to this drug as
resistance was difficult to induce. In 1997 however, the first
strain of Staphylococcus aureus with reduced susceptibility
to vancomycin was reported from Japan. Since then there has
been an increase in the number of both vancomycin
intermediate Staphylococcus aureus (VISA) and vancomycin
resistant Staphylococcus aureus (VRSA). This has led to life
threatening infections in both hospitalized and non-
hospitalized patients.*

Taking into consideration the menace that is MRSA both
in hospital and more recently in community settings and also
the emergence of VISA and VRSA the study was undertaken to
determine the presence of MRSA and VRSA among
staphylococcal isolates in Eastern Bihar.

MATERIALS AND METHODS

This prospective study was conducted from January 2011 to
April 2013 with approval from Institutional Ethics
Committee. Patients attending various in-patient and out-
patient departments of the hospital were inducted into the
study. A brief clinical history was obtained from the patient
regarding occupation, history of living in institutions e.g.
hostels, old age homes etc, personal history regarding
standard of hygiene, family history whether other family
members were affected and past history.

Urine, pus, blood and vaginal specimens were collected as
per standard protocol. Samples were processed and
identified as per standard protocol.5 Antibiotic sensitivity
testing was done by modified Kirby-Bauer’s disc diffusion test
as per the Clinical and Laboratory Standards Institute (CLSI)
guidelines (CLSI, 2008). Commercially available antibiotic
discs (hi-Media) were used. Screening for MRSA was done by
disc diffusion and agar dilution method.
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Screening for MRSA by Disc Diffusion

The test was performed on Muller-Hinton agar with 4% NaCl
for oxacillin and without 4% NaCl for cefoxitin. Using the
same procedure as for AST oxacillin disc 1 pg and cefoxitin
disc 30 pg were used and plates were incubated at 35°C for 24
hrs. Results were interpreted as per manufacturer
interpretation chart. ATCC 25923 was used as sensitive
control.6

Screening of MRSA by Agar Dilution

Oxacillin powder was obtained in pure form from Hi-Media
laboratories, Mumbai. Commercially available dehydrated
Muller-Hinton agar from the same company was used to
prepare Muller-Hinton agar to which NaCl was added to a
final concentration of 4%. Amount of antibiotic powder to be
added to this medium to make a final concentration of 6
pugm/ml oxacillin was calculated by the following formula:

1000 xVxC=W
P
Where
P= potency of preparation in relation to base.
V= volume (ml) required.
C=final concentration of solution in multiples of 1000.
W= weight in mg of antibiotic to be dissolved in V (volume).”

Colonies of the test organism were suspended in 4 ml of
sterile normal saline to adjust the turbidity to 0.5 McFarland’s
standard. The bacterial strains were spot inoculated on the
surface of Mueller-Hinton agar containing 4% NaCl and 6
pugm/ml oxacillin using 10 pl of bacterial culture suspension.
When the inoculum dried up the plates were incubated at
35°C for 24 hrs.

Interpretation: No Growth - Oxacillin susceptible.
Growth - Oxacillin resistant.6

Screening for VRSA by Disc Diffusion

The test was performed on plain Mueller-Hinton agar using
30 pg vancomycin disc using the modified Kirby-Bauer’s
diffusion method. Results were interpreted as per
manufacturer interpretation chart. ATCC 25923 was used as
sensitive control.6 (CLSI, 2008).

MIC of VRSA by Agar Dilution

Vancomycin powder was obtained in pure form from Hi-
Media laboratories, Mumbai. Minimum Inhibitory
Concentration (MIC) of vancomycin to Staphylococcus aureus
was determined by agar dilution method. The gradient plates
of Mueller-Hinton agar were prepared with different
concentrations of vancomycin (i.e. 1, 2, 4, 8, 16, 32 and 64
pg/ml). The test organisms were suspended in sterile normal
saline and the turbidity was matched to 0.5 McFarland’s
standard. The bacterial strains were spot inoculated on the
surface of Mueller-Hinton agar using 10 pl of bacterial culture
suspension. When the inoculum dried up the plates were
incubated at 35°C for 24 hrs.

