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ABSTRACT

Introduction: Staphylococcus aureus (S. aureus) is a ubiquitous
pathogen causing various infections in humans. The emergence of
drug resistance in S. aureus, especially methicillin resistance, has
made treating these infections increasingly tricky, with only a few
antibiotics being effective. Vancomycin, Teicoplanin, and Linezolid
are the antibiotics of choice for treating Methicillin-resistant
Staphylococcus aureus (MRSA) infections, though occasional
resistance to these antibiotics has also been reported.

Aim: To know the prevalence of MRSA and subject the MRSA
isolates to linezolid and teicoplanin susceptibility testing by
Epsilometer test (E-test).

Materials and Methods: This was a cross-sectional study done
between April 2021 and March 2022. A total of 210 consecutive
S. aureus isolates from various clinical samples were isolated
and processed in the Department of Microbiology, Andhra
Medical College, Visakhapatnam, Andhra Pradesh, India.

Screening for methicillin resistance was done by cefoxitin disc
diffusion testing and Chromogenic agar (CHROMagar) MRSA,

INTRODUCTION

S. aureus is a potentially pathogenic gram-positive organism
causing a wide spectrum of diseases ranging from local infections to
systemic infections that may threaten life. The MRSA has increased
dramatically during the previous 20 years and has been a cause of
concern in many hospitals due to its capability of developing new
clonesresistanttoalmostany available antibiotics like Cephalosporins,
Aminoglycosides, Macrolides, and Quinolones [1]. MRSA was first
reported in 1961, within a year of methicillin’s introduction [2]. Since
then, MRSA strains have spread rapidly among hospitals and have
been the predominant nosocomial infections next to Pseudomonas
and Mycobacterium tuberculosis. Intrinsic virulence capacity is the
primary reason for their pathogenicity, which takes any form. They
can adapt rapidly to the selective pressure of antibiotics, which
has spread these infections. Only a few antibiotics are available for
the treatment of these drug-resistant infections. This ubiquitous
pathogen has been associated with treatment difficulties because
only a few antibiotics are available for treating these infections [3].
Teicoplanin which is a glycopeptide antibiotic is one of the first
or second-line agents for treating MRSA infections [4], whereas
Linezolid is also commonly used in the treatment of these infections
[5]. Many studies in the past few years have been comparing the
safety and efficacy of teicoplanin and linezolid, but the results are
diverse and they show no distinct clinical superiority over each other
[6]. Some recent reports even indicate cryptic resistance for linezolid
among the susceptible isolates due to irrational use [7]. In light of
these studies, attempts were made by the authors to identify similar
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with American Type Culture Collection (ATCC) S. aureus 25923
strain as a negative control and a known in-house strain was
used as a positive control. All the MRSA isolates were tested for
linezolid and teicoplanin susceptibility for the E-test to determine
the Minimum Inhibitory Concentration (MIC). Data were entered
into Microsoft Excel 2019, and International Business Machines
(IBM) Statistical Package for the Social Sciences (SPSS) version
20.0 was used for analysis.

Results: Out of 210 S. aureus, 100 (47.6%) were MRSA isolates.
MRSA was predominantly isolated from pus (58%), sputum
(19%), and urine (9%) samples. Higher resistance was observed
against cotrimoxazole (72%), ciprofloxacin (54 %), and amikacin
(87%). Teicoplanin and linezolid were both susceptible in all of
the isolates. MIC,, and MIC,; against linezolid and teicoplanin
was 0.5 and 1 mcg/mL and 0.5 and 0.75 pg/mL respectively.

Conclusion: MRSA isolates are increasingly becoming resistant
to multiple antibiotics. Linezolid and glycopeptides are still the
mainstays for treating MRSA infections, as most isolates are
susceptible to these drugs.

resistant patterns in our region and found sparse data regarding it.
In view of it, the present study was intended to isolate S. aureus to
know the prevalence and susceptibility testing of MRSA isolates to
linezolid and Teicoplanin by E-test.

