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Ventilator-associated tracheobronchitis 
(VAT) is a lower respiratory tract 
infection involving the tracheobronchial 
tree.1 It is an intermediate stage between 

the colonization of the lower respiratory tract and 
ventilator-associated pneumonia (VAP).2 This 
infection is common in critically ill intubated patients 
and is an important cause of mortality and morbidity 
in intensive care unit (ICU) patients.1,3 Although 
there is no consensus on the definition of VAT, it 
is generally diagnosed if the following criteria are 
met: a) temperature over 38 °C, b) the onset of new 

purulent secretions or changes in tracheal secretions 
quality, c) no infiltration in chest radiograph, and d) 
positive smear and culture of endotracheal aspirate.4

VAT has been reported as the third most 
common ICU-acquired infection (15.5%), following 
pneumonia (47.0%) and urinary tract infection 
(26.0%). The incidence of VAT is 1.4–11.0%.1,2,5 
In terms of microbiological epidemiology, 75.0% 
and 25.0% of the cases of VAT are caused by gram-
negative and gram-positive bacteria, respectively. 
According to previous studies, the most common 
causes of VAT are Pseudomonas aeruginosa, 
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A B S T R AC T
Objectives: Ventilator-associated tracheobronchitis (VAT) is a common cause of 
mortality and morbidity in patients admitted to intensive care units (ICUs). This study 
was conducted to evaluate the clinical course, etiology, and antimicrobial resistance of 
bacterial agents of VAT in ICUs in Hamedan, Iran.  Methods: During a 12-month period, 
all patients with VAT in a medical and a surgical ICU were included. The criteria for the 
diagnosis of VAT were fever, mucus production, a positive culture of tracheal secretions, 
and the absence of lung infiltration. Clinical course, including changes in temperature 
and tracheal secretions, and outcomes were followed. The endotracheal aspirates were 
cultured on blood agar and chocolate agar, and antimicrobial susceptibility testing of 
isolates were performed using the disk diffusion method.  Results: Of the 1 070 ICU 
patients, 69 (6.4%) were diagnosed with VAT. The mean interval between the patient’s 
intubation and the onset of symptoms was 4.7±8.5 days. The mean duration of response 
to treatment was 4.9±4.7 days. A total of 23 patients (33.3%) progressed to ventilator-
associated pneumonia (VAP), and 38 patients (55.0%) died. The most prevalent bacterial 
isolates included Acinetobacter baumannii (24.6%), Pseudomonas aeruginosa (20.2%), 
and Enterobacter (13.0%). P. aeruginosa and Enterobacter were the most prevalent 
bacteria in surgical ICU, and A. baumannii and K. pneumoniae were the most common 
in the medical ICU. All A. baumannii and Citrobacter species were multidrug-resistant 
(MDR). MDR pathogens were more prevalent in medical ICU compared to surgical 
ICU (p < 0.001).  Conclusions: VAT increases the rates of progression to VAP, the need 
for tracheostomy, and the incidence of mortality in ICUs. Most bacterial agents of VAT 
are MDR. Preventive policies for VAP, including the use of ventilator care bundle, and 
appropriate empirical antibiotic therapy for VAT may reduce the incidence of VAP.
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Staphylococcus aureus, including methicillin-resistant 
S. aureus (MRSA) and methicillin-sensitive S. aureus 
(MSSA), and Acinetobacter baumannii. As reported, 
22.0% of cases have been polymicrobial.1,2 Some 
cases of multidrug resistance (MDR) have also 
been reported.6 The MDR pathogens causing VAT 
mainly include MRSA, P. aeruginosa, A. baumannii, 
Escherichia coli, and Klebsiella pneumoniae.4,7

According to the previous studies, VAT increases 
the duration of mechanical ventilation, the difficulty 
of separating the patient from the ventilator, and the 
duration of ICU stay.2 The clinical importance of 
VAT is similar to VAP in terms of the duration of 
mechanical ventilation, the duration of ICU stay, 
and the need for tracheostomy and antibiotics.8

