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ABSTRACT

Introduction: Antimicrobial Agents (AMA) frequently used to
treat Bloodstream Infections (BSI) when inappropriately used
give rise to Antimicrobial Drug Resistance (AMR). Monitoring
blood culture isolates with Antimicrobial Susceptibility Testing
(AST) determines pattern of antibiotic resistance can help to
promote its rational use.

Aim: To estimate clinicodemographic associates and trend
of Antimicrobial Susceptibility among bacterial blood culture
isolates over five-years (2019-2024).

Materials and Methods: This study was a retrospective record-
based design done in the Department of Pharmacology in
collaboration with the Department of Microbiology in Maharaja
Krushna Chandra Gajapati, Medical College and Hospital,
Berhampur, Odisha, India. All consecutive laboratory confirmed
cases reported for blood culture AST using Clinical and
Laboratory Standards Institute (CLSI) guidelines from December
2022 to December 2024 over five-year 2019-2024 were analysed
for resistance and sensitivity pattern. All consecutive samples
were taken and 1572 cases adhering to inclusion criteria were
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INTRODUCTION

The AMR has been recognised as a major global health threat.
According to the World Health Organisation (WHO), mutations in
microorganisms resulting in AMR, which consequently render drugs
ineffective with infections persisting and increasing the disease
burden. Estimated annual burden due to AMR resulting from
resistant infections indicate mortality exceeds 25000 annually [1].
A systematic review on AMR published in 2016 showing estimates
of disease burden across European countries proposed a mortality
around 10 million annually by 2050 [2]. Available data in 2008 at a
national scale indicates rising AMR rates across multiple pathogens
of clinical importance are MRSA- 29% has risen to 45% by 2014 [3].
Extended Spectrum Beta-lactamase (ESBL) producing strains of
Enterobacteriaceae is a challenge in both hospital and community
settings out of which 61% E. coli. In a multicentric study in seven
tertiary care hospitals 51% Klebsiella sp. are carbapenem resistant,
65% Pseudomonas are ceftazidime resistant, 42% are imipenem
resistant [3].

The Government of India has developed a National Action Plan
on Antimicrobial Resistance (NAP-AMR) 2017-2021 [4]. Major
gaps in AMR surveillance led urgent need for global collaboration
which includes development of integrated and standard tool for
population-based AMR surveillance, collaboration between AMR

included. Percentage of AMA resistant and sensitive to different
clinico-demographic associates was computed using Jamovi
version 2.7.14.

Results: There was a rising trend of Antimicrobial Resistance
(AMR) from 12.5% to 14.5% from 2019-2024. Statistically
significant association p<0.05 were obtained for AMR patterns
Ampicillin-Sulbactam-Cefepime-Ceftriaxone-Cefexime-
Piperacillin-Tazobactam (AMS-CEP-CTR-CIX-PIT) with different
clinicodemographic associates with A.baumannii being the
predominant bacterial isolate in neonatal sepsis with a male gender
preponderance. Association of sensitivity to Cotrimoxazole-
Gentamycin-levofloxacin-linezolid-meropenem-teicoplanin-
vancomycin (COT-GEN-LEV-LIN-MER-TEI-VAN) to different
associates was also found to be statistically significant p<0.05.

Conclusion: Multidrug Resistance (MDR) being a potential
matter of concern can be overcome with rational use of
antibiotics and standardised timely susceptibility surveillance.
Hence, AMAs which are sensitive in bacterial isolates have to
be utilised judiciously to prevent further development of AMR to
the existing antibiotics in future.

Antimicrobial agents, Antimicrobial resistance, Multidrug resistance

surveillance networks and centres to create, coordinated regional
and global strategy and public health action to contain AMR [4].

Acinetobacter baumannii was the most resistant organism and
showed 70% non-susceptibility to most of the antibiotics tested
except colistin. Among carbapenems, non-susceptibility to imipenem
was higher (82.2%) than meropenem (78.3%) [5,6].

Generating AMR related evidence from a large number of hospitals
is critical for informed decision making and moreover, the results of
the culture tests are mainly available for treatment purposes but are
not systematically analysed on a routine basis. A comprehensive
analysis of blood specimen culture results could provide further
evidence and guidance for the development of AMR control policy
at the hospital and elsewhere [7].

