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Abstract

Staphylococcus aureus (S. aureus) is a very common human pathogenic microorganism that can cause
a variety of infectious diseases, including skin and soft tissue infections, endocarditis, osteomyelitis,
bacteremia, and lethal pneumonia. About one-third of the common population is colonized with
S. aureus. MRSA is a formidable pathogen known to cause high mortality & morbidity, that poses a
significant threat to public health worldwide. Presence of MRSA strains, resistant to multiple antibiotics
especially in hospital stay, has complicated the management of infections caused by this bacterium.
The aim of this study was to shed light on the prevalence and antimicrobial sensitivity pattern of MRSA
among patients in a tertiary care center located in Faridabad, Haryana. This cross-sectional observational
study was conducted in the Department of Microbiology, ESIC Medical College & Hospital, a 510
bedded tertiary care teaching hospital in Faridabad, Haryana, India. All wound samples including pus,
exudates, wound swab and tissue samples received for aerobic culture and antimicrobial sensitivity
from various clinical departments from January 2019 to July 2019 were included in this study. A total
of 747 samples were received from January 2019-July 2019. Mean age of this study population was
found to be 50.7 + 14.8 years. Out of 747 samples, 226 (30.25%) were culture positive. Among the
S. aureus isolates, methicillin resistance was seen amongst 39 (58.2%). Antibiotic Susceptibility results of
S. aureus showed 100% resistance to Penicillin along with 100% resistance to Fluoroquinolones in both
MRSA and MSSA. High prevalence of MRSA amongst patients highlights the importance of continued
surveillance and implementation of antimicrobial stewardship program to control the menace of
antimicrobial resistance. Strict adherence to Infection Control practices its regular follow up to assess
the effectiveness of any hospital infection control measures taken is the key.

Keywords: Resistance, MRSA, MSSA, Penicillin, Antibiotics, Healthcare, Hospital

*Correspondence: dryashamukim@gmail.com

Citation: Mukim Y, Sonia K, Jain C, Birhman N, Kaur IR. Prevalence and Antimicrobial Susceptibility Pattern of MRSA

amongst Patients from an Indian Tertiary Care Hospital: An Eye Opener. J Pure Appl Microbiol. 2024;18(3):1700-1707.
doi: 10.22207/JPAM.18.3.19
© The Author(s) 2024. Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License which
permits unrestricted use, sharing, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons license, and indicate if changes were made.

Journal of Pure and Applied Microbiology 1700 www.microbiologyjournal.org


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-5307-2134
https://orcid.org/0000-0002-8785-6228
https://orcid.org/0000-0001-9957-1556

Mukim et al | J Pure Appl Microbiol. 2024;18(3):1700-1707. https://doi.org/10.22207/JPAM.18.3.19

INTRODUCTION

Infectious diseases are the second
leading cause of death for people worldwide.*
Staphylococcus aureus (S. aureus) is a very
common human pathogenic microorganism that
can cause a variety of infectious diseases, including
skin and soft tissue infections, endocarditis,
osteomyelitis, bacteremia, and lethal pneumonia.
About one-third of the common population is
colonized with S. aureus.* Prior colonization of S.
aureus in moist areas like skin & anterior nares
predisposes the wound to get infected with
the same. It is an efficient pathogen and quite
easily adapts to varied conditions.

The glycan chains of N-acetyl-glucosamine
and N-acetylmuramic acid that make up the cell
wall of Gram-positive bacteria, such as S. aureus,
are heavily cross-linked by pentapeptides (UDP-
MurNAc-penta). Each precursor component is
synthesized in the cytoplasm and delivered to
the growing cell’s division septum. The structural
similarity between penicillin and the D-alanyl-D-
alanine (D-ala-D-ala) residues of newly synthesized
UDP-MurNAc-penta allows penicillin to inhibit
peptidoglycan crosslinking by acting as a substrate
analogue.?

Beta-lactams bind to penicillin-binding
proteins (PBPs), forming long-lasting acyl-
enzyme complexes that block the transpeptidase
activity of these enzymes. This inhibition
reduces peptidoglycan cross-linking, leading to
a mechanically weakened cell wall incapable of
withstanding the high internal osmotic pressure,
which results in cell lysis. In staphylococci, the
killing mechanism is highly cell cycle dependent,
and it is proposed that mis-coordination in the
spatial and temporal deposition of peptidoglycan
during cell division leads to cell death. It is also
suggested that cell lysis and cell death may be two
separate events.?®

Similar to other bacteria, S. aureus
possesses several PBPs that, in addition to
providing transpeptidase activity, seem to fulfil
distinct functions in coordinating peptidoglycan
synthesis. Different classes of beta-lactams
target individual PBPs with variable affinity,
which may explain why different beta-lactams
introduce various morphological changes.® Thus,
the molecular events underlying the bactericidal

effects of beta-lactam antibiotics depend on the
affinity of the specific compounds for the various
PBPs.

