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ABSTRACT:

Colistin, or polymyxin E, is an antibiotic effective against Gram-negative bacteria, especially
Enterobacteriaceae. Due to its potential for horizontal transmission, it is used as a last resort for
treating Enterobacteriaceae infections. This study evaluates colistin resistance in Gram-negative
bacilli from clinical samples and analyzes their antibiotic resistance patterns. We identified 1175
colistin-resistant Gram-negative bacilli isolates from various ICU sources, with only 1.44% (n=17)
classified as colistin-resistant. These included one isolate from the Neonatal ICU, three from the
Pediatric ICU, seven from the ICU, three from Obstetrics and Gynecology, and one from the Male
Medical Ward. The resistant isolates comprised 6 (35.2%) Escherichia coli, 3 (17.6%) Enterobacter
cloacae, and 8 (47%) Klebsiella pneumoniae. Despite more Klebsiella spp. being present, E. coli
showed greater sensitivity to colistin. Pseudomonas spp. did not show colistin resistance. The
resistance levels indicated that 47% of the colistin-resistant isolates had MIC values of >16pug/ml. A
related study found p-values for Pseudomonas ranging from 0.001 to 0.052, for E. coli from 0.001 to
1, for Klebsiella spp. from 0.001 to 0.8, for Acinetobacter spp. from 0.1 to 1, and for Enterobacter
spp. from 0.177 to 1 when compared to colistin and other antibiotics. Pseudomonas spp shows
reduced effectiveness against clinical isolates, especially with antibiotics like Ampicillin,
Amoxyclav, Cefuroxime, Ceftriaxone, Etrapenem, and Nalidixic acid. In contrast, Enterobacter spp
exhibited diminished efficacy against Piperacillin/Tazobactam, Etrapenem, Tigecycline, Amikacin,
Ceftazidime, and Doripenem. Additionally, antibiotics such as triclocarban, ceftazidime, aztreonam,
doripenem, levofloxacin, and minocycline had reduced bactericidal inhibition zones against
Klebsiella spp. Resistance in E. coli and Klebsiella spp was particularly significant for Colistin,
while other species showed less resistance. Further research should include additional pathogenic
microorganisms to better understand colistin susceptibility.

INTRODUCTION

aureus, Enterobacter, E. coli, enterococci, and
Pseudomonas aeruginosa, each with unique resistance

In the ICU, the risk of infection is 5 to 10 times higher
than in other hospital areas. Multi-drug resistance is a
significant factor in life-threatening nosocomial
infections [1]. Many hospitals focus on treating long-
term and high-risk patients [2,3]. Nosocomial infections
can be caused by various pathogens, with bacteria being
the most common. Key bacteria include Staphylococcus
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mechanisms [4,5]. The use of antibiotics, dating back to
penicillin, has led to global resistance development.
Currently, several antibiotic classes are available,
including sulfones, diarylquinolines, sulphonamides,
and carbapenems like Clindamycin [6]. Carbapenems
target both Gram-positive and Gram-negative bacteria,


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2025) 15(5), 2905-2918 | ISSN:2251-6727

with each class having a specific action mechanism [7].
For example, sulfamethoxazole inhibits dihydropteroate
synthase, while Vancomycin disrupts cell wall synthesis
by binding to D-alanyl-D-alanine. Studies in India have
shown that certain bacterial isolates, such as E. coli, K.
pneumoniae, A. baumannii, and Citrobacter, have
higher resistance levels compared to others like P.
aeruginosa, P. mirabilis, and Streptococcus, which show
lower resistance [8,9]. Colistin, or polymyxin E, is a
polypeptide antibiotic effective against gram-negative
bacteria like E. coli, Enterobacter, Salmonella, and
Shigella [10,11]. It includes five types: A, B, C, D, and
E, with only B and E used clinically [12]. Both have
similar antimicrobial effects. Resistance mechanisms
can vary among bacteria, depending on the type of
resistance [13,14]. Colistin targets gram-negative
bacteria through five mechanisms, the most notable
being membrane lysis, which occurs due to the
attraction between negatively charged lipid A and
positively charged diaminobutyric acid (Dab) in colistin
[15,16]. Another mechanism is the vesicle-vesicle
contact pathway, where colistin disrupts osmotic
balance by facilitating interactions between the
cytoplasmic and outer membranes, leading to cell lysis
[17,18]. Colistin also activates the hydroxyl radical
death pathway by generating reactive oxygen species
(ROS) that damage bacterial DNA, lipids, and proteins
[19,20]. Additionally, it inhibits NDH-2 activity in the
inner membrane, enhancing its antimicrobial action.
Lastly, colistin binds to lipid A, targeting endotoxins
and promoting cytokine release, including IL-8 and
TNF-alpha [21,22,23]. Colistin is available as colistin
sulfate and colistimethate sodium [24]. It has a basic pH
of 2 to 6 and its salts are stable [25]. The half-life of
colistin sulfate is about 251 £+ 79 minutes, while
colistimethate sodium's half-life ranges from 0.026 to
2.2 hours.
MATERIALS AND METHODS:

Sample Collection:

This research collected samples from various intensive
care units, including Neonatal, Pediatric, general ICUs,
Obstetrics and Gynecology, Tubulin Folding Cofactor
D, and Male Medical Ward.

A total of 1,175 Gram-negative bacilli isolates were
gathered and analyzed from September 2023 to July
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2024, with ethics committee approval. Isolates were
sourced from a clinical microbiology lab.

Inclusion criteria included patients of all ages, including
pediatrics, admitted to the ICU for over 48 hours. Key
species identified were Enterobacteriaceae (e.g., E. coli,
Klebsiella), Pseudomonas aeruginosa, and
Acinetobacter baumannii.

Exclusion criteria ruled out specific colistin-resistant
organisms like Proteus spp., Providencia spp., Serratia
spp., and Morganella morganii. A total of 1,175 Gram-
negative isolates were tested for colistin susceptibility
using the Broth Microdilution (BMD) method and
Mikrolatest MIC Colistin kit, following manufacturer
guidelines.

Antimicrobial susceptibility was assessed using BMD
and Mikrolatest MIC, with specimens processed
according to EUCAST breakpoints. The minimum
inhibitory concentration (MIC) was determined using
the broth micro-dilution technique.

Test for detection of minimum inhibitory
concentration (MIC) of Colistin: "

The broth microdilution (BMD) method is a
standardized technique for evaluating bacterial
susceptibility to Polymyxin, using Escherichia coli
ATCC 25922 as the quality control organism. Colistin
powder, stored at 4°C, was used to prepare the
antibiotic stock solution according to specific
guidelines. An inoculum was created by suspending
isolated colonies from a 24-hour blood agar plate into
broth, adjusting to a turbidity of 0.5 on the McFarland
scale. 96-well microtiter plates were filled with Mueller
Hinton I broth containing serial two-fold dilutions of
the antimicrobial agents and the bacteria at the
McFarland standard. The plates were incubated at 35°C
for 24 to 48 hours, after which bacterial growth was
assessed for turbidity. This method accurately
determines the MIC, quantifying the antibiotic
concentration (ug/mL) needed to inhibit bacterial
growth. The BMD MIC range was found to be between
0.25 pg/mL and 128 pg/mL, serving as a reference for
comparison with other studies. The MIKROLATEST
MIC is derived from the broth microdilution method to
assess the in vitro effectiveness of antimicrobial agents,
determined through a 2X dilution process across seven
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concentrations, indicating the lowest concentration that
stops visible bacterial growth. The MIC of colistin was
assessed using the MIKROLATEST® MIC colistin kit
(ErbaLachema).

Results were visually assessed on the plate, with E. coli
ATCC25922 serving as a control. This CE=IVD
approved broth microdilution test for Colistin has cut-
off values of 0.25, 0.5, 1.0, 2.0, 4.0, 8.0, and 16.0
mcg/mL.

Statistical analysis: Analysis involved a chi-square test
to explore relationships between qualitative variables.
Results from various antimicrobial susceptibility tests
were compared to those from the broth microdilution
(BMD) method. Categorical variables were presented as
proportions, while continuous variables were shown as
means with standard deviations (SD). Sensitivity,
specificity, positive predictive value (PPV), and
negative predictive value (NPV) for each method in
detecting colistin resistance were calculated to evaluate
effectiveness, with a p-value < 0.05 considered
significant. All analyses were conducted using SPSS
version 24 (SPSS Inc, Chicago, IL, USA).

