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Abstract
Background: The present study attempted to determine the antibiotic susceptibility of bacteria
isolated from endotracheal tube culture on patients admitted to the intensive care units (ICUs) of
Shahid Mohammadi hospital in Bandar Abbas.
Materials and Methods: This cross-sectional study was conducted on 114 patients hospitalized in
the pulmonary ICU of Shahid Mohammadi hospital in Bandar Abbas from March 2018 to March
2019. The samples of the patients’ endotracheal tube secretions were collected for the culture
purpose on the first and fifth days of hospitalization in the ICU where the disk diffusion method was
used to determine antibiotic susceptibility.
Results: The most common isolated microorganisms from the first day of culture were 26
Acinetobacter spp. isolates (22.8%), 10 Candida isolates (8.8%), and 9 Pseudomonas aeruginosa
isolates (7.9%). The most common microorganisms which were isolated on the fifth day comprised
Acinetobacter spp. with 57 isolates (51.8%), Candida with 6 isolates (5.5%), and P. aeruginosa with
6 isolates (5.5%). The highest resistant bacteria isolated from Acinetobacter spp. samples on the firstday were amikacin (92.3%) and meropenem (84.6%). The highest resistance of P. aeruginosa was
against meropenem (77.8%), while the highest resistance of Acinetobacter spp. isolates was found
to be amikacin (94.7%) and meropenem (86%) from the fifth-day samples. Further, P. aeruginosa
isolates had the highest resistance in meropenem (83.3%), co-trimoxazole, and cefepime (66.7%
for each of them).
Conclusion: Ventilator-associated pneumonia (VAP) is considered a warning condition due to multidrug-resistant bacteria. According to the present study, the most common VAP-causing bacteria are
gram-negative, especially Acinetobacter, with high antibiotic resistance.
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Introduction
Nosocomial infections are counted as one of the most
challenging problems worldwide. This complication
imposes high costs on society and patients and
sometimes results in death or severe morbidities.
Exposure to nosocomial infections is higher in intensive
care unit (ICU) patients since accompanying underlying
diseases could suppress their immune systems, and the
use of endotracheal tubes and mechanical ventilation
contributes to the contraction of infection. In addition,
more prolonged hospital stay for those patients is
regarded as another predisposing factor that increases the
risk of nosocomial infections (1). Several types of bacteria
cause nosocomial infections, including Acinetobacter,
Pseudomonas aeruginosa, Escherichia coli, Klebsiella
pneumonia, Staphylococcus aureus, and Enterococcus (2).