Supporting evidence indicates that antibiotic 
treatment improves patient outcomes, reduces the 
progression of VAT to VAP and the rate of mortality, 
and increases the number of ventilator-free days.2,9 
Some studies have focused on MDR pathogens and 
their antibiotic sensitivity because early antibiotic 
treatment can improve patient outcomes and  
prevent VAP.4

As the most common nosocomial infection in 
ICUs, VAP leads to death in 50% of the cases,10 and 
increases lung tissue damage, the need for oxygen, 
and the risk of complications such as empyema, 
lung abscess, bacteremia, shock, and death.11 VAP 
affects patients with VAT two-times more than those 
without VAT.12 Since VAT can be such an important 
risk factor for VAP, early empirical and targeted 
antibiotic treatment for tracheitis can improve 
patient outcomes and reduce medical costs, and can 
be regarded as a new option for the prevention and 
early treatment of VAP.4 In addition, independent to 
VAP, VAT can increase mortality and morbidity.13 
Although many studies have been conducted on 
VAP, few have studied VAT.

Considering the early treatment of VAT reduces 
the incidence of subsequent pneumonia, improves 
patient outcomes, and reduces medical costs, 
more studies of VAT are essential. This study was 
conducted to evaluate the etiology, clinical course, and 
antimicrobial resistance of bacterial agents of VAT in 
patients admitted to the ICUs in Hamedan, Iran.

M ET H O D S
We conduced a cross-sectional study on intubated 
patients meeting the criteria for VAT hospitalized 

at the medical ICU of Sina and the surgical ICU 
of Besat Hospital in Hamadan, Iran, between 
August 2014 and July 2015. The four criteria for 
the diagnosis of VAT were temperature > 38 °C, 
mucus production (or increase in production), 
a positive culture of tracheal secretions, and the 
absence of infiltration in chest radiography.1,2 

Patients with tracheobronchitis or pneumonia 
before intubation or an abnormal chest X-ray were 
excluded from the study. For all included patients, 
samples of the endotracheal aspirates were collected 
under sterile conditions and promptly sent to the  
microbiology laboratory.

We examined endotracheal aspirates for the 
presence of polymorphonuclear leucocytes and 
bacteria using Gram stain. The samples were also 
cultured in culture media, including blood agar and 
chocolate agar media. After 48 hours incubation 
at 37 °C, the isolated colonies were processed 
for identification on the basis of their color or 
morphology, and microscopic examination. For 
identification of different genera of Gram-negative 
bacilli, the isolated colonies were cultured in eosin 
methylene blue agar as a differential medium.14

The isolated microorganisms were transferred to 
Mueller-Hinton agar for antimicrobial susceptibility 
testing using Kirby-Bauer disk diffusion method 
with antibiotic discs according to the Clinical and 
Laboratory Standards Institute (CLSI) guidelines.15

Arrangements were made to have unvarying 
antibiograms from the laboratories of both centers, 
and the antibiotic discs were used based on the Gram 
stain as follows:
1.	Gram-positive bacteria: oxacillin, cefazolin, 

vancomycin, clindamycin, ciprofloxacin, 
cotrimoxa zole ,  cef tria xone,  amikacin,  
and rifampin.

2.	Gram-neg ative bacteria :  ciprofloxacin, 
cotrimoxazole, amikacin, ceftriaxone, ceftazidime, 
piperacillin, imipenem, meropenem, and colistin.

The patients’ demographic data, underlying 
diseases, microbiological culture results, and 
antibiotic resistance and treatment response 
(including the reduction of fever and tracheal 
secretion) were recorded. The patients’ clinical course 
was also followed including changes in symptoms 
(temperature and tracheal secretions), progression to 
pneumonia, and recovery or death. For this purpose, 
daily examinations of changes in temperature and 
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tracheal secretions were performed. The data were 
analyzed using SPSS Statistics (SPSS Inc. Released 
2007. SPSS for Windows, Version 16.0. Chicago).

Clinical course (fever reduction, reduced tracheal 
secretion, and progression to VAP) and outcome 
(recovery or death) are presented as frequency and 
percentages. Duration of hospitalization, the interval 
between the patient’s intubation and the onset of 
symptoms, duration of response to treatment and 
the interval between the onset of treatment, and 
extubation time in patients who recovered without 
tracheostomy are reported as mean±standard 
deviation (SD). The types of bacterial isolates from 
the endotracheal aspirates of patients with VAT are 
presented by frequency and percentages.