Results

The research examined colistin resistance in gram-
negative bacteria using two methods for antimicrobial
susceptibility testing: Mikrolatest MIC & the Broth
Microdilution Method (BMD). The findings indicated
that 1.44% of the bacterial isolates showed colistin
resistance (Table 1). The Mikrolatest MIC method
exhibited a high sensitivity of 82.35% and a specificity
of 89.21% for detecting colistin resistance in gram-
negative bacteria; however, it had a low positive
predictive value (PPV) of 10% (Table 2). Among the
colistin-resistant  isolates, the lowest minimum
inhibitory concentration (MIC) recorded was 4 pg/ml in
four isolates (23.5%) for both BMD and Mikrolatest
MIC, while the highest MIC was >16 pg/ml in eight
isolates (47%) for BMD and seven isolates (41.1%) for
Mikrolatest MIC. The difference in the number of
isolates identified as colistin-resistant by the two
methods was statistically significant (P=1) (Table 3).
The distribution of colistin-resistant gram-negative
bacterial isolates included eight from Klebsiella spp.,
with six (75%) obtained from blood and two (25%)
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from other sources. In contrast, E. coli had no isolates
from blood but six from different sources. For
Enterobacter cloacae, three isolates were collected from
other sources, with none coming from blood samples
(Table 4). The antibiotic susceptibility profile of 17
colistin-resistant bacterial isolates, evaluated using both
the Mikrolatest kit and the Broth Microdilution method,
showed a 100% resistance rate to colistin and
cefuroxime compared to other antibiotics (Table 5).

The study on Pseudomonas indicated that the
susceptibility p-values mainly ranged from 0.001 to
0.052, highlighting significant differences when
compared to various antibacterial agents and Colistin.
For Klebsiella spp., the susceptibility p-values generally
fell between 0.001 and 0.8. In the case of E. coli, the
susceptibility p-values were particularly striking,
spanning from 0.001 to 1.0. Acinetobacter spp. showed
susceptibility p-values ranging from 0.1 to 1.0, while
Enterobacter spp. had p-values between 0.177 and 1.0
(Table 6). Colistin proved to be more effective against
Pseudomonas  species  than
Piperacillin/Tazobactam, Cefoperazone/Sulbactam,
Cefepime, Imipenem, Meropenem, Amikacin,
Gentamicin, Ciprofloxacin, Tigecycline,
Trimethoprim/Sulfamethoxazole, and  Doripenem.
Likewise, Colistin outperformed E. coli compared to

antibiotics like

antibiotics such as Amoxicillin/Clavulanate,
Piperacillin/Tazobactam, Cefoperazone/Sulbactam,
Cefepime, Ertapenem, Nitrofurantoin, Tigecycline,
Gentamicin, Amikacin, Meropenem,
Trimethoprim/Sulfamethoxazole, and  Imipenem.
Additionally, Colistin showed greater effectiveness
against Klebsiella spp. than antibiotics including
Amoxicillin/Clavulanate, Piperacillin/Tazobactam,
Ceftriaxone,  Cefoperazone/Sulbactam,  Cefepime,
Ertapenem, Imipenem, Meropenem, Amikacin,
Gentamicin, Nalidixic acid, Ciprofloxacin,
Nitrofurantoin, and Trimethoprim/Sulfamethoxazole. It
is noteworthy that in this research, Klebsiella spp.
exhibited lower sensitivity to Colistin compared to
Escherichia coli. Furthermore, resistance was observed
with antibiotics such as Triclocarban, Ceftazidime,
Aztreonam, Doripenem, Levofloxacin, and
Minocycline, as indicated by the lack of any zone of
inhibition (Table-6).
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Table 1: Details of MIC values by different methods

I[solates(total16) MICby BMD MIKROLATEST
MIC
[E. coli- Bronchoalveolar lavage fluid 16ug/ml 16ug/ml
E. coli-Pus Sug/ml Sug/ml
[E. coli- Pus l6pg/ml l6pg/ml
[Klebsiella-Blood 16ug/ml 16ug/ml
[Klebsiella-Blood 4ug/ml 4ug/ml
[Klebsiella-Blood 4ug/ml 16ug/ml
IKlebsiella-Pus l6pg/ml l6pg/ml
[Enterobacter cloacae-Urine l6pg/ml l6pg/ml
[E. coli-Pus 8 ng/ml 4 ng/ml
\Enterobacter cloacae-pus 4ug/ml Sug/ml
E. coli-Pus 16ug/ml 8 ng/ml
E. coli-Urine 16 pg/ml 8 ng/ml
IKlebsiella-Pus l6pg/ml l6pg/ml
[Klebsiella-Blood Sug/ml 8 ng/ml
[Klebsiella-Blood 8 ng/ml 16 pg/ml
[Klebsiella-Blood 8 ug/ml 8 ng/ml
\Enterobacter cloacae- 4ug/ml Sug/ml
Bronchoalveolar lavage fluid

