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Pseudomonas aeruginosa and Acinetobacter baumanii are aerobic non fermenting gram 

negative opportunistic pathogens that are major causes of nosocomial infections. Both 

these microorganisms thrive well in nutrient-deprived conditions and are responsible for a 

wide spectrum of infections. They show a higher predilection for infection in patients with 

diminished host defenses. Intensive care units are considered the epicenter of antibiotic 

resistant infections. Outbreaks are mainly associated with invasive procedures, cross 

infection via the hands of health staff and prolonged use of broad spectrum antibiotics. The 

rapidly spreading nature of carbapenem resistance among these organisms has raised 

concern over the reliability of carbapenems in managing critically ill patients. Successful 

management of multidrug resistant infections depends on strict compliance to infection 

control measures and judicious antibiotic use.  The main aim of this study includes to 

isolate and identify Pseudomonas aeruginosa and Acinetobacter baumannii from 

endotracheal secretions and perform their antibiotic susceptibility test. Also to establish the 

prevalence of these organisms in ventilated patients in intensive care units. Approval was 

obtained from the ethics committee and waiver of informed consent was sought. The 

samples for this cross-sectional study were endotracheal secretions from patients, 

processed using standard microbiological procedures and antibiotic susceptibility testing 

done using Kirby-Bauer disc diffusion method. After incubation the results were read and 

interpreted as per CLSI guidelines. Non-fermenters constituted 60.24% of the isolates 

recovered from the 83 endotracheal secretion samples. Pseudomonas aeruginosa was the 

most common non- fermenter isolated (54%), followed by Acinetobacter baumanii (30%). 

Pseudomonas aeruginosa was the most commonly isolated non-fermenter (54%) followed 

by Acinetobacter baumannii(30%). From our study, aminoglycosides like amikacin and 

gentamicin were found to have good efficacy against Pseudomonas aeruginosa. 

Acinetobacter baumannii remained highly resistant to most of the antibiotics tested except 

colistin and tigecycline. 
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Introduction 
 

Pseudomonas aeruginosa (P.aeruginosa) and 

Acinetobacter baumannii (A.baumannii) are 

aerobic non-fermenting gram negative 

opportunistic pathogens that are major causes 

of nosocomial infections. Both these 

microorganisms thrive well in nutrient-

deprived conditions and are responsible for a 

wide spectrum of infections including 

pneumonia, urinary tract infections, wound 

infections, meningitis and septicemia
[1]

. They 

show a higher predilection for infection in 

patients with diminished host defenses. 

Intensive care units are considered the 

epicenter of antibiotic resistant infections. 

Outbreaks are mainly associated with invasive 

procedures, cross infection via the hands of 

health staff and prolonged use of broad 

spectrum antibiotics 
[1,2]

.
 
 

 

In intubated patients, the endotracheal tube 

gets readily colonized by bacteria within 24 

hours. Biofilm formation and adherence using 

pili will aid their survival
[3,4]

. These 

organisms express a variety of determinants 

that confer resistance to several antibiotics
[5]

. 

Earlier studies have shown a higher in-patient 

mortality rate with infections due to 

Carbapenem-Resistant Acinetobacter 

baumannii (CRAB). The rapidly spreading 

nature of carbapenem resistance among these 

organisms has raised concern over the 

reliability of carbapenems in managing 

critically ill patients. Limited treatment 

options against these multidrug resistant 

strains has led to the revival of an old 

antibiotic colistin, which was not in use for 

many years owing to its properties of 

nephrotoxicity and neurotoxicity
[6]

. 

Successful management of multidrug resistant 

infections depends on strict compliance to 

infection control measures and judicious 

antibiotic use. This study therefore aims to 

evaluate the prevalence of these two 

organisms in the endotracheal secretions of 

patients admitted at this centre to appraise 

clinicians of their current antibiotic 

susceptibility and resistance patterns. It is 

intended to explore the potential of employing 

adequate empirical therapy which may save 

human lives and financial resources. 

