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Abstract
Introduction: Colistin is considered to be the last resort for the management of infections caused by multi-
drug resistant (MDR) gram-negative bacilli (GNB). However, in the recent past, there has been a rise in
colistin resistance among MDR isolates in clinical settings with no profound data on the incidences and
causes. The purpose of this study was to estimate the prevalence of colistin-resistance (CLR) in
MDR isolates collected from different intensive care units (ICUs) and to determine the clinical outcomes of
the patients. 

Materials and methods: A prospective study was conducted in the ICU of a tertiary care hospital in Eastern
Odisha, India from March 2019 to February 2020. MDR GNB isolates from different clinical samples of ICU
patients, not intrinsically resistant to colistin, were included in this study. Samples collected for culture and
sensitivity testing were processed as per standard guidelines in the microbiology laboratory. MDR organisms
were examined for colistin susceptibility by the broth dilution method. Clinical data was collected from
hospital electronic medical records and presented as percentage, number (N), and median (range).

Results: The prevalence of colistin resistance MDR GNB was found to be 19.6% in the present study. Colistin
resistance among the MDR isolates was found to be the highest (9.2% for Klebsiella pneumonia followed
by 5% for Escherichia coli). CLR drug-resistant isolates were commonly (28.8%) isolated from samples of
respiratory tract infections and the majority (54.1%) were from neurology ICU. In this study, co-morbidity
was not found among 57.9% of the ICU patients and recovery was maximum i.e., 74.2%.

Conclusion: This study found the prevalence of colistin resistance to be high (19.6%) among all MDR GNB
isolates from samples of ICU patients, Klebsiella pneumonia and Escherichia coli commonly acquire colistin
resistance. Patients in the neurology ICU were frequently infected with CLR MDR strains. Most of the
patients who recovered were without any underlying comorbidities. Prolonged hospital stay and direct
antibiotic pressure in the hospital can lead to the development of CLR variants.
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Introduction
The patients admitted to the intensive care units (ICU) are more prone to nosocomial infections which is the
prime cause of mortality [1,2]. In a study, Cohen (2013) reported an extended prevalence of ICU infections in
51% of patients with gram-negative pathogens [2-3]. Anti-microbial resistance is an increasing concern in
the treatment of nosocomial infections particularly in ICU patients [3].

In the case of multi-drug resistant (MDR) gram-negative bacilli (GNB) infection, colistin is considered to be
one of the commonly used antibiotics of choice for treatment. This antibiotic has been used in veterinary
science since the mid-twentieth century [4]. The use of this drug in humans has been restricted for a decade
due to its known toxicity, except in the case of decontamination regimens in the ICU and nebulized
administration in cystic fibrosis [4,5]. The use of this molecule was resumed to solve the therapeutic
challenges that emerge due to carbapenem-resistant GNB infection. However, many unresolved issues like
pharmacokinetics in critically ill subjects, dosing, nephrotoxicity, paucity of susceptibility data, and
development of resistance limited their use [4-7]. Hence, there is a lack of consensus on the optimum use of
this antibiotic to date [7].

Colistin, a cyclic polypeptide antibiotic, breaks the outer cell membrane of most of the GNB by interacting
with the lipopolysaccharide (LPS) [8]. Colistin resistance is sporadic in GNB, except in those with intrinsic
resistance [9-12]. The acquisition of colistin resistance in Klebsiella pneumoniae, Acinetobacter baumannii,
and Pseudomonas aeruginosa is rarely reported [13,14]. To date, the acquired colistin resistance in the
bacterium is thought to be due to chromosomal mutations in the gene that are associated with LPS
alteration [8]. Recently, mcr-1 and mcr-2, the two plasmid-mediated CLR genes are believed to contribute to
colistin resistance [15-18]. However, there is a lack of systematic study to find out the prevalence of CLR in
MDR GNB in clinical samples collected from ICU patients. A few published reports pertaining to this issue
were a part of the antimicrobial surveillance plan where the strains were selected randomly [9-12]. The first
report pertaining to colistin resistance in GNB isolates was published in the year 2013. However, the report
was not representative of the whole population due to a smaller sample size. In all GNB isolates from clinical
samples, colistin is not regularly checked and that may lead to unawareness of resistance.

The purpose of this single-center study was to estimate the prevalence of colistin-resistance (CLR) in MDR
GNB isolated from patients in different intensive care units and to determine their clinical outcomes.

