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Abstract

The prevalence of antibiotic resistance among Gram-negative bacteria, particularly Enterobacterales, is
rising. Extensively drug-resistant (XDR) Enterobacterales demonstrate nonsusceptibility to all except two
or fewer classes of antibiotics, where it retains susceptibility to at least one agent. Besides tigecycline,
colistin and polymyxin B are often the only available therapeutic options in developing countries. The
aim of this study was to determine the susceptibility of XDR Enterobacterales to colistin, polymyxin
B, and tigecycline by determining the MIC using microbroth dilution and analyzing the treatment
outcome. A descriptive study was done at Mahatma Gandhi Medical College and Research Institute,
Pondicherry, from May 2023 to July 2023. The study included non-ICU patients aged 18 years or
older, who had infections caused by XDR Enterobacterales isolated from clinical specimens during the
study period and provided informed consent. All quantitative measurement values in this study were
analyzed using descriptive statistical methods. Colistin and polymyxin B MIC of 109 clinical isolates of
XDR Enterobacterales were tested by microbroth dilution. Tigecycline MIC was determined for 73 of
these isolates. Forty-eight patients received colistin or polymyxin B monotherapy and their treatment
outcomes were documented. Out of the 109 XDR isolates, 16 (14.7%) were resistant to colistin, while
11 (10.1%) were resistant to polymyxin B. Tigecycline MIC values ranged from 0.06 ug/mL to 4 pg/
mL. Successful treatment outcome was observed in 23.5% of patients with colistin and/or polymyxin
B resistant isolates, whereas it was 70.9% in patients with colistin and polymyxin B intermediate
isolates. The present study revealed that K. pneumoniae emerged as the predominant isolate among
XDR Enterobacterales in our healthcare facility. Although only a small proportion of strains exhibited
resistance to polymyxin B, colistin, and tigecycline, the treatment outcomes were notably poor in the
case of colistin and/or polymyxin B resistant strains, underscoring the grave therapeutic limitations
posed by these resistant pathogens.
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INTRODUCTION

Gram-negative bacteria, especially
Enterobacterales are increasingly becoming
resistant to antibiotics commonly used in
community and healthcare settings throughout
the world.* Multidrug-resistant (MDR), extensively
drug-resistant (XDR), and pan-drug-resistant (PDR)
Enterobacterales have emerged as an indisputable
therapeutic challenge and a global concern in
current years. As per the European Centre for
Disease Prevention and Control, annually over
6,70,000 infections and 33,000 deaths in Europe
were associated with MDR strains.*? Conventional
and high-end antibiotics such as fluoroquinolones,
aminoglycosides, beta-lactam/beta-lactamase
inhibitor combinations, and carbapenems are
progressively losing therapeutic effectiveness
against the infections caused by MDR & XDR
Enterobacterales. Despite the challenges of drug
development, new antibiotics such as tigecycline,
eravacycline, cefiderocol, plazomicin, ceftolozane-
tazobactam, ceftazidime-avibactam, meropenem-
vaborbactam, imipenem-relebactam have been
introduced in therapy.* However, the unknown
adverse reaction profile, uncertain therapeutic
efficacy as monotherapy or in combination with
other drugs, unstandardized dosage regimens,
and resistance detection methods besides the
exorbitant cost of these newer antibiotics adversely
affect patient care.>® Moreover, the availability
of these new antibiotics is greatly limited in
developing countries like India. Therefore, older
antibiotics like polymyxin B, colistin, and fosfomycin
have been reintroduced in the treatment of drug-
resistant Enterobacterales infections. In our
hospital, polymyxin B, colistin, and tigecycline are
employed as a cost-effective alternative. There is
a gap in the literature regarding the therapeutic
efficacy of these antibiotics and their impact on
prognosis. Furthermore, CLSI guidelines provide
no interpretation range for tigecycline, and only
intermediate and resistant range values for Colistin
& polymyxin B are given. Hence, it is imperative to
consider minimum inhibitory concentration (MIC)
values while analyzing the therapeutic responses.
Only a few studies have adequately examined
XDR Enterobacterales infections with their MIC
distribution which is essential for formulating an
effective infection control policy.” This study was

undertaken to address these aspects. The aim of
this study was to determine the susceptibility of
XDR Enterobacterales for colistin, polymyxin B,
and tigecycline by determination of MIC using
microbroth dilution and analyze the treatment
outcome.

