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Abstract

Background:

Formation of biofilm and bacterial colonization within the endotracheal tube (ETT) are significant sources
of airway contamination and play a role in the development of ventilator-associated pneumonia (VAP).
This study was conducted to examine the effect of nebulized eucalyptus (NE) on bacterial colonization of
ETT biofilm.

Materials and Methods:

We performed a randomized clinical trial in three intensive care units (ICUs) of an educational hospital.
Seventy intubated patients were selected and randomly divided into intervention (n = 35) and control (n =
35) groups. The intervention group received 4 ml (5%) of eucalyptus in 6 ml normal saline every 8 h. The
placebo group received only 10 ml of normal saline in the same way. On extubation, the interior of the
tube was immediately sampled using a sterile swab for standard microbiological analysis. Chi-square and
Fisher's exact tests were used for statistical analysis in SPSS. P values less than 0.05 were considered
statistically significant.

Results:

In both samples, Klebsiella pneumoniae and Acinetobacter baumannii were the most frequently isolated
bacteria. In the control group, heavy colonization was greater than in the intervention group (P = 0.002).
The frequency of isolation of K. pneumoniae in the intervention group was lower than in the control group
(P < 0.001). However, there was no difference between the two groups in other isolated bacteria.
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Conclusions:

NE can reduce microbial contamination of the endotracheal tube biofilm in ventilated patients. Moreover,
K. pneumoniae was the most sensitive to NE.

Keywords: Biofilms, endotracheal intubation, endotracheal tube, eucalyptus, Iran, nebulizers

I. ����������
Endotracheal intubation is one of the standard and safe methods to protect the airway against aspiration. It
facilitates secretion and improves pulmonary ventilation.[1] Despite the extensive use and many benefits
of intubation, it has side effects and risks. In the study by Craven and Hjalmarson on intubation in patients
hospitalized at intensive care units (ICUs), the incidence of these side effects has been reported at 28-54%.
[2] One of the main disadvantages of the endotracheal tube (ETT) is the increased risk of infection and the
entry of microorganisms into the inferior airways, which places the patients at risk of ventilator-associated
pneumonia (VAP). Colonization of microorganisms and biofilm or microbial plaque formation inside the
tracheal tube have been described as permanent sources of infection for the inferior airway. Following the
damage caused by intubation and due to the host's immune system disorders, within 12 h after intubation,
bacteria enter into the ETT and cause bacterial colonization and biofilm formation in the ETT.[3] In
addition, biofilms can increase airway resistance, decrease tidal volume, increase respiratory activity, delay
detachment from the ventilator, and even cause airway obstruction.[4,5]

Biofilm is a collection of bacterial cells that is considered as a permanent source of infection. It has been
claimed that more than 60% of human infections are caused by biofilms.[6] Biofilm acts as a physical
barrier which prevents the absorption of antibiotics and elimination of microbes. It is difficult to destroy
biofilms using antimicrobial substances, and in laboratory tests, biofilms show high resistance to
antibiotics.[7] In order to prevent the formation of biofilms in the ETT, several solutions have been
proposed. Use of methylene blue solution as spray,[8] mucus wipes (mucus shaver),[4] or silver-coated,
chlorhexidine-covered, and silver carbonate-covered ETTs has significantly reduced colonization in the
ETT.[9] In 1994, the Center for Disease Control (CDC) emphasized the use of nebulizers for medication
administration in the form of vapor inhaled into the lungs.[10] Inhalation is an effective method of drug
delivery, which localizes the drug in the target organ and, thus, reduces the dosage and side effects.[11]
ICU nurses are responsible for the care of patients using nebulizers.[12]

Many studies have been conducted on the use of inhaled antibiotics in the prevention and treatment of
VAP.[13,14,15,16] The results of the study by Badia et al. in this respect show that the use of antibiotics
through inhalation causes a significant reduction in the incidence of pneumonia.[17] The use of a nebulizer
is one of the recommended methods for the delivery of antibiotics and other antimicrobial extracts to the
inferior airways of ventilated patients.[18] A medication used in complementary medicine in the form of
an inhaler is eucalyptus extract. Eucalyptus extract has antibacterial, antiviral, and antifungal properties.
[19] It is effective against colds, influenza, and other respiratory infections, and runny nose, and sinus.
Inhaling several drops of eucalyptus extract through a humidifier is safe and has been used since antiquity.
[20] Most gram-positive and gram-negative bacteria have a tendency to form biofilms. These bacteria
include Staphylococcus aureus, Staphylococcus epidermidis, viridans streptococci, Escherichia coli,
Enterococcus, Klebsiella pneumoniae, Proteus mirabilis, and Pseudomonas aeruginosa.[21] The
antibacterial and antiviral effects of eucalyptus extract on the causes of respiratory infections, such as
Streptococcus pneumoniae and Staphylococcus haemophilus, have been approved.[22] In compliance with
the administration guidelines of this medication, incidence of serious side effects has not been reported.
[23]

The increased prevalence and complexity of multidrug-resistant organisms in hospital-acquired infections
has created incentives for the use of new therapies such as inhaled antibiotics, which are considered for the
prevention and treatment of pneumonia. Eucalyptus is commonly used in many countries and is supplied
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in different forms. Due to the antimicrobial properties of eucalyptus, its safety,[23] and its topical use
through a nebulizer, this clinical trial was conducted to assess the impact of eucalyptus incense on
microbial plaque of ETT in patients undergoing mechanical ventilation.

