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Abstract

Introduction: ESKAPE pathogens include Enterococcus faecium, Staphylococcus aureus, Klebsiella pnuemonia,
Acienetobacter baumanii, Pseudomonas aeruginosa and Enterobacter species. Currently all these organisms are the main
cause of hospital infections globally and they have the property to effectively escape the effect of antibacterial drugs.
Unstoppable success of these superbugs will lead to unwinnable war. The success of these pathogens is mainly because
of the mutations, modifications of LPS. As the crisis for the antibiotic resistance continues to grow, the latest IDSA
(infectious disease society of America) “Bad Bugs, No Drugs” reports the urge for new antibiotics in the research and
development pipeline and proposes steps to tackle the shortage. Objective: The aim of the study was to characterize the
antimicrobial resistance in ESKAPE pathogens isolated from 330 culture positive clinical sample. Method: Antibiotic
resistance was determined by VITEK 2 and manual method was done on Kirby baurer method. MIC was determined by
VITEK 2 and E-Test according to CLSI guidelines. Result: Out of the total cases 63 percent of the culture has ESKAPE
pathogens. Except for S. aureus multidrug resistance index of ESKAPE pathogens revealed on increasing trend.
Conclusion: ESKAPE pathogens are commonly identified in alarming frequency and knowledge of antimicrobial

resistance will be aided for empirical treatment.
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Introduction

Nosocomial infections are caused by a variety of
organisms, including bacteria, fungi, viruses, parasites,
and other agents. Infections can be derived from
exogenous or endogenous sources and are transferred
by either direct or indirect contact between patients,
healthcare workers, contaminated objects, visitors, or
even various environmental sources. A survey of
hospital-acquired infections (HAI) in the United States
in 2011 reported a total of about 722,000 reported cases,
with 75,000 deaths associated with nosocomial
infections [1].

A second study conducted in 2002 estimated that when
taking into account all types of bacterial infections,
approximately 1.7 million patients suffered from HAIs,
which contributed to the deaths of 99,000 patients per
year [2]. From the last decade antibiotic resistance
bacteria continue to be a challenge to the physicians.
The growing numbers of antimicrobial-resistant
pathogens, which are increasingly associated with
nosocomial infection, place a significant burden on
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healthcare systems and have important global economic
costs. There is steady increase in the curve of resistance
development among the Gram Positive and Gram
negative pathogens that cause infection in the hospital
and community [3]. IDSA (Infectious Disease Society
of America) reported these as the ESKAPE pathogens
Enterococcus  faecium,  Staphylococcus  aureus,
Klebsiella ~ pneumonia, Acinetobacter  baumanii,
Pseudomonas aeruginosa, Enterobacter species) these
are responsible for the majority of hospital acquired
infections and they also effectively “ESCAPE” the
effects of antibacterial drugs. Data from the centre for
disease control and preventions show a rapid increase in
the rate of infection due to Methicillin— resistant
S.aureus (MRSA), Vancomycin— resistant E.faecium,
and fluoroquinolone-resistant P.aeruginosa [4].

There has been an increase in reporting of infections
caused by Multi Drug resistant organisms, thereby
limiting the choice of effective antimicrobial agents
available to clinicians. The addition of aging population
and frequent referral of patients to acute care facilities
also add for the prevalence of multi drug resistant
organisms.
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Multidrug resistant (MDR) organisms especially gram-
negative bacilli have become a pivotal of long term care
facilities in the hospital and vice-versa [5]. In
contemporaneous the aging population and frequent
referrals of patients from and to acute care facilities also
add as the reservoir for the MDR [3]. The unstoppable
success of these SUPERBUGS will lead to the crisis
called “UNWINNABLE WAR” [6]. Data from the
National Nosocomial Infection Surveillance (NNIS)
System (2003 versus 1998-2002) showed that, in the
nine selected antimicrobial- resistant pathogens
associated with nosocomial infections in intensive care
unit patients, there is increase in the prevalence of
resistance to third-generation cephalosporins (either
ceftriaxone, cefotaxime or ceftazidime. The emergence
of resistant organisms to other drugs serves to bring the
therapeutic importance of polymyxins such as colistin.
No new antibiotic classes against multi drug resistant
Gram-negative  bacteria are expected to be
commercially available within the next several years.
Even more worrying, the emergence of resistance to
colistin, the only available active antibiotic against
multidrug-resistant Gram-negative bacteria [7].

