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Abstract-Antibiotic-resistant ESKAPE pathogens, including Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, & Enterobacter Spp, are responsible for
severe and life-threatening infections. This research study sheds light on the rate of antibiotic resistance
exhibited by these pathogens in Amravati (MS) hospitals. The bacteria were isolated from patients’ biological
samples such as urine, pus, and urinary catheters, across multiple hospitals in Amravati. The antimicrobial
susceptibility analysis was carried out using the Kirby-Bauer disk-diffusion method, and CLSI guidelines
were followed for interpretation. Out of 480 bacterial isolates recovered from 642 clinical specimens, 312
isolates (65%) were identified as ESKAPE pathogens. The most frequently isolated ESKAPE pathogens were
E. faecium, S. aureus, and P. aeruginosa, representing 21% of all ESKAPE members, followed by Klebsiella
pneumoniae, which accounted for 16%. E. coli was the third most frequently identified pathogen, accounting
for 15% of cases, followed by A. baumannii at 6%. The prevalence of ESKAPE isolates in the Amravati (MS)
region is alarming. It is crucial to take action to prevent the further spread of these deadly bacteria and
protect the health and well-being of our communities.

INTRODUCTION

The increasing impact of antimicrobial resistance on
morbidity, mortality, & healthcare expenses makes it
a serious global public health concern. According to
data, AMR causes more than 700,000 fatalities
annually. This alarming trend highlights the need
for urgent action to address this issue. The
implications of AMR are far-reaching, affecting not
only human health but also the economy and
society at large. Therefore, it is imperative to
develop and implement effective strategies to
mitigate this problem. Antibiotic-resistant bacteria
are expected to be responsible for more than 33,000
deaths in the European Union (EU) by 2050.

The rise of AMR as a result of the natural
evolution and adaptation of bacteria, which is
further enhanced by the inappropriate or excessive
use of antibiotics, leading to selection pressure
(Arbune et al., 2021). In India, this is a troubling
issue caused by the easy access to antibiotics. This
has led to excessive use and misuse of antibiotics in
both humans and poultry, cattle, and the food sector.

Furthermore, healthcare professionals’
insufficient knowledge, awareness and compliance
with basic infection control practices have worsened
the situation within hospitals (Shanmuga Vadivoo
and Usha, 2018). Growing knowledge of these
bacterial virulence, resistance, pathogenicity and
mode of transmission can inspire creative
approaches to the creation of novel antimicrobial
treatments.

The “ESKAPE pathogens” that can cause bacterial
illnesses have become resistant to common
medications. The term ESKAPE is an acronym for
six bacterial species: Emnterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, and
Enterobacter spp. In 2008, Rice identified ESKAPE
pathogens as significant contributors to
antimicrobial resistance in hospitalized patients
(Karlowsky, Hoban, Hacke, et al., 2017). Recently, the
World Health Organization (WHO) has identified
ESKAPE infections as one of the 12 bacteria that
urgently require new antibiotics(Mulani et al., 2019).

Globally, ESKAPE pathogens are the main source
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of hospital-acquired infections; the three most often
reported forms are urinary tract infections,
bloodstream infections, and surgical site infections
(Motbainor et al., 2020). These infections pose a
significant challenge to healthcare professionals, as
they are often challenging to treat, resulting in
increased morbidity and mortality rates. Therefore,
understanding the epidemiology and management
of these bacterial infections is crucial for healthcare
systems worldwide to prevent and control their
spread(Jadimurthy et al. 2022). Over half of all
clinically isolated pathogens are ESKAPE
pathogens, according to the China Antimicrobial
Surveillance Network (CHINET)(Li et al., 2021). It's
crucial because patients with these superbugs often
don't get the right antibiotics at first, which makes
things worse and increases the chances of spreading
to others(Pandey et al., 2021).

In the current situation of rising antibiotic
resistance, it is essential to report the sensitivity
pattern of these ESKAPE to inform healthcare
providers to choose appropriate empirical therapy
and infection control measures(Karlowsky, Hoban,
Hackel, et al. 2017). The current study aims to screen
and detect the ESKAPE pathogens from different
clinical specimens obtained from various hospitals
in the Amravati region and the goal is to evaluate
the susceptibility of pathogens to different
antibiotics so that we can update our approach to
effective treatment.