MATERIALS AND METHODS

This descriptive study was conducted
at the Department of Microbiology, Mahatma
Gandhi Medical College and Research Institute,
Pondicherry, over a period of three months (from
May to July 2023) after obtaining the ethical
committee's approval.

Inclusion criteria

Non-duplicate isolates of XDR
Enterobacterales recovered from blood, urine,
exudate, and respiratory specimens from non-
ICU patients of age >18 years during the period
of study were included for determining MIC of
colistin, polymyxin B, and tigecycline. To evaluate
treatment outcomes, all consecutive patients who
received colistin and/or polymyxin B therapy for
infections caused by XDR Enterobacterales and
provided informed consent were enrolled in the
study.

Exclusion criteria

Non-XDR Enterobacterales isolates
and other pathogens, i.e. non-Enterobacterales
isolates were excluded. Patients who were
unwilling to participate or not given informed
consent and patients with less than 48 hours
of hospital stay were excluded from the study.
Patients without clinical findings or laboratory
parameters or host response against infection
(i.e. direct smear examination, quantification of
culture, WBC count, ESR, CRP) indicating infection
were excluded to rule out colonizers.

Study procedure

A total of 7,150 clinical specimens
comprising blood, urine, exudate, and respiratory
samplesreceived in the department of microbiology
during the study period (time-bound study) were
processed and the isolates were identified by
standard Microbiology protocols. Antibiotic
susceptibility testing was done against a panel of
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antibiotics comprising cotrimoxazole, ampicillin,
ceftriaxone, ceftazidime, cefoperazone-sulbactam,
piperacillin-tazobactam, ciprofloxacin, norfloxacin,
gentamicin, amikacin, imipenem and meropenem
by Kirby-Bauer disc diffusion method as per CLSI
2023 guidelines.” An isolate was considered as
MDR if it showed non-susceptibility to at least
a minimum against one drug in three or more
antibiotic categories and XDR if it showed non-
susceptibility to at least one drug in all but two or
fewer antibiotic categories.2 Among these samples,
2,427 showed bacterial growth. Out of the 2,427
samples, 371 (15.2%) gram-negative isolates were
identified as multidrug-resistant, of which 140
(5.7%) were classified as extensively drug-resistant
(XDR). Among these XDR isolates, 109 were
Enterobacterales and 31 were nonfermenters.

These 109 XDR Enterobacterales were
further tested for their MIC breakpoints towards
polymyxin B and colistin. Similarly, tigecycline
MIC was determined for 73 isolates (except for
urine and blood isolates). We used commercially
available Micropro-BMD kits (Microexpress, Goa,
India) based on the principle of microbroth dilution
method to determine the MIC of polymyxin B,
colistin (Lot number: BDCP0823), and tigecycline
(Lot number: BDTG1123) (Figure). The kit provides
an array of 12 wells assembled in a strip. The wells
were pre-coated with a two-fold dilution series of
an antimicrobial agent. The inoculum is prepared
by picking up one or two similar, isolated fresh
colonies from the overnight plate and emulsified
in 2 ml saline broth. After vortexing gently, 50
pL of this test broth is transferred into the broth
provided by the company kit. By gentle mixing, 200
pL of mixed broth from this vial was dispensed into
all the wells in each individual MIC strip (polymyxin
B and colistin, tigecycline) using sterile tips in an
aseptic manner. It was incubated overnight at 35
°C. MIC was determined by observing the lowest
concentration of the antimicrobial that inhibits
any visible growth of the bacterial isolate. E. coli
ATCC 25922 (colistin/ polymyxin B and tigecycline
sensitive) was used for the quality control of the
microbroth dilution method. MIC breakpoints of
polymyxin B and colistin were interpreted as per
the CLSI 2023 guidelines and MIC of tigecycline
as per US Food and Drug Administration (FDA)-
Identified Interpretive Criteria for Tigecycline-
Injection products; 2019.5%°