Materials And Methods
This was a prospective study conducted in the ICU of a tertiary care hospital in Eastern Odisha, India after
approval from the Institutional Ethical Committee of the hospital (KIMS/KIIT/IEC/52/2018) from March 2019
to February 2020. MDR GNB isolates from different clinical samples of ICU patients, not intrinsically
resistant to colistin, were included in this study. Patients with the growth of organisms other than MDR GNB
and organisms with intrinsic resistance to colistin were excluded from this study.
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Samples from ICU patients, after proper collection in appropriate sterile containers, were sent to the
microbiology laboratory for culture and sensitivity testing. Different samples were collected and processed
in the laboratory based on the standard microbiology procedure. Samples like sputum, endotracheal
aspirate, broncho alveolar lavage fluid, and pus were inoculated into solid media (blood agar and
MacConkey agar) and liquid media (Tryptone-Soy Broth); urine samples were inoculated into
cystine lactose electrolyte deficient (CLED) agar medium. Blood and body fluids were inoculated in
BacT/ALERT (bioMérieux, Inc., Durham, NC) broth bottle and incubated at 37ºC. Vitek-2 compact
identification system (bioMérieux, France) was used to process and identify any significant growth that was
obtained. Antibiotic susceptibility testing of the isolates was done by the Vitek-2 antibiotic susceptibility
testing (AST) system as part of routine microbiology, according to the Clinical and Laboratory
Standards Institute (CLSI) guidelines. Antibiotic panels tested for significant gram-negative isolates were
ampicillin, amoxyclav, amikacin, ciprofloxacin, ceftriaxone, cefuroxime, cefepime, ertapenem,
nitrofurantoin, gentamicin, imipenem, meropenem, nalidixic acid, cefoperazone-sulbactam, cotrimoxazole,
tigecycline, piperacillin-tazobactam. The organisms were marked as susceptible or resistant (intermediately
susceptible were also considered as resistant) to any of these antibiotics as per minimum inhibitory
concentration (MIC) value and CLSI guidelines. MDR was defined as acquired non-susceptibility to at least
one agent in three or more antimicrobial categories [19-20]. 

MDR GNB were selected and tested for colistin susceptibility by broth microdilution test with colistin
sulphate powder (Hi Media Laboratory, Mumbai, India), since methods like Kirby-Bauer disc diffusion test,
E-test, or Vitek-AST are not currently acceptable for colistin, as per EUCAST (European Committee for
Antimicrobial Susceptibility Testing) and CLSI subcommittee CLR guidelines [21]; isolates were marked as
susceptible or resistant to colistin as per the guidelines [21].

For the collection of relevant clinical data, the electronic medical records of the patients were referred. Data
was available for 240 patients from the repository. Outcomes of the group of the patients infected with CLR
GNB were found in terms of clinical recovery or death of the patient.

The demographic data like age and sex were mentioned as median and percentage. Other relevant data were
presented as percentage, number (N), and median (range). The complete statistical analysis was performed
by SPSS statistical package, version 25.0 (IBM Corp., Armonk, NY).

Results
In the present study, out of 357 MDR GNB isolates, a total of 70 CLR isolates of acquired type were identified
which corresponds to an overall prevalence of 19.6% (Table 1). Colistin resistance was found in 33/357
isolates of Klebsiella pneumoniae with a 9.2% prevalence. Besides, the resistance was also detected in 18/357
isolates of Escherichia coli, 5/357 isolates of Pseudomonas aeruginosa, and 10/357 isolates of Acinetobacter
baumannii with a prevalence of 5%, 1.4%, and 2.8% respectively. The other CLR GNB details are presented in
Table 1. The range of colistin MICs was 0.5-16 µg/ml except in Acinetobacter lwoffii where the MIC was 16
µg/ml. The MDR GNB isolates were recovered mostly 98/357 (26.8%) from blood cultures followed by
ulcer/surgical wound exudates (23.0%) and urine cultures (22.7%).