Chi-square test was used to compare differences 
ICU patients according to underlying disease and 
the type of associated pathogen for VAT. All analyses 
were two-tailed and a p-value < 0.050 was considered 
statistically significant.

The study protocol was approved by the 
Ethical Committee of Hamedan University of  
Medical Sciences.

R E S U LTS
Of the 1 070 patients admitted to the ICUs, 69 
(6.4%) were diagnosed with VAT. The demographic 
characteristics, clinical course, and outcome are 
shown in Table 1. Progression to VAP occurred in 
23 (33.3%) patients.

The patients were also followed according to the 
interval between treatment onset and extubation 
time. Of the 31 patients who recovered, 19 (61.2%) 
were discharged with tracheostomy. In the remaining 
12 patients, the mean interval between the onset 
of treatment and extubation time in patients who 
recovered without tracheostomy was 14.1±19.9 
days (range = 2–90 days). The mean duration of 
hospitalization, intubation, and treatment response 
in patients with VAT are shown in Table 2.

Microscopic examination of endotracheal 
aspirates with Gram stain showed numerous 
polymorphonuclear leukocytes and bacteria.

As shown in Table 1, the highest leukocyte count 
ranged from 11 to 20 (44.8%) in high-power field (× 
40). The most common genus of bacteria was Gram-
negative bacilli (53.6%) followed by Gram-negative 
cocci (26.0%) and Gram-positive cocci (14.4%).

The results of the microbiological culture of 

,endotracheal aspirates were shown in Table 3. 
Overall, the most common bacterial isolates included 
A. baumannii (24.6%), P. aeruginosa (20.2%), and 
Enterobacter (13.0%). Four samples (5.7%) showed 
the simultaneous growth of two species of Gram-
negative bacilli and cocci bacteria.

The most prevalent bacteria in patients from the 
surgical ICU were P. aeruginosa (34.3%), Enterobacter 
(25.0%), and P. vulgaris (12.5%). The most common 
in patients from the medical ICU were A. baumannii 
(45.9%), K. pneumoniae (18.9%) and S. aureus (10.8%). 

Table 1: Demographic characteristics, clinical 
course, and lab results of 69 patients with VAT.

Variables n (%)

Gender
Male
Female

41 (59.4)
28 (40.5)

Cause of hospitalization
Medical 
Surgical

37 (53.6)
32 (46.3)

Clinical course
Fever reduction
Reduced tracheal secretions
Progression to VAP
Recovery
Death

68 (98.5)
45 (65.2)
23 (33.3)
31 (44.9)
38 (55.0)

White blood cells in high power field, n = 29
< 5
5–10
11–20
> 20

6 (20.6)
6 (20.6)

13 (44.8)
4 (13.7)

Age, mean ± SD 55.9 ± 21.9
Age group, years

10–29
30–49
50–69
70–89

11 (15.9)
17 (24.6)
18 (26.0)
23 (33.3)

VAT: ventilator-associated tracheobronchitis; VAP: ventilator-associated 
pneumonia; SD: standard deviation. 

Table 2: Description of continuous variables of 
patients with ventilator-associated tracheobronchitis.

Variables Mean ± SD Range

Duration of 
hospitalization, days

49.7 ± 27.9 14–144

Interval between the 
patient’s intubation and 
symptoms onset, days

4.7 ± 8.5 0.5–60

Duration of response to 
treatment, days

4.9 ± 4.7 1–21

Interval between the 
onset of treatment and 
extubation time in patients 
who recovered without 
tracheostomy, days

14.1 ± 19.9 2–90

SD: standard deviation.
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The antimicrobial susceptibility pattern of 69 
isolated bacteria showed resistance to more than 
two antibiotics, that is MDR, in 38 (55.0%) of the 
isolates including all A. baumannii and Citrobacter 

isolates [Figure 1]. As shown in Table 4, 28 (75.6%) 
of the 37 isolates from medical ICU and 10 (31.2%) 
of the 32 isolates from surgical ICU were MDR (X2 
Pearson = 13.68, p < 0.001).