No patients received tigecycline during the
study period, hence the assessment therapeutic
outcome was limited to patients receiving colistin
or polymyxin B. Patients treated with colistin
and/or polymyxin B were followed up until their
discharge, referral to another hospital, or death.
Therapeutic outcomes were assessed after 15 days
of therapy.

Statistical analysis

All data were entered in an MS Excel sheet
and quantitative measurement values in this study
were analyzed by descriptive statistical method.

RESULTS

During the period of study, a total of 109
XDR isolates of Enterobacterales, i.e. 96 (88%)
Klebsiella pneumoniae, 7 (6.4%) Escherichia coli,
and 6 (5.5%) Citrobacter spp., were recovered from
various clinical samples. Pus/exudate 36 (33%)
and urine 30 (27.5%) were identified as the most
frequently encountered sample types associated
with the XDR strains, followed by endotracheal
aspirates, sputum, blood, and tissue samples.
The specimen-wise distribution of the XDR
Enterobacterales from various sites of infections
is listed in Table 1.

In our study, XDR Enterobacterales
constituted 4.5% of the samples exhibiting
bacterial growth. The majority of XDR isolates
were K. pneumonia 96 (88.1%), followed by E. coli
7 (6.4%) and Citrobacter spp. 6 (5.5%). These XDR
isolates were predominantly recovered from pus/
exudate 36(33%) and urine samples 30 (27.5%),
followed by endotracheal aspirates 26 (23.9%),
sputum 9 (8.3%), blood 6 (5.5%), and tissue
specimens 2 (1.8%) (Table 1).

The 109 XDR Enterobacterales isolates
were further tested by microbroth dilution method
for polymyxin B and colistin. 16 (14.6%) isolates
were found to have colistin resistance, and 11
(10.1%) isolates had polymyxin B resistance.
Among the 16 colistin-resistant isolates, 10
were also resistant to polymyxin B and the
remaining 6 isolates had polymyxin B intermediate
susceptibility. The 16 colistin-resistant strains
included 14 (87.5%) isolates of K. pneumoniae
and 2 (12.5%) isolates of Citrobacter spp. from
urine samples (Table 2). The colistin MIC_, and
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MIC,, values were 0.5 pg/mL and 4 pg/mL for K.
pneumoniae, 0.5 pg/mL and 2 ug/mL for E. coli,
and 1 pg/mL and 4 pg/mL for Citrobacter spp.
respectively. Similar patterns were observed in
polymyxin B-resistant strains which included 10
(90.1%) K. pneumonia and 1 (9.1%) E. coli isolate.
The MIC,, and MIC, for polymyxin B were 0.5 pg/
mL and 4 pg/mL for K. pneumoniae and E. coli,
and 0.5 pug/mL and 1 ug/mL for Citrobacter spp.
respectively.