The Indian Network for Surveillance of Antimicrobial Resistance
(INSAR) was a study conducted in 15 tertiary care centres using
S.aureus isolates reported an overall prevalence rate 47% showing
high rates of resistance to ciprofloxacin (37.9%), nalidixic acid
(96.7%), azithromycin (7.3%) and MDR in 3.4% isolates [8].

Pertaining to variations in AMAs prescribing practices within different
clinical settings and geographical alterations of bacterial isolate
susceptibility to AMAs and no similar study was undertaken in the
concerned healthcare settings, the present study was undertaken.
The present study was pursued to identify trends of antimicrobial
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susceptibility over a five-year period from 2019-2024 from case
records of the Department of Microbiology in a tertiary care health
facility of Southern Odisha.

The aim of the study was to analyse the prevalence of antimicrobial
susceptibility patterns from AST reports for isolates identified in blood
culture over a period of five-years (2019-2024) to understand the
local priorities that can be applied to local policies and practices.

The objectives of the study are to enumerate the various species in
blood culture specimens and to determine the clinico-demographic
associates of antimicrobial drug susceptibility over a period of Five-
years (2019-2024). The secondary objectives of the study were
to plot a changing trend of antimicrobial drug susceptibility over a
period of five-years (2019-2024).

MATERIALS AND METHODS

The study was a retrospective record-based design done in the
Department of Pharmacology in collaboration with the Department
of Microbiology MKCG MCH Berhampur, data was collected from
December 2022 to December 2024 from the bacteriology section
of the Department of Microbiology, Maharaja Krushna Chandra
Gajapati, Medical College and Hospital, Berhampur, Odisha, India
from records of five-year 2019-2024. Data analysis was done from
January 2025 to June 2025.

Inclusion criteria: All consecutive case reports with a provisional
diagnosis of BSI associated with a bacterial isolate from blood culture
susceptibility test were evaluated. The detailed clinico-demographic
profile with respect to age, gender, provisional diagnosis and
concerned Departments from where patients were sent for AST
were documented on appropriate time and date in manually scripted
and maintained records. The reports showing positive test results to
AST having sensitivity to one or more AMAs selected using purposive
sampling were considered as cases included.

Exclusion criteria: Those with inconclusive diagnosis, demographic
details or without any isolates along with cases with ambiguous
test results were excluded. Any cases with viral, tubercular or
parasitic origin incongruent to isolate or susceptibility patterns to
AMAs recorded were also excluded from the study to avoid data
discrepancy.

All consecutive cases with a provisional diagnosis of BSI reporting
for AST which was done according to Clinical and Laboratory
Standards Institute (CLSI) guidelines at the Department of
Microbiology were taken as defined study population. Data collection
was done by the Principal Investigator from bacteriological blood
culture susceptibility case records over a period of fi ve years (2019-
2024). Patient confi dentiality was maintained by coding name initials
thus obscuring identity. Details of case data were accessible only
to the principal investigator and corresponding author. Study was
approved and waiver of consent is sought from Institutional Ethics
Committee (IEC) no.1362/Chairman-IEC, MKCG MCH Berhampur
for the study period December 2022- December 2023.
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Sample size: A total of 3078 consecutive cases were encountered
from case records.

The CLSI 2025 guidelines [9] that were used to define MIC

breakpoints when a phenotypic disk interpretation is provided. Two

categories of susceptibility were used:

1. ‘Susceptible/Sensitive’ (S)

2. Non susceptible’ group includes isolates
‘Intermediate Sensitive’ (I) and ‘Resistant’ (R) [9].

reported as

European Committee on Antimicrobial Susceptibility Testing
(EUCAST) guidelines for Antimicrobial Abbreviations 2025 was used
in forming patterns of MDR and sensitivity of AMAs [10].

1. AMAs were abbreviated as their corresponding first three
letters like AMP-AMPiIcillin, GEN-GENtamycin and so on.

2. For Beta-lactamase inhibitors like Amoxicillin-Clavulanate: two
letters of first agent and first letter of second agent were used.