Respiratory tract infection is the most common infection
in ICUs. Intubated patients on mechanical ventilation
are at a greater risk of infection (3). Ventilator-associated
pneumonia (VAP) is considered a major health problem
for patients who experience intubation in the ICU. VAP
develops in mechanically ventilated patients after 48
hours of intubation or tracheostomy. There are two types
of VAP: early-onset and late-onset.
The latter occurs more than 96 hours after intubation
(4). Endotracheal intubation is usually performed on
critically ill patients to prevent aspiration, keep a secure
airway, and restore hypoxemic or hypercarbic respiratory
failure. Emergency intubation does not prevent tracheal
mucosal colonization by the normal endogenous flora and
is an independent risk factor for early VAP (5, 6). Infection
is caused by accumulation of pharyngeal secretions
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behind the endotracheal tube cuff, loss of cough reflex,
and the need to use suction to keep draining secretions.
Furthermore, the transmission of infection through the
personnel hand touches or medical equipment and the
presence of antibiotic-resistant bacteria increase the risk
of those types of infections (7). This study attempted to
evaluate the bacteria isolated from endotracheal tube
culture and their antibiotic susceptibility in patients
admitted to the pulmonary ICU of a leading tertiary
teaching hospital in Bandar Abbas.
Materials and Methods
Sampling
This cross-sectional study was conducted from March
2018 to March 2019. The participants comprised a total
of 114 endotracheal intubated patients with respiratory
failure (i.e., hypoxemia or hypercapnia) in the pulmonary
ICU of the tertiary teaching hospital (Shahid Mohammadi)
of Bandar Abbas, located in the south of Iran (PayambareAzam-therapeutic complex). They were selected randomly
among all admitted patients during this period. Eligible
criteria were 15-year- old or above ICU patients who were
intubated and underwent mechanical ventilation. Patients
whose legal guardians did not sign informed consent
were excluded from the study. Samples were collected
non-invasively with endotracheal aspiration on the first
and fifth day of intubation. The presence or absence of
infection, strain change, and transformation of initial
negative culture were evaluated during two samplings.
The specimens were transferred to blood agar, chocolate
agar as an enriched medium, and McConkey agar as a
selective and differential medium, and then the plates
were incubated at a temperature of 37°C for 48 hours.
Different isolates were examined microscopically using
the gram staining technique. The standard bacteriological
and biochemical tests were performed to determine the
genus and species (8).
Antimicrobial Susceptibility Testing
Antibiotic susceptibility testing of bacteria was performed
by disc diffusion method, following the Clinical
Laboratory Standards Institute (2016) guidelines (9).
The commercial antimicrobial disk (Padtan Teb. Co., IR)
was used, containing antibiotics such as ciprofloxacin (5
μg), ampicillin (10 μg), gentamicin (10 μg), penicillin (10
μg), piperacillin (100 μg), ampicillin-sulbactam (10/10
ug), piperacillin-tazobactam (30/6 ug), imipenem (10
μg), meropenem (10 μg), and cefalexin (30 μg). The
other included antibiotics were ceftazidime (30 μg),
cefotaxime (30 μg), cefixime (5 μg), ceftriaxone (30
μg), cefepime (30 μg), amikacin (30 μg), tetracycline
(30 μg), erythromycin (15 μg), clindamycin (2 μg),
and trimethoprim/sulfamethoxazole (1.25/23.75 ug).
Antibiotic susceptibility was determined after performing
the intubation process from the isolated bacteria on the
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first and fifth days.
Results
Bacteria Isolated From Culture on the First Day
The mean age of the 114 endotracheal intubated patients
with respiratory failure was 17 to 88 years, containing 67
males and 47 females. The duration of hospitalization
was between 2 up to 26 days. Based on the present study’s
findings, the result of the first-day culture for 48 patients
(42.1%) was negative. The isolation culture samples of the
first day were 26 Acinetobacter spp. isolates, 10 Candida
isolates (8.8%), 9 P. aeruginosa isolates (7.9%) , 7 S. aureus
isolates (6.1%), 6 K. pneumonia isolates (5.3%), 2 E. coli
isolates (1.8%), 1 Stenotrophomonas maltophilia isolate
(0.9%), 1 Citrobacter isolate (0.9%), 1 Streptococcus
viridans isolate (0.9%), 1 beta-hemolytic streptococcus
isolate (0.9%), 1 Enterococci isolate (0.9%), and 1
Enterobacter isolate (0.9%) as represented in Table 1.
Antibiotic Resistance of the Isolated Bacteria From the
First Day of Culture
The isolated bacteria of the first-day samples had the
highest antibiotic resistance in Acinetobacter spp. against
amikacin (92.3%), meropenem (84.6%), piperacillintazobactam (69.2%), cefepime (61.5%), ceftazidime
(57.7%), co-trimoxazole (42.3%), ciprofloxacin, and
imipenem (35.5% for each of them). The highest
antibiotic resistance of P. aeruginosa was for antibiotics
as meropenem (77.8%), co-trimoxazole, cefepime (44.4%
for each of them), ciprofloxacin (33.3%), ceftazidime,
and imipenem (22.2%). S. aureus was resistant to
clindamycin and erythromycin (57.1% for each of them),
ampicillin (42.9%), and co-trimoxazole (14.3%). The
highest antibiotic resistance of K. pneumonia was against
piperacillin-tazobactam and cefepime (50% for each
of them), meropenem (33.3%), ampicillin-sulbactam,
ceftriaxone, amikacin, gentamicin, and co-trimoxazole
(16.7% for each of them). The details of the antibiotic
resistance of other bacteria are presented in Table 1.
Bacteria Isolated From Culture on the Fifth Day
The fifth-day culture was negative for 31 patients (28.2%),
and four patients (3.5%) did not fulfill the fifth-day
culture due to death. Out of 110 samples cultured on
the fifth day, Table 2 indicated the following results: 57
Acinetobacter spp. isolates (51.8%), 6 Candida isolates
(5.5%), 6 P. aeruginosa isolates (5.5%), 5 K. pneumonia
isolates (4.5%), 3 S. aureus isolates (2.7%), 1 Enterobacter
isolate (0.9%), and 1 S. maltophilia isolate (0.9%).
Antibiotic Resistance of Bacteria Isolated From Culture
on the Fifth Day
The highest antibiotic resistance of Acinetobacter spp.
isolates from the fifth-day samples was against amikacin
(94.7%), meropenem (86%), piperacillin-tazobactam
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Table 1. Antibiotic Resistance of the Isolated Bacteria From the First Day
Antibiotic

