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Abstract

Brief Communication

Introduction

Hospital‑associated infections caused by multidrug‑resistant 
(MDR) Gram‑negative bacteria (GNB), especially Klebsiella 
pneumoniae, Acinetobacter baumannii, and Pseudomonas 
aeruginosa, represent a growing problem worldwide. Over the 
last decade, an increase in carbapenem‑resistant isolates has 
resulted in the widespread use of combination therapy with 
colistin as the backbone of the regimen.[1] However, colistin 
resistance is beginning to emerge, raising with it the specter 
of untreatable Gram‑negative infection resulting in difficult 
antibiotic therapy.[2] We analyzed the epidemiological and 
clinical profile and outcome of patients with colistin‑resistant 
Gram‑negative isolates at a tertiary care hospital in India. We 
conducted a retrospective chart review of patients admitted at 
a 700‑bed tertiary care hospital, from whom colistin‑resistant 
GNB were isolated.

Materials and Methods

We identified all colistin‑resistant Gram‑negative 
bacilli (minimum inhibitory concentration (MIC) >2 mcg/ml) 
from our Microbiology Department between January 2014 and 
June 2015. Organisms that are intrinsically resistant to colistin 
such as Stenotrophomonas, Burkholderia, Proteus, Serratia, 
Morganella, and Providencia are not tested and were excluded. 
Susceptibility testing for colistin was done by VITEK 2, 
and MIC was reported based on Clinical and Laboratory 
Standards Institute guidelines. The isolates were also tested 

Background: As the use of colistin to treat carbapenem‑resistant Gram‑negative infections increases, colistin resistance is being 
increasingly reported in Indian hospitals. Materials and Methods: Retrospective chart review of clinical data from patients with 
colistin‑resistant isolates (minimum inhibitory concentration >2 mcg/ml). Clinical profile, outcome, and antibiotics that were used for 
treatment were analyzed. Results: Twenty‑four colistin‑resistant isolates were reported over  18 months  (January 2014–June 2015). 
A history of previous hospitalization within 3 months was present in all the patients. An invasive device was used in 22 (91.67%) patients. 
Urine was the most common source of the isolate, followed by blood and respiratory samples. Klebsiella pneumoniae constituted 87.5% 
of all isolates. Sixteen (66.6%) were considered to have true infection, whereas eight (33.3%) were considered to represent colonization. 
Susceptibility of these isolates to other drugs tested was tigecycline in 75%, chloramphenicol 62.5%, amikacin 29.17%, co‑trimoxazole 
12.5%, and fosfomycin (sensitive in all 4 isolates tested). Antibiotics that were used for treatment were combinations among the following 
antimicrobials‑tigecycline, chloramphenicol, fosfomycin, amikacin, ciprofloxacin, co‑trimoxazole, and sulbactam. Among eight patients 
who were considered to have colonization, there were no deaths. Bacteremic patients had a significantly higher risk of death compared 
to all nonbacteremic patients (P = 0.014). Conclusions: Colistin resistance among Gram‑negative bacteria, especially K. pneumoniae, 
is emerging in Indian hospitals. At least one‑third of isolates represented colonization only rather than true infection and did not require 
treatment. Among patients with true infection, only 25% had a satisfactory outcome and survived to discharge. Fosfomycin, tigecycline, 
and chloramphenicol may be options for combination therapy.

Keywords: Colistin resistance, combination therapy, outcome

Access this article online

Quick Response Code:
Website:  
www.ijccm.org

DOI:  
10.4103/ijccm.IJCCM_454_16

Address for correspondence: Dr. Rajalakshmi Arjun, 
#6, Padma Nagar, Fort, Trivandrum ‑ 695 023, 

Kerala, India.  
E‑mail: dr.a.rajalakshmi@gmail.com

This is an open access article distributed under the terms of the Creative Commons 
Attribution‑NonCommercial‑ShareAlike 3.0 License, which allows others to remix, tweak, 
and build upon the work non‑commercially, as long as the author is credited and the 
new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

How to cite this article: Arjun R, Gopalakrishnan R, Nambi PS, Kumar DS, 
Madhumitha R, Ramasubramanian V. A study of 24 patients with colistin-
resistant Gram-negative isolates in a tertiary care hospital in South India. 
Indian J Crit Care Med 2017;21:317-21.

