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Abstract 

Introduction: Ventilator-associated pneumonia 

(VAP) is one of the most common infections in 

mechanically ventilated patients. VAP is usually 

caused by multidrug resistant bacteria. The be-

ta-lactam antibiotics, which were once consid-

ered the backbone of antibiotic therapy is under 

strain due to a variety of bacterial antibiotic 

resistance. Recent evidence suggests that colistin 

is the only cannon left in the medical armory to 

treat bacterial infections, mainly those acquired 

in the hospital that no other drug can treat. But 

excessive use of colistin has recently led to re-

sistance to these group of drugs. Initially, re-

sistance to colistin was due to mutations but re-

cently detected plasmid-mediated colistin re-

sistance, which is transferrable, heralds the 

breach of the last group of antibiotics, polymix-

ins. Colistin resistance is on the rise, especially 

in South East Asia countries. So strict infection 

control policies are required to control the 

spread of this infection. 

Objective: This study was conducted to see the 

burden of colistin resistant organisms causing 

VAP in ICU of Himalayan Institute of Medical 

Sciences, Dehradun, India. 

Design: A prospective observational study. 

Setting: Study was conducted in a 40-bed semi-    

. 

closed ICU of a tertiary care super specialized 

hospital between August 2016 to April 2017. 

Patients and participants: Out of 2304 patients 

admitted to ICU 420 had a suspicion of VAP. A 

total of 476 lower respiratory tract samples 

were collected from 400 patients with clinical 

evidence of lower respiratory tract infections in 

form of endotracheal (ET) aspirate, tracheal 

tube (TT) aspirate, and bronchoalveolar lavage 

(BAL) specimens. 

Intervention: Organism identification and the 

susceptibility testing were done by using an au-

tomated system VITEK 2. 

Result: Out of 476 sample received, only 186 

samples organisms were isolated, which showed 

Acinetobacter baumanii was the most common 

organism. It was found that 19 organisms had 

resistance to colistin. Klebsiella pneumoniae 

(25.7%) was the most common organism, which 

was resistant to colistin, followed by Pseudomo-

nas aeruginosa (16%) and Acinetobacter bau-

manii (2.4%). 

Conclusion: The emergence of colistin resistant 

strains is a very serious problem as there are 

only few treatment options. As colistin use is a 

risk factor for colistin resistance, colistin should 

not be used alone, combination therapy should 

be preferred. 
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Introduction 

Pneumonia that occurs 48-72 hours or more fol-

lowing endotracheal intubation is defined as venti-

lator-associated pneumonia (VAP). (1) VAP con-

tributes to approximately half of all cases of hospi-   

. 

tal-acquired pneumonia and it is the second most 

common nosocomial infection in the intensive care 

unit (ICU). (2) VAP is usually caused by multi-

drug resistant bacteria, with no difference of early 

or late onset VAP. (3) Carbapenems, which was 

once considered as a backbone of therapy for mul-

tidrug-resistant (MDR) infections, appears to be 

broken beyond repair. (4) Unavailablity of newer 

antibiotics led to the revival of polymyxin group of 

antibiotics, which have adverse effects. (5) Poly-

myxins are now considered as the last resort for 

treatment of infections with carbapenem-resistant 

Gram-negative bacteria. However, due to selection 

pressure of overuse of colistin, resistance to these 

compounds has begun to emerge. (6,7) Recently 

discovered plasmid mediated colistin resistance 

and clonal expansion through horizontal transmis-

sion is of great concern. (8) The present study was 

aimed to see the burden of colistin resistant organ-    
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organisms causing VAP in ICU of a tertiary care 

hospital. 

 

Material and methods 

The prospective observational study was conduct-

ed from August 2016 to April 2017 in ICU of 

Himalayan Institute of Medical Sciences, Deh-

radun. Institutional research and ethical committee 

clearance for the study was taken. Patients who 

were intubated or mechanically ventilated for ≥48 

hrs with new evidence of lower respiratory infec-

tions were included in the study. For all patients, 

personal profile information was recorded and 

acute physiology and chronic health evaluation 

(APACHE) II severity scoring was calculated at 

the time of admission. Patients were monitored in 

ICU till they were shifted out of ICU. Diagnosis of 

VAP was made by ICU consultants and clinical 

pulmonary infection score (CPIS) ≥6 was calculat-

ed to confirm the diagnosis. (1,9) The samples of 

suspected VAP patients were collected in a sterile 

container with aseptic techniques and sent to the 

microbiology lab. The lower respiratory clinical 

specimens received in Microbiology Department 

from ICU included endotracheal aspirate, tracheal 

tube aspirate, and bronchoalveolar lavage. After 

confirming the quality, the samples were plated on 

sheep blood agar (SBA), chocolate agar (CA), and 

Mac Conkey agar (MA) and were incubated over-

night at 37
o
C for 48 hrs at 5% CO2 incubator. 