A

Penicillin

P. a

S. a

K. p

E. c

S. m

C

S. v

b-h S

E1

E2

-

-

-

-

-

-

-

1 (100)

-

-

Piperacillin

1 (3.8)

-

-

-

-

-

-

-

-

-

-

Ampicillin

1 (3.8)

-

3 (42.9)

-

-

-

-

-

1 (100)

1 (100)

Ampicillin sulbactam

5 (19.2)

1 (11.1)

-

1 (16.7)

-

-

-

-

-

-

1 (100)

Piperacillin
tazobactam

18 (69.2)

1 (11.1)

-

3 (50)

-

-

-

-

-

-

-

Meropenem

22 (84.6)

7 (77.8)

-

2 (33.3)

-

-

-

-

-

-

-

Imipenem

10 (38.5)

2 (22.2)

-

-

-

-

-

-

-

-

1 (100)

Cefalexin

-

-

-

-

-

-

-

-

-

1 (100)

-

Ceftazidime

15 (57.7)

2 (22.2)

-

-

-

-

-

-

-

-

1 (100)

Ceftriaxone

6 (23.1)

1 (11.1)

-

1 (16.7)

-

-

-

-

-

-

-

Cefepime

16 (61.5)

4 (44.4)

-

3 (50)

1 (50)

1 (100)

-

-

-

-

1 (100)

Amikacin

24 (92.3)

1 (11.1)

-

1 (16.7)

1 (50)

1 (100)

-

-

-

-

1 (100)

Gentamicin

9 (34.6)

-

-

1 (16.7)

1 (50)

-

-

-

-

-

-

Tetracycline

-

-

-

-

-

-

-

-

-

1 (100)

-

Erythromycin

-

-

4 (57.1)

-

-

-

-

-

-

1 (100)

-

Clindamycin

-

-

4 (57.1)

-

-

-

-

-

-

-

-

Cotrimoxazole

11 (42.3)

4 (44.4)

1 (14.3)

1 (16.7)

1 (50)

-

-

-

-

1 (100)

-

Ciprofloxacin

10 (38.5)

3 (33.3)

-

-

1 (50)

-

-

-

-

-

-

Note. A: Acinetobacter; P. a: Pseudomonas aeruginosa; S. a: Staphylococcus aureus; K. p: Klebsiella pneumoniae; E. c: Escherichia coli; S. m: Stenotrophomonas
maltophilia; C: Citrobacter; S. v: Streptococcus viridans; b-h S: Beta-hemolytic Streptococcus; E1: Enterococci; E2: Enterobacter.
Table 2. Antibiotic Resistance of Isolated Bacteria From the Fifth Day
Antibiotic

A

P. a

S. a

K. p

Penicillin

1 (1.8)

-

-

-

Piperacillin

3 (5.3)

-

-

-

-

-

Ampicillin

-

-

2 (66.7)

-

-

-

Ampicillin sulbactam

6 (10.5)

-

-

-

-

-

Piperacillin tazobactam

43 (75.4)

1 (16.7)

-

2 (40)

-

1 (100)

49 (86)

5 (83.3)

-

-

-

-

22 (38.6)

3 (50)

-

-

-

-

Meropenem
Imipenem
Cefalexin

S. m

E. b
-

1 (1.8)

-

-

-

-

-

Ceftazidime

33 (57.9)

1 (16.7)

-

-

-

-

Cefotaxime

3 (5.3)

-

-

-

-

-

Cefixime

3 (5.3)

-

-

-

-

-

Ceftriaxone

13 (22.8)

2 (33.3)

-

1 (20)

-

-

Cefepime

39 (68.4)

4 (66.7)

-

2 (40)

1 (100)

-

Amikacin

54 (97.4)

1 (16.7)

-

1 (20)

1 (100)

-

Gentamicin

17 (29.8)

-

-

-

-

-

Tetracycline

1 (1.8)

-

-

-

-

-

Erythromycin

1 (1.8)

-

1 (33.3)

-

-

-

Clindamycin

-

-

1 (33.3)

-

-

-

Cotrimoxazole

20 (35.1)

4 (66.7)

1 (33.3)

1 (20)

-

1 (100)

Ciprofloxacin

35 (61.4)

2 (33.3)