D I S C U S S I O N
VAT is an important cause of mortality and 
morbidity in ICU patients.1 For several years, VAP 
has been of special interest to researchers and various 
studies have been conducted, but there has been less 
research on VAT. More recently, few studies have 
examined this condition and supported the role of 
VAT in the prognosis of ICU patients.16,17

In our study, the overall incidence of VAT was 
6.4%, which is in the range of previous reports (1.4% 
to 11.0%).1,5,6 Similarly, the incidences of VAT in two 
pediatric ICUs was 3.4% and 7.3%.10,18

Risk factors for VAT include age over 60 years, 
chronic obstructive pulmonary disease, and history 
of surgery.2 In this study, the mean age of patients was 
55.9±21.9 years, and most patients with VAT were 
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Figure 1: Frequency distribution of multiple drug 
resistant by the type of microorganism.

Table 4: Frequency of MDR pathogens in terms of the cause of admission of patients in ICU.

Cause of admission to ICU X2 Pearson p-value

MDR pathogen Medical Surgical

Yes
No
Total

28 (75.6)
9 (24.3)

37 (100.0)

10 (31.2)
22 (68.7)

32 (100.0)

13.68 < 0.001

MDR: multidrug-resistant; ICU: intensive care unit. n(%)

Table 3: Frequency of bacterial isolates from the endotracheal aspirates of 69 ICU patients with VAT based 
on the cause of admission (X2 Pearson Monte Carlo test = 47.36, p-value < 0.001).

Classification pathogen Surgical Medical Overall

Gram-negative cocci Acinetobacter baumannii - 17 (45.9) 17 (24.6)
Moraxella catarralis - 1 (2.7) 1 (1.4)

Gram-negative bacilli Pseudomonas aeruginosa 11 (34.3) 3 (8.1) 14 (20.2)
Enterobacter 8 (25.0) 1 (2.7) 9 (13.0)
Proteus vulgaris 4 (12.5) - 4 (5.7)
Escherichia coli 2 (6.2) 1 (2.7) 3 (4.3)
Klebsiella pneumoniae 1 (3.1) 2 (5.4) 3 (4.3)
Citrobacter freundii - 2 (5.4) 2 (2.8)
Klebsiella pneumoniae + Escherichia coli - 1 (2.7) 1 (1.4)
Klebsiella oxytoca 1 (3.1) - 1 (1.4)

Gram-negative cocci and bacilli 
Acinetobacter + Klebsiella pneumoniae

- 4 (10.8) 4 (5.7)

Gram-positive cocci Staphylococcus aureus 1 (3.1) 4 (10.8) 5 (7.2)
Staphylococcus epidermidis 4 (12.5) - 4 (5.7)
Streptococcus viridians - 1 (2.7) 1 (1.4)

Total 32 (100.0) 37 (100.0) 69 (100.0)

ICU: intensive care unit; VAT: ventilator-associated tracheobronchitis.
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over 70. Medical causes (53.6%) of hospitalization in 
patients with VAT were more than surgical (46.3%).

The mean interval between the patients’ 
intubation and the onset of clinical symptoms was 
4.7±8.5 days, indicating the early onset of VAT in 
intubated patients. Longer durations (between 6 to 
10 days) were reported in other studies.10,17 Several 
studies have reported different rates of progression 
from VAT to VAP, ranging from 7% to 30%.5,6,19 
Craven et al,5 reported the progression to VAP in 
one-third of ICU patients. A recent study reported 
23% of the treated cases of VAT and 76% of untreated 
cases progressed to VAP.16 In our study, 33.3% of all 
patients showed progression to VAP, indicating the 
importance of VAT and its early treatment for the 
prevention of VAP.

Various studies have reported an appropriate 
course of antibiotic therapy as 5–7 days.10,17 In this 
study, the mean duration of treatment response 
(i.e., the disappearance of clinical symptoms) was  
4.9±4.7 days.