Multidrug Resistance (MDR): MDR is commonly defined as non
susceptibility to at least one agent in three or more antimicrobial
categories, and itis commonly defined as resistance to antimicrobial
drugs from more than three classes [11].

Study Procedure

Cases reported and recorded with antimicrobial susceptibility details
were collected for sensitivity to different AMAs using manually
designed structured case record form validated by pharmacologists
and microbiologists of respective departments. Clinico-demographic
associates of all cases estimated include age, gender, Department,
ward type, provisional diagnosis and bacterial isolates.

STATISTICAL ANALYSIS

Percentage denoting prevalence of sensitivity to different AMAs
were computed and respective charts furnished using MS Excel.
Commonly encountered sensitivity patterns of different AMAs were
conglomerated in alphabetical order using European Committee
on Antimicrobial Susceptibility Testing 9 (EUCAST) guideline for
AMAs Abbreviation. An example is as follows: Sensitivity pattern
of linezolid, teicoplanin, and vancomycin were similarly presented
as LIN-TEI-VAN. Presence or absence of statistical significant
association were established using Chi-square and corresponding
p-value <0.05 using Jamovi version 2.7.14.

RESULTS

A five-year trend analysis of antimicrobial susceptibility showed
rise in resistance pattern of AMS-CEP-CTR-CIX-PIT from 7/56,
12.5% to 55/378,14.5% from 2019 to 2024. Sensitivity pattern of
COT-GEN-LEV-LIN-MER-TEI-VAN remained 7/56,12.5% in 2019
progressive to 52/378,13.7% with better therapeutic outcome.
Similarly, the antimicrobial pattern CLI-COT-GEN- LEV-LIN-VAN had
greater sensitivity trend from 2/56,3.5% in 2019 to 42/378,11.1% in
2024 [Table/Fig-1,2].

2019 2020 2021 2022 2023 2024

Total cases N=1572 n=56 n=167 n=131 n=376 n=464 n=378

R 7 23 21 48 67 55
AMS-CEP-CTR-CIX-PIT (416)

S 8 21 13 47 58 48

R 9 26 19 49 59 49
AMP-GEN-LEV (403)

S 6 19 17 45 57 48

R 7 32 11 40 63 44
COT-GEN-LEV-LIN-MER-TEI-VAN (400)

S 7 14 15 49 66 52

R 10 17 19 43 48 40
CLI-COT-GEN-LEV-LIN-VAN (353)

[Table/Fig-1]: A five-year trend analysis of Antimicrobial Agents (AMA) susceptibility.

AMP: Ampicillin; AMS: Ampicillin-sulbactam; CEP: Cefepime; CIX: Cefixime; CTR: Ceftriaxone; COT: Cotrimoxazole; CLI: Clindamycin; GEN: Gentamycin; LEV: Levofloxacin; LIN: Linezolid; MER: Meropenem;

PIT: Piperacilin-tazobactam; TEI: Teicoplanin; VAN: Vancomycin; R: Resistant; S: Sensitive
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A Five Year Susceptibility Trend
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[Table/Fig-2]: A five-year trend analysis of Antimicrobial Agents (AMA) susceptibility.
AMP: Ampicillin; AMS: Ampicillin-sulbactam; CEP: Cefepime; CIX: Cefixime; CTR: Ceftriaxone;

COT: Cotrimoxazole; CLI: Clindamycin; GEN: Gentamycin; LEV: Levofloxacin; LIN: Linezolid;
MER: Meropenem; PIT: Piperacillin-tazobactam; TEl: Teicoplanin; VAN: Vancomycin; R: Resistant;
S: Sensitive

