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ABSTRACT
Background: Respiratory infections among critically ill Patient are associated with high morbidity and
mortality. Mechanically ventilated patients are at a high risk of acquiring respiratory infections due to
complex interplay between the endotracheal tube, host immunity and virulence of invading bacteria.
Irrational use of antibiotics increases the emergence of drug – resistant bacteria. Objectives: The
aim of study was to investigate the bacterial isolates in the endotracheal aspirates of mechanically
ventilated patients in ICU and see the antimicrobial resistance pattern of bacterial isolates.
Methods: Analysis of E.T aspirates of 459 patients over a period of 1 year (Aug 14 to Aug 15) was
done. Aspirates were cultured on Blood and MacConkey agar isolation and identification was done
using conventional techniques and biochemical reactions. Antibiotic sensitivity testing was done by
Kirby-Bauer disc diffusion method as per CLSI guidelines. Results: Out of 459 Samples 365 was
found to be positive. Acinetobacter sp (44.65%) was the most common isolate followed by Klebsiella
sp (18.63%), Pseudomonas sp (11.23%), Candida (10.46%), Escherichia Coli (7.94%), COPS
(3.28%), CONS (2.46%), Enterococci (0.82%), and Citrobacter (0.54%). The gram-negative bacilli
were mostly sensitive to Tigecycline, Colistin, Imipenem, Meropenem, Amikacin and
Piperacillin/Tazobactam. Gram positive Cocci were mostly sensitive to Vancomycin, Linezolid and
Gentamicin.
Conclusion: The isolation and antimicrobial resistance pattern of the microorganisms is necessary
for their effective management. Endotracheal intubation is one of the major risk factors in causing
iatrogenic infections to patients. A local antibiogram for each hospital, based on bacteriological
patterns and susceptibility is essential to initiate empirical therapy.
Keywords: Endotracheal aspirates, ventilated patients, antibiogram of bacterial isolate

DOI:10.21276/iabcr.2019.5.2.09
Received: 03.04.19
Accepted: 12.06.19

*Corresponding Author

Ms. Megha Sharma,
Assistant Professor, Department of
Microbiology, Ananta Institute of Medical
Sciences & Research Centre, Rajsamand.

Copyright: © the author(s) and publisher.
IABCR is an official publication of Ibn Sina
Academy of Medieval Medicine & Sciences,
registered in 2001 under Indian Trusts Act, 1882.
This is an open access article
distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BYNC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work
non-commercially, and license their derivative
works on different terms, provided the original
work is properly cited and the use is noncommercial

INTRODUCTION_____________________
Mechanical ventilation is a life-saving procedure for many
patients in intensive care unit. Patients who are intubated
and mechanically ventilated are further at a high risk of
acquiring respiratory infections due to complex interplay
between the endotracheal tube, host immunity and virulence
of invading bacteria which may lead to ventilator associated
pneumonia (VAP).Tracheal colonization of different bacteria
may be responsible for added or super infections and at the
same time, increases the risk of mortality1. The etiological
agents may vary according to the population of patients in
ICU, duration of hospital stay, pre-existing and prior
antimicrobial therapy.
To add to the trouble, the statistical data and evidences from
research prove that multi drug resistance bacteria are rapidly
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emerging across the world and pose a big challenge to health
care system. Extensive and non-specific use of broadspectrum antibiotics in hospitalized patients has led to both
increased carriage and the development of multi drug
resistant strains.2 Multi drug resistance bacteria cause
serious nosocomial and community acquired infections that
are hard to eradicate. One must use existing antibiotics
skillfully and more judiciously. It is difficult to manage these
infections effectively unless we are armed with adequate and
good quality data about the antibiotics susceptibility pattern
of organisms causing respiratory infections among
mechanically ventilated patients in intensive care unit. To be
more effective this data has to be region specific and also
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has to be updated regularly as bacterial susceptibility varies
with time and space. Unfortunately, such data is scanty, and
this has led to a wide spread of mortality and morbidity due
to respiratory infections. Therefore, updated knowledge of
local epidemiology and susceptibility profile is recommended
for guiding the clinicians regarding empirical choice of
antibiotics and should become mandatory along with
adequate clinical diagnosis and bacterial confirmation.3
Hence, the study was planned to identify pattern of bacterial
isolates responsible for respiratory tract infections among
mechanically ventilated patients at intensive care unit and to
make their antimicrobial resistance pattern.
Aims & Objectives:
1. To study the microorganism’s profile in the ICU
during the study period in endotracheal tube culture.
2. To study the antibiotics to which these
microorganisms are susceptible.
3. To propose a proper empirical antibiotic therapy in
intubated patients according to prevalence of
microbiological organisms in ICUs.