Lower the threshold for quantitative cultures was 

considered as 10
5
 CFU/ml. Organisms were identi-

fied and antimicrobial susceptibility tests were 

done by using an automated system VITEK 2 for  

amikacin, amoxicillin-clavulanic acid, aztreonam, 

cefepime, cefotaxime, cefoxitin, ceftazidime, cef-

triaxone, ciprofloxacin, gentamicin, imipenem, le-

vofloxacin, meropenem, piperacillin-tazobactam, 

tobramycin, trimethoprim-sulfamethoxazole, colis-

tin for Gram-negative organisms, and for clinda-

mycin, linezolid, vancomycin and teicoplanin for 

Gram-positive organisms. Quality control strains 

were used Pseudomonas aeruginosa ATCC 27853, 

Staphylococcus aureus ATCC 25923, and E. coli 

ATCC 25922. The result of susceptibility testing 

was interpreted as per CLSI 2015 guidelines. (10) 

Colistin resistant strains were defined as MIC≥4. 

(10,11) 

 

Result 

Total of 2304 patients were admitted to ICU from 

Aug 2016 to April 2017, where 400 patients were 

suspected to develop VAP. After microbiology 

testing only 186 were found positive to have VAP. 

Antimicrobial susceptibility of these organisms   

. 

was tested. The demographic characteristics and 

other findings are described in Figure 1. Baseline 

characteristics of confirmed VAP cases are sum-

marized in Table 1. VAP was seen more common 

in males and in elderly especially in 61-70 years 

with multiple co-morbidities. Most common organ-

isms isolated were Acinetobacter baumanii fol-

lowed by Pseudomonas aeruginosa, Klebsiella 

pneumoniae, Escherichia coli, Enterobacter aeru-

ginosa, Staphylococcus species, and others as 

showed in Figure 2. Most common colistin re-

sistant isolated bacteria were Klebsiella pneumoni-

ae followed by Pseudomonas aeruginosa, and then 

Acinetobacter baumanii. Other bacteria, which 

were found to be colistin resistant included 2 Pro-

teus species and 1 Serratia, which were intrinsical-

ly resistant to colistin (Table 2). 

There was no significant difference in the outcome 

of VAP patients with colistin resistant and colistin 

sensitive strains as summarized in Table 3. 

 

Discussion 

Antibiotic resistance is usually a slow-moving cri-

sis. The emergence of multi and pan-drug-resistant 

Gram-negative bacteria and the lack of new antibi-

otics to combat them has led to the revival of po-

lymyxins. (5,12) Polymyxins, a group of polypep-

tide antibiotics was discovered in the 1950s. How-

ever, because of the reported high incidence of ne-

phrotoxicity, the intravenous formulations of col-

istin and polymyxin B were gradually abandoned 

in most parts of the world in the early 1980s. Col-

istin targets the bacterial cell membrane and causes 

its disruption. (13) Colistin is considered as a last 

resort antibiotic in carbapenem-resistant Gram-

negative infections. But rise in carbapenem re-

sistance leading to overuse and inappropriate use 

of colistin has resulted in the emergence of colistin 

resistance. (14) 

Colistin resistance develops due to chromosomally 

mediated modulation of two-component regulatory 

systems leading to modification of lipid. (15) Acti-

vation of lipopolysaccharide-modifying genes are 

involved in polymyxin resistance in Gram-negative 

bacteria. The recently reported plasmid mediated 

colistin resistance, which is easily transferrable, 

will seriously limit the lifespan of the polymyxins 

as the backbone of regimens against multiple re-

sistant Gram-negative bacilli. (16) 

Pseudomonas aeruginosa, Acinetobacter bau-

mannii, and Klebsiella pneumoniae readily develop 

multiple resistance mechanisms to various classes 

of antibiotics. (17,18) In our study also these or-

ganisms were the most common to develop re-

sistance against colistin. In addition, they are im-    
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portant nosocomial pathogens and are responsible 

for a considerable proportion of infections in pa-

tients in Intensive Care Units (ICUs) worldwide. 