A.baumannii had highest resistance rates 532/915, 58.1% to AMS-
CEP-CTR-CIX-PIT patterns but was 383/915,41.9% sensitive to COT-
GEN-LEV-LIN-MER-TEI-VAN pattern. E.coli was 168/192, 87.5%
resistant to AMS-CEP-CTR-CIX-PIT and 24/192,12.5% sensitive to
COT-GEN-LEV-LIN-MER-TEI-VAN. 60/98, 61.1% of Klebsiella sp.
and 73/86, 84.4% Pseudomonas aeruginosa were resistant to AMS-
CEP-CTR-CIX-PIT. 66.7% S.aureus and 97.4% MRSA were sensitive
to CLI-COT-GEN-LEV-LIN-VAN [Table/Fig-3].
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sensitive to COT-GEN-LEV-LIN-MER-TEI-VAN and CLI-COT-GEN-
LEV-LIN-VAN. Among 372 neonatal sepsis cases, 191/372,
51.3% were sensitive to COT-GEN-LEV-LIN-MER-TEI-VAN and
181/372,48.6% were resistant to AMS-CEP-CTR-CIX-PIT. 312/500,
62.4% were sensitive to CLI-COT-GEN-LEV-LIN-VAN but all cases
of POWD, diabetic foot ulcer and burn injury cases were resistant
to AMP-GEN-LEV [Table/Fig-4].

AMS- COT-GEN- | CLI-COT-
CEP-CTR- AMP- LEV-LIN- | GEN-LEV-
CIX-PIT | GEN-LEV | MER-TEI- | LIN-VAN
Total cases N=1572 (416) (403) VAN (400) (353)
R 184 39 * *
Osteomyelitis (378)
S ) - 84 71
Post operative wound R 322 * *
dehiscence, diabetic foot
ulcer, burn injury (322) S * - * *
R 100 * * *
Endocarditis (500)
S * * 88 312
R 181 * * *
Neonatal sepsis (372)
S . . 191 )

[Table/Fig-4]: Percentage distribution of antimicrobial susceptibility pattern among
provisional diagnosis.

AMP: Ampicillin; AMS: Ampicillin-sulbactam; CEP: Cefepime; CIX: Cefixime; CTR: Ceftriaxone;
COT: Cotrimoxazole; CLI: Clindamycin; GEN: Gentamycin; LEV: Levofloxacin; LIN: Linezolid;

MER: Meropenem,; PIT: Piperacillin-tazobactam; TEI: Teicoplanin; VAN: Vancomycin; R: Resistant;
S: Sensitive; *: No resistance or sensitivity; Antibiotics sensitive or resistant to each case were
observed and a conglomerated pattern was generated; All cases with laboratory confirmed blood
culture isolates were reported with sensitivity/resistance to one or more AMAs; Due to selective
reporting certain organisms were not tested against certain antibiotics

Highest AMR rates to AMS-CEP-CTR-CIX-PIT were found from
Paediatrics department 174/548, 31.8% but 259/548, 47.2% were
sensitive to COT-GEN-LEV-LIN-MER-TEI-VAN. Among cases from
Orthopaedics Department and general medicine, 143/392, 36.5%
and 308/376, 81.9% were resistant to AMS-CEP-CTR-CIX-PIT.
All POWD cases of General Surgery department were resistant to
AMP-GEN-LEV [Table/Fig-5].

AMS-CEP- AMP- COT-GEN- CLI-COT-
CTR-CIX- | GEN-LEV | LEV-LIN-MER- GEN-LEV-

Total N=1572 PIT(416) (403) TEI-VAN (400) | LIN-VAN (353)
Paediatrics R 174 20 ) )
(548) S * * 259 95
Orthopaedics R 143 108 ) )
(892 S * * 70 71
General R 308 ) ) )
Medicine (376) S * * 32 36
General R - 256 ) )
Surgery (256) s * * * *

[Table/Fig-5]: Percentage distribution of antimicrobial susceptibility pattern among
different departments.

AMP: Ampicillin; AMS: Ampicillin-sulbactam; CEP: Cefepime; CIX: Cefixime; CTR: Ceftriaxone;
COT: Cotrimoxazole; CLI: Clindamycin; GEN: Gentamycin; LEV: Levofloxacin; LIN: Linezolid;

MER: Meropenem; PIT: Piperacilin-tazobactam; TEI: Teicoplanin; VAN: Vancomycin; R: Resistant;
S: Sensitive; *: No resistance or sensitivity; Antibiotics sensitive or resistant to each case were
observed and a conglomerated pattern was generated; All cases with laboratory confirmed blood
culture isolates were reported with sensitivity/resistance to one or more AMAs; Due to selective
reporting certain organisms were not tested against certain antibiotics

AMS-CEP- | AMP- COT-GEN- CLI-COT-

Total cases CTR-CIX- | GEN-LEV | LEV-LIN-MER- GEN-LEV-
N=1e72 PIT (416) | (403) | TEI-VAN (400) | LIN-VAN (353)
A.baumannii R 532 * « B
e S ) ’ 383 .