METHODS__________________________
The prospective study was carried out with the samples of
endotracheal aspirates and endotracheal tube tip received
from ICUs in the microbiology laboratory over a period of one
year (Aug-2014 – Aug-2015). Samples were collected under
sterile conditions from patients admitted in both medical and
surgical intensive care unit who were ventilated for at least
48 hrs.
Collection of Specimen:
Endotracheal Aspirate: Sampling was done by introducing a
catheter aseptically through the endotracheal tube and
secretions aspirated into a sterile syringe.
Endo-tracheal tube tip: The endo-tracheal tube tip was cut
aseptically into a sterile container and sent to the
Microbiology laboratory.
Processing of Specimen:
Endotracheal Aspirate:
Both 10μl of the specimen and 1 μl of the specimen was
inoculated in blood agar and MacConkey agar.
Endotracheal tube tip: The lumen of endotracheal tube tip
was rinsed with 0.5 ml of sterile normal saline. 10μl of the
fluid was inoculated on blood agar and MacConkey agar. A
gram’s stain of the endotracheal secretions / endotracheal
tube tip fluid was done to assess the number of pus cells and
the presence of bacteria. A semi quantitative method was
followed, and plates were incubated overnight at 37°C.13.
The organisms isolated were identified based on colony
characteristics on Blood agar and MacConkey agar, Gram's
stain, Biochemical reactions by using standard
microbiological
techniques.
Isolates
identified
as
commensals or contaminants were excluded from further
process. A Kirby-Bauer method was used to test the
susceptibility of organisms to various antibiotics. As per
Clinical and Laboratory Standards guideline (2014).4
Antibiotics used:
Ampicillin/Sulbactam (AS-10/10μg), Cefuroxime (CXM30μg),
Cefoxitin
(CX-30
μg),
Ceftriaxone(CTR30μg),Vancomycin
(VA-30μg),
Linezolid
(LZ-30μg),
Piperacillin/Tazobactam
(PIT-100/10μg),
Ceftazidime/Clavulanic
acid
(CAC-30μg/10μg),
Cefotaxime/Sulbactam (CFS-5/30μg), Cefepime (CPM-5μg),
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Ceftriaxone (CTR-30μg ),Gentamicin (GEN-10μg), Amikacin
(AK-30μg), Aztreonam (AT-30μg),Azithromycin- AZM-15
μg),
Ciprofloxacin
(CIP-5μg),
Levofloxacin-(LE5μg),
Amoxicillin/Sulbactam (A/S-30μg), Imipenem (IMP-10μg),
Colistin (CL-10μg), Meropenem (MRP- 10μg), Polymyxin B
(PB-300U), Tigecycline (E- strip).Zone diameter was
measured and interpreted as per the Clinical and Laboratory
Standards Institute(CLSI) guidelines (2014)4.

RESULTS___________________________
A total of 459 samples were collected from 459 patients
during the study period of one year. Out of 459, 94 samples
were either sterile or were polymicrobial growth which were
not processed further for the study. Among 365, 184 samples
(50.4%) were of male and rest were of female181 (49.58%).
The organism isolated were Acinetobacter sp. 163 (44.65%),
Klebsiella sp 68 (18.63%), Pseudomonas sp 41 (11.23%),
Escherichia Coli 29 (7.94%), Candida 38 (10.41%),
Coagulase Positive staphylococcus aureus (COPS)12
(3.28%), Coagulase Negative Staphylococcus aureus
(COPS) 9 (2.46%), Enterococci (0.82%), and Citrobacter 02
(0.54%)
Acinetobacter was the most resistant of all other isolates. It
was sensitive to Tigecycline (98.15%), Colistin (96.9%0,
Meropenem (94.4%), Imipenem (92.02%), followed by
Amikacin
36.80%,
Levofloxacin
30.6%,
Piperacillin/Tazobactam (25.7%), Ciprofloxacin 25.15%.
(table-2).
Table 1: Micro-organisms isolated and percentage (n=459)
Micro-organisms

%

Acinetobacter sp

163(44.65%)

Klebsiella sp

68(18.63%)

Pseudomonas sp

41(11.23%)