MATERIALS AND METHODS

This was a cross-sectional descriptive study done between April
2021 and March 2022. Ethical clearance certificate was taken from
the Institutional Ethics Committee (IEC), Andhra Medical College,
Andhra Pradesh, India. (Serial No.: 127/IEC AMC/FEB/2021).

Inclusion criteria: All new MRSA isolates from various clinical
samples like pus, blood, urine, sputum, and body fluids, were
included from all age groups and genders from both Outpatient
Department (OPD) and Inpatient Departments (IPD). Patients who
have provided consent or for whom a legal guardian has consented
to participate were included in the study.

Exclusion criteria: Methicilin-sensitive Staphylococcus aureus
(MSSA) isolates and patients who were already on antibiotic treatment
for known MRSA infections were excluded. Patients who did not
provide consent to participate were excluded from the study.

Sample size calculation: The sample size was calculated as 210
samples using the online sample size calculator (OpenEpi: Sample
Size for a Proportion or Descriptive Study, taking anticipated
frequency of 16.3% as per our prospective review, confidence
interval of 95% and the margin of error of 5%) [8]. Convenient (non-
probability) sampling technique was exercised.
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Brief clinical data regarding age, sex, history of presenting illness,
treatment history for the ailment, and past history, if any, was
collected from patients and hospital medical records. If the isolate
is from an in-patient, data regarding the admission date, duration of
admission, and date of sending the sample were recorded. All the
samples were collected using sterile aseptic precautions.

Culture and identification: All the samples were inoculated on
Nutrient agar, Blood agar, and Mannitol salt agar and were incubated
at 37°C for 18-24 hours. Isolates of Staphylococcus aureus were
identified by colony morphology, Gram stain and coagulase test
[9]. As per the Clinical and Laboratory Standards Institute (CLSI)
2019 guidelines, Kirby-Bauer disk diffusion method was performed
to assess the susceptibility pattern of all isolates [10,11]. Antibiotic
discs used were penicilin-G, amoxiclav, amikacin, cotrimoxazole,
ciprofloxacin, clindamycin, vancomycin, linezolid and teicoplanin
were purchased from Hi-Media Laboratories Pvt. Limited.

Screening for Methicillin resistance in S. aureus: All S. aureus
isolates were screened for Methicillin resistance by using Standard
disc diffusion testing using a 30 pg Cefoxitin disc, in accordance
with CLSI 2019 guidelines [10] .

Quality control: On every day of testing the isolates, a reference
ATCC S. aureus 25923 strain (KWIK-STIK Plus) procured from Hi-
Media Laboratories Pvt. Limited, which was stored on nutrient agar
slants, was subjected to a similar screening with other isolates, as
a negative control [10]. An S. aureus isolate which was resistant to
Cefoxitin, was isolated in our lab during the month of January 2021,
was stored on a nutrient agar slope and was categorised as an in-
house MRSA strain and was used as a positive control.

Other screening tests: Additionally, all S. aureus isolates were also
inoculated on CHROMAgar MRSA procured from Chromogenic
Life Sciences India Pvt. Ltd. As per the manufacturer’s instructions,
media was prepared and the isolates were inoculated by streak
culture method. MRSA isolates show a characteristic pink colour
colony, whereas MSSA isolates were inhibited [12].

E-test (Epsilometer test): Commerical E-test strips for linezolid and
teicoplanin were purchased from Hi-Media Laboratories Pvt. Limited
(Ezy MIC strips), to determine the MIC for all the MRSA isolates were
tested. MRSA isolates were inoculated in peptone water by direct
colony suspension method to achieve turbidity of 0.5 McFarland
standard. Using a sterile cotton swab, Mueller Hinton agar was
inoculated by lawn culture method and an E-strip was placed on
the lawn culture within 15 minutes of inoculation and the plates were
incubated at 37°C for 18-24 hours. An elliptical zone of inhibition
was produced on incubation. The antibiotic concentration at which
the edge of the eclipse intersects with the strip was taken as the
value for MIC [13].