R 168 - . -
E.coli (192)

S * * 24 *
Enterococcus | R ) 150 * *
(150) s . N . -
Klebsiella sp. R 60 * . N
o s ’ ’ ) 38
Pseudomonas R 73 * * R
aeruginosa (86) | g B N 13 -
Micrococcus R 11 * * R
R s ! - 43 .

R 18 ] . -
S.aureus (54)

s ’ ’ ) 36

R 1 " . :
MRSA (23)
S ' - : 22

[Table/Fig-3]: Percentage distribution of antimicrobial susceptibility pattern among
bacterial isolates.

AMP: Ampicillin; AMS: Ampicillin-sulbactam; CEP: Cefepime; CIX: Cefixime; CTR: Ceftriaxone;
COT: Cotrimoxazole; CLI: Clindamycin; GEN: Gentamycin; LEV: Levofloxacin; LIN: Linezolid;

MER: Meropenem; PIT: Piperacillin-tazobactam; TEI: Teicoplanin; VAN: Vancomycin; R: Resistant;
S: Sensitive; *: No resistance or sensitivity; Antibiotics sensitive or resistant to each case were
observed and a conglomerated pattern was generated; All cases with laboratory confirmed blood
culture isolates were reported with sensitivity/resistance to one or more AMAs; Due to selective
reporting certain organisms were not tested against certain antibiotics

Among 378 osteomyelitis cases, 184/378, 48.9% were resistant
to AMS-CEP-CTR-CIX-PIT and 39/378, 10.4% were resistant to
AMP-GEN-LEV while 84/378, 22.2% and 71/378, 18.7% were

Majority AMR burden was documented from paediatrics age group
0-20 years to AMS-CEP-CTR-CIX-PIT and remained sensitive to
CLI-COT-GEN-LEV-LIN-VAN. Similarly, there was a male gender
preponderance observed in overall cases as well as AMR prevalence

[Table/Fig-6].

AMS-CEP- AMP- COT-GEN- CLI-COT-
CTR-CIX- | GEN-LEV | LEV-LIN-MER- | GEN-LEV-LIN-
Variables PIT(416) (403) TEI-VAN (400) VAN (353)
Age (years)
164 105 * *
0-20 (498)
* * 109 120
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R 102 109 * *
21-40 (411)

S * * 63 137

R 113 88 * *
41-60 (357)

S * * 67 89

R 104 89 * *
61-80 (306)

S * * 59 54
Gender

R 1378 65 * *
Male (1567)

S * * 63 61

R 2 1 * *
Female (5)

[Table/Fig-6]: Percentage distribution of antimicrobial susceptibility pattern among
age groups and gender.

AMP: Ampicillin; AMS: Ampicillin-sulbactam; CEP: Cefepime; CIX: Cefixime; CTR: Ceftriaxone;
CQOT: Cotrimoxazole; CLI: Clindamycin; GEN: Gentamycin; LEV: Levofloxacin; LIN: Linezolid;

MER: Meropenem; PIT: Piperacillin-tazobactam; TEI: Teicoplanin; VAN: Vancomycin; R: Resistant;
S: Sensitive; *: No resistance or sensitivity; Antibiotics sensitive or resistant to each case were
observed and a conglomerated pattern was generated; All cases with laboratory confirmed blood
culture isolates were reported with sensitivity/resistance to one or more AMAs; Due to selective
reporting certain organisms were not tested against certain antibiotics