Candida

38(10.46%)

Escherichia Coli

29(7.94%)

Citrobacter

2(0.54%)

Coagulase Negative Staphylococci (CONS)

9(2.46%)

Coagulase Positive Staphylococci (COPS)

12(3.28%)

Enterococci

3(0.82%)

No growth

94

Total

459

All isolates of Pseudomonas sp were sensitive to Imipenem
100%, Meropenem 100%, Tigecycline 100%, Colistin 100%,
Polymyxin-B 100%, followed by Amikacin 68.2%,
Piperacillin/ Tazobactam 68.2, Levofloxacin 56.09%. (table2).
All Klebsiella sp were 100% sensitive to Tigecycline and
Colistin followed by Imipenem 86.76%, Meropenem 88.2%,
Levofloxacin
23.5%,
Amikacin
35.29%,
Piperacillin/Tazobactam 19.11, Ciprofloxacin 11 (16.17%).
Other drugs were 7.3% sensitive were highly resistant with
sensitivity of 7.3% (Ceftazidime/ C.A, Cefotaxime/
Sulbactam, Cefepime, Ceftriaxone) (table-2).
Similarly, all strains of Escherichia Coli were 100% sensitive
to Tigecycline and Colistin only. Followed by Imipenem
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89.6%, and Meropenem 89.6%, followed by Amikacin 79.3%,
Piperacillin/ Tazobactam 68.9%, Levofloxacin 41.3%,
Ciprofloxacin 34.4% (table-2.)
Only two isolates of Citrobacter were found which were 100%
sensitive towards Amikacin, Piperacillin/Tazobactam,
Imipenem, Tigecycline, Colistin, Meropenem.
In case of Gram positive bacteria all 12 (3.28%) COPS were
100% sensitive towards Vancomycin and Linezolid, followed
by Gentamicin 78%, Fluoroquinolones as 41.6%, followed by
Amoxicillin/Clavulanic acid and Ampicillin / Sulbactam and
Cotrimoxazole 33.3%,each , other cephalosporins ,
(Cefuroxime, ceftizoxime, ceftriaxone, cefixime and cefoxitin)
as 25% sensitive only.(Table-3)
CONS isolates were 100% sensitive towards Vancomycin
and Linezolid, followed by Gentamicin 77.7%, Levofloxacin
55.5% Cotrimoxazole 33.3%) followed by other
cephalosporins and Ciprofloxacin as 22.2% sensitive.
(Table-3)
Enterococci show 100% sensitivity towards Vancomycin,
Amoxicillin/ C.A, Ampicillin/ Sulbactam and linezolid and
Gentamicin.
Table- 2 Antibiotic Sensitivity pattern of Gram-negative Clinical
isolates
Klebsiella
sp
n = 68

Acinetobacter
sp n = 163

Pseudomonas
sp
n = 41

Escherichia
Coli n = 29

Citrobacter
n =2

Amikacin

24(35.29%)

60(36.80%)

28(68.2%)

23(79.3%)

2(100%)

Piperacillin/Tazobacta
m

13(19.11%)

42(25.7%)

28(68.2%)

20(68.(%)

2(100%)

Ciprofloxacin

11(16.17%)

41(25.15%)

20(48.7%)

10(34.4%)

0

Levofloxacin

16(23.5%)

50(30.6%)

23(56.09%)

12(41.3%)

0

Imipenem

59(86.76%)

150(92.02%)

41(100%)

26(89.6%)

2(100%)

Tigecycline

68(100%)

160(98.15%)

41(100%)

29(100%)

2(100%)

Colistin

68(100%)

158(96.9%)

41(100%)

29(100%)

2(100%)

Meropenem

Organism/Antibiotics

60(88.2%)

154(94.4%)

41(100%)

26(89.6%)

2(100%)

Ceftazidime/Clavulanic
acid

5(7.3%)

0

18(43.9%)

9(31.03%)

0

Cefotaxime/Sulbactam

5(7.3%)

0

18(43.9%)

9(31.03%)

0

Cefepime

5(7.3%)

0

18(43.9%)

9(31.03%)

0

Ceftriaxone

5(7.3%)

0

18(43.9%)

7(24.13%)

0

Polymixin-B

ND

ND

41(100%)

ND

ND

Ampicillin/ Sulbactam

ND

ND

ND

11(37.9%)