STATISTICAL ANALYSIS

Data were tabulated and entered in Microsoft Excel 2019 and all
analysis was performed by IBM SPSS 20.0. Data were expressed
in terms of frequency and percentage and were presented in the
form of Tables.

RESULTS

A total of 210 isolates of Staphylococcus aureus were screened
during the study period to identify MRSA. Out of 210 S. aureus, 100
(47.6%) were MRSA isolates which were further tested by E-test
for linezolid and teicoplanin to determine the MIC. Among the 100
MRSA isolates, the incidence was higher in males (55%) than in
females (45%). They are predominantly isolated in the age group
of 21-30 years (42%) and less frequently isolated in the age group
of 41-50 years (11%). The isolates majorly obtained from patients
presented with skin and soft tissue infections (46%), treatment
history and past history were inconsistent, particularly in patients
attending the outpatient departments and the data was not utilised
for analysis.
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MRSA was detected 100% by using cefoxitin disc diffusion and only
96% by CHROMagar MRSA [Table/Fig-1]. Isolates of MRSA were
predominantly identified from pus (58%), sputum (19%), urine (9%),
blood (7%), vaginal swab (5%), pleural/ascitic fluid (2%) respectively
[Table/Fig-2]. Most MRSA isolates were resistant to cotrimoxazole
(72%) and ciprofloxacin (54%). Vancomycin resistance was observed
in 2% of isolates. All the isolates were uniformly susceptible to
teicoplanin and linezolid [Table/Fig-3].

Method Resistance | Susceptible
Cefoxitin disc diffusion (30 mcg) 100% 0
CHROMagar MRSA 96% 4%
[Table/Fig-1]: Detection of MRSA by cefoxitin disc diffusion and CHROMagar
MRSA.

Type of samples No. of MRSA (n=100)
Pus 58

Sputum 19

Urine 9

Blood 7

Vaginal swab 5
Pleural/Ascitic fluid 2

Total 100

[Table/Fig-2]: Isolation of MRSA from various samples.

Antibiotic disc Resistant (%) Susceptible (%)
Penicillin-G 100 -
Amoxiclav 100 -
Cefoxitin 100 -
Amikacin 37 63
Cotrimoxazole 72 28
Ciprofloxacin 54 46
Clindamycin 4 96
Vancomycin 2 98
Linezolid 0 100
Teicoplanin 0 100

[Table/Fig-3]: Antibiotic susceptibility of MRSA (n=100).

MIC forlinezolid by E-test observed in the present study was between
0.25-2.0 pg/mL. MIC,, and MIC, against linezolid were 0.5 and 1
pg/mL [Table/Fig-4]. MIC for Teicoplanin by E-test observed in the
present study was between 0.25-1.5 pg/mL. The MIC,, and MIC,,
against Teicoplanin were 0.5 and 0.75 pg/mL [Table/Fig-5].

MIC value (ug/L) No. of isolates
0.25 2

0.38 16

0.50 28

0.75 36

1.0 14

1.5 3

2.0 1

[Table/Fig-4]: The MIC values of linezolid against MRSA isolates (n=100) by

E-test.

DISCUSSION

Staphylococcus aureus is associated with various infections,
both community-associated and hospital-acquired. In recent
years the prevalence of MRSA has been continuously increasing,
and the widespread outbreaks of infections by MRSA have
warranted the study of susceptibility patterns in MRSA to help
the clinician to use appropriate antibiotics for treating patients.
Only a few antibiotics are available for the treatment of MRSA
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MIC value (ug/L) No. of isolates comparatively higher in other studies like Vijaymohan N and Nair
0.5 5 SP (82%) [17].
0.38 12 MRSA isolates in the present study were 37% resistant to amikacin
0.50 12 and 54% resistant to ciprofloxacin which correlated with Tripathi A
078 " [24] and Chaudhury U et al., [29] studies. The highest resistance to
: amikacin was seen with Tripathi A (71.42%) [24].