M�������� ��� M������
This study was a single-blind randomized clinical trial. The aim of the study was to investigate the effect
of eucalyptus incense on ETT biofilms in 70 patients under mechanical ventilation. All patients who were
hospitalized in the ICUs of a training hospital from August until November 2014 and met the inclusion
criteria were selected via purposive sampling and assigned to two groups. Written informed consents were
obtained from the patients’ legal guardians. They had the right to withdraw from the study at any time
without any change in their treatment. The hospital has three ICUs (trauma, internal, and surgical) with 63
beds, and is located in Central Iran as a referral center. This project was approved by the Research Council
and the Ethics Committee of Arak University of Medical Sciences, Iran, and was recorded in the clinical
trial center in Iran with the code IRCT2014060217955N1.

The inclusion criteria were the following: Being in the age range of 18-65 years; having a tracheal tube
through the mouth; being under ventilators for minimum of 3 days and maximum of 14 days; and lack of
pneumonia, sepsis, pulmonary embolism, atelectasis, and inflammatory disease of the gastrointestinal
tract, liver, and bile ducts, and lack of sensitivity to herbal compounds. If for any reason the patients were
transferred, had sudden changes in hemodynamic status, or showed complications such as hives, itching,
and rash that might be due to sensitivity to eucalyptus, they were excluded from the study. After selection,
the patients were randomly assigned to intervention (35 patients) or control (35 patients) group. All
patients received standard care and treatment based on their illness and doctor's prescription. According to
the anesthesiologist's prescription, the patients in the intervention group received 4 ml of eucalyptus
solution 5% and 6 ml of normal saline 0.9% using a standard nebulizer for 20-30 min every 8 h until ETT
removal. To prevent rebreathing of exhaled air, filters were placed in the expiratory circuit. Patients in the
control group received 10 ml of normal saline incense through the same method. Due to the number of
wards and nurses who provided care for the patients, a training program was conducted for all nurses and a
written protocol were used to equalize the study method. Considering the differences between patients and
ICUs, the same ratio of patients was selected from each unit.

In both groups, if the intervention lasted more than 1 week, the nebulizer tank and its fittings were cleaned
using 70% alcohol. After washing, all the pieces were dried and placed in sterile bags to prevent
contamination. The intervention was completed by the removal of ETT. Immediately after the removal of
ETT, it was placed in a sterile cover to prevent contamination before sampling. From the ETT of patients
who were intubated for a minimum of 72 h and a maximum of 14 days, a culture was taken from 5 cm into
the inner and inferior part of the ETT using a sterile swab. All samples were prepared by one person
(nurse) through one method. The samples were tested in the microbiology laboratory of the hospital using
transitional environments to determine the type and number of aerobic microorganisms. This study was a
single-blind trial; thus, the laboratory technician was unaware of the patients’ placement in the groups.