Tigecycline MIC was determined by
the microbroth dilution method for 73 isolates.
Thirty isolates from urine and 6 from blood were
excluded from tigecycline MIC testing as it has
questionable utility in urinary and bloodstream
infections owing to its low concentrations achieved
in serum and urine.’ Only one K. pneumoniae
had MIC in the intermediate range (MIC of 4 pg/

mL) for tigecycline and no other Enterobacterales
displayed resistance to tigecycline. The tigecycline
MIC distributions of these strains are displayed in
Table 3. Among the 73 Enterobacterales isolates
tested i.e. 71 (97.2%) K. pneumoniae, 1 (1.3%) E.
coli, and 1 (1.3%) Citrobacter spp., none of the
isolates displayed tigecycline resistance (MIC > 8
pg/mL), and their MIC values ranged from 0.06
ug/mL to 4 pg/mL. The tigecycline MIC, and
MIC,, among the K. pneumoniae isolates were
0.25 pg/mL and 0.5 pg/mL, respectively. One
K. pneumoniae isolate from an exudate sample
showed an intermediate MIC of 4 pug/mL.
Among the 109 patients diagnosed
with XDR Enterobacterales infections, 48 (44%)
individuals, i.e. 39 (81%) males, and 9 (18.7%)
females, received either colistin or polymyxin
B therapy in this study. Out of 48 patients, 17

Table 1. Specimen-wise distribution of the XDR Enterobacterales from various sites of infections

Exudate Urine Endotracheal  Sputum Blood Tissue
aspirate
K. pneumoniae 34 (35.4%) 19 (19.8%) 26 (27.1%) 9(9.4%) 6(6.3%) 2(2.1%)
E. coli 1(14.3%) 6(85.7%) 0 0 0 0
Citrobacter spp. 1(16.7%) 5 (83.3%) 0 0 0 0
Total 36 (33%) 30(27.5%) 26 (23.9%) 9(8.3%) 6(5.5%) 2(1.8%)

Figure. Microbroth dilution assay for colistin, polymyxin B, and tigecycline.
Six wells of row B & F were used for determination of colistin & another six wells for polymyxin B MIC from left
to right side for two bacterial isolates. Row C & G were used for determination of tigecycline MIC of two isolates
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Enterobacterales isolates were colistin and/or
polymyxin B resistant and 31 were colistin and
polymyxin B intermediate. The majority of the
patients were in the above 60 years age group
(n =39, 81.2%), followed by 40-60 years (n = 5,
10.4%), 20-40 years (n =2, 4.1%), and 18-20 years
age group (n = 2, 4.1%). All these patients were
symptomatic, had signs of infection, and had
elevated CRP.

Before the initiation of colistin or
polymyxin B therapy, 18 (37.5%) patients had
already undergone empirical antibiotic treatment
and the antibiotics were ceftriaxone, cefepime,
amoxicillin-clavulanate, piperacillin-tazobactam,
imipenem, meropenem, norfloxacin levofloxacin,
gentamicin, clindamycin, and vancomycin.
Polymyxin B was administered in 13 (27%) and
colistinin 35 (72.9%) patients. We found successful
treatment outcomes in 54% (26 out of 48) of cases
in patients treated with colistin or polymyxin B.
As per the International Consensus Guidelines
on Polymyxins, colistimethate sodium IV 300
mg CBA loading dose followed by maintenance
doses and polymyxin B 2.0-2.5 mg/kg loading
dose followed by 1.25-1.5 mg/kg every 12 hours
was administered to patients with normal renal
function.’ Among the patients with colistin and/or
polymyxin B-resistant Enterobacterales infections
(MIC = 4 pg/mL), a successful treatment outcome
was observed in 23.5% (4 out of 17) of cases. In

contrast, patients with colistin and polymyxin B
intermediate isolates (MIC < 2 ug/mL) experienced
successful treatment outcomes in 70.9% (22 out
of 31) cases. Most of these (91%) cases with
successful outcomes had colistin and polymyxin
B MIC between 0.25 and 0.5 pg/mL.