Interpretation: MIC < 2 pg/ml- Susceptible.

MIC 4-8 pg/ml- Intermediate Susceptible.
MIC 216 pg/ml- Resistant.6
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RESULTS

A total of ten thousand eight hundred and six (10806)
samples were collected during the study period of which
4482 samples showed growth of various microorganisms.
Staphylococcus species grew in 873 samples out of which 240
were Coagulase Negative Staphylococcus (CONS) and 633
were Staphylococcus These 633 strains of
Staphylococcus aureus were taken up for further study.Out of
a total of 633 Staphylococcus aureus isolates, 142 (22.4%)
were found to be methicillin resistant, 63 (9.95%) were VISA
and 24 (3.79%) were VRSA. Majority of MRSA and VRSA
strains were isolated from the age group 21-30 years, 47/142
(33.1%) and 13/24 (54.2%) respectively. MRSA and VRSA
infections were seen predominantly in males 79/142 (55.6%)
and 15/24 (62.5%) respectively. The male to female ratio for
MRSA infection was 1.25:1 and for VRSA 1.66:1. MRSA was
isolated more frequently from patients of the Hindu
community, 87/142 (61.3%) whereas VRSA were isolated
more frequently from the Muslim community 14 /24 (58.5%).
The Hindu to Muslim ratio for MRSA infection was 1.58:1 and
for VRSA was 1:1.66.

Most of the MRSA and VRSA were isolated from pus
samples followed by urine Table 1. Overall 33.1% (47/142)
of MRSA and 42.8% (27/63) of VISA were isolated from
Surgery Department whereas 41.7% (10/24) of VRSA was
isolated from Orthopaedics Department. Majority of MRSA
(88.7%), VISA (74.6%) and all VRSA were isolated from in-
patients department.

aureus.
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Results of oxacillin agar dilution method were in
concordance with the cefoxitin disc diffusion method
detecting 22.4% (142/633) of strains as MRSA. The oxacillin
disc diffusion method however, detected sixteen additional
strains thereby increasing the number of MRSA detected by
this method to 25.0% (158/633). Vancomycin DD test
detected only 14 strains of VRSA out of a total of 633 strains.
The Vancomycin agar dilution test however showed that 24
strains had MIC 2 16 pg/ml indicating resistance (VRSA) and
63 strains had MIC ranging from 4-8 pg/ml indicating
intermediate resistance (VISA). Table 2.

As with MRSA, VISA and VRSA strain, it showed 100%
resistance to ampicillin, cefuroxime and cefotaxime. 73% and
75% of VISA and VRSA were resistant to gentamicin. All VISA
strains were sensitive to linezolid and all VRSA were sensitive
to imipenem. 88.7% and 87.3% of all MRSA isolates were
sensitive to imipenem and linezolid respectively. Table 3.

Specimen MRSA (%) VISA (%) VRSA (%)
Pus 79 (55.7) 34 (54.0) 14 (58.3)
Urine 47 (33.1) 18 (28.6) 07 (29.2)
Blood 08 (5.6) 07 (11.1) 02 (8.3)
Vaginal Swab 08 (5.6) 04 (6.3) 01 (4.2)
Total 142 (100) 63 (100) 24 (100)
Table 1. Isolation of MRSA, VISA and VRSA
from Different Clinical Samples

Method Resistant (%) Intermediate (%) Sensitive (%) Total
Vancomycin DD 14 (2.2) 0(0.0) 619 (97.8) 633
Vancomycin MIC 24 (3.7) 63 (10.0) 546 (86.3) 633