Hence, infections by MDR P. aeruginosa, A. bau-

mannii, and K. pneumoniae strains have become 

common in healthcare institutions. The current sce-

nario is that the continuously evolving the re-

sistance of P. aeruginosa, A. baumannii, and K. 

pneumoniae to antibiotics has led to the emergence 

of clinical isolates susceptible to only one class of 

antimicrobial agents and eventually to pan-drug-

resistant (PDR) isolates, i.e. resistant to all availa-

ble antibiotics. (19) 

Klebsiella pneumoniae, a rod-shaped Gram-nega-

tive bacterium, is an important pathogen in the 

community- and hospital-acquired infections. 

Klebsiella pneumoniae that produce K. pneumoni-

ae carbapenemase (KPC) has rapidly spread across 

hospitals worldwide in the past decade. (20) Col-

istin remains the first line treatment for these infec-

tions. With the rise in colistin usage, cases of col-

istin resistant Klebsiella pneumoniae carbapenem-

ase (KPC)-producing strains are reported globally. 

(21) Colistin resistance has been reported during 

treatment. (22,23) This emergence of colistin re-

sistance (ColR) in carbapenem resistant, K. pneu-

moniae creates a therapeutic the challenge that 

threatens us to return to a “pre-antibiotic era”. (24) 

In present study maximum, colistin resistance was 

seen in Klebsiella pneumoniae, which was 25%, 

which was same as seen by Ghafur, et al from In-

dia. (25) There lies a concern for transmission of 

colistin resistant K. pneumoniae within the hospital 

and several outbreaks of infections have been re-

ported. (26) Colistin resistant isolated K. pneu-

moniae strains were reported in Greece at 10.5-

20% (27,28) followed by South Korea (6.8%), (29) 

Singapore (6.3%), (30) and Canada (2.9%). (31) 

Colistin resistance was found to be independently 

associated with poor prognosis in case of Car-

bapenem resistant Klebsiella. (32) 

P. aeruginosa is one of the major causes of hospi-

tal-acquired infections and is responsible for about 

10-20% of nosocomial infections in patients admit-

ted to the Intensive Care Units (ICUs). Prolonged 

use of carbapenem and colistin has resulted in a 

development of colistin resistance. (33) In our 

study colistin resistant, Pseudomonas is reported to 

be 16%, which was high as compared to another 

study from North India by Wattal, et al (34) which 

showed 8% resistance. Satyajeet, et al showed that 

Pseudomonas shows maximum colistin resistance 

among Gram-negative bacteria. (35) These study 

included all sites infections while our study includ-

ed only VAP. 

Treatment with colistin and its duration is a major 

risk factor for the emergence of colistin resistance. 

It is also associated with the rise of infections with 

other multi-drug resistant Gram-negative organ-

isms, which are intrinsically resistant to colistin 

such as Proteus, Providencia and Morganella. (28) 

In our study also 3 other bacteria found to be col-

istin resistant included 2 proteus and 1 Serratia, 

which are intrinsically resistant to colistin. Another 

matter for concern is the parallel development of 

colistin resistance in Acinetobacter baumannii, a 

possible co-infecting or co-colonising organism 

found mainly in ICU patients and other critically ill 

patients. (36) In our study, colistin resistance in 

Acinetobacter was low about 2.4% though we were 

not able to detect heteroresistance. Colistin hetero-

resistance is defined as bacteria with colistin MIC 

of 2 mg/L in which some detectable subpopula-

tions were able to grow in the presence of >2 mg/L 

colistin. (37) In other studies Asia shows maxi-

mum colistin resistance while Europe and North 

and South America the rate of colistin resistance in 

A. baumannii has generally been below 7%. (38-

41) However, in studies conducted in Bulgaria, 

(42) Spain, (43) and Turkey (44-46) rates of col-

istin resistance in A. baumannii was 16.7%, 19.1%, 

and between 1-4%, respectively. In our study col-

istin resistance was not associated with increased 

mortality but length of stay was slightly increased 

as compared to colistin sensitive groups, which 

were same as Matthaiou’s study in which there was 

no significant difference in mortality between the 

group infected and/or colonized with colistin re-

sistant and colistin susceptible microorganisms. 