A notable feature of most Methicillin-
resistant Staphylococcus aureus (MRSA) isolates is
the heterogeneous expression of resistance to beta-
lactams.”® In these strains, populations derived
from a single cell exhibit varying resistance levels,
with the majority of cells showing low resistance
and a minority displaying high resistance. Hospital-
acquired MRSA (HA-MRSA) isolates typically
demonstrate high-level, homogeneous methicillin
resistance, whereas community-acquired MRSA
(CA-MRSA) isolates often exhibit low-level,
heterogeneous resistance. Understanding the
molecular mechanisms behind this phenomenon
has been facilitated by identifying mutations that
convert strains with low, heterogeneous resistance
into homogeneous, highly resistant strains.®

Methicillin-sensitive Staphylococcus
aureus (MSSA) and methicillin-resistant
Staphylococcus aureus (MRSA) represent the two
primary clinical forms of S. aureus.® Methicillin
resistance is defined as resistance to penicillinase-
stable, anti-staphylococcal drugs. MRSA is a
significant pathogen associated with high mortality
and morbidity, posing a substantial threat to global
public health. The presence of multi-drug resistant
MRSA strains, particularly in hospital settings,
complicates the management of infections caused
by this bacterium. Effective control of MRSA
spread requires understanding its prevalence and
antimicrobial sensitivity patterns within specific
healthcare environments.

Antimicrobial resistance (AMR) and
infectious disease prevalence are critical public
health concerns globally, with heightened
significance in regions like India.'® Although Gram-
negative organisms exhibit higher resistance
rates compared to Gram-positive organisms,
it is essential to assess the extent of this issue
comprehensively. The primary sources of MRSA
transmission are hospital staff and patients who
are infected or colonized with MRSA strains,
predominantly through contact transmission.
Risk factors that enhance the emergence and
spread of MRSA include prolonged and repeated
hospitalization, indiscriminate antibiotic use, lack
of awareness, misuse of intravenous drugs, and
the presence of indwelling medical devices.*
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Comprehensive AMR surveillance,
including MRSA screening, is crucial for identifying
trends and patterns in antimicrobial resistance and
emerging pathogens at various levels—from local
hospitals to provincial, national, and global scales.
AMR surveillance aids not only in developing
and updating measures against antimicrobial
resistance but also in refining guidelines for
treating bacterial infections. This, in turn, improves
patient outcomes and reduces the length of
hospital stays.'>*3

Faridabad, a major city in the northern
Indian state of Haryana, serves as a hub for tertiary
medical care, catering to a diverse population.
The aim of this study was to shed light on the
prevalence and antimicrobial susceptibility pattern
of MRSA among patients in a tertiary care center
located in Faridabad, Haryana. By conducting
surveillance studies, this research provides
valuable insights into the local epidemiology of
MRSA, enabling healthcare providers to devise
effective strategies for infection control and
appropriate antibiotic therapy.

MATERIALS AND METHODS

This cross-sectional observational study
was conducted in the Department of Microbiology,
ESIC Medical College & Hospital, a 510 bedded
tertiary care teaching hospital in Faridabad. All
wound samples including pus, exudates, wound
swab and tissue samples received for aerobic
culture and sensitivity from various clinical
departments from January 2019 to July 2019 were
included in this study.

The samples were processed for aerobic
culture using standard methods. The samples
were cultured on 5% Sheep Blood agar and
MacConkey’s agar and was inoculated into Tryptic
Soy broth.* The culture plates were looked for any
bacterial growth after 18-24 hours of incubation.
If there was no growth observed after 24 hours
of incubation the plates were further looked for
growth at 48 -72 hours of incubation .

Suspected bacteria that were beta-
hemolytic on blood agar, Gram-positive, and
catalase-positive were identified using an
automatic identification instrument (VITEK-2
Compact system, bioMerieux Inc., France).

Antimicrobial susceptibility testing was
performed by VITEK 2 AST-P628 card (bioMerieux
Inc., France), according to the updated Clinical and
Laboratory Standards Institute guidelines.