Our therapeutic options for these pathogens are so
extremely limited that clinicians are forced to use older,
previously discarded drugs, such as colistin, that are
associated with significant toxicity and for which there
is a lack of robust data to guide selection of dosage
regimen or duration of therapy [1].

The growing number of elderly patients and patients
undergoing surgery, transplantation, and chemotherapy
and dramatic increases in population in neonatal
intensive care units will produce an even greater
number of immunocompromised individuals at risk of
these infections [2].

Antimicrobial resistance pattern of ESKAPE
Pathogens- Antimicrobial resistance genes may be
carried on the bacterial chromosome, plasmid, or
transposons [8].

Mechanisms of drug resistance fall into several broad
categories, including drug inactivation/ alteration,
modification of drug binding sites/ targets, changes in
cell permeability resulting in reduced intracellular drug
accumulation, and biofilm formation [11-12].

Results
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* Drug Inactivation or Alteration
* Modification of Drug Binding Sites
* Reduced Intracellular Drug Accumulation

¢ Biofilm Formation

Materials and Methods

Type of study: The research done is an applied,
analytical type of case study research. The samples
were collected by direct observational method.

To avoid multiple entries from a single patient, only the
first positive MDR culture for a given patient was
included. The patients Identification number, age, sex,
type of sample, recent significant treatment history with
antibiotics, provisional diagnosis, duration of hospital
stays and any other history related to the research was
collected in observational design from the adminis-
trative data base.

All the clinical samples received for Bacteriological
culture in Microbiology section of the laboratory were
processed and analyzed for the research. All clinical
samples were inoculated in the respective media and
methods as per standard guidelines and incubated. The
blood culture bottles will be placed in Bac T/ Alert 3 D
and the positive culture bottle will be processed by
Grams stain and in routine bacteriological media for
inoculation and incubated. All the ESKAPE pathogens
isolated from all the clinical samples will be subjected
for determining the MIC and Sensitivity by Vitek 2 and
Kirby Bauer method as per CLSI.

Isolates that were collected within 2 days after
admission were considered to be acquired prior to the
hospitalization, or non-nosocomial; Isolates acquired
after day 2 were considered nosocomial. Total of 1000
samples were included in the study after the ethical
committee approval by the institution.

Inclusion criteria: All culture positive samples

Exclusion criteria: Any organism isolated from the
same patient with same sensitivity

Statistical method: All the ESKAPE PATHOGENS
isolated samples where included in the study
(probability sampling).

In total 1000 samples, 430 culture positive clinical sample. Among 430 Positive samples, 271 pathogens were identified
as ESKAPE pathogens. The Enterococcus faecium accounted for 28, 72 samples isolated MRSA. In 64 and 39 samples
Pseudomonas aeruginosa and Acinetobacter were isolated respectively.46 samples isolated Klebsiella pneumonia and 22

isolated Enterobacter.
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The samples which were resistant to more than 3 groups of antibiotics were considered as Multidrug Resistant Organisms

(MDRO). Out of 1000 samples 6.9% were MDR.
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Figure-1: Distribution of ESKAPE

Discussion

The importance of ESKAPE pathogens (Enterococcus
faecium, Staphylococcus aureus Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa,
and Enterobacter species) to the establishment and
promotion of antimicrobial resistance in hospitalized
patients was first recognized in a 2008 publication by
Rice [13]. The morbidity and mortality associated with
Gram-negative ESKAPE pathogens is particularly
concerning as new antimicrobial agents, with spectra of
activity that reliably encompass multidrug-resistant and
pan-resistant Gram-negative isolates, have not appeared
in as timely a manner as hoped [14] and nosocomial
infections remain a constant concern for patient health,
particularly for critically ill inpatients as well as for
patients requiring placement of invasive devices or
surgical procedures.