Organisms
Klebsiella
pneumoniae
(n= 33)

Escherichia
coli (n=18)

Pseudomonas
aeruginosa
(n=5)

Acinetobacter
baumannii
(n=10)

Klebsiella
oxytoca
(n=0)

Citrobacter
freundii
(n=2)

Acinetobacter
lwoffii (n=1)

Enterobacter
aerogenes
(n=0)

Unidentified
(n=1)

Pantoe
species
(n=0)

Enterobacter
cloacae
(n=0)

Citrobacter
amalonaticus
(n=0)

Prevalence
of colistin
resistance,
%

9.2% 5.0% 1.4% 2.8% 0.0% 0.6% 0.3% 0.0% 0.3% 0.0% 0.0% 0.0%

Colistin
MIC range,
µg/ml

0.5-16 0.5-16 0.5-16 0.5-16 0.5-16 0.5-16 16 0.5-16 0.5-16 0.5-16 0.5-16  

Multidrug
resistance
(n ) MDR 

166 89 32 49 5 4 1 3 3 2 1 1

Pus 1 1 0 1 0 0 0 0 0 0 0 0

Urine 31 30 6 14 1 0 0 0 0 1 0 0

Blood 50 19 10 12 2 2 0 1 2 0 0 0

Sputum 19 9 3 4 0 1 0 0 0 0 0 1

Exudate 40 19 8 11 1 1 1 1 0 1 0 0

Others 25 11 5 7 1 0 0 1 1 0 1 0

Total 166 89 32 49 5 4 1 3 3 2 1 1

TABLE 1: Prevalence of colistin resistance among multi-drug resistant (MDR) gram-negative
bacteriae isolated from samples of ICU patients
MIC-Minimum inhibotory concentration, microgram/millilitre

The clinical and sociodemographic data like age and sex are presented in Table 2. The median age of the
patients were found to be 54.81 ± 21.5 years (range 1-94). Majority of the population were male (n = 226,
65.9%). Out of 240 data available from the repository, most of the patients presented with respiratory tract
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infection (31.4%) followed by septicemia (25%) and urinary tract infection (14.3%). Majority of CLR MDR
isolates were from specimens of respiratory tract infections i.e., 22/52 (42.3%) followed by blood from
septicemia i.e., 12/52 (23.0%).

Characteristics
Values  for patients with multidrug resistant
gram negative bacterial isolates

Values  for patients with colistin resistant  multidrug
resistant gram negative bacterial isolates

Median Age, (range) in
years

54.81  (1 – 94) 54.81  (1 – 94)

Males (n, %) 235  (65.9%) 51 (72.8%)

Females (n, %) 122  (34.1 %) 19 (27.2%)

Clinical presentation n = 240 (%) n = 52 (%)

Septicaemia 60  (25.0) 12 /52  (23.0 %)

Respiratory Tract infection 76  (31.4) 22/ 52  (42.3 %)

Urinary Tract infection 34 (14.3) 7/ 52 (13.4 % )

Meningitis and other
neurological infections

 15 (6.5 %) 3/52  (5.7 %)

Others 37  (15.8 %) 8 /52  (15.3 %)

TABLE 2: Distribution of age, sex and clinical characteristics of patients with multi-drug resistant
(MDR) gram-negative bacterial isolates and colistin-resistant MDR gram-negative bacterial
isolates

The most prevalent comorbidity was chronic kidney disease with diabetes i.e., 24/240 (10%). In this study,
out of the total patient data collected, 57.9% of the patients had no comorbidity; the majority of 55% of them
recovered. Recovery was a maximum 139/240 (74.2%) among the patients with no underlying comorbidity.
There were two patients with the diagnosis of brain tumor and both of them died. Patients of diabetes with
underlying kidney disease were 24 in number and 83.4% of them died (Table 3).

Clinical outcomes

Comorbidities

Total
Nil

Chronic
kidney
disease

Chronic
kidney
disease+
Diabetes

Diabetes
Head
Injury

Brain
Tumor

Hemiplegia
Post
Operative
infection

Preterm
baby

Subdural
Hematoma

Pneumonia
, Ventilated
patients

Cancer
prostate

Metastatic
cancer

Died  

Count 41  3 20  16  0 2  8 4 2 0 7 3 2 108

% of
Total

37.9
%

2.7 % 18.5 % 14.8 % 0.0% 1.8% 7.4 % 3.7 % 1.8% 0.0% 6.4 % 2.7 % 1.8% 45 %

Recovered

Count 98 3 4/24  4 9 0 4 4 2 2 2 0 0 132

% of
Total

74.2
%

2.27 % 3.03 % 3.03 %
6.8
%

0.0% 3.03 % 3.03 % 1.5% 1.5% 0.5% 0.0% 0.0% 55 %

Total

Count 139 6 24 20 9 2 12 8 4 2 9 3 2 240

% of
Total

57.9
%

2.5% 10 % 8.3 %
3.7
%

0.8% 5 % 3.3% 1.6% 0.8 % 3.7 % 1.2% 0.8% 100.0%

TABLE 3: Distribution of clinical outcomes of the patients with their co-morbidity status