A Study of 24 Patients with Colistin‑Resistant Gram‑negative 
Isolates in a Tertiary Care Hospital in South India

Rajalakshmi Arjun, Ram Gopalakrishnan, P. Senthur Nambi, D. Suresh Kumar, R. Madhumitha, V. Ramasubramanian

Department of Infectious Diseases, Apollo Hospitals, Chennai, Tamil Nadu, India

Page no. 73



Arjun, et al.: Colistin resistance

Indian Journal of Critical Care Medicine  ¦  Volume 21  ¦  Issue 5  ¦  May 2017318

against piperacillin‑tazobactam, gentamicin, amikacin, 
ceftazidime, cefoperazone‑sulbactam, cefepime, imipenem, 
meropenem, ciprofloxacin, trimethoprim/sulfamethoxazole, 
chloramphenicol, and tigecycline using VITEK 2. Fosfomycin 
sensitivity was checked manually.

Patient records were then analyzed for variables such as age, 
sex, comorbidities, Intensive Care Unit (ICU) stay, presence of 
indwelling devices, prior antibiotic exposure within 3 months, 
colonization versus true infection, antibiotics used, clearance of 
infection, and outcome. Acute Physiology and Chronic Health 
Evaluation (APACHE) score and Charlson Comorbidity Index 
were also calculated to corroborate with outcome. Outcome 
of patients, who were considered to have true infection and 
treated, was analyzed.

Clearance from the Ethics Committee of the hospital was 
obtained before the commencement of the study.

Results

Twenty‑four colistin‑resistant isolates were reported 
over  18 months  (January 2014–June 2015). Colistin MIC 
was  >16 mcg/ml in 14 isolates  (58.33%), 8–16 mcg/ml 
in 3 isolates  (12.50%), and 4–8 mcg/ml in 7  (29.17%) 
isolates. All these isolates were resistant to cephalosporins, 
piperacillin‑tazobactam, cefoperazone‑sulbactam, and 
carbapenems. The mean age of the patients was 58.33 and 
median length of stay was 24.5 days. The average APACHE 
II score was 12.66. Comorbidities present were diabetes in 
12 (50%) isolates, chronic kidney disease (CKD) in 12 (50%), 
chronic liver disease in 6 (25%), heart disease in 3 (12.5%), 
and chronic obstructive pulmonary disease in 1 (4.17%) isolate.

Previous hospitalization within 3  months was noted in all 
24  patients. An invasive device was used in 22  (91.67%) 
patients. Urine (8 [33%]) was the most common source of the 
isolate, followed by blood (6 [25%]), respiratory (5 [20.8%]), 
pus  (4  [16.67%]), and cerebrospinal fluid  (1  [4.17%]). 
K. pneumoniae constituted 21 of the 24 (87.5%) organisms, 
with one isolate each of Escherichia coli, Enterobacter, and 
Acinetobacter. No colistin‑resistant Pseudomonas isolate was 
encountered. Nineteen of these patients had positive cultures 
from one other site (pus, respiratory sample, urine, and blood), 
of which nine were carbapenem‑resistant GNB.

Antibiotic exposure in a previous hospitalization  (within 
3  months) was analyzed  [Figure  1]: colistin was used in 
1 patient, carbapenem in 11, and beta‑lactam‑beta‑lactamase 
inhibitor (BL‑BLI) in 16 patients. Antibiotics that were used 
in their current admission before isolating a colistin‑resistant 
organism were colistin in 15 patients  (62.5%), carbapenem 
in 19  (79.17%), BL‑BLI in 9  (37.5%), and tigecycline in 
12 (50%) patients.