DISCUSSION

With the worldwide emergence of
carbapenemase-producing strains, multidrug
resistance and extensive drug resistance among
Enterobacterales have surfaced as a significant
concern in recent years. Although rational use of
antibiotics, antibiotic stewardship, and infection
control measures are strictly observed in most
hospitals, the use of antibiotics in poultry and
livestock farming and veterinary medicine is still
unrestricted.? Colistin has been employed not only
for its therapeutic and prophylactic applications in
veterinary medicine but also as a growth promoter
in animal feed. Ceftazidime-avibactam, plazomicin,
eravacycline, and cefiderocol are among the
newer treatment options introduced to resolve
the therapeutic crisis.'* However, the greater
healthcare expenditure and non-availability of
these newer antibiotics have limited their use
in low and middle-income countries where the
treatment of MDR & XDR Enterobacterales is still
largely dependent on old classic antibiotics like

Table 2. Colistin & Polymyxin B MIC distribution of XDR Enterobacterales strains

Colistin MIC (ug/mL)

Polymyxin B MIC (ug/mL)

Intermediate Resistant Intermediate Resistant
012 025 05 1 2 >4 0.12 0.25 0.5 1 2 >4
K. pneumoniae (n = 96) 11 32 15 15 9 14 - 23 29 32 2 10
e Exudate (n = 34) 1 15 8 4 5 1 - 10 13 10 - 1
e Urine (n=19) - 5 3 4 1 6 - 3 2 7 2 5
e ET aspirate (n = 26) 6 7 3 5 2 3 - 5 11 10 - -
e Sputum (n =9) 2 2 - 1 - 4 - 2 - 3 - 4
¢ Blood (n =6) 2 2 - 1 1 - - 3 3 - - -
e Tissue (n=2) - 1 1 - - - - - 2 - -
E. coli(n=7) - 2 3 - 2 - - 2 3 1 1
e Urine (n=6) 2 3 - 1 - - 2 3 - 1 -
e Exudate (n =1) - - - - 1 - - - - - - 1
Citrobacter spp. (n = 6) - 3 1 2 - 1 1 4 - -
e Urine (n=5) - - - 2 1 2 - 1 1 3 - -
e Exudate (n =1) - - - 1 - - - - - 1 - -
Journal of Pure and Applied Microbiology 686 www.microbiologyjournal.org
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polymyxin B, colistin, and fosfomycin.® Polymyxins
belong to the lipopeptides class of antibiotics.
Among the different members of this class, only
polymyxin B and colistin (polymyxin E) are in
clinical use. Colistin was discovered in Bacillus
polymyxa in 1949 and utilized for therapeutic
purposes since 1959.° However, the use of colistin ~ E o
and polymyxin B gradually declined due to their “ o
high potential to cause nephrotoxicity. The acute -
scarcity of novel antibiotics effective against MDR § © =
gram-negative bacteria has led to the revival of the § B et
attention on polymyxin B and colistin as treatment e
options.® The antibacterial action of polymyxin B 2
and colistin is based on their positive charge which 05 Coron e
allows them to bind to the negatively charged ° =
phosphate groups of lipid A and displace Ca* and g »
Mg? ions disrupting the integrity of gram-negative g < %) T
bacterial lipopolysaccharide (LPS) and outer I3 3
membrane.® Furthermore, colistin through its £
hydrophobic domain gets integrated into the outer ~ E o
membrane which leads to increased membrane 2
permeability, leakage of periplasmic molecules,
and cell death. Unlike polymyxins, tigecycline, a =
glycylcycline antibiotic approved by the FDA in e | DA
2005, inhibits bacterial protein synthesis by binding
to the 30S ribosomal subunit, thus preventing =
the integration of amino acids into the growing a %D Qor~o =
peptide chain.!* Colistin resistance is attributed =
to plasmid-mediated colistin resistance (mcr-1-5) >
genes as well as mutation of chromosomal genes 2 NE | ng90 i~
associated with LPS modifications, efflux pumps, g ©
or two-component regulatory systems.? Whereas, £ o .
tigecycline resistance is mostly due to the high g ElNE Nowo « 1w
expression of efflux pumps like AcrAB, MexXY, and S| g|°o%
AdeABC.* 37