 

The main aim of this study includes to isolate 

and identify Pseudomonas aeruginosa and 

Acinetobacter baumannii from endotracheal 

secretions and perform their antibiotic 

susceptibility test. Also to establish the 

prevalence of these organisms in ventilated 

patients in intensive care units. 

 

Materials and Methods 

 

This study is a cross-sectional study on  

P. aeruginosa and A. baumannii obtained 

from endotracheal secretions from patients of 

this tertiary care hospital. This cross sectional 

study was conducted in the Microbiology 

department of this Medical college during the 

period April to June 2017. 

 

Pseudomonas aeruginosa and Acinetobacter 

baumannii are non-fermenting gram negative 

organisms causing health care associated 

infections with evidence of increased 

resistance to antibiotics. An organism is 

considered a non-fermenter, if it fails to 

produce acid in routine glucose medium or 

utilizes glucose oxidatively.
[7]

 

 

Isolation and identification of Non-fermenting 

Gram-negative Bacilli was done either as a 

pure growth in culture or as the predominant 

isolate in a mixed culture.
 
Growth on triple 

sugar iron agar slant with no growth 

extending into the butt and no acidification of 

the slant was taken as that of a non-fermenter. 

Identification was done by studying the 

odour, colony morphology, pigment 

production, Gram staining, motility, 

biochemical reactions and antibiotic 

susceptibility test results. The culture media 
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used to study the colony characteristics were 

Blood agar, Chocolate agar and MacConkey 

agar. The biochemical reactions used were 

oxidase test, indole production, Triple sugar 

iron agar, mannitol motility medium, urea 

hydrolysis, citrate utilization, nitrate 

reduction, and 10% lactose broth.
[8]

 
 

Antibiotic susceptibility testing was done 

using the Kirby-Bauer disc diffusion method 

to study antibiotic susceptibility. A lawn 

culture of the bacterial suspension was made 

by spreading the entire surface of Mueller-

Hinton agar using a sterile cotton swab dipped 

in the suspension. After five to ten minutes, 

filter paper discs impregnated with antibiotic 

of definite concentrations were placed on the 

surface of the medium using sterile forceps. 

After incubation at 37˚C for 18 to 24 hours, 

the results were read by measuring the zone 

diameter in millimetres using a ruler and 

interpreted using standard interpretative 

charts as per CLSI (Clinical and Laboratory 

Standards Institute) guidelines 
[9]

. 
 

An antibiogram is the representation of the 

antibiotic sensitivity testing, where the 

susceptibility pattern of an isolated bacterial 

strain to different antibiotics is indicated.  
 

Sampling 
 

Consecutive sampling by serial recruitment of 

all endotracheal secretions coming to the 

laboratory, if selection criteria were fulfilled. 
 

Inclusion criteria 
 

All endotracheal secretions coming to the 

microbiology department were consecutively 

included in the study. 
 

Exclusion criteria 

 

The samples excluded were the improperly 

collected samples and repeat samples from 

the same patient already included in study. 

 

Ethical issues 

 

Institutional scientific review board and ethics 

committee approval along with the waiver of 

informed consent were obtained. Permission 

to conduct the study was obtained from the 

Medical Superintendent of this institution. All 

data were stored anonymously and handled 

only by the investigator and authorised 

personnel. 

 

Sample size 
 

Sample size was calculated using Master 

Sample Size computer software.
[10] 

In the 

study by Kalidas Rit et al., from Kolkata, out 

of 4180 clinical samples studied, 504 

(12.05%) non-fermenters (P.aeruginosa and 

A.baumannii) were isolated 
[2]

. The proportion 

of 0.1205 was used to calculate the sample 

size for single proportion for a confidence 

interval of 95% and precision of 10%.  
 

Study procedure 

 

Endotracheal secretions that reach the 

Microbiology laboratory of this institution 

were selected for the study. The samples were 

processed as soon as possible after collection. 