Data analysis

The demographic and laboratory data
were entered in Microsoft Excel sheets and
analysed using the same. A chi-square test
was conducted to compare the differences in
proportion among groups. P values <0.05 were
considered statistically significant.

This study was approved by the IEC, ESIC
Medical College, Faridabad.

RESULTS

A total of 747 samples were received
from January 2019-July 2019. Mean age of the
study population was 50.7 + 14.8 years. Out of
747 samples, 226 (30.25%) were culture positive.
The distribution of bacterial isolates is given in
Table 1 and in Figure 1. Most of the samples were
reported from the male patients (466/747, 62.3%)
as compare to the females (281/747, 37.7%).

Amongst all isolates, S. aureus was
the most common and retrieved from 67
(29.6%) patients, followed by Escherichia coli,
Pseudomonas aeruginosa (Table 1). Among the
S. aureus isolates, methicillin resistance was
seen amongst 39 (58.2%). MRSA strain were
mostly isolated from surgical ward and OPD 28
(71.9%), followed by Gynecology ward. Similar

Table 1. Distribution of all bacterial isolates from the
culture growth

Isolated Organism Total No.  Percentage
of isolates
Staphylococcus aureus 67 29.6%
Escherichia coli 58 25.6%
Pseudomonas aeruginosa 28 12.5%
Klebsiella pneumoniae 24 10.6%
Proteus spp. 10 4.6%
Acinetobacter baumanii 8 3.5%
Enterobacter spp. 2 0.8%
Coagulase Negative 27 12%
Staphylococcus
Enterococcus spp. 2 0.8%
Total 226 100%
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Total Number of isolates

M Staphylococcus aureus
M Escherichia coli
Pseudomonas aeruginosa
Klebsiella pneumoniae
M Proteus spp.
® Acinetobacter baumanii
B Enterobacter spp.
B Coagulase negative staphylococcus

B Enterococcus spp.

Figure 1. Pie Chart presentation of bacterial isolates from all samples

Table 2. Distribution of MRSA and MSSA isolates from the different wards

Location MRSA MSSA
Total No. of % Total No. of %
isolates (n) isolates (n)
Surgical OPD and Ward 28 71.9% 10 35.7%
Gynecological OPD and Ward 8 20.5% 12 42.8%
ENT OPD and ward 3 7.6% 6 21.5%
Total 39 100% 28 100%

Antimicrobial Susceptibility pattern
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Figure 2. Bar Chart presentation of distribution of MRSA and MSSA, according to their Antimicrobial Susceptibility
Testing
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Table 3. Antimicrobial Susceptibility pattern among the
MRSA and MSSA isolates

Antibiotic MRSA % MSSA %
Resistance Resistance
(N=48) (N=19)
Penicillin 100 100
Gentamycin 41 26
Co-trimoxazole 68.8 47.5
Erythromycin 64 48
Clindamycin 41 9
Levofloxacin 100 100
Tetracycline 16 9
Linezolid 2 5.2
Teicoplanin 0 5.2
Vancomycin 0 0

pattern of distribution was observed with MSSA
isolates (Table 2). Antibiotic Susceptibility results
of S. aureus showed 100% resistance to Penicillin
along with 100% resistance to Fluoroquinolones
in both MRSA and MSSA (Figure 2). Resistance to
Vancomycin was not observed (Table 3).

DISCUSSION

S. aureus continues to be the leading
cause of skin and soft tissue related infections
(SSTI) in the community as well as infections
in the hospitalized patients and MRSA is also a
major health problem worldwide, the prevalence
of which has increased over these years.'* Data
on MRSA transmission trends requires continued
surveillance especially in developing nations like
India. The cell envelope, ribosomes, and nucleic
acids are the three targets of antibiotics developed
to treat S. aureus. Methicillin is a member of the
beta lactamase class of enzymes, which targets the
cell membrane. Genes that are less sensitive to the
effects of antibiotics are acquired, which leads to
the development of methicillin resistance.?®

The results of this study provide valuable
insights into the prevalence, distribution, and
antibiotic susceptibility pattern of S. aureus
isolates, particularly MRSA, among patients in
various wards of the healthcare facility.

In this study we observed that, from the
total 747 samples, maximum number of samples
were from males (62.3%, 466/747) as compare
to females (37.7%. 281/747). This result was
found similar to many studies done by Kaur K et

al., Adhikari P et al. and Mandal M et al.’**8 The
higher representation of male patients in the
study population may reflect specific risk factors
associated with gender or variations in healthcare-
seeking behavior.