1.0 16

Only 2% of MRSA isolates in the present study were resistant
15 10 to vancomycin, with similar results by Mir BA and Srikanth and

[Table/Fig-5]: The MIC values of teicoplanin against MRSA isolates (n=100) by

Husain A et al., [19,20] (2%). Whereas all the MRSA isolates
were uniformly susceptible with no resistance towards linezolid or
teicoplanin.

E-test.

infections. Vancomycin, linezolid, and teicoplanin have a
spectrum of activity limited to gram-positive bacteria [14]. These
drugs are new options for MRSA with an excellent in-vitro effect
on MRSA. The prevalence of MRSA in the present study was
47.6%. The percentage of MRSA resistance detected by cefoxitin
disc diffusion was 100% compared to CHROMagar MRSA. The
use of CHROMagar for the detection of MRSA compared with
cefoxitin disc diffusion, with a specificity of 99.4% in the present
study, was correlated with Datta P et al., with a specificity of
99.2% [15]. S. aureus isolates were predominantly isolated
from male patients (55%), which correlated with Kumar A et
al., (males 55%) and Vijaymohan N and Nair SP, (males 59%)
[16,17]. The majority of MRSA isolates in the present study were
from pus samples (58%) which were consistent with Khan MF
et al., (pus 55%), Mir BA and Srikanth, (pus 52%), Husain A et
al., (pus 94.5%) [18-20]. The highest percentage of S. aureus
from pus samples was observed in the study of Huang and
Platt R at 61.4% [21]. The above studies show that S. aureus
remains the most predominant aetiology of pyogenic infections.
In the present study, higher resistance was observed among
cotrimoxazole (72%), ciprofloxacin (54%), and amikacin (37%),
respectively. All isolates were 100% resistant to penicillin-G,
amoxiclav, and cefoxitin [Table/Fig-6] [19,22-27].

72% of MRSA isolates in the present study were resistant
to cotrimoxazole which was consistent with Saikia L et al.,
(73.12%) study [28]. The resistance pattern to cotrimoxazole was

A MIC zone of less than or equal to 4 pg/mL was the susceptibility
range of the linezolid E-test for Staphylococcus aureus, considered
as breakpoint MIC. The present study had a MIC range for linezolid
ranging from 0.25-2.0 pg/mL, which correlates with other studies
[Table/Fig-7] [20,30-34], and Niveditha N and Sujatha S, (0.016-
2.0 pyg/mL) and Tahira Y et al., (0.064-2.0 pg/mL) [32,33]. The
study by Thool VU et al., (0.5-4.0 pg/mL) in 2012 and Husain A et
al., (0.75-4.0 yg/mL) in 2018 has higher MIC ranges compared to
the present study [20,30]. MIC,, and MIC,, against linezolid were
0.5 and 1 pg/mL, respectively.

A MIC zone of less than 8 pg/mL was the susceptibility range
of the teicoplanin E-test for Staphylococcus aureus, which was
breakpoint MIC. The present study had a MIC range of 0.25-1.5
pg/mL, the MIC, and MIC, against Teicoplanin were 0.5 and 0.75
pg/mL which showed similarity with Aoyagi T et al., [35] [Table/
Fig-8] [31,35-38].

Multidrug resistant strains resistant to more than three antibiotics
are frequently observed among MRSA isolates. Only a few
alternative drugs like vancomycin are commonly used because of
their effectiveness against MRSA isolates. Until now, resistance to
these antibiotics is rarely seen, with few isolates showing decreased
susceptibility to vancomycin in-vitro [39].

Teicoplanin and Linezolid are the other alternatives for treating
patients with MRSA infections. In the present study, all the isolates
were susceptible to teicoplanin (100%) and linezolid (100%).