Endotracheal secretions were vortexed for one 

minute, centrifuged at 3000 rpm for 10 

minutes and semi-quantitative culture done 

using a calibrated inoculating loop which 

holds 0.001ml of the sample. The culture 

media used for inoculation were blood agar, 

chocolate agar and MacConkey agar. The 

inoculated plates were incubated at 37˚C for 

18-24 hours. Identification of the isolates 

were done by standard microbiological 

procedures such as colony morphology, Gram 

stain reactions and biochemical reactions 

mentioned above. Antibiotic susceptibility 

testing was performed by Kirby-Bauer disc 

diffusion method on Mueller-Hinton agar. 

After incubation at 37˚C for 18-24 hours, the 

results were read and interpreted as per CLSI 

guidelines.
[9]
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Data analysis 

 

The data was entered in an Excel spread sheet 

and analysed using SPSS software. The 

frequency distribution of the demographic 

variables was obtained. The proportions and 

confidence limits were obtained for various 

antibiotics for susceptibility and resistance. 

The prevalence of P.aeruginosa and 

A.baumannii were obtained and data 

summarised using graphs and tables.  

 

Ethical considerations 

 

Waiver of informed consent was obtained 

with approval from the institutional ethics 

committee as only samples will be used in 

this study. All data will be stored using code 

numbers to conceal patient identity. 

 

The study flow diagram using Strobe 

guidelines is given in Figure 1.  

 

Results and Discussion 
 

During the period of study from April 2017 to 

June 2017, a total of 83 endotracheal 

secretions from patients of different age 

groups admitted in the various intensive care 

units of the institution were processed. Non 

fermenters constituted 60.24% of the isolates. 

P. aeruginosa was the most commonly 

isolated non fermenter (54%) followed by 

A.baumannii (30%). Both these organisms 

were most frequently isolated from the Neuro 

Apex Care Unit. They were found to have a 

higher predilection for males. P.aeruginosa 

was most commonly isolated from individuals 

aged less than 50 years (38.9%) while 

A.baumannii was most commonly isolated 

from individuals aged more than 50 years 

(20%). 

 

The mechanisms for antibiotic resistance 

amongst these organisms are diverse. Less 

than 15% P.aeruginosa were resistant to the 

3rd and 4th generation cephalosporins, 

aminoglycosides and colistin while over 20% 

showed resistance to carbapenems and 

ciprofloxacin.  

 

In the case of A.baumanii, 60-70 % were 

resistant to carbapenems, 3rd and 4th 

generation cephalosporins and ciprofloxacin 

and over 60% to aminoglycosides. The 

resistance patterns for P.aeruginosa and 

A.baumannii for the selected antibiotics are 

given in Table 1.  

 

The resistance patterns obtained were 

classified as multidrug resistance, extensive 

drug resistance and pan drug resistance based 

on accepted definitions and illustrated in 

Figure 2. Carbapenem resistance was found to 

be due to impermeability of carbapenems and 

expression of carbapenemase enzyme 

(metallo or oxa) as per Vitek reports. 

 

Legend 

 

Carbapenem resistance was found in over 

70%A.baumannii and over 20% 

P.aeruginosa. 73% of A.baumannii were 

multi drug resistant and 60% were extensively 

drug resistant though there was no pan drug 

resistance. In the case of P. aeruginosa, over 

10% were multi drug and extensively drug 

resistant and 3% were pan drug resistant. 
 

Our study documents the isolation of 60.24% 

non-fermenting gram negative bacilli with 

P.aeruginosa forming 54% and A.baumannii 

forming 30% of the isolates. This is consistent 

with the results of Gladstone et al.,
11

and 

Nautiyal et al.,
12
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Fig.1 Study flow diagram 
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Table.1 Antibiotic resistance pattern of Pseudomonas aeruginosa and 

Acinetobacter baumannii 

 

 
Antibiotics Pseudomonas aeruginosa 

(%) 

Acinetobacter baumannii 

(%) 