IN=17 Spearman’s rank correlation; BMD vs Micro latest, r=0.049S

Table-2: The performance for the detection of colistin resistance in Enterobacteriaceae of different antimicrobial
susceptibility testing methods

Testing method IBMD no. of Sensitivity (%) Specificity PPV (%) NPV (%)
Isolates (%)
R INR

Mikrolatest MIC 14 125

Colistin (82.35) (89.21) (10.0) (99.7)
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3 1033

Broth 17 1158

microdilution (BMD) INA INA NA INA
0 0

BMD= broth microdilution; NR= Not resistant R= resistant. NA=not applicable: all of the isolates were detected colistin
resistance by the Broth microdilution system in this study; therefore, sensitivity, specificity and NPV were not
calculated.

Mcnemer test
Micro latest x> 124.187 ; P<0.001
BMD x2

1440.001; P<0.001

Table 3: Colistin resistant isolates with MIC value

MIC Value pg/ml Mikrolatest MIC -n (%) BMD-n(%) P value
4 4(23.5)) 4 (23.5)

8 6(35.2) 5(29.4) 1
>16 7(41.1) 8(47.0)

Mikrolatest test, Colistin MIC was>16 pg/ml in 7 isolates (41.1%), whare as BMD has >16 pg/ml is 8 isolates(47%),
the lowest MIC value is 4 pg/ml in 4 isolates (23.5%) in both BMD and microlatest MIC. and the least value Is 4
ng/ml.colistin resistant by the two methods was found to be statistically significant(P= 1)

Table 4: Distribution of colistin resistant Gram-negative bacilli in various clinical samples

Specimen IKlebsiella spp IE. coli \Enterobacter
Cloacae

Blood § 0 0

Others 2 6 3

[Klebsiella sppisolated only in Blood. Others in equal distribution.
x%=9.600 P=0.75

Inference- Statically significant.
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Table 5:Antimicrobial sensitivity pattern of colistin resistant Gram-negative Bacilli

lAntibiotics Sensitive Resistant Sensitive% Resistant%
\Ampicillin/Clavulonicacid 3 14 17.6 82.4
Piperacillin/Tazobactam 6 11 35.2 64.8
Cefuroxime 0 17 0 100
Ceftriaxone 2 15 11.7 88.3
Cefoperazone/Sulbactam 6 11 35.2 64.3
Cefepime 3 14 17.6 82.4
Imipepnem 7 10 41.1 58.9
Meropenem 5 12 29.4 70.6
IAmikacin 10 7 58.8 41.2
Gentamicin 6 11 35.2 64.8
Nalidixic Acid 10 7 58.8 41.2
Ciprofloxacin 11 6 64.7 35.3
INitrofurantoin 11 6 64.7 35.3
Colistin 0 17 0 100
Trimethoprim/Sulfamethoxa 6 11

Zole 35.2 64.8
Tigecycline 4 13 23.5 76.5

nitrofuranton.

among all test isolates.

IAmong these isolates 62.5% sensitivity was seen with ciprofloxacin,

High resistance rates to aminoglycosides, fluoroquinolones, penicillin’s, B- lactam/B-lactamase inhibitor
combinations, cephalosporins, carbapenems and folate pathway inhibitors respectively were observed

Table 6. Results of susceptibility analysis reports of Different spp to colistin and other antibiotics