The incidence of XDR Enterobacterales £ © E
exhibits considerable variability across different o = N
geographic regions, specimen types, and temporal g
periods. It was 4.5% in the present study. E m 2
Surveillance data from Canada reported the 2 S |
incidence of XDR Enterobacterales was 0.13 a = =
per 1,000 admissions in 2019.%° The highest 3 3
isolation of XDR strains was from stool/rectal 8 . % _
swabs (73%), followed by urine (11%), blood s NI o
(6.2%), wound (1.5%), and respiratory samples E \'«_'—’ F 2,\ £
(3.1%).% In another cross-sectional study from o v T T S g
India, Basak et al. described a 12.1% incidence & scs5el 'T'IT g
of XDR.** Among these isolates, Pseudomonas :, § % % § g £ §
aeruginosa and K. pneumoniae accounted for 2 qg’:é :Jg E,)_é’ '§ ‘§
32.2% and 27.8%, respectively, making them the fud X e o 0o o Wi
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predominant species identified.’ In contrast, a
multicentric study detected a lower incidence of
XDR Enterobacterales in the US between 2018 and
2020. The incidence was 0.4% in non-ICU areas and
1.2% in ICU.Y

As per the ICMR AMR annual report
2019, the susceptibility to imipenem in E. coli has
shown a consistent decline from 86% in 2016 to
64% in 2021, whereas in K. pneumonia imipenem
susceptibility declined from 65% in 2016 to 43%
in 2021 in India.'® This decline is mostly due to the
production of various carbapenemases such as
KPC, NDM, and OXA-48, resulting in the emergence
of XDR Carbapenem-resistant Enterobacterales
(CRE).2 All these study isolates were also found to
be carbapenem-resistant. Polymyxin B, colistin,
and tigecycline are considered the antibiotics
of final recourse in treating such infections in
developing nations. Hence, it is imperative to
routinely determine and judicially report the
susceptibility of these antibiotics for XDR isolates.
The microbroth dilution method is the reference
method of antibiotic susceptibility testing for
polymyxin B, colistin, and tigecycline.'®>* We
determined polymyxin B and colistin susceptibility
for 109 isolates and Tigecycline susceptibility for
73 isolates by the microbroth dilution method.
Since Tigecycline is not recommended for the
bloodstream and urinary infections,** 30 isolates
from urine and 6 from blood were excluded from
Tigecycline MIC testing.

In the present study, CLSI breakpoints
were followed for the interpretation of colistin
and polymyxin B MIC breakpoints. MIC > 4 pug/mL
was considered resistant. Colistin resistance was
detected in 14 K. pneumoniae and 2 Citrobacter
spp., whereas polymyxin B resistance was found
in 10 K. pneumoniae and 1 E. coli. The MIC, and
MIC,, represent the concentrations of an antibiotic
that can effectively inhibit the growth of 50%
and 90% of the isolates, respectively. The MICSO/
MIC,, value for colistin varies based on the local
prevalence of resistant strains, hospital settings,
and the method used for testing.?® In a study from
Pakistan, colistin MIC_ and MIC, among 251 CRE
strains were found to be 0.5 pg/mL and 16 pg/
mL, respectively, by broth microdilution and VITEK
2.5 However, Bir et al. reported a lower MIC for
colistin.® In their study, MIC_ /MIC, was 0.5/8
pg/mL in K. pneumoniae and 0.5/4 pg/mL in E.

coli isolates. Despite these variations, a higher
MIC, /MIC, has been observed in K. pneumoniae
in comparison to other Enterobacterales in most
studies.?®*

Due to the absence of MIC breakpoints
for tigecycline for Enterobacterales in the CLSI
guidelines, the US FDA breakpoints were followed,
which classify isolates as susceptible if MIC < 2 ug/
mL, intermediate if MIC = 4 ug/mL, and resistant if
MIC > 8 ug/mL.° Among 73 isolates, there was no
tigecycline resistance and the MIC values ranged
from 0.06 pg/mL to 4 pug/mL. Sader et al. found
tigecycline MIC, of 0.12 ug/mL and MIC, of 1
pug/mL among 8341 Enterobacteriaceae isolates
from 13 European countries, Turkey, and Israel.??
Higher resistance was observed in a study by Li
et al. They found tigecycline MIC_ 2 pg/mL and
MIC, 4 pg/mL among Carbapenemase-producing
Enterobacteriaceae.?