(47) 

 

Conclusion 

Colistin forms the backbone of antibiotic therapy 

for MDR infections in the 21st century but  colistin 

resistance has started emerging. Extensive use of 

colistin for the treatment of MDR infections have 

led to the development of colistin resistance. Mul-

tiple co-morbidities, invasive procedures, ICU 

length of stay, and most important colistin expo-

sure are the major driving factors for colistin re-

sistance. Selection pressure of increased use of 

colistin has not only increased colistin resistance 

but also has increased the infections with bacteria, 

which are intrinsically resistant to colistin. Recent-

ly plasmid mediated colistin resistance, which is 

easily transferrable is of great concern. So, to con-

trol this trend, a multidisciplinary approach includ-

ing implementation of strict infection control 

measures, antibiotic stewardship, and widespread 

promotion of better awareness of the danger of   
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Table 1. Baseline characteristic of diagnosed VAP cases 

 

 n=186 

Age 

- Median (yrs) 

- Range (yrs) 

 

56 

12-96 

Age group (n, %) 

- 10-20 

- 21-30 

- 31-40 

- 41-50 

- 51-60 

- 61-70 

- >70 

 

11 (5.9) 

23 (12.36) 

16 (8.6) 

31 (16.66) 

32 (17.2) 

52 (27.95) 

21 (11.29) 

Gender (n, %) 

- Male 

- Female 

 

129 (69.36) 

57 (30.64) 

APACHE II score (mean) 23 

Cause of admission to ICU 

- Chest disease 

- Neuromedicine 

- Head injury 

- Sepsis with MODS 

- CKD 

- CLD 

- CAD 

- Acute pancreatitis 

- Poisoning 

 

18 (9.7) 

40 (21.5) 

41 (22) 

61 (32.8) 

3 (1.6) 

12 (6.45) 

3 (1.6) 

4 (2.1) 

4 (2.1) 

 

Legend: VAP=ventilator-associated pneumonia; APACHE II=Acute physiology and chronic health evalua-

tion II; MODS=multiorgan dysfunction syndrome; CKD=chronic kidney disease; CLD=chronic liver dis-

ease; CAD=coronary artery disease. 
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antimicrobial resistance is crucial to preserving the 

last therapeutic options for infections with multi-

drug-resistant Gram-negative bacteria. Further 

work is required for the possible synergistic effects   

. 

of antimicrobial combinations for the treatment of 

multi- and pan-drug resistant infections to save us 

from entering into the pre-antibiotic era. 



 

 

 

Table 2. Organisms isolated from the sample of patients with VAP and frequency of colistin resistance 

 

Organisms isolated Frequency (n, %) Colistin resistant (n, %) 

Acinetobacter baumanii 83 (44.6) 2 (2.4) 

Pseudomonas aeruginosa 31 (16.7) 5 (16) 

Klebsiella pneumoniae 32 (17.2) 8 (25) 

Escherichia coli 16 (8.6) 0 (0) 

Enterobacter aeruginosa 7 (3.7) 1 (14.2) 

Staphylococcus species 5 (2.6) 5 (100) 

Others 12 (6.5) 3 (25)* 

 

Legend: VAP=ventilator-associated pneumonia; *=including 2 Proteus species and 1 Serratia 

 

 

Table 3. Outcome of patients with colistin resistant Gram-negative organisms causing VAP 

 

 Colistin resistant 

organisms 

Colistin sensitive 

organisms 

No. of days on ventilator (mean, days) 11.33 10.02 

ICU length of stay (mean, days) 13 12.12 

Outcome of patients 

- Expired 

- LAMA 

- Discharge 

 

3 (15.8) 

3 (15.8) 

13 (68.4) 

 

44 (26.3) 

38 (22.75) 

85 (50.89) 

 

Legend: VAP=ventilator-associated pneumonia; ICU=intensive care unit; LAMA=left against medical ad-

vice 
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Figure 1. Patient samples 
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Figure 2. Organisms isolated in patients with ventilator-associated pneumonia 

 

 

 

 

 

 

 

 

 

 

 

 

 

84 Crit Care Shock 2018 Vol. 21 No. 2 



1. American Thoracic Society, Infectious Diseas-

es Society of America. Guidelines for the man-

agement of adults with hospital-acquired, ven-

tilator-associated, and healthcare-associated 

pneumonia. Am J Respir Crit Care Med 2005; 

171:388-416. 

2. Afshari A, Pagani L, Harbarth S. Year in re-

view 2011: Critical care - infection. Crit Care 

2012;16:242-7. 