ND

DISCUSSION________________________
To prevent or combat respiratory failure, life- saving
procedures are done on emerging or elective basis such as
endotracheal intubation and mechanical ventilation. Many
clinical conditions warrant need for ventilated support like life
threatening infections, sepsis in acute respiratory distress
syndrome, neurological dysfunction due to poisoning drug
toxicity, cerebrovascular accidents, traumas and others.
Mechanical Ventilation helps to prevent deaths due to
respiratory failure but on the other hand it possess great
threat, by host immune response and infectious organisms
that lead to life threatening lung infection.5 Mechanically
ventilated and tracheotraumatized patients are colonized
with bacteria of either endogenous or exogenous origin
which might end up in Vat or VAP.6 Healthcare associated
infections continue to be a major cause of patient morbidity
and mortality in ICUs.
International Archives of BioMedical And Clinical Research

The various organisms were isolated and cultured from these
samples and their susceptibility testing was done according
to clinical and Laboratory standard Institute guidelines
(CLSI)4 with the intention of assessing the discriminative
prevalence of various common bacteria and to identify the
local prevalent antibiotic response against the detected
pathogens.
Table-3 Antibiotic susceptibility pattern of Gram-positive clinical
isolates
Antibiotics

COPS

CONS

Enterococci

Total Strains

n = 12

n=9

n=3

Gentamicin

9(78%)

7 (77.77%)

3(100%)

Cefuroxime

3(25%)

2(22.2%)

0

Ceftozoxime

3(25%)

2(22.2%)

0

Ceftriaxone

3(25%)

2(22.2%)

0

Cefixime

3(25%)

2(22.2%)

0

Vancomycin

12(100%)

9(100%)

3(100%)

Azithromycin

3(25%)

2(22.2%)

0

Amoxcillin +Calvulanic Acid

4(33.3%)

2(22.2%)

3 (100%)

Ampicillin/Sulbactam

4(33.3%)

2(22.2%)

3 (100%)

Ciprofloxacin

5(41.6%)

2(22.2%)

0

Levofloxacin

5(41.6%)

5(55.5%)

0

Cotrimoxazole

4(33.3%)

3(33.3%)

0

Linezolid

12(100%)

9(100%)

3(100%)

Cefoxitin

3(25%)

2(22.2%)

0

Penicillin

2(22.2%)

5(55.5%)