Sensitivity of isolates to other drugs tested was shown in 
Figure 2: tigecycline 18/24 (75%), doxycycline 5/24 (20.8%), 
chloramphenicol 15/24 (62.5%), amikacin 7/24 (29.17%), and 
co‑trimoxazole 3/24 (12.5%). Ciprofloxacin was sensitive in 

only one isolate among the 24 isolates, whereas fosfomycin 
was tested in 4 isolates only and was susceptible in all.

Sixteen patients (66.6%) were considered to have true infection, 
whereas eight (33.3%) were considered as colonization and 
were not treated. Among eight patients who were considered 
to have colonization, there were no deaths and seven (87.5%) 
improved. Antibiotics that were used for treatment were 
combinations of tigecycline, chloramphenicol, fosfomycin, 
amikacin, ciprofloxacin, co‑trimoxazole, and sulbactam. 
Among 16 patients with true infection, 4 (25%) improved and 
were discharged, 9 (56.25%) expired, and 3 (18.75%) were 
transferred in poor condition for palliative care to other centers 
at family request. Among the six bacteremic cases, five patients 
expired and one improved. Among the nonbacteremic patients 
with true infections, 4/10 (40%) patients expired. Bacteremic 
patients had a significantly higher risk of death compared to 
all nonbacteremic patients  (P = 0.014) though this was not 
significant after exclusion of colonized patients (P = 0.145). 
Antibiotic combinations used for treatment in those with true 
infection are shown in Table 1.

Discussion

The increase in colistin use to treat carbapenem resistant bacteria 
unfortunately has resulted in the emegence of colistin resistance 
in GNB by definition considered as extensively drug resistant 
GNB.[3] Unfortunately, this has resulted in the emergence 
of colistin resistance in GNB, by definition considered 
drug‑resistant GNB  (extensively drug resistant).[4] The 
emergence of mobilized colistin resistance‑1‑mediated colistin 
resistance carried on plasmids further complicates the issue, and 
therefore, it is important to understand the epidemiology and 
define treatment approaches to colistin‑resistant bacteria, while 
at the same time making efforts to limit spread.[5]

Initial reports of colistin resistance were in Acinetobacter 
isolates. As early as in 2001, a Spanish study by Valero et al. 
noted colistin resistance among Acinetobacter species.[6] 
Isolates from Greece also revealed resistance to polymyxin in 
2007.[7] Data from the SENTRY study on global antimicrobial 
surveillance program between 2001 and 2004 showed 
polymyxin B resistance in Acinetobacter species ranging 
between 2.7% and 3.3%.[8] In 2011, a multicentric study from 
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Figure 1: Antibiotic exposure in the past 3 months
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Kuwait pointed a relatively high rate of colistin resistance of 
12% among the 250 Acinetobacter isolates studied.[9]

In 2011, an Indian study on colistin resistance among 
Acinetobacter in urine samples done during 2007–2008 revealed 
colistin resistance of around 3.5%.[10] Qureshi et al. report on 
a case series of patients with isolation of colistin‑resistant 
and carbapenem‑resistant A. baumannii (CRAB). In some of 
the cases described by the authors, the isolates have become 
truly pandrug resistant (PDR) with resistance seen to all tested 
antimicrobials.[11] In this study, we had only one Acinetobacter 
isolate: the majority were K. pneumoniae (87.5%), the other 
organisms being one isolate each of E. coli, Enterobacter, and 
Acinetobacter. Among carbapenem‑resistant K. pneumoniae, 
17% resistance rate to colistin has been reported in Taiwan.[12] 
In the study by Ghafur et al., 7 out of 13 clinical isolates were 
Klebsiella.[13] An Indian study by Goel et  al. described 24 
isolates of colistin‑resistant K. pneumoniae in an oncology 
center located in eastern India during 2013–2014.[14] An Indian 
study to determine colistin resistance among Gram‑negative 
isolates, with colistin MIC assessed by agar dilution method 
and without clinical data, showed that among 94 MDR isolates, 

27 showed colistin resistance and among 9 K. Pneumoniae 
isolates 6 were colistin resistant.[15] Colistin resistance 
among other isolates in the above study was as follows: 
E.  coli  (9/48), P. Aeruginosa  (3/10), A. baumannii  (1/2), 
Proteus mirabilis (4/5), Enterobacter cloacae (1/3), Proteus 
rettgeri (2/2), and Salmonella enterica (1/4).