METHODOLOGY

Processing of different clinical specimens for
isolation & identification of ESKAPE

A total of 642 clinical specimens, such as urine (552),
urinary catheters (60), and pus (30) were aseptically
collected from the different hospitals in Amravati,
transported to the laboratory and further processed
by standard methods. Urine and pus samples were
directly inoculated on chromogenic media,

incubated and bacterial colonies were identified
according to manufacturer’s instructions. Normal
saline was used to cleanse the used urinary
catheters, cut into equal segments and vortexed in
Ringer’s solution to remove the adhered bacteria.
Later, a loopful of Ringer’s solution was inoculated
on HI Chrome UTI agar and colonies were
identified. Confirmation of bacterial isolates was
done by confirmatory tests such as oxidase,
coagulase, and catalase. The antimicrobial
susceptibility testing was performed by the Kirby-
Bauer disk diffusion method according to CLSI
guidelines (CLSI, 2023) by using a bacterial
inoculum of 0.5 MacFarland turbidity standard in
Mueller-Hinton broth and zone of inhibition
observed after incubation (Ghanwate et al., 2012)
(Kirby-Bauer Disk Diffusion Susceptibility Test
Protocol, 2009).

RESULTS

In this study, 480 bacterial isolates were recovered
from 642 clinical specimens, of which 312 isolates
were identified as ESKAPE pathogens. A total of 267
bacterial pathogens were isolated from urine
samples, 180 from urinary catheters and 33 from pus
samples. (Table 1)

In the urine specimen, the major organism
isolated was P. aeruginosa (n=63, 23.5%), followed by
S. aureus (n=60, 22%) and E. faecium (n=57, 21%) and
K. pneumoniae (n=33, 12%), while in the pus samples,
S. aureus (45%) was the most common isolate. From
Table 1, it is clear that S. aureus is the most common
isolate accounting for 24% followed by P. aeruginosa
with 20%, K. pneumonia with 18%, E. faecium 17%, E.
coli with 15% and least A. baumannii with 6%.

Antimicrobial susceptibility testing of ESKAPE
pathogens

Antimicrobial susceptibility testing of all 480
isolated organisms was determined by performing
Kirby-Bauer disk diffusion method. Different

Table 1. Distribution of isolates in various clinical specimens

Isolates Urine samples Urinary catheters Pus samples Total (%)
E. faecium 57 24 - 81 (17)
S. aureus 60 39 15 114 (24)
K. pneumoniae 33 42 12 87 (18)
A. baumannii 21 6 - 27 (6)
P. aeruginosa 63 33 - 96 (20)
E. coli 33 36 6 75 (15)
Total 267 180 33 480
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antibiotics such as ampicillin, amikacin, ceftriaxone,
ceftazidime, cefotaxime, linezolid, nalidixic acid,
and sparfloxacin were used. Bacterial isolate was
considered as ESKAPE if it depicted resistance to
more than two antibiotics tested, as per CLSI
guidelines (CLSI, 2023). The AMR pattern of
ESKAPE pathogens is shown in Table 2.

Table 2 shows the prevalence of MDR ESKAPE
among the total clinical isolates. Out of 480 clinical
isolates, 312 (65%) show resistance to more than two
antibiotics, categorizing them in the ESKAPE group.
MDR ranges from 50% to 81%. E. faecium (81%)
showed the highest resistance, followed by P.
aeruginosa (69%), A. baumannii (67%), E. coli (64%),
and S. aureus (58%), K. pneumoniae (55%).

The outcomes of these investigations indicate that
E. faecium, S. aureus, and P. aeruginosa were the most
frequently isolated bacteria, representing 21%
multidrug resistance of all identified cases, followed
by K. pneumoniae, which accounted for 16% of
isolates to be multi drug resistant. E. coli was the
third most frequently identified multiple drug-
resistant pathogens, accounting for 15% of cases,
followed by A. baumannii at 6% (Figure 1).
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Fig. 1. Frequency of MDR ESKAPE pathogens in clinical
isolates

Table 2. Prevalence of ESKAPE among clinical isolates

Table 3 shows that the strains of E. faecium
exhibited complete resistance to nalidixic acid.
Additionally, both E. faecium and S. aureus strains
demonstrated a high level of resistance to 90%
towards the cefotaxime. Notably, the study also
revealed that E. faecium strains displayed the least
resistance towards ampicillin, ceftriaxone, and
sparfloxacin, with a 45% resistance rate. In contrast,
the findings showed that S. aureus strains
demonstrated a 72% resistance towards nalidixic
acid, which suggests that it may not be an effective
treatment option for S. aureus infections. However,
the bacteria exhibited the least resistance towards
sparfloxacin, ceftriaxone, and amikacin.