0

Our study showed 80% growth from endotracheal aspirates
which are concurrent with the study of Bhaskar Thakuria et
al7. who has reported 85% growth and V.R. Rathod et al8 who
also has also reported 85% of endotracheal aspirate growth.
Another study of Santosh Khanal et al9 Ada Siler Junior et
al.10 and Koirala et al11have variable growth rate of (78-92%).
Another Study by Kartik S.L. et. al.12 gave a lower growth rate
of 70.07%.
As far as the bacterial profile is concerned out of 365 isolates,
303 (83.47%) were gram negative bacterial isolates (GNB)
and only 22 (6.06%) were GPC, similar findings has been
quoted by V.S. Rathod et al8 in which 80% were GNB, 20%
were GPC. Our study correlates with many studies and
particularly as shown in one systemic review article by
Yaseena Arabi et al13 were GNB range from 41 to 92%, GPC
between 6-58%. In our study 38 (10.41%) isolates were
fungus whose DST was not followed as our aim of study was
to chart out antibiotic susceptibility profile of the bacterial
isolates only.
In our study bacterial isolates identified are Acinetobacter sp.
44.65%, Klebsiella sp 18.63%, Pseudomonas sp. 11.23%,
Escherichia Coli 7.94%, Citrobacter 0.54%,. Similar findings
were reported by Priya Santharam et. al.14 Acinetobacter
followed Pseudomonas, klebsiella pneumonia. Non
fermenter gram negative bacilli, Escherichia Coli and then
Citrbacter. Our study also coincides with study conducted by
N. Shanmuga vadivoo et. al.15 that Acinetobacter has over
taken the pathogenic role in ventilated patients.
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V.S. rathod et al8 quoted Klebsiella pneumonia as the most
common isolate followed by pseudomonas aeriginosa and
Acinetocabter baumannii, in his study which coincides with
vadivoo et al15 which reported Klebsiella followed by
Acinetobacter and Pseudomonas. Also, Shilpi Dhakar et.
al.16 detected Klebsiella as most common pathogen followed
by Pseudomonas, staphylococcus, Acinetobacter and
Escherichia Coli with small number of enterobacter, and
streptococcus. Such contrast can be due to discriminative
prevalence due to the change in the demographic region of
all studies conducted.
Among GPC, in our study 3.28% were COPS, 2.46% CONS
and 0.821% were Enterococci isolates which is in similarity
to the findings of V.S. Rathod et al 8 were GPC contributed
to 6% among micro-organisms isolates. Priya Santharam et
al14 figured out 8% Staphylococcus aureus and were as Dipti
Chandra et. al.17 also reported 8.82% of Staphylococcus
aureus.
In our study Acinetobacter was found to be the most
predominant bacteria which shows high resistance towards
penicillin, cephalosporins (ceftazidime and cefepime),
intermediate sensitivity for aminoglycoside (Amikacin as
36.80%) followed by fluoroquinolones (Ciprofloxacin and
Levofloxacin). Acinetobacter sp were highly sensitive
towards carbapenems (Imipenem 92.02%, Meropenem
94.4%) followed by Colistin 96.9% and Tigecycline 98.15%.
40 (24.53%) strains of Acinetobacter sp was multidrug
resistant.
Sensitivity pattern of Klebsiella sp. shows high resistance
towards cephalosporins. Intermediate sensitivity towards
Amikacin 35.29%, 23.5% for levofloxacin and 16.17% for
Ciprofloxacin. Carbapenems shows 88.2% sensitivity. Most
sensitive drugs against Klebsiella sp were Tigecycline and
Colistin as 100% each. 44(64.70%) strains of Klebsiella sp
were multi drug resistant18
In our study Pseudomonas sp shows high sensitivity pattern
towards Tigecycline 100%, Colistin 100%, Meropenem
100%, Imipenem 100%, Polymixin B 100%, followed by
Amikacin 68.2%, and combination Piperacillin/ Tazobactam
68.2%. Cephalosporins gave 43.9% sensitivity for
pseudomonas. Flouroquinolones were also intermediate
sensitive for Pseudomonas (Levofloxacin 56.09% and
Ciprofloxacin 48.70 %.)
Tigecycline and Colistin were 100% sensitive for Eschericha
Coli followed by Carbapenems (Imipenem and Meropenem
89.6% each). Amikacin has also significant sensitivity pattern
for Escherichia Coli 79.3% followed by combination of
Piperacillin/Tazobactam. Levofloxacin has lesser senstivity
41.3% and Ciprofloxacin 34.4%. All specimens show a great
resistance towards cephalosporins with a sensitivity pattern
of 24.13%.
Few species of Citrobacter were isolated which were highly
sensitive towards Amikacin, Piperacillin /Tazobactam,
Imipenem, Meropenem, Colistin, Tigecycline as 100%
sensitive. But all were resistant towards flouroquinolones and
cephalosporins.
In case of COPS, CONS and Enterococci all isolates were
found 100% sensitive towards Vancomycin and Linizolid
followed by Gentamicin,(78%) Flouroquinolones 41.6%,
combination of Amoxicillin/C.A 33.3% /22.2% respectively
and Ampicillin /Sulbactam 33.2%/ 22.2% respectively. 9
(75%) strains were identified as Methicillin resistant
Staphylococcus aureus. Gram positive organisms of E.T.
International Archives of BioMedical And Clinical Research

aspirates in our ICU set up were mostly resistant to penicillin
derivatives and cephalosporins.

CONCLUSION_______________________
The study reveals that the antibiotic susceptibility pattern
varies across region and timeline and hence studies
examining the local susceptibility pattern should be carried
out at every centre. Endotracheal Intubation is a major risk
factor in causing iatrogenic infections to patient which leads
to an increase in the morbidity and mortality. Our study
reported a high percentage resistance among gram negative
bacilli to cephalosporins. Aminoglycosides (Amikacin), and a
combination of Piperacillin/Tazobactam were found to be
moderately effective. Carbapenems, Colistin and Tigecycline
were found to be most effective drug of choice.
For gram positive bacterial isolates shows significantly high
resistance for penicillin and cephalosporin. 75% MRSA
strains were also indentified. Vancomycin and linezolid were
found to be most sensitive followed by Aminoglycoside
(Gentamicin).
From present study we have concluded that analyzing the
E.T aspirate was important as the sensitivity to the antibiotic
obtained, is an alarming factor for efficacious and judicious
use for antibiotics. This study will help us in implementing
different antibiotics prophylactically with regard to the
commonly obtained sensitivity pattern.
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