Overall culture positivity rate was 30.25%
amongst the 747 samples received over six
months. Culture positivity rate of 45-90% has been
reported in various other studies.’>'%% The high
percentage of positive culture results indicates
the urgent need for effective measures to control
drug resistant infections.

The data revealed that S. aureus was
the most commonly isolated bacterium, found
in 67 (29.6%) patients, followed by Escherichia
coli (25.6%), Pseudomonas aeruginosa (12.30%)
and Klebsiella pneumoniae (10.6%). This finding
emphasizes the importance of S. aureus as a
significant pathogen responsible for infections in
the studied population. Similarly, a study done by
Dhungel S et al. also found that S. aureus (27.1%;
39/144) was the predominant bacteria.?’ The
data can help develop a local antibiogram for
formulating an empirical antibiotic panel for
different set of samples.

The findings of this study reveal a
substantial prevalence of MRSA (58.2%) among
patients attending the tertiary care center, while
the remaining 41.79% were MSSA. This high
prevalence of MRSA raises alarming concerns
regarding the potential complications and
challenges associated with treating infections
caused by multidrug-resistant strains. More
than 50% prevalence of MRSA was observed
from different states of India, which support
to the above findings of the study.!®?'22 Other
investigations have found a significant low
incidence of MRSA in various regions of the nation,
such as 32% and 31.1% in a study by Bilal Ahmad
et al. and Rajaduraipandi et al.?*?*

The variation in prevalence rates
can be attributed to disparities in antibiotic
prescription practices and infection control
measures implemented across various locations.
For instance, at Postgraduate Institute of Medical
Education and Research (PGIMER), Chandigarh,
the MRSA prevalence was 43%, while at Jawaharlal
Institute of Postgraduate Medical Education and
Research (JIPMER), Puducherry, it stood at 35%.%
This could be attributed to the fact that since our
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hospital is a tertiary healthcare facility, the patients
are most of the times referred from primary or
secondary level healthcare settings. The common
practice of taking over the counter antibiotics with
wrongful dose and duration can add to this issue.

The distribution of MRSA and MSSA
isolates across different wards of the healthcare
facility was also examined. As expected, the
surgical ward and OPD were identified as the
primary sources of MRSA isolates, accounting for
51% of the cases. Similar patterns were observed
with MSSA isolates. This result was supported by
other studies done by Kaur K, Dhungel S, and Raut
S et al., in which they also reported that a higher
proportion of MRSA was derived from IPD wards
as compare to OPD.*%2°26 This observation suggests
that both MRSA and MSSA infections are prevalent
in surgical and outpatient settings, emphasizing
the need for rigorous infection control practices
in these areas.

Furthermore, the study investigated the
sources of MRSA isolates. Pus exudates were the
most common sources, accounting for 47.92%
of MRSA isolates and indicating the presence of
localized infections. Abscesses were the second
most frequent source, representing 25% of isolates
followed by Ulcer (16.66%) and then wound swab
(10.42%). Another study also reported maximum
isolation from pus and wound swabs.'®?® These
findings highlight the importance of appropriate
wound management and infection control
measures to prevent the spread, particularly in
settings where surgical procedures are performed.

The antibiotic susceptibility pattern of S.
aureus isolates, including both MRSA and MSSA,
was assessed. Notably, all S. aureus isolates
exhibited 100% resistance to Penicillin, underlining
the inefficacy of this antibiotic against S. aureus
infections. Fluoroquinolones one of the most
commonly prescribed oral drug also demonstrated
100% resistance in both MRSA and MSSA isolates.
This highlights the limited therapeutic options
available in OPD setting for treating S. aureus
infections in the studied population. Fortunately,
no resistance to Vancomycin was observed,
suggesting that this antibiotic remains a viable
treatment option for severe MRSA infections.

The study was conducted in a single
healthcare facility, which may limit the

generalizability of the findings to other settings.
Future research should involve multiple healthcare
facilities and larger sample sizes to obtain more
comprehensive and representative data on the
prevalence and antibiotic susceptibility of MRSA
and MSSA infections.

CONCLUSION

The importance of continued surveillance
and practical implementation of antimicrobial
stewardship program is need of the hour. To control
the menace of antimicrobial resistant, a combined
and comprehensive approach is required. The data
needs regular follow up to assess the effectiveness
of any hospital infection control measures taken.
Serious input from hospital administration can
help to bring down the prevalence of resistance
and eventually help in patient management.
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