Table 3. The AMR pattern of Gram-Positive ESKAPE
isolates

Antibiotic resistance of Gram-positive ESKAPE isolates

Antibiotics E. faecium (n=66) S. aureus(n=66)
Ampicillin 30 (45%) 42 (63%)
Amikacin 54 (81%) 18 (27%)
Cefotaxime 60 (90%) 60 (90%)
Ceftazidime 60 (90%) 42 (63%)
Ceftriaxone 30 (45%) 18 (27%)
Nalidixic acid 66 (100%) 48 (72%)
Linezolid 36 (54%) 24 (36%)
Sparfloxacin 30 (45%) 12 (18%)

The above table revealed a concerning incidence
of AMR among various Gram-negative ESKAPE
isolates. K. pneumoniae, for instance, exhibited
complete resistance towards ampicillin, cefotaxime,
and linezolid, along with 50% resistance to amikacin
and 37% resistance to ceftriaxone and nalidixic acid.
Similarly, A. baumannii exhibited the highest
resistance among all isolates, showing complete
resistance to ampicillin, cefotaxime, nalidixic acid,
linezolid, and sparfloxacin, as well as 83% resistance
towards ceftazidime and ceftriaxone, and 66%

Isolates Total number of Included in Percentage
isolates ESKAPE (Resistant to ESKAPE
more than two antibiotics)
E. faecium 81 66 81%
S. aureus 114 66 58%
K. pneumoniae 87 48 55%
A. baumannii 27 18 67%
P. aeruginosa 96 66 69%
E. coli 75 48 64%
Total 480 312 65%
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Table 4. The AMR pattern of Gram-negative ESKAPE pathogens

Antibiotic resistance of Gram-negative ESKAPE isolates

Antibiotics K.pneumoniae n=48 A.baumannii n=18 P.aeruginosa n=66 E. coli n=48
Ampicillin 48 (100%) 18 (100%) 66 (100%) 42 (87%)
Amikacin 24 (50%) 12 (66%) 12 (18%) 24 (50%)
Cefotaxime 48 (100%) 18 (100%) 66 (100%) 42 (87%)
Ceftazidime 12 (25%) 15 (83%) 54 (81%) 24 (50%)
Ceftriaxone 18 (37%) 15 (83%) 42 (63%) 30 (62%)
Nalidixic acid 18 (37%) 18 (100%) 66 (100%) 30 (62%)
Linezolid 48 (100%) 18 (100%) 60 (90%) 42 (87%)
Sparfloxacin 6 (12%) 18 (100%) 18 (27%) 24 (50%)

resistance to amikacin, respectively. P. aeruginosa
strains exhibited 100% resistance to ampicillin and
nalidixic acid, 90% resistance to linezolid, 81%
resistance to Ceftazidime, and 63% resistance to
ceftriaxone. However, the strains showed lower
resistance levels towards sparfloxacin (27%) and
amikacin (18%). E. coli strains displayed resistance to
ampicillin, cefotaxime, and linezolid, along with
62% resistance levels towards nalidixic acid and
ceftriaxone, and 50% resistance levels towards
antibiotics such as amikacin, ceftazidime, and
sparfloxacin. Table 4 underscores the pressing need
for continued efforts to develop new and effective
antibiotics to counteract the growing problem of
antibiotic-resistant bacteria.

DISCUSSION

The current study was conducted to demonstrate
the prevalence of ESKAPE pathogens in Amravati
hospitals. No such study has been documented till
date in Amravati. Out of 642 clinical specimens that
were processed, 480 (74%) showed significant
growth. Out of 480 test results that showed evidence
of infection, 312 (65%) ESKAPE pathogens were
detected after performing an antimicrobial
sensitivity test. The most common isolate was
Staphylococcus aureus (n=114, 24%) followed by
Pseudomonas aeruginosa (n=96, 20%), Klebsiella
pneumoniae (n=87, 18%), Enterococcus faecium (n=81,
17%), Escherichia coli (n=75, 15%) and Acinetobacter
baumannii (n=27, 6%).