Year Author Place of study Pn AMC AK CcoT CIP CD VA LZ TEI
2013 Mir BA and Srikanth [19] Gulbarga, India - 6.9 69 70.7 3.5 - -
2014 Hajera M et al., [22] Hyderabad, India 100 86.3 18.1 56.8 29.5 0 6.8 2.2
2014 Fomda BA et al., [23] Srinagar, Kashmir, India 100 - 60 20 33.3 0 -
2015 Tripathi A [24] Bhopal, India 100 - 71.42 21.4 14.2 4.2 0 0 0
2015 Abbas A et al., [25] Jaipur, India - 13.9 32.1 54.5 46.1 0 0 16
2019 Abimana JB et al., [26] Ishaka, Uganda 100 100 9 75 6 0 -
2020 Kot B et al., [27] Siedlce, Poland 100 - 14.2 8 83 72.3 - 0
2023 Present study Visakhapatnam, India 100 100 37 72 54 4 2 0 0

[Table/Fig-6]: Comparative table showing antibiotic resistance patterns of MRSA isolates in % [19,22-27].

Pn: Penicillin-G; AMC: Amoxiclav; AK: Amikacin; COT: Cotrimoxazole; CIP: Ciprofloxacin; CD: Clindamycin; VA: Vancomycin; LZ: Linezolid and TEI: Teicoplanin

[Table/Fig-7]: Comparative analysis of susceptibility of linezolid by E-test [20,30-34].

The present study identifies the in-vitro activity of antibiotics like

MIC range
Year Author Place of study | inpg/mL | MIC,, | MIC,, vancomycin, teicoplanin, and linezolid which aid in treating MRSA
2012 | Thool VU et al., [30] | Nagpur, India 0.5-4.0 1.5 3 infections. The study helps to understand the baseline antibiogram in
2013 | Chitnis Set al., [31] | Indore, India 0.25-1.0 -
o MIC range
Niveditha N and Puducherry, .
2015 Sujatha S, [32] India 0.016-2.0 0.38 1.5 Year Author Place of study in pg/mL MIC,, | MIC,
. 2013 Chitnis S et al., [31] | Indore, India 1.5-4.0
2015 | Tahira Y et al., [33] i””ag"’.“* . 0.064-2.0 - :
ashmir, India 2014 | Aoyagi T et al., [35] | Tohoku, Japan 0.75 1
Haldwani, 2015 | Singh Aetal., [36] | Lucknow, India 0.50-2.0
2018 | Husain A et al., [20] | Uttarakhand, 0.75-4.0 2 3 -
India 2017 | Jiang B et al., [37] gm’;gq'”g’ 147244 | 05 15
Capa-lIstanbul,
2021 | Atkas G [34] Turkey 0.38-1.5 L 15 2021 | Pantel Aetal., [38] | Nimes, France 0.25-05 | 025 | 050
. Visakhapatnam,
2023 | Present study l\QZ?;hapatﬂamv 0.95-2.0 05 1.0 2023 | Present study o 02515 | 05 | 075

[Table/Fig-8]: Comparative analysis of susceptibility of teicoplanin E-test [31,35-38].
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and around Visakhapatnam, which helps in formulating an effective
strategy to prevent the spread of these infections by adopting
control strategies.

Limitation(s)

Molecular methods were not used in the confirmation of these
findings due to cost constraints. The follow-up to treatment
response was not documented.

CONCLUSION(S)

Drug resistance in Staphylococcal isolates continues to be high,
especially the emergence of MRSA isolates with resistance to multiple
antibiotics is a significant cause of concern. Only a few alternatives
like vancomycin, teicoplanin, and linezolid are left over in the antibiotic
pipeline to treat these infections. The study demonstrates that linezolid
and glycopeptides antibiotics are the most effective for treating MRSA
infections, with most isolates being susceptible to these groups of
drugs, as shown in the study.
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