Transmission of colistin‑resistant K. pneumoniae within 
hospital has always been a concern, and several outbreaks have 
been reported. In an acute general hospital in Italy between 
June and December 2011, 58 colistin‑resistant K. pneumoniae 
isolates were recovered from 28 patients admitted to different 
wards but mainly in the ICUs.[16] An Euro surveillance study 
revealed that 43% of carbapenemase‑producing K. pneumoniae 
isolates were resistant to colistin in Italy.[17] Several other 
outbreaks of colistin‑resistant Klebsiella have been reported 
in hospitals, depicting both emergence of resistance and 
transmission of resistant clones of Klebsiella.[18,19] However, 
studies looking into clinical profile and outcome of these 
patients are scarce.[13]

The mean age of patients in our study was 58.3 years, which 
is comparable to the study by Ghafur et  al.[13] Previous 
hospitalization within 3 months was noted in all our patients, 
and most had a prolonged current hospital stay before a positive 
culture of colistin resistant isolate; these factors are reflective of 
comorbidities, a “sick” state in general and antibiotic exposure. 
Previous hospitalization and stay in long‑term care facility 
as a risk factor are noted in previous studies as well.[20] An 
invasive device was used in 22 (91.67%) patients, reflecting 
the underlying disease of the patient and the need for a portal 
of entry for infection to occur.

Prior antibiotic exposure is considered an important risk factor 
for colistin resistance. In our study, antibiotics used in previous 
hospitalizations within 3 months were BL‑BLI (16 patients) 
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Figure 2: Sensitivity of the colistin‑resistant isolates to other drugs tested

Table 1: Patient profile, antibiotic combination used, and outcome

Serial 
number

APACHE 
score

Charlson 
index

Sample Antibiotics used for treatment Clearance on 
surveillance cultures

Outcome

1 22 6 Blood Tigecycline + co-trimoxazole Not checked Expired
2 24 9 Blood Tigecycline + ciprofloxacin Not checked Discharged
3 12 5 Blood Chloramphenicol + fosfomycin + doripenem Not checked Expired
4 25 7 Blood Tigecycline + chloramphenicol Not checked Expired
5 12 5 Blood Tigecycline + ciprofloxacin Cleared Expired
6 16 3 Blood Chloramphenicol + fosfomycin Not checked Expired
7 10 8 Urine Chloramphenicol + fosfomycin Cleared Expired
8 25 1 Urine Chloramphenicol + fosfomycin+ imipenem Not checked Discharged
9 4 7 Urine Tigecycline + chloramphenicol + colistin Not checked Expired
10 15 1 Respiratory Tigecycline + colistin Not checked Lost to follow-up
11 18 4 Respiratory Tigecycline + colistin Not checked Lost to follow-up
12 25 7 Respiratory Tigecycline + colistin Not checked Expired
13 12 7 Pus Tigecycline Not checked Discharged
14 2 5 Pus Tigecycline + co-trimoxazole Not checked Lost to follow-up
15 12 3 Pus Tigecycline + amikacin + colistin Not checked Expired
16 9 7 CSF Tigecycline + chloramphenicol + sulbactum Not checked Expired
CSF: Cerebrospinal fluid; APACHE: Acute Physiology and Chronic Health Evaluation
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followed by carbapenem (11 patients). Qureshi et al. found that 
colistin‑resistant A. baumannii occurred almost exclusively 
among patients who had received colistin methane sulfate 
for treatment of carbapenem resistant (CRAB), colistin 
susceptible A. baumannii infection.[11] However, there are 
previous reports of independent emergence of colistin‑resistant 
Enterobacteriaceae isolates without colistin exposure.[21] In 
this study done between 2009 and 2010 on 82 carbapenem 
resistance Enterobacteriaceae isolates, four were colistin 
resistant (3 Klebsiella and 1 E. cloacae) for whom no prior 
therapy with colistin was noted.