In this study, the majority of CLR MDR strains were isolated from neurology ICU patients i.e., 46/70 (65%)
followed by patients of neonatal ICU, i.e., 11/70 (15.7%) (Table 4).
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Organisms

Location

TotalPediatrics
ICU

Neurology
ICU

Cardiac
ICU

Medicine ICU Neonatal ICU

Klebsiella pneumoniae

 Number of MDR Strains 8 106 1 27 24 166

Number of CLR MDR
 strains

1           23 0 4 5 33

Escherichia coli

 Number of MDR Strains 5 42 0 27 15 89

Number of CLR MDR
 starins

2 11 0 2 3 18

Pseudomonas
aeruginosa

 Number of MDR Strains 3 15 0 9 5 32

Number of CLR MDR 
starins

0 4 0 1 0 5

Acinetobacter baumannii

 Number of MDR Strains 2 22 1 12 13 49

Number of CLR MDR 
starins

1 5 0 2 2 10

Klebsiella oxytoca

 Number of MDR Strains 0 3 0 1 1 5

Number of CLR MDR 
starins

0 0 0 0 0 0

Citrobacter freundii

 Number of MDR Strains 1 2 0 1 0 4

Number of CLR MDR 
starins

0 2 0 0 0 2

Acinetobacter lwoffii

 Number of MDR Strains 0 1 0 0 0 1

Number of CLR MDR 
starins

0 1 0 0 0 1

Enterobacter aerogenes

 Number of MDR Strains 0 1 0 1 1 3

Number of CLR MDR 
starins

0 0 0 0 0 0

Unidentified

 Number of MDR Strains 1 2 0 0 0 3

Number of CLR MDR 
starins

0 0 0 1 0 1

Pantoea species

 Number of MDR Strains 0 0 0 1 1 2

Number of CLR MDR 
starins

0 0 0 0 0 0

Enterobacter cloacae

 Number of MDR Strains 0 1 0 0 0 1

Number of CLR MDR 
starins

0 0 0 0 0 0

Citrobacter  amalonaticus

 Number of MDR Strains 0 1 0 0 0 1

Number of CLR MDR 
starins

0 0 0 0 0 0

Pseudomonas species

 Number of MDR Strains 0 0 0 0 1 1

Number of CLR MDR 
starins

0 0 0 0 0 0

Total  Number of MDR Strains 20 (5.6%) 194 (54.3%) 2 (0.56%) 79 (22.12%) 62 (17.36%) 357 (100%)

 
Number of CLR MDR
 starins

4 (5.7%) 46 (65%) 0 (%) 9 (12.8%) 11(15.7%) 70 (100%)

TABLE 4: ICU-wise distribution of multi-drug resistant (MDR) gram-negative bacterial isolates and
colistin resistant (CLR) MDR gram-negative bacteria isolates

Discussion
Colistin is one of the commonly used antibiotics in infections caused due to MDR organisms. Presently, the
emergence of plasmid-mediated CLR in the GNB has greatly limited its use against many aggressive
infections [22]. Hence, the rationale of the present study was to estimate the prevalence of CLR in MDR GNB
isolated from patients admitted in different ICUs of a tertiary care health centre and to determine the
clinical outcomes of the patients