3. Chi SY, Kim TO, Park CW, Yu JY, Lee B, 

Lee HS, et al. Bacterial Pathogens of Ventila-

tor Associated Pneumonia in a Tertiary Refer-

ral Hospital. Tuberc Respir Dis (Seoul) 2012; 

73:32-7. 

4. Bassetti M, Welte T, Wunderink RG. Treat-

ment of Gram-negative pneumonia in the criti-

cal care setting: is the beta-lactam antibiotic 

backbone broken beyond repair? Crit Care 

2016;20:19. 

5. Falagas ME, Kasiakou SK. Colistin: the reviv-

al of polymyxins for the management of multi-

drug-resistant gram-negative bacterial infec-

tions. Clin Infect Dis 2005;40:1333-41. 

6. Bogdanovich T, Adams-Haduch JM, Tian GB, 

Nguyen MH, Kwak EJ, Muto CA, et al. Col-

istin-resistant, Klebsiella pneumoniae carbape-

nemase (KPC)-producing Klebsiella pneumo-

niae belonging to the international epidemic 

clone ST258. Clin Infect Dis 2011;53:373-6. 

7. Mezzatesta ML, Gona F, Caio C, Petrolito V, 

Sciortino D, Sciacca A, et al. Outbreak of 

KPC-3-producing, and colistin-resistant, Kleb-

siella pneumoniae infections in two Sicilian 

hospitals. Clin Microbiol Infect 2011;17:1444-

7. 

8. Liu YY, Wang Y, Walsh TR, Yi LX, Zhang R, 

Spencer J, et al. Emergence of plasmid-medi-

ated colistin resistance mechanism MCR-1 in 

animals and human beings in China: a micro-

biological and molecular biological study. 

Lancet 2016;16:161-8. 

9. Zilberberg MD, Shorr AF. Ventilator-associ-

ated pneumonia: the clinical pulmonary infec-

tion score as a surrogate for diagnostics and 

outcome. Clin Infect Dis 2010;51 Suppl 1: 

S131-5. 

10. Clinical and Laboratory Standards Institute. 

Performance standards for antimicrobial sus-

ceptibility testing; twenty-fifth international 

supplement. CLSI document M100-S25. 

Wayne PA: Clinical and Laboratory Standards 

Institute; 2015. 

11. European Committee on Antimicrobial Sus-    

. 

 

Crit Care Shock 2018 Vol. 21 No. 2 85 

ceptibility Testing. Breakpoint tables for inter-

pretation of MICs and zone diameters version 

2.0 [Internet]. 2012 [cited 2016 May]. Availa-

ble from: 

http://www.eucast.org/fileadmin/src/media/PD

Fs/EUCAST_files/Breakpoint_tables/Breakpoi

nt_table_v_2.0_120221.pdf 

12. Li J, Nation RL, Milne RW, Turnidge JD, 

Coulthard K. Evaluation of colistin as an agent 

against multi-resistant gram-negative bacteria. 

Int J Antimicrob Agents 2005;25:11-25. 

13. Lim LM, Ly N, Anderson D, Yang JC, 

Macander L, Jarkowski A 3rd, et al. Resur-

gence of Colistin: A Review of Resistance, 

Toxicity, Pharmacodynamics, and Dosing. 

Pharmacotherapy 2010;30:1279-91. 

14. Bialvaei AZ, Samadi Kafil H. Colistin, mecha-

nisms and prevalence of resistance. Curr Med 

Res Opin 2015;31:707-21. 

15. Olaitan AO, Morand S, Rolain JM. Mecha-

nisms of polymyxin resistance: acquired and 

intrinsic resistance in bacteria. Front Micro-

biol 2014;5:643. 

16. Caniaux I, van Belkum A, Zambardi G, Poirel 

L, Gros MF. MCR: modern colistin resis-

tance. Eur J Clin Microbiol Infect Dis 2017; 

36:415-20. 

17. Hanlon GW. The emergence of multidrug re-

sistant Acinetobacter species: a major concern 

in the hospital setting. Lett Appl Microbiol 

2005;41:375-8. 

18. Ramphal R, Ambrose PG. Extended-spectrum 

beta-lactamases and clinical outcomes: current 

data. Clin Infect Dis 2006;42 Suppl 4:S164-72. 