ESKAPE pathogens frequently present clinicians with
serious therapeutic dilemmas because of their complex
resistance profiles [13,15]. Given that ESKAPE
pathogens account for a majority of the antimicrobial
resistance encountered in the nosocomial setting [13-
15] surveillance describing the resistance profiles of
these organisms provides an important gauge of
regional antimicrobial resistance present in hospitalized
patients. The bacteria have the ability to rapidly gain
resistance along with overuse and misuse of antibiotics,
we are now living in the age of multidrug resistant
(MDR) and Pan-drug resistant(PDR) bacterial
pathogens leading to the situation like the pre-antibiotic
era.the development of number of antibacterial in phase

2or 3 clinical development have left to a disappointment
so far, this leads to the Danger in treating the Gram -
negative bacilli. Ph RMA have although reported 388
medicines and vaccines in testing, out of which only 83
was little significant to antibiotics and only less than 83
antibiotics are available for advanced clinical treatment.
Only 5 major pharmaceutical companies- Glaxo Smith
Kline, Novartis, Astra Zeneca, Merck, and Pfizerstill
have active antibacterial discovery programs, and the
number of antibacterial trials registered at Clinical
Trials. gov decreased between 2005 and 2007 [16,17].
This is due to the improper use of antibiotics and the
free availability of antibiotics to public.

We live in a period where even though people are well
educated they refuse to consult a Doctor for the disease
and purchase the antibiotics from the pharmacy counter
freely without a valid physician prescription. One more
consent for the development of MDR bacteria is that
most of the reserved antibiotics have now come to the
market for day today use and now we don’t have a
reserve antibiotic to take care of the resistant bugs.
Most of the broad-spectrum antibiotics have now come
in simple tablet and injection form adding to vow of
MDR bacteria. The patients too donot take the
antibiotics as prescribed by the physicians and they
discontinuetheir course leading to the development of
MRD. The increased burden of antimicrobial resistance
has been due to the increased days of stay in hospital,
mortality, and the cost of Hospital care [10]. Of more
recent concern is the emergence of MDR Gram
negative bacilli (GNB) in long term care facilities;
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several studies have shown that the carriage prevalence
of MDR GNB has far exceeded that of methicillin-
resistant ~ Staphylococcus  aureus (MRSA) and
vancomycin- resistant enterococci (VRE) [4].
Acinetobacter baumannii, Pseudomonas and Entero
bacteriaceae were considered to be Pan drug resistant
(PDR) if isolates were resistant to all classes of anti
pseudomonalagents [11,12].

There is some small sign of success as certain drugs like
Doripenem is been approved.There has been an increase
in the potency of this drug against P. aeruginosa with
positive result in phase 3 studies for teavancin,
ceftobiprole and cethromycin are encouraging. And
recently there has been several drugs in the Phase 2 trial
which is promising.

We found evidence of potentially increased interest
among large pharmaceutical companies in the recent
announcements of collaborations between Mpex
Pharmaceuticals and GlaxoSmithKline, Novexel and
Forest Laboratories, and Protez and Novartis
[18,19,20].

This study focuses on the resistance pattern of the most
commonly isolated MDR organism and emergence of
antimicrobial stewardship to be followed by the
physicians. The slowness to market of novel
antimicrobial agents with reliable activity against
Gram-negative ESKAPE pathogens suggests efforts to
identify optimal strategies for infection control and
prevention as well as antimicrobial use/stewardship
need to intensity, especially in ICUs [15].

Ongoing surveillance data is crucial as it provides
guidance for empiric antimicrobial agent selection by
identifying the most common pathogens and their
antimicrobial susceptibility profiles. In addition to
ongoing surveillance efforts, data on the impact of
clinical interventions to decrease the prevalence of
resistance are required.

As resistance to parenteral broad-spectrum antimicro-
bial agents continues to increase, combination empiric
therapies for infections potentially attributable to Gram-
negative ESKAPE pathogens may become routine and
will be driven by surveillance initiatives [21].

The limitation of this study was that this study was done
to a small number of population in our country.
Furthermore, it was difficult to follow the patient as
patients frequently move between wards during a single
admission. The publication of such surveillance study
data describing regional antimicrobial susceptibility/
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resistance rates in clinical isolates of Gram-negative
ESKAPE pathogens is essential to stimulate
antimicrobial stewardship efforts as well as to identify
emerging resistance trends and geographic diversity
over time.
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