DISCUSSION

Antimicrobial susceptibility in various clinico-demographic
associates: The prevalence of A.baumannii was found to be
predominant pathogen which was contrary to Sisay A et al., where
E.coli was more prevalent, 22.8% bacterial isolate having 88.1%
AMP monoresistance and 39% sensitivity towards CTR. The present
study highlights A.baumannii showing highest resistance to AMA
pattern AMS-CEP-CTR-CIX-PIT (58.1%) and sensitivity as 41.9%
to AMA pattern COT-GEN-LEV-LZ-MRP-TEI-VAN. This may be
explained in line with WHO priority list pathogens 2017 wherein A.
baumannii is a critical pathogen with high resistance potential and
beta-lactams group of antibiotics were the most used antibiotics of
choice in both empirical as well as definitive treatment modalities.
With regards to demographic details of cases, Sisay A et al., and the
present study were similar in having male gender preponderance as
prevalence 59.9% and 99.7%, respectively which can be attributed
to male gender dominance in epidemiology of case load and
disease burden. The median age of the population among middle
age groups were similar at 36 years and 34 years, respectively but
the present study had AMR prevalence as 32.9% highest among
paediatric age groups (below 18 years) upon subgroup analysis
which went on to rise 2022 onwards [12].

According to Tsalidou M et al., highest antibiotic resistance
rates were observed with Amoxicillin-Clavulanate (AMC) (58%),
Fluoroquinolones, Levofloxacin (LEV) (66.7%) and Ciprofloxacin (CIP)
(80%) monoresistance pattern. This was different from the present
study findings where highest AMR prevalence of beta lactamase
inhibitor with different beta-lactam antibiotics AMS-CEP-CTR-
CIX-PIT [13]. It shows frequent use of these drugs in most of the
infections as provisional diagnosis encountered which culminated
into AMR over the period of time. This present retro-prospective
study analysed the data from 2019-2024 found A. baumannii had
41.9% sensitivity towards COT-GEN-LEV-LIN-MER-TEI-VAN. But
Tsalidou M. et al., conducted during the same time period which
depicted A. baumannii was only sensitive to colistin whereas
exhibited pan-drug resistance to penicillin, cephalosporins and
carbapenemns [13]. This may be due to geographical variation in
microbial susceptibility to AMAs and different prescription practices
and AMAs usage patterns. In the present study, 55.4% overall
sensitivity rate with prevalence of resistance to COT-GEN-LEV-LIN-
MER-TEI-VAN was recorded which was the same pattern in the
same species Enterococcus sp. i.e., 57.7% in the above study.
This explains development of AMR may also be affected by host
factors and topographical factors rather than just being influenced
by clinico-demographic factors and acquired or transmitted genetic
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mutations of the microbial agents. The present study result showed
overall AMR rates 31.8% highest from paediatrics department. An
upsurge of AMR burden among neonatal sepsis 372 cases were
reported and of these 48.6% were resistant to AMS-CEP-CTR-
CIX-PIT and 51.4% sensitive to COT-GEN-LEV-LIN-MER-TEI-
VAN. Hence, the present study predicted a shift of AMR burden
from adult middle aged surgery cases towards paediatric neonatal
sepsis cases over the study period. But the study conducted by
Tsalidou M et al., found higher AMR rates from the general medicine
department as 21.4% that differed from us which may be due to
different study setting [13].

Delving deeper into the rise in AMR in paediatric neonatal sepsis
cases, the present study had a purview of increasing cases taken
for AST reporting and subsequent analysis of this study. This was
opposite in another study, Fang P et al., which found Klebsiella
sp. as predominant Gram- negative pathogen having 79.3% AMR
prevalence in neonatal sepsis late-onset type to imipenem and
meropenem and MDR trend declined from 2019 to 2022 which
they attributed to restricted acceptance of patient referrals and less
patient hospital admission [14].

AMR scenario of year-2020 in the present study, A. baumannii
isolates in endocarditis cases from the medicine ward were resistant
to AMS-CEP-CTR-CIX-PIT (3@ and 4" generation cephalosporins). It
might explain Hospital Acquired Infections (HAIs) being a substantial
source of infective pathogens. These pathogens may be having
suboptimal drug exposure due to incomplete treatment regimens or
inadvertently used empirical broad spectrum antibiotics giving rise
to AMR. This microorganism may have acquired resistance due to
nosocomial infections which is common in clinical settings having
huge patient load, improper sanitation and prolonged hospital
stay duration. This simulated study Kindu M et al., performing
profiing MDR of gram negative bacteria in ICU patients. It found
carbapenemase producing A. baumannii 88.2% resistant to
ceftazidime and 94.1% resistant to cefuroxime and also showed
higher resistance rates to other groups of antibiotics which exhibited
MDR [15].