Anti
bioti

Anti
bioti

resp
onse

Pseudomonas spp | Acinrtobacter spp | E.coli spp Enterobacter spp | Klebsiella spp
P - P -
Colistin P - | Colistin P - | Colistin P- | Colistin Va | Colistin Va
response Va | response Va | response Va | response lue | response lue
lue lue lue S S
Res | Sen s Res | Sen s Res | Sen s Res | Sen Res | Sen
ista | sitiv ista | sitiv ista | sitiv ista | sitiv ista | sitiv
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itive 01 2
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e e 2 139 5 170 | 0.8 | 5 13 14 | 224
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Resi |3 | g3 1 7 2 o 1 4 0 |7
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S
NS 10 o |o 0 |12 0o |3 0o |o
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2 0.1 0 | ]
p Sens
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N=1852. AMP — Ampicillin; AC — Amoxyclav, AK — Amikacin; AT — Aztreonam; CXM — Cefuroxime; CXM-A -
Cefuroxime Axetil; CTR — Ceftriaxone; CFS — Cefoperazone sulbactum; CPM — Cefepime; CIP — Ciprofloxacin; CAZ —
Ceftazidime; DRP - Doropenem; ETP — Etrapenem; GEN — Gentamycin IPM — Imipenem; LE — Levofloxacin; MRP —
Meropenem; NA — Nalidixicacid; NIT — Nitrofurantoin; PIT- Piperacillin/Tazobactum; TGC — Tigicycline;; TRS -
Trimethoprim/ Sulfamethoxazole; MI- Minocycline MI;Ticarcillin/clavulanic Acid; TCC- Triclocarban.
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DISCUSSION

This study used the microlatest method to evaluate
colistin susceptibility against the broth microdilution
technique. A total of 1175 Gram-negative bacilli
isolates from various ICU clinical samples were
analyzed, revealing a colistin resistance rate of only
1.44% (n=17). These resistant isolates came from the
Neonatal Intensive Care Unit (n=1), Pediatric Intensive
Care Unit (n=3), Intensive Care Unit (n=7), Obstetrics
and Gynecology (n=3), Tubulin Folding Cofactor D
(n=2), and Male Medical Ward (n=1), with an average
patient age of 42.3 years. Among them, 6 (35.2%) were
Escherichia coli, 3 (17.6%) were Enterobacter cloacae,
and 8 (47%) were Klebsiella pneumoniae. The
Mikrolatest MIC colistin test showed high sensitivity
(82.35%) and specificity (89.21%) for detecting colistin
resistance, but had a low positive predictive value
(10%). The lowest MIC recorded was 4 pg/ml in 4
isolates (23.5%) for both BMD and Mikrolatest MIC,
while the highest was >16 pg/ml in 8 isolates (47%) for
BMD and 7 isolates (41.1%) for Mikrolatest MIC.
Distribution of colistin-resistant Gram-negative bacteria
showed Klebsiella spp. accounted for 6 (75%) isolates
from blood and 2 (25%) from pus, while E. coli had 4
(66.6%) from pus, 1 (16.6%) from bronchoalveolar
lavage fluid, and 1 (16.6%) from urine. Enterobacter
cloacae had 1 (33.3%) isolate each from urine, pus, and
bronchoalveolar lavage fluid. The antibiotic sensitivity
profile of the 17 colistin-resistant isolates indicated high
resistance to ampicillin, piperacillin, cefuroxime,
ceftriaxone, cefepime, imipenem, meropenem,
gentamicin, colistin, trimethoprim, and tigecycline, with
100% resistance to colistin and cefuroxime.

This study compares the susceptibility of Colistin and
other antibiotics against various gram-negative bacteria,
including Pseudomonas, Acinetobacter, E. coli,
Enterobacter, and Klebsiella spp. The prevalence of
pathogens and antibiotic susceptibility results align with
previous research. While some resistance patterns are
consistent across regions, others are geographically
specific. Colistin is highly effective against severe
infections. The study aims to evaluate the susceptibility
profiles of gram-negative bacteria in clinical isolates.
This research examines the susceptibility of Colistin
and other antibiotics to gram-negative bacteria like
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Pseudomonas, Acinetobacter, E. coli, Enterobacter, and
Klebsiella spp. Findings on pathogen prevalence and
antibiotic susceptibility are consistent with earlier
studies. Some resistance patterns are universal, while
others vary by region. Colistin is effective against
critical infections. The goal is to assess the
susceptibility profiles of these bacteria in clinical
samples.

Colistin is more effective against Pseudomonas species
than antibiotics like Piperacillin/Tazobactam and others.
It also shows greater sensitivity to E. coli compared to
Amoxicillin/Clavulanate and similar  antibiotics.
Additionally, colistin is more effective against
Klebsiella ~ spp  than  antibiotics such  as
Amoxicillin/Clavulanate  and  others. = However,
Klebsiella spp showed lower sensitivity to colistin
compared to E. coli. Some antibiotics, including
Triclocarban and Ceftazidime, showed resistance with
no inhibition zones. Among the tested clinical isolates,
antibiotics like Ampicillin and Ceftriaxone were less
effective  against  Pseudomonas  spp,  while
Piperacillin/Tazobactam and others were less effective
against Enterobacter spp. Similarly, Triclocarban and
others were less effective against Klebsiella spp.