19. Falagas ME, Bliziotis IA. Pandrug-resistant 

Gram-negative bacteria: the dawn of the post-

antibiotic era? Int J Antimicrob Agents 2007; 

29:630-6. 

20. Nordmann P, Cuzon G, NaasT. The real threat 

of Klebsiella pneumoniae carbapenemase-pro-

ducing bacteria. Lancet Infect Dis 2009;9:228-

36. 

21. van Duin D, Doi Y. Outbreak of colistin-

resistant, carbapenemase-producing Klebsiella 

pneumoniae: are we at the end of the road? J 

Clin Microbiol 2015;53:3116-7. 

22. Elemam A, Rahimian J, Mandell W. Infection 

with panresistant Klebsiella pneumoniae: a re-

port of 2 cases and a brief review of the litera-

ture. Clin Infect Dis 2009;49:271-4. 

23. Lee J, Patel G, Huprikar S, Calfee DP, Jenkins 

SG. Decreased susceptibility to polymyxin B 

during treatment for carbapenem-resistant   

. 

References 



Klebsiella pneumoniae infection. J Clin Mi-

crobiol 2009;47:1611-2. 

24. Rojas LJ, Salim M, Cober E, Richter SS, Perez 

F, Salata RA, et al. Colistin Resistance in Car-

bapenem-Resistant Klebsiella pneumoniae: 

Laboratory Detection and Impact on Mortality. 

Clin Infect Dis 2017;64:711-8. 

25. Ghafur A, Vidyalakshmi PR, Murali A, Pri-

yadarshini K, Thirunarayan MA. Emergence of 

pan-drug resistance amongst gram negative 

bacteria! The first case series from India. J Mi-

crobiol Infect Dis 2014;4:86-91. 

26. Monaco M, Giani T, Raffone M, Arena F, 

Garcia-Fernandez A, Pollini S, et al. Colistin 

resistance superimposed to endemic carbape-

nem-resistant Klebsiella pneumoniae: A rapid-

ly evolving problem in Italy, November 2013 

to April 2014. Euro Surveill 2014;19:pii= 

20939. 

27. Neonakis IK, Samonis G, Messaritakis H, Bar-

itaki S, Georgiladakis A, Maraki S, et al. Re-

sistance status and evolution trends of Kleb-

siella pneumoniae isolate in a university hospi-

tal in Greece: ineffectiveness of carbapenems 

and increasing resistance to colistin. Chemo-

therapy 2010;56:448-52. 

28. Kontopidou F, Plachouras D, Papadomichel-

akis E, Koukos G, Galani I, Poulakou G, et al. 

Colonization and infection by colistin-resistant 

Gram-negative bacteria in a cohort of critically 

ill patients. Clin Microbiol Infect 2011;17:E9-

11. 

29. Suh JY, Son JS, Chung DR, Peck KR, Ko KS, 

Song JH. Nonclonal emergence of colistin-

resistant Klebsiella pneumoniae isolates from 

blood samples in South Korea. Antimicrob 

Agents Chemother 2010;54:560-2. 

30. Tan TY, Ng SY. The in-vitro activity of col-

istin in Gram-negative bacteria. Singapore 

Med J 2006;47:621-4. 

31. Walkty A, DeCorby M, Nichol K, Karlowsky 

JA, Hoban DJ, Zhanel GG. In vitro activity of 

colistin (polymyxin E) against 3,480 isolates of 

Gram-negative bacilli obtained from patients 

in Canadian hospitals in the CANWARD 

study, 2007-2008. Antimicrob Agents 

Chemother 2009;53:4924-6. 

32. Capone A, Giannella M, Fortini D, Giordano 

A, Meledandri M, Ballardini M, et al. High 

rate of colistin resistance among patients with 

carbapenem-resistant Klebsiella pneumoniae 

infection accounts for an excess of mortality. 

Clin Microbiol Infect 2013;19:E23-30. 

 

86 Crit Care Shock 2018 Vol. 21 No. 2 

33. Mentzelopoulos SD, Pratikaki M, Platsouka E, 

Kraniotaki H, Zervakis D, Koutsoukou A, et 

al. Prolonged use of carbapenems and colistin 

predisposes to ventilator-associated pneumonia 

by pandrug-resistant Pseudomonas aeruginosa. 

Intensive Care Med 2007;33:1524-32. 