Studies have found that contaminated fomites of the hospital
environment not only harbour resistant pathogens leading to biofilm
formation but also carry out person to person transmission of MDR
difficult-to-treat pathogens [16,17]. Composed of structured entities
like extracellular polymeric substances- polysaccharides, proteins,
and extracellular Deoxyribonucleic Acid (DNA)-bacterial biofilms
confer resistance through multiple mechanisms, including impeding
the cell cycle, facilitating horizontal gene transfer, secreting enzymes
that alter or bind antibiotics, and limiting antibiotic diffusion [18,19].

Majority cases in the present study during year 2020 were from
Orthopaedics Department, 61.1% Kilebsiella sp. in osteomyelitis were
resistant to AMS-CEP-CTR-CIX-PIT. ESKAPE (Enterococcus faecium,
S. aureus, A. baumannii, K. pneumonia, Enterobacter species, and
P aeruginosa) pathogens were found to be the major cause of MDR
sepsis, pathogens have shown noticeable resistance to B-lactam
antibiotics. Moreover, Extended-spectrum beta lactamase (ESBL)
production is far higher in Klebsiella sp. in cases of sepsis. Infections
with Klebsiella sp., are a significant concern in ICU patients with
MDR sepsis. Studies have identified an amost 51% incidence of
infection in Intensive Care Unit (ICU) patients, with infection incidence
density ranging from 13 to 20.3 episodes per thousand patient days
[20-22]. Hence, P aeruginosa and Klebsiella sp. causes both acute
and chronic hospital acquired and severe respiratory infections.
Like A. baumanni, P aeruginosa and Klebsiella sp. can produce
B-lactamases. Moreover, this pathogen can confer resistance through
gene mutation, resulting in overexpression of AmpC B-lactamases [23].

Doing a trans-analysis of AMR trend in present study, it was seen
that in year 2022, 84.4% R aeruginosa isolates were resistant
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to AMS-CEP-CTR CIX-PIT in endocarditis cases from general
medicine department which had a majority AMR burden in that
period. In 2022, where R aeruginosa had 15.6% sensitivity towards
COT-GEN-LEV-LIN-MER-TEI-VAN. This may explain there must
be a presence of changing AMAs prescribing practices within the
clinical settings depending upon different clinicopathological patient
encounters. AST reports showing resistance and sensitivity to
AMAs which were personalised and patient centric in a particular
case scenario affects clinician’s choice of antibiotic. But rational
use should be mandated to prevent AMR to antibiotics which were
deemed initially sensitive in patients.

In the present study from the year 2021 onwards, 100% S.aureus
and MRSA were resistant to AMS-CEP-CTR-CIX-PIT patterns in the
majority of osteomyelitis cases. 66.7% S.aureus and 97.4% MRSA
were sensitive to CLI-COT-GEN-LEV-LIN-VAN. Notably, there were
no isolated Staphylococci strains that exhibited resistance to either
vancomycin or linezolid. This pattern of Antimicrobial Susceptibility
decreased in subsequent years (2022-23) but remained as higher
in prevalence than other AMAs patterns. This was similar to the
findings of Li K et al., that a comprehensive survey of blood culture-
positive isolated specimens (2018 to 2021) yielded a total of 336
S. aureus and 117 Coagulase-negative Staphylococcus (CoNS)
strains. The detection rates of MRSA were 39.3% [24]. In cases where
staphylococci induce BSls, vancomycin or linezolid may be used.
Vancomycin and linezolid are preferred options for treating patients
with some antimicrobial gram-positive bacteria, such as MRSA,
because of their effectiveness against these bacteria [25]. S. aureus
and MRSA, which cause mild and severe life-threatening skin and
soft-tissue infections, pleuropulmonary, bacterial endocarditis, and
device-related infections, have decades of AMR history [26].