Simpson et al,18 reported a significant 
relationship between VAT and tracheostomy. 
Another study reported that VAT increased the need 
for tracheostomy.8 In our study, 61.2% of recovered 
patients were discharged with a tracheostomy tube. 
This finding supports other studies in terms of the 
role of VAT in raising the need for tracheostomy.

Using smears of tracheal secretions showing 
bacteria and neutrophils along with culture can 
help to maximize the diagnostic yield of the tracheal 
aspirates examination.1 In our study, tracheal 
secretion smears showed mostly a combination 
of two or three bacteria species (40.0%), followed 
by Gram-negative cocci (26.0%). Most cases 
(44.8%) had neutrophil counts of 11–20 per  
high-power fields.

In two studies conducted by Agrafiotis et al,1 

and Nseir et al,2 found 22% of cultured respiratory 
materials were polymicrobial. In another study, the 
rate was 13%.19 We observed a lower rate of 7.2%, 
which may be due to inadequate culture methods for 
detection of all bacteria present in our centers.

Bacterial agents of VAT vary depending on 
the type of hospital, type of ICU, and the patient 
population.17 We observed a significant difference 
in the type of pathogens causing the disease and the 
percentage of MDR between patients hospitalized 
in medical and surgical ICUs. The most frequent 
bacterial isolates in medical ICU were A. baumannii,  

K. pneumoniae, and S. aureus, and the most prevalent 
in surgical ICU were P. aeruginosa, Enterobacter, and 
Proteus vulgaris. Similar frequencies of VAT causative 
pathogens have been reported in previous studies.19

MDR pathogens were reported in 32–48% 
of isolates from respiratory secretions in VAT 
patients.5,6,19 In this study, 63.3% of the isolates were 
MDR. History of hospitalization and antibiotic 
use are risk factors for MDR pathogens.17 In our 
region, MDR pathogens were highly prevalent due 
to the indiscriminate use of antibiotics. Patients were 
treated with multiple systemic antibiotics, but due 
to the lack of an appropriate treatment protocol for 
patients with tracheitis and the different types of 
antibiotics used, it was impossible to collect data on 
all different types of antibiotics.

Recent studies indicate that the early and 
appropriate empirical use of antibiotics in VAT 
patients reduced the risk of subsequent pneumonia, 
the duration of mechanical ventilation, the duration 
of ICU stay, and the medical costs.16,19 A multicenter 
study of the incidence and prognosis of VAT in 114 
ICUs in eight countries showed lower progression of 
VAT to pneumonia and improved outcomes with use 
of appropriate antibiotic treatment for both VAT and 
VAP.20 Meta-analysis of several randomized, clinical 
trials have reported the benefit of proper antibiotic 
treatment for VAT to improve patient outcomes by 
reducing VAP, ventilator days, length of ICU stay, 
healthcare costs, morbidity, and mortality.21

Utilization of preventive strategies for 
complications in ICUs may help to prevent VAT 
and subsequent VAP. Narang,22 reported the 
usefulness of a “ventilator bundle” for reduction of 
the incidence of VAP and duration of ventilation. 
As recommended by the Intensive Care Society 
of United Kingdom, a bundle of interventions for 
the prevention of VAP includes: a) elevation of 
patient’s head of bed, b) daily sedation disruption 
and assessment of readiness to extubation, c) 
peptic ulcer prophylaxis, d) deep vein thrombosis 
prophylaxis, and e) subglottic aspiration.23 A greater 
impact of ventilator-care bundle on prevention of 
ventilator-associated infections has been reported in  
a pediatric ICU.24

C O N C LU S I O N
VAT increased the rates of progression to VAP, 
the need for tracheostomy, and the incidence of 
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mortality in ICU patients. A high proportion of 
bacterial agents of VAT are MDR. Concerning 
the different etiologic agents of VAT and level of 
antibiotic resistance in different ICUs, designing an 
appropriate empirical treatment protocol for each 
region requires an examination of the data obtained 
from studies in that particular region. Preventive 
policies for VAP, including the use of ventilator care 
bundle, early diagnosis, and appropriate empirical 
antibiotic therapy for VAT may reduce the incidence 
of VAP.
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