The highlight of this study is the high prevalence of CLR in MDR GNB infections and its association with
clinical outcomes. According to a study from India [16], the overall prevalence of CLR (19.6%) of acquired
type was much higher than the reported prevalence in western countries [8,15]. For the high prevalence of
CLR among MDR isolates in our study, several factors are taken into consideration. There is frequent use of
colistin, as it is not very tightly regulated till now, and in infections still susceptible to lower antibiotics, it is
used occasionally in suboptimal doses. Colistin is frequently used in farm and dairy animals, in agriculture,
and in pisciculture which leads to the leaching of colistin into the environment in low doses and induction
of CLR among saprophytic organisms, which later enters the human body in different ways [17].
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In our study, the rate of CLR was found to be more in Klebsiella pneumoniae and Escherichia coli as compared
to other species which is in agreement with a study done by Zafer et al. [23]. Similarly, the present findings
are consistent with previously published studies [24-27]. As per previous findings, the incidence of resistant
subpopulation among hetero-resistant GNB-like members of the Enterobacteriaceae family may augment due
to colistin treatment [28]. Besides, the same study suggests that infections triggered by these organisms may
have a negative clinical outcome following colistin administration due to cross-resistance to host the innate
immune system [28]. Recent global antimicrobial surveillance programme reports have also enumerated a
low prevalence of CLR among Enterobacteriaceae isolates [11,12]. Some studies mention the augmentation
of the CLR rate among carbapenemase producers [12]. As CLR is not routinely tested, the exact extent of
acquired CLR is not yet known. In this study, the prevalence of CLR among MDR Pseudomonas aeruginosa is
1.4% and among Acinetobacter spp. is 2.8%, which is much less in comparison to other studies. In a
surveillance of MDR organisms in a tertiary health care setting in North India, Wattal et al. found 8%
of Pseudomonas spp. to be resistant to colistin in ICU samples [7]. In 2011, a multicentric study from Kuwait
pointed to a relatively high rate of CLR of 12% among the 250 Acinetobacter spp isolates studied [15].
Another study from North India has even reported the emergence of tigecycline and CLR Acinetobacter
baumannii in urinary tract infections [16].

In Pseudomonas spp and Acinetobacter spp.,  patient-to-patient transmission appears to play an important
role. CLR Acinetobacter spp. prevalence was very less in our ICU contrary to the above studies. Stringent
hand washing and surface cleaning carried out as a routine in our ICUs could likely be the reason for this. 

The MDR GNB isolates were mostly recovered from blood cultures (26.8%) followed by ulcer/surgical wound
exudates (23.0%). CLR was common among MDR GNB isolated from the respiratory samples of the patients
who presented with respiratory tract infection (31.4%) followed by blood samples i.e., 25% of the patients
with a diagnosis of septicemia.

On the contrary, bloodstream infection by CLR MDR strain was reported as the most common infection in a
study done on the emergence of CLR in MDR Klebsiella pneumoniae and Escherichia coli isolated from cancer
patients, from Egypt [23]. This may be due to the neutropenic status of the cancer patients favoring GNB
bloodstream infection treated with colistin. 

During treatment decisions, colistin is generally tested in MDR isolates. In this study, 54.1%, 21.8%, and 18%
of the samples were from neurology ICU, medicine ICU, and neonatal ICU respectively where the patients
generally stayed for a longer period of time. Other studies also mentioned that CLR in patients is related to
prolonged ICU admission, which is again consistent with the use of colistin as a last resort to treat severe
MDR bacterial infections like nosocomial infection [13,14]. In a study done on an enteric colonization survey,
the prevalence of CLR was found to be less among enterobacterial isolates without earlier use of colistin [8].

In this study, out of the total patient data collected, 57.9% of the patients had no comorbidity, and majority
of 55% of them recovered. Recovery was maximum (74.2%) among the patients with no underlying
comorbidity. There were two patients with the diagnosis of brain tumors and both of them died. Patients
with diabetes with underlying kidney disease were 24 in number and 83.4% of them died.

The present study showed that CLR isolates were mostly (60.4%) isolated from the samples of neurology ICU
patients. Patients in neurology ICU usually stay for a prolonged period with many invasive devices and are
exposed to many broad-spectrum antibiotics leading to infection with MDR strains which are again treated
with colistin leading to the development of CLR variants.

Limitation of this study: Previous studies established the fact that acquired resistance to colistin by MDR
GNB is transmissible and plasmid-mediated. Hence, in this study, further investigation of the plasmid gene
in GNB for CLR would ascertain the definite cause of resistance. 

Conclusions
The present study represents the CLR among the MDR isolates from a tertiary care hospital in eastern India.
We found that the prevalence of CLR was high (19.6%) among all MDR GNB isolates from samples of ICU
patients and that Klebsiella pneumoniae and Escherichia coli develop CLR frequently. CLR was common
among the MDR strains isolated from patients with respiratory infections and samples of neurology ICU
patients. Patients without any comorbid condition recovered in maximum numbers. It can be concluded that
prolonged hospital stay and direct antibiotic pressure in hospitals can lead to the development of CLR
variants and are considered to be nosocomial in origin. Active involvement of the microbiology department
in antibiotic surveillance, as well as stewardship programs and strict infection control practices to prevent
further increase in resistance to these last resorts of antimicrobials, is the need of the hour.
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