The present study showed a peculiar trend of Enterococcus sp. as a
causative pathogen of diabetic foot ulcer, burn injury, Pus or Wound
Discharge (POWD) cases were 100% resistant to AMP-GEN-LEV
in POWD cases from surgery and Orthopaedics Department. This
again showed the isolate developed MDR to penicillins (AMP)
and aminoglycosides (GEN) and fluroquinolones (LEV) which
were sensitive in preceding years. This is in line with the evidence
provided by Aslangul E et al., in-vitro analysis of selected mutants
that exhibited increased gentamycin resistance suggested that
impaired uptake of gentamycin can contribute directly to enhanced
resistance [27].

While the present study projected E.coli AMA susceptibility trend
as 87.5% resistance to AMS-CEP-CTR-CIX-PIT pattern and 12.5%
sensitivity to COT-GEN-LEV-LIN-MER-TEI-VAN pattern. Hence, a
rise in AMR to penicillin, cephalosporins were observed. Daneman
et al., showed AMR following E.coli bacteraemia to 46.8%
aminopenicillins and 26.5% to fluroquinolones [28].

Inthe present study, Micrococcus was a causative pathogen in bacterial
endocarditis and peritonitis was 80.4% sensitive to COT-GEN-LEV-
LIN-MER-TEI-VAN pattern. Minghui Z et al., suggested Micrococcus
sp. BSI was present in immunocompromised patients or those
with former invasive surgeries or with indwelling catheters. Isolates
were less sensitive to erythromycin, gentamycin, cephalosporins,
levofloxacin and carbapenems. Hence, the shift in choice of AMAs for
empirical therapy to vancomycin and teicoplanin was observed [29].

Limitation(s)

Being a retrospective trend study, prevalence of overall antimicrobial
susceptibility and a temporal variation over a five-year period was
analysed which gives a snapshot of antimicrobial susceptibility
pattern in this tertiary healthcare settings over the past five-years.
[t was unicentric study, a multicentric population based survey
would be more predictive of antibiogram. The cases were evaluated
from manually designed records which also has a probability of
commission of errors. Some causative pathogen of Blood Stream
Infections (BSls) like Salmonella typhi, Group-B Streptococci,
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Haemophilus influenzae were not found and newer agents like
daptomycin, colistin were not tested which could have contributed
to the rationality of the study. Proper case history with co-morbidities
or delineation of patients as from outpatient, inpatient or emergency
were not done. A total of 99.7% males were reported. But as data
were taken from case records any manual mistake upon data entry
may be a limitation.

The present day AMR scenario is transitioning into the “Post-
antibiotic era” where no new antibiotics developed and existing
ones were simultaneously becoming resistant. This can lead to
pan-drug resistance where Enterococcus faecium, Staphylococcus
aureus, and Klebsiella pneumonia (ESKAPE) pathogens would be
resistant to commonly used broad spectrum AMAs. The study was
single centric tertiary healthcare facility-based trend analysis of
antimicrobial susceptibility profiling. An antibiogram which is defined
as a multicentric periodic profiling of AMAs, susceptibility patterns
of pathogens to track the AMR patterns in broader geographical
areas could be a potential guide for prescribers in selecting AMAs
for empirical treatment of diseases. Antibiotic lock therapy by
instillation of antibiotic solution in the lumen and allowing it to dwell
for a specific time period to eradicate bacterial biofilms and prevent
luminal colonisation in catheter related BSls is a novel targeted
drug delivery systems to lower chances of suboptimal antibiotics
exposure thereby decreasing AMR.

CONCLUSION(S)

A five-year antimicrobial susceptibility trend among bacterial
isolates from blood culture AST reports encountered A.baumannii
as predominant bacterial isolate from blood culture in BSls. There
was an increased prevalence of AMR and decreasing sensitivity of
beta-lactamase inhibitors and beta lactam antibiotic pattern AMS-
CEP-CTR-CIX-PIT with a rising trend from 2019 in osteomyelitis
cases among 21-40 years age group to 2024 in neonatal sepsis
with A.baumannii as predominant pathogen and a male gender
preponderance. MDR being a potential matter of concern can be
overcome with rational use of antibiotics and standardised timely
susceptibility surveillance. Hence, AMAs which are sensitive in
bacterial isolates have to be utilised judiciously to prevent further
development of AMR to the existing antibiotics in future.
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