-

-

-

-

Note. A: Acinetobacter; P. a: Pseudomonas aeruginosa; S. a: Staphylococcus aureus; K. p: Klebsiella pneumoniae; S. m: Stenotrophomonas maltophilia; E. b:
Enterobacter.
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(75.4%), cefepime (68.4%), ciprofloxacin (61.4%),
ceftazidime (57.9%), and imipenem (38.6%). Further,
P. aeruginosa isolates revealed the highest antibiotic
resistance to meropenem (83.3%), cotrimoxazole and
cefepime (66.7% for each of them), as well as imipenem
(50%). In addition, K. pneumonia isolates showed
the highest resistance to piperacillin-tazobactam and
cefepime (40% for each), and S. aureus isolates had the
highest resistance to ampicillin (66.7%), clindamycin,
erythromycin, and co-trimoxazole (33.3% for each of
them). The details of the antibiotic resistance of other
bacteria on the fifth day are illustrated in Table 2.
Discussion
The most important principles of treatment were
documented to be the early detection of nosocomial
infections, type of microorganisms, trends of antibiotic
resistance, and proper use of antibiotics for diminishing
drug resistance (10). Despite comprehensive strategies
to reduce VAP incidence, it remains the leading cause
of death in patients facing nosocomial infections (11).
Krishnamurthy et al suggested that the overall prevalence
of VAP in the ICU was between 10 and 70% (12). They
revealed that several factors might contribute to the
spread of VAP. Intubation was counted as one of the
leading factors that increase VAP risk, causing nosocomial
pneumonia and microaspiration of bacterial colonization
from the oropharynx (11). The present study investigated
114 patients hospitalized in ICUs. The most common
bacteria isolated from the first and fifth-day cultures were
Acinetobacter. In Iran, a study by Ghafouri et al identified
E. coli as the most common bacterium isolated from ICU
patients with acquired pneumonia (13). The observed
difference in results of isolated bacteria could be due to
the differences in the type of samples.
Colonization significantly increased in ICU patients
who underwent intubation due to the inability to oral
feed, reduced salivation, and decreased oral clearance and
hygiene. For this reason, ICU patients are at a high risk
of infection. Colonization varies in different geographical
areas and even in each hospital unit (14, 15). The American
Thoracic Society identifies gram-negative intestinal bacilli
(i.e., Enterobacter, E. coli, Klebsiella, Proteus, and Serratia
marcescens), Haemophilus influenzae, Streptococcus
pneumonia, and S. aureus sensitive to methicillin as the
major bacteria that cause nosocomial pneumonia, and
assigns nosocomial pneumonia caused by them to the
ATSI group; however, if the above microorganisms cause
nosocomial pneumonia along with one of the pathogens
of Pseudomonas aeruginosa, Acinetobacter spp. and
methicillin-resistant S. aureus rank as ATSIII group (16).
The first-day positive samples for Acinetobacter spp.
showed the highest antibiotic resistance to amikacin.
On the other hand, in this study out of 57 cases of
Acinetobacter spp. isolated from the fifth-day culture,
http
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they were most resistant to amikacin. However, Salehifar
et al revealed that susceptibility of Acinetobacter
spp. isolates had the highest antibiotic resistance to
imipenem and tobramycin (70% for each of them) and
ceftazidime (22.2%) (10). Although Acinetobacter spp. is
inherently resistant to aminopenicillins, first and secondgeneration cephalosporins, and chloramphenicol, it
can develop resistance to broad-spectrum beta-lactams,
aminoglycosides, fluoroquinolones, and tetracyclines
(17). Another study reported a high prevalence of VAP
via Citrobacter and K. pneumonia, indicating high levels
of resistance to carbapenems as common antibiotics used
in the ICU while being highly sensitive to polymyxin B
(94%) and tigecycline (96%) (18). Malik et al also reported
K. pneumonia as the most common bacterium causing
VAP with over 60% sensitivity to the combined drugs such
as cefoperazone-sulbactam and piperacillin-tazobactam
(19). This study revealed that K. pneumonia was about
50% sensitive to piperacillin-tazobactam. Although
there are significant differences in the type of common
bacteria and their antibiotic resistance in different studies,
all studies agreed that the most problematic bacteria
contributing to VAP are gram-negative bacteria with
little antibiotic resistance among gram-positive bacteria.
This difference in prevalence and antibiotic resistance
suggests that hospitals should continuously monitor
the prevalence of VAP-causing agents and identify their
antibiotic resistance to be used in experimental therapies
or after determining culture results. One of the limitations
of the present study was the lack of evaluation of bacterial
susceptibility compared to other antibiotics recommended
in new articles and guidelines and the lack of evaluation
of fungal infections and their control drugs. Results of the
present study suggested that the most common bacteria
that cause VAP were gram-negative bacteria, especially
Acinetobacter, which have high antibiotic resistance, are
resistant to most antibiotics commonly used in ICUs, and
should be targeted with appropriate antibiotics.
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