Among the drug tested for sensitivity, tigecycline 18/24 (75%) 
had a good susceptibility followed by chloramphenicol 
15/24 (62.5%). Aminoglycosides 7/24 (29.17%), doxycycline 
5/24 (20.8%), and co‑trimoxazole 3/24 (12.5%) all had poor 
sensitivity. Ciprofloxacin was sensitive in only one isolate 
among the 24 isolates. Fosfomycin was tested in four isolates 
only and was sensitive in all. These are similar to two other 
studies from India.[13,14]

Tigecycline was the most common antibiotic  (12/16) used 
in combination with other drugs, even used for bacteremic 
patients, due to lack of treatment options. Chloramphenicol 
was used in seven patients in combination with an another 
agent; the drug has variable sensitivity in different studies.[22‑24] 
Fosfomycin was used as intravenously in four patients in whom 
it was found to be susceptible. Only one patient who received a 
combination of tigecycline and ciprofloxacin cleared bacteremia 
and improved. The treatment regimen for colistin‑resistant 
A. baumannii infection associated with the lowest mortality 
rate was noted in his study by Qureshi et al. as a combination 
of colistin, a carbapenem, and ampicillin‑sulbactam.[11] In 
the study by Tsiotutis, the drug that was commonly used 
was tigecycline.[25] High‑dose tigecycline  (200 mg daily) in 
combination with colistin has been tried.[26]

Another drug that has reemerged for use against drug‑resistant 
GNB is fosfomycin. Falagas et al. systematically reviewed 
17 studies  (accounting for 5057 clinical isolates of 
Enterobacteriaceae) evaluating the antimicrobial activity 
and clinical effectiveness of fosfomycin for infections caused 
by MDR Enterobacteriaceae including ESBL. Eleven studies 
reported that at least 90% of the isolates were susceptible to 
fosfomycin.[27]

In our study, 66.6% were true infection whereas 33.3% were 
colonizers, similar to the study by Ghafur et  al., in which 
5 of 13 isolates (38%) were colonizers.[19] Among the eight 
patients who were considered to have colonization, there 
were no deaths and seven  (87.5%) improved, highlighting 
the role of making this distinction. In nonbacteremic isolates, 
it is essential to differentiate true infection and colonization 
to prevent the unwarranted use of antibiotics, as patients with 
colonization in our study had a good outcome as compared 
to true infections. Six out of our 24 isolates were from blood, 
of whom 5 expired. Bacteremic patients carried a very high 
mortality of 83.3% which is similar to the other study from 

India where three out of four patients with PDR died.[13] High 
APACHE score, prolonged hospital stay, invasive devices, 
presence of diabetes and CKD, and blood stream infections 
were associated with mortality. Among the nonbacteremic 
patients with true infections, 4/10  (40%) patients expired. 
In the study by Goel et al., 21 out of 24 were true infections 
and 3 were colonizers; out of 24, 10 were bacteremic, overall 
mortality was 25%  (6 out 24 expired), but the outcome of 
bacteremic patients was not stated.[14] Resistance to colistin 
is independently associated with worst outcomes and was 
observed in other studies as well.[28]

Conclusions

Colistin resistance among GNB, especially K. pneumoniae, is 
emerging in Indian hospitals. Recent hospitalization, prolonged 
current hospitalization  (median of 24.5  days), presence of 
diabetes and CKD, use of invasive devices, and prior colistin 
exposure were all commonly seen. At least one‑third of isolates 
represented colonization rather than true infection, highlighting 
the role of the clinician in making this distinction. Among 
patients with true infection, only 25% had a satisfactory 
outcome and survived to discharge, with bacteremia carrying 
an even poorer prognosis. Fosfomycin, tigecycline, and 
chloramphenicol may be options for combination therapy.
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