In this study, 48 (44%) out of the 109
patients diagnosed with XDR Enterobacterales
infections were treated with either colistin or
polymyxin B. In adherence to our institutional
antibiotic policy, the selection of targeted therapy
for each patient with XDR Enterobacterales
infections was individually determined, taking
into consideration their renal parameters, co-
morbidity status, and treatment cost. Tigecycline
opted for patients who had infection with XDR
isolates resistant to colistin or polymyxin B
therapy or showed no evidence of improvement
with colistin or polymyxin B therapy. However, no
patients received tigecycline during the period
of this study due to various factors like advanced
age, co-morbidity, high cost of treatment, and
lack of consent from patients or next of their
kin. Ustundag et al. reported clinical success in
43.9% of patients who received colistin.?* Thisis in
accordance with our study. However, a higher rate
(about 83%) of successful treatment outcomes
with colistin has been reported in another study.?
There is not much clinical evidence available on the
treatment outcome of XDR infections treated with
newer molecules such as plazomicin, eravacycline,
and cefiderocol.* Successful outcomes were
recorded in 54.2% of cases of CRE infections
treated with fosfomycin in combination with
colistin or tigecycline.?® However, resistance to
fosfomycin may develop during the therapy.?®?’
Several studies have recognized the therapeutic
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efficacy of colistin and tigecycline, especially as
a combination therapy with other antibiotics.
Tumbarello et al. described the superiority of
colistin-tigecycline-meropenem combination
therapy in CRE infections.?® It has been suggested
that despite in vitro resistance, meropenem,
when used as a combination therapy could
exert antibacterial activity at a higher dose, i.e.
2 g per 8 hours, especially if the MIC is <8 pg/mL.%°
While certain studies have shown remarkable
in vitro activity (82% to 92.1%) of tigecycline
against CRE,??3° a higher dose of tigecycline is
also prescribed for XDR isolates.?* Although it is
generally well tolerated, with occasional reports
of vomiting and diarrhoea, the effectiveness of
a higher dose of tigecycline remains uncertain.
It is important to note that using tigecycline
as monotherapy or in the bloodstream and
urinary infections where suboptimal tigecycline
concentrations at the infection site are expected,
can lead to treatment failure and an increased risk
of mortality.®

Limitations

The scope of our observation is
constrained by the relatively brief duration and
small sample size of the study. Moreover, the
isolates in the present study originated from a
single centre, implying that these findings may vary
from those of other studies due to geographical
differences.

CONCLUSION

XDR Enterobacterales are increasingly
becoming common in Indian healthcare settings.
Although the prevalence of XDR Enterobacterales
in our hospital was less, K. pneumonia emerged as
a predominant isolate, showing a high tendency
to acquire resistance to most antibiotics. A low
proportion of strains exhibited resistance to
polymyxin B, colistin, and tigecycline. Despite its
potential to cause nephrotoxicity and neurotoxicity,
colistin and polymyxin B were employed to treat
XDR Enterobacterales infections due to the high
treatment cost of newer antibiotics. The treatment
outcome of colistin and polymyxin B therapy was
poor in patients with colistin and/or polymyxin
B resistant strains in comparison to colistin and/
or polymyxin B intermediate strains. However,

the findings of this study are limited by its short
duration and relatively small sample size. More
research on this topic is essential to provide
valuable insights into the potential preventive
measures to treat these conditions.
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