Ceftazidime 14.81% NA 

Cefoperazone/Sulbactam 14.81% 73.33% 

Doripenem 22.22% 73.33% 

Imipenem 22.22% 73.33% 

Meropenem 22.22% 73.33% 

Ciprofloxacin 25.92% 73.33% 

Amikacin 11.11% 60% 

Gentamicin 11.11% 60% 

Colistin 14.81% 0% 

Cefotaxime NA 80% 

Ceftriaxone NA 80% 

Tigecycline NA 0% 

 

Fig.2 Classification of antibiotic resistance in Pseudomonas aeruginosa  

and Acinetobacter baumannii 

 

 
 

Indiscriminate use of antibiotics has led to a 

rise in resistance against the commonly used 

antibiotics. In our study P. aeruginosa shows 

the highest resistance to ciprofloxacin and the 

least resistance to amikacin and gentamicin. 

Acinetobacter baumannii remained highly 

resistant to most of the antibiotics tested 

except Colistin and Tigecycline.  

 

The resistance could be attributed to 

decreased outer membrane permeability, 

increased efflux systems, alteration of 

penicillin binding proteins and expression of 

hydrolytic enzymes. The resistance could be 

chromosome or plasmid mediated and hence 

poses a serious risk for the spread of 

resistance by gene transfer among gram 

negative organisms 
[5]

.  

For many years, carbapenems have remained 

the drug of choice in the management of 
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critically ill patients. But recently, resistance 

has started emerging rampantly against this 

useful group of antibiotics mainly because 

clinicians fail to step down to a narrower class 

of antibiotics once culture reports arrive. 

CRAB is a rising threat in many parts of the 

world. The emergence of CRAB is attributed 

to the horizontal spread of OXA type of 

Carbapenemase genes. 

 

In our study, aminoglycosides were found to 

have good efficacy against P.aeruginosa. But 

its use is limited because it is rarely used as 

monotherapy, has poor penetration into lung 

and the central nervous system and also 

causes significant nephrotoxicity, ototoxicity 

and neuromuscular blockade. 
 

No resistance has been reported in our study 

by Acinetobacter baumannii against colistin 

and tigecycline. Colistin is a useful 

polymyxin in multidrug resistant infections 

which has limited use owing to its properties 

of nephrotoxicity and neurotoxicity. Colistin 

monotherapy also bears the risk of producing 

hetero-resistance among gram negative 

populations exposed to colistin alone
[16]

.  
 

Tigecycline on the other hand is a 

minocycline derivative with enhanced in vitro 

activity against gram positive and gram 

negative bacteria. Breakthrough bacteremia 

by Acinetobacter baumannii in patients 

receiving Tigecycline has been reported
[14]

. 

Also, Tigecycline resistance may emerge 

while the patient is on treatment 
[15]

. 

Tigecycline has a pharmacokinetic profile not 

favourable for severe blood stream infections. 

Serum levels are low because of large 

distribution volume. This property allows it to 

be useful in surgical site infections not blood 

stream infections. 

 

Combination therapy may help prevent 

emergence of resistance during treatment. 

According to studies, tigecycline and colistin 

combination regimen showed a significant 

decrease in bacterial load at 48 hours leading 

to a conclusion that together they may be used 

until there is an improvement of clinical 

signs, then treatment can be continued with 

monotherapy keeping in mind cost and side 

effects 
[17]

. 

 

In conclusion non fermenters constituted 

60.24% of the 83 isolates obtained from 

endotracheal secretions of patients in this 

hospital. P. aeruginosa was the most 

commonly isolated non- fermenter (54%) 

followed by A. baumannii (30%). 

 

In our study, aminoglycosides like amikacin 

and gentamicin were found to have good 

efficacy against P. aeruginosa. A. baumannii 

remained highly resistant to most of the 

antibiotics tested except colistin and 

tigecycline. 

 

Implications 
 

Appropriate choice of antibiotics while 

instituting empirical therapy is an important 

step in controlling antibiotic resistance. 

Periodic surveillance must be conducted in 

hospitals especially in intensive care units to 

appraise clinicians of the current trends of 

susceptibility patterns of circulating 

pathogens and tackle problems related to 

nosocomial infections caused by drug 

resistant pathogens.  
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