Certain antibiotics, such as Ampicillin, Amoxyclav,
Trimethoprim/Sulfamethoxazole, and Gentamycin,
show significant effectiveness against Klebsiella spp.
Both E. coli and Klebsiella spp. are highly sensitive to
antibiotics like Piperacillin/Tazobactam, Amikacin,
Meropenem, Cefepime, and Cefoperazone sulbactam.
E. coli is especially responsive to Meropenem,
Tigecycline, Imipenem, Nitrofurantoin, and Ertapenem.

A study [26] indicated that 11.8% (4/34) of tested
isolates showed resistance to colistin, with 100% (2/2)
of Acinetobacter junii, 10% (1/10) of E. coli, and 14.3%
(1/7) of Pseudomonas aeruginosa resistant, as
determined by the BMD method. Most reports suggest
resistance rates below 10%, with variations likely due
to different methodologies [27].

The antimicrobial susceptibility test for colistin was
assessed using the MicroScan Walkaway system on 327
carbapenemase-producing Enterobacteriaceae isolates
[28]. A reference method (Manual BMD) reported a
high major error rate (26.9%) for Mikrolatest. Another
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study involving 325 isolates found 16 major errors and
13 very major errors with Mikrolatest. The Mikrolatest
MIC for colistin showed high sensitivity (87.5%) and
specificity (90.8%), with a positive predictive value of
9.6%, demonstrating good concordance with BMD
[29,30].

Mikrolatest systems are commonly used in clinical
microbiology for antimicrobial susceptibility testing,
but their low positive predictive value can lead to
unreliable results in this study.

Variations in methodologies for measuring minimum
inhibitory concentrations (MICs) may explain the
results, with Mikrolatest showing greater consistency
[30]. In this study, Mikrolatest outperformed other
testing methods, reporting no false resistance or
susceptibility, and correlating well with broth
microdilution (r=0.498), which is the gold standard for
colistin susceptibility.

Antibiotic resistance (AR) has become a major concern
globally due to rising healthcare costs and increased
morbidity and mortality from infectious diseases,
particularly in developing countries. Reports indicate a
troubling trend in antibiotic susceptibility among
bacterial isolates. While drug resistance is primarily a
medical issue, its spread is influenced by
environmental, epidemiological, cultural, communal,
and commercial factors. In both developing and
developed nations, AR is often deprioritized compared
to other infectious diseases [31,32].

This has led to the use of older antibiotics like colistin
and polymyxin B, which have shown effectiveness
against these infections. Colistin is now considered a
"last-line' treatment for multidrug-resistant gram-
negative pathogens. It plays a vital role in treating
severe chronic and nosocomial infections caused by
resistant bacteria, underscoring the importance of
plasmid-mediated colistin resistance in
Enterobacteriaceae. The study on colistin resistance
rates in multidrug-resistant K. pneumoniae and E. coli
from cancer patients further supports these findings
[33,34].

This research reports that the resistance odds ratio for
Pseudomonas against carbapenems like DRP and IPM
in the presence of colistin is 4.7 and 2.9 times higher.
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Coexistence of carbapenem and colistin resistance has
been noted. The combination of colistin with
aminoglycosides shows an odds ratio over 3.5, while
pairing colistin with cephalosporins (CFS, CPM, CAZ)
yields odds ratios of 2.2, 2.4, and 2.4, indicating
significant multiple resistance [35,36]. The odds of
Pseudomonas showing multiple resistance (colistin and
ciprofloxacin) is 2.6 times higher. In contrast, the
lowest odds ratio for Pseudomonas occurs with colistin
and tigecycline at 0.008, suggesting both are broad-
spectrum antibiotics, with tigecycline showing good
susceptibility.

Conclusion

The study finds that resistance in Pseudomonas and E.
coli to colistin is significant, while it is less so for other
examined bacterial species. Other bacteria, like
Enterobacter and Klebsiella spp., may have genetic
changes, particularly mcr gene mutations. It is
suggested that future studies include more pathogenic
microbial species to better understand colistin
susceptibility.
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