Pandey et al. carried out a similar investigation in
a hospital in Nepal in 2021. 452 (18.96%) of the 2384
had an illness brought on by ESKAPE bacteria. A.
baumannii (n =39, 8.6%), P. aeruginosa (n = 84, 18.6%),
Enterococcus faecium (n =25, 5.5%), and Enterobacter
aerogenes (n =4, 0.9%) were the next most frequent
isolates, after Staphylococcus aureus (n = 151,
33.4%)(Pandey et al., 2021).

A parallel result was observed by Emamie et al.
(2023), showing S. aureus (30%), A. baumannii (22%),
and P. aeruginosa (17%) as the most frequent among
ESKAPE pathogens from blood cultures (Emamie et
al., 2023).

Our study demonstrated 65% prevalence of
ESKAPE pathogens in urine, urinary catheters and
pus samples. These results are almost similar to the
study of Benko ef al. (2020), in which catheter-
specimen urine and blood culture samples were
processed. In their investigation, 72.22% (4974/6887)
of all bacterial clinical isolates were caused by
ESKAPE pathogens. Gram-negative bacteria were
found to be more prevalent in this investigation. S.
aureus and the Klebsiella genus were the second most
common organisms isolated from blood culture and
urine samples, respectively, while E. coli was the
most common isolate (Benkd et al., 2020).

In this research, it was seen that E. faecium and S.
aureus were resistant to nalidixic acid, ceftazidime
and cefotaxime. Among Gram-negative members, K.
pneumoniae were highly resistant towards ampicillin,
while susceptible to sparfloxacin and ceftazidime. A.
baumannii were resistant to almost all antibiotics
tested. P. aeruginosa were highly resistant towards
ampicillin, nalidixic acid, and cefotaxime. These
results are supported by a recent study on the
ESKAPE pathogen, which found that Acinetobacter
spp. had the highest carbapenem and MDR
resistance in Spain, at 63.2% and 51.1%, P. aeruginosa
at 20.7% and 10.9%, and K. pneumoniae at 3.6% and
13%, respectively (Sanchez-Lopez, 2019). There was
evidence of increased cephalosporin resistance due
to the high prevalence of cefotaxime resistance,
which was 96% in Gram-negative isolates & 90% in
Gram-positive isolates.

The highest resistance among all the pathogens
isolated in this study was displayed by A. baumannii
towards the third generation of cephalosporin. The
medical world is becoming more concerned about
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antimicrobial resistance since it poses a significant
challenge in treating infections caused by ESKAPE
pathogens. These drug-resistant bacteria are a major
cause of both hospital-acquired & community-
acquired infections, making it essential to find new
ways to combat them effectively. Antibiotic abuse
and overuse have accelerated the emergence of
multidrug-resistant (MDR) and pan-drug-resistant
(PDR) bacterial pathogens. This has resulted in a
situation similar to the pre-antibiotic era (Das et al.,
2022). The present study also found a high resistance
rate to third-generation cephalosporins. This
emphasizes the urgent need to implement a policy
restricting the use of this antibiotic class. There is a
need for more research on the incidence of ESKAPE
pathogens in the Amravati region, as it is an
economically poor region of Vidarbha.

CONCLUSION

The study concludes a 65% prevalence of ESKAPE
in clinical isolates of the Amravati hospitals. Among
480 isolates from 642 clinical specimens, 312 isolates
were determined as MDR, categorizing them as
ESKAPE pathogens according to the CLSI
guidelines. This is an alarming finding emphasizing
the need for regular monitoring of AMR patterns
among clinical isolates in hospital settings.

The current investigation emphasizes the critical
role of periodic surveillance to check the prevalence
of MDR pathogens in hospital settings. This can be
achieved by performing wide-ranging susceptibility
testing in guiding empirical therapy and
individualized treatments, particularly in healthcare
settings where ESKAPE pathogens pose significant
clinical challenges.

By concerning this data, collaborative efforts
between clinicians, microbiologists, and researchers
are essential to address the threat of AMR & ensure
effective management of infections caused by
ESKAPE pathogens in the Amravati region. This is
especially important in clinical settings, where the
emergence of resistance can lead to treatment failure
and pose a threat to public health.
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