Table 2. Correlation between different methods for detection of VRSA
L MRSA VISA VRSA
Antibiotics (%) n=142 (%) n=63 (%) n=24
(Potency) Sensitive Resistant Sensitive Resistant Sensitive Resistant
Amikacin (30 pgm) 110 (77.5) 32 (22.5) 57 (90.5) 06 (9.5) 18 (75.0) 06 (25.0)
Ampicillin (10 ugm) 00(0.0) 142 (100.0) 00 (0.0) 63 (100.0) 00 (0.0) 24 (100.0)
Cefotaxime (30 pgm) 00 (0.0) 142 (100.0) 00 (0.0) 63 (100.0) 00 (0.0) 24 (100.0)
Cefuroxime (30 pgm) 00 (0.0) 142 (100.0) 00 (0.0) 63 (100.0) 00 (0.0) 24 (100.0)
Clindamycin (2 pgm) 87 (61.3) 55 (38.7) 46(73.0) 17 (27.0) 18 (75.0) 06 (25.0)
Gentamicin (10 pgm) 63 (44.4) 79 (55.6) 17 (27.0) 46 (73.0) 06 (25.0) 18 (75.0)
Imipenem (10 ugm) 126 (88.7) 16 (11.3) 57 (90.5) 06 (9.5) 24 (100.0) 00 (0.0)
Linezolid (30 ugm) 124 (87.3) 18 (12.7) 63 (100.0) 00 (0.0) 12 (50.0) 12 (50.0)
Teicoplanin (30 pgm) 71 (50.0) 71 (50.0) 11 (17.5) 52 (82.5) 00 (0.0) 24 (100.0)
Tobramycin (10 pgm) 89(62.7) 53(37.3) 46 (73.0) 17 (27.0) 12 (50.0) 12 (50.0)
Table 3. Antibiotic Susceptibility Pattern for MRSA, VISA and VRSA
DISCUSSION reported 4.47% isolation of VISA and 1.96 which is lower

The present study gives us an indication regarding the
occurrence of MRSA, VISA and VRSA in this region. As far as
MRSA is concerned different studies have reported different
findings. Authors have reported 79.6% of MRSA from
Hyderabad,8 34.2% from South India. The MRSA isolation in
our region was found to be relatively low (22.50% of all
Staphylococcus aureus isolates) as compared to the isolation
rates in some other part of India, which is probably because
the Medical College is situated in rural area where the
organisms are not exposed to as much antibiotic pressure as
in the urban areas. For VISA and VRSA Thati et al8 2011
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than ours.

Majority of the MRSA, VISA and VRSA strains were
isolated from Surgery department followed by Obstetrics &
Gynaecology and orthopaedics. Tyagi A et al3 in 2008
however, reported maximum isolations from Neurosurgery
ward followed by Orthopaedics, Paediatric Surgery, and
Cardiothoracic Surgery etc.3 This discrepancy may be due to
the fact that their study was carried out in a super-specialty
hospital and also in a different geographic location.

Isolation rate of MRSA, VISA and VRSA in the present
study were much higher in indoor patients, as hospital strains
are subjected to more antibiotic pressure leading to
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emergence of resistant strains. Majority of MRSA, VISA and
VRSA were also isolated from pus samples followed by urine
samples and blood and vaginal swabs as reported by other
authors also10.11 The oxacillin disc diffusion method however,
detected sixteen additional strains. This is probably due to
the fact that oxacillin DD test may sometime produce smaller
zone of inhibition for those strains of Staphylococcus aureus
that are hyperproducers of penicillinase enzymes.12 These
sixteen strains were therefore not considered as MRSA.

Kour R et al in 2012 have also reported a similar finding
in their study on MRSA13. They found the oxacillin DD to be
inferior to the cefoxitin DD for detection of MRSA. It is quite
apparent from all the studies conducted so far and from the
present study that antibiotic resistance is steadily on the rise.
It is also quite clear that MRSA is acquiring resistance to
drugs like rifampicin, teicoplanin, amikacin, netilmicin and
imipenem which were at one time used as an alternative to
vancomycin, which is more toxic and has to be delivered
parenterally, for treating MRSA infection.231014 It is very
clear from the present study that resistance to antibiotics is
high even in Methicillin Sensitive Staphylococcus aureus
(MSSA) though lesser to a certain extent than MRSA.
Antibiotic resistance remains a problem even in this rural
area where majority of the population are employed in
agricultural work. It is therefore imperative for the medical
community to work together to fight against this man-made
phenomenon called antibiotic resistance.
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