34. Wattal C, Goel N, Oberoi JK, Raveendran R, 

Datta S, Prasad KJ. Surveillance of Multidrug 

Resistant Organisms in Tertiary Care Hospital 

in Delhi, India. J Assoc Physicians India 2010; 

58 Suppl:32-6. 

35. Pawar SK, Karande GS, Shinde RV, Pawar 

VS. Emergence of Colistin Resistant Gram 

Negative Bacilli, in a Tertiary Care Rural Hos-

pital from Western India. Indian J Microbiol 

Res 2016;3:308-13. 

36. Park YK, Jung SI, Park KH, Kim DH, Choi 

JY, Kim SH, et al. Changes in antimicrobial 

susceptibility and major clones of Acinetobac-

ter calcoaceticus-baumannii complex isolates 

from a single hospital in Korea over 7 years. J 

Med Microbiol 2012;61:71-9. 

37. Marchaim D, Chopra T, Pogue JM, Perez F, 

Hujer AM, Rudin S, et al. Outbreak of colistin-

resistant, carbapenem-resistant Klebsiella 

pneumoniae in Metropolitan Detroit, Michi-

gan. Antimicrob Agents Chemother 2011;55: 

593-9. 

38. Gomez-Garces JL, Aracil B, Gil Y, Burillo A. 

Susceptibility of 228 non-fermenting gram-

negative rods to tigecycline and six other anti-

microbial drugs. J Chemother 2009;21:267-71. 

39. Mezzatesta ML, Trovato G, Gona F, Nicolosi 

VM, Nicolosi D, Carattoli A, et al. In vitro ac-

tivity of tigecycline and comparators against 

carbapenem-susceptible and resistant Acineto-

bacter baumannii clinical isolates in Italy. Ann 

Clin Microbiol Antimicrob 2008;7:4. 

40. Quinteira S, Grosso F, Ramos H, Peixe L. Mo-

lecular epidemiology of imipenem-resistant 

Acinetobacter hemolyticus and Acinetobacter 

baumannii isolates carrying plasmid-mediated 

OXA-40 from a Portuguese hospital. Antimi-

crob Agents Chemother 2007;51:3465-6. 

41. Garcia-Penuela E, Aznar E, Alarcon T, López-

Brea M. Susceptibility pattern of Acinetobac-

ter baumannii clinical isolates in Madrid vs. 

Hong Kong. Rev Esp Quimioter 2006;19:45-

50. 

42. Dobrewski R, Savov E, Bernards AT, van den 

Barselaar M, Nordmann P, van den Broek PJ, 

et al. Genotypic diversity and antibiotic sus-

ceptibility of Acinetobacter baumannii isolates   

. 



in a Bulgarian hospital. Clin Microbiol Infect 
2006;12:1135-7. 

43. Arroyo LA, Garcia-Curiel A, Pachon-Ibanez 
ME, Llanos AC, Ruiz M, Pachon J, et al. Reli-
ability of the E-test method for detection of 
colistin resistance in clinical isolates of Aci-
netobacter baumannii. J Clin Microbiol 2005; 
43:903-5. 

44. Evren E, Göçmen JS, Demirbilek M, Alıskan 
HE. Çeşitli Klinik Örneklerden İzole Edilen 
Çoklu İlaca Dirençli Acinetobacter baumannii 
Suşlarının İmipenem, Meropenem, Kolistin, 
Amikasin ve Fosfomisin Duyarlılıkları. Gazi 
Medical Journal 2013;24:1-4. 

45. Kirişci Ö, Özkaya E, Çalışkan A, Özden S,   
. 

 

Crit Care Shock 2018 Vol. 21 No. 2 87 

Alkış Koçtürk S. Klinik örneklerden izole 
edilen Acinetobacter türlerinde direnç pro 
filinin incelenmesi. ANKEM Derg 2013;27: 
140-6. 

46. Aygencel G, Dizbay M, Ciftci A, Turkoglu M. 
Colistin-Resistant Acinetobacter baumannii 
Isolated from Ventilator-Associated Pneumo-
nia: A Case Report from Turkey. Turkish J In-
tensive Care 2010;9:164-7. 

47. Matthaiou DK, Michalopoulos A, Rafailidis 
PI, Karageorgopoulos DE, Papaioannou V, 
Ntani G, et al. Risk factors associated with the 
isolation of colistin-resistant gram-negative 
bacteria: a matched case-control study. Crit 
Care Med 2008;36:807-11. 


	78.pdf
	79
	80
	81
	82
	83
	84
	85
	86
	87