Demographic information (age and gender) and basic information (cause of admission, invasive
interventions, history of chronic disease, the cause of tracheal tube removal, the number of antibiotics, and
intubation time) were recorded in a checklist at the beginning of the study. Type and number of microbes
in the tracheal tube were the main criterion of the study and were compared between the two groups.
Information collected using the questionnaire and the microbial cultures of the ETT biofilm was entered
into SPSS software (version 20; SPSS Inc., Chicago, IL, USA) after coding. Descriptive statistics and
calculation of central and dispersion indices were used. Therefore, chi-square test or Fisher's exact test (for
qualitative variables) and independent t-test (for quantitative variables) were used. A significance level of
P < 0.05 was considered for all the tests.
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A total of 90 patients were enrolled in the study and 20 patients were excluded. Of the 47 patients who
were in the intervention group, 12 patients were excluded for various reasons. Thus, five patients were
excluded due to lack of observance of the protocol, one patient due to the prolonged duration of intubation
for more than 14 days, two patients due to contamination of the ETT because of incorrect transference to
the sterile cover, two patients due to positive blood culture, and two patients were excluded due to the risk
of side effects. Of the 43 patients in the control group, 8 patients were excluded for various reasons. Of
these, four patients were excluded due to lack of observance of the protocol, two patients due to the
prolonged duration of intubation for more than 14 days, one patient due to contamination of the ETT
because of incorrect transference to the sterile cover, and one patient was excluded due to positive blood
culture. Therefore, 70 patients (35 in each group) completed the study. Since the allocation of the subjects
to groups was performed randomly, the two groups were compared in terms of demographic and baseline
characteristics. The results showed that there was no significant difference between the two groups in
terms of gender (P = 0.78), age (P = 0.16), and the cause of hospitalization (P = 0.31). Moreover, no
significant differences were observed between the groups in terms of invasive interventions [central
venous catheter (P = 0.30), chest tube (P = 0.23), abdominal drainage (P = 0.19), brain drainage (P =
0.31), and catheter for hemodialysis (P > 0.99)]. There was also no significant difference between the two
groups in terms of cause of tracheal tube removal (P = 0.47), duration of intubation (P = 0.50), and
antibiotics use (P = 0.4). The two groups differed only in terms of some underlying diseases. In the
intervention group, hypertension (P = 0.04) and in the control group, cancer (P = 0.04) were more
common. However, there were no differences between the groups in terms of diabetes (P > 0.99) and
chronic obstructive pulmonary disease (P > 0.99). In each group, 11.4% of the patients had diabetes and
5.7% of the patients were suffering from chronic obstructive pulmonary disease. To investigate the
difference between the two groups in terms of qualitative variables, such as gender, cause of
hospitalization in ICU, invasive interventions, cause of ETT removal, and type of underlying disease, chi-
square and Fisher's exact tests (considering that in the chi-square test, more than 20% of the tables had a
frequency of less than 5) were used. To investigate the difference between the two groups regarding
quantitative variables, such as age, duration of intubation, and the amount of antibiotics, independent t-test
was used.

A total of 66 cases (94.3%) of contamination were found in 70 cultures. In the intervention group, four
(5.7%) of the samples were negative [Table 1]. On the contrary, all the samples were positive in the control
group. Most positive cultures were infected with a single microorganism (78.8%) and only in 14 positive
cultures (21.2%), two types of microorganisms were found (7 in each group). The frequency of
contaminating microorganisms in patients in the intervention group was less than in the control group, but
this difference was not statistically significant (P = 0.11) [Table 2]. The most common microorganisms in
both groups were K. pneumoniae (40%) and Acinetobacter baumannii (33.7%) [Table 2]. The frequency of
K. pneumoniae was significantly lower in the intervention group than in the control group (P < 0.0001).
Nevertheless, there was no significant difference between the groups in terms of other microorganisms.
There was no significant relationship between the duration of intubation and severity of microbial
contamination in the intervention group (P = 0.56) and the control group (P = 0.33). An effective factor in
the formation of bacterial biofilms is the type and number of intravenous antibiotics which could affect the
study results. Moreover, the type of underlying disease, days of intubation, and the number and the method
of chips suction may affect the formation of the microbial biofilms. Therefore, with the random
assignment of patients in both groups and comparison of the groups, it was attempted to control this affect.

D���������
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This study aimed to determine the effect of eucalyptus incense on the ETT biofilm microbes in patients
under mechanical ventilation. The results showed that all the samples taken from the ETT biofilm of the
control group patients had microbial contamination. However, in four cases of the intervention group, no
pathogen was observed. In other words, eucalyptus incense can reduce microbial contamination of the ETT
biofilms. Severe contamination was far less in the intervention group than in the control group.

To the knowledge of the researchers, only one study was conducted on the effects of eucalyptus as an
aerosol in patients undergoing mechanical ventilation and hospitalized in ICUs. In a study conducted
without a control group on only 12 patients, it was concluded that eucalyptus incense can reduce
colonization of common nosocomial pathogens and the incidence of pneumonia related to mechanical
ventilation.[24] The antimicrobial effects of different eucalyptus species on influenza virus,[25] local
infections, and various species of bacteria, including K. pneumoniae, Pseudomonas, Proteus, E. coli, St.
aureus, and methicillin-resistant St. aureus, in in vitro and in vivo conditions have been approved.[26] The
antimicrobial effects of eucalyptus are attributed to the 1 and 8 cineol.[20] The essential oil used in this
study consisted of 80% of 1 and 8 cineole.

In several studies, inhaled antibiotics were used to combat biofilms and microbial contamination of the
ETT, and showed positive results like in the present study.[13,14,15,16] In a meta-analysis performed by
Falagas et al., results of eight studies on 1877 patients showed that the use of antimicrobial drugs through
inhalation or its administration into the ETT can reduce VAP.[16] This is the effect of increasing the drug
concentration in the airways. Therefore, given that eucalyptus has antibacterial properties, its application
through inhalation can increase its concentration in the airways of patients undergoing mechanical
ventilation, and hence, it is effective in reducing the microbial contamination of ETT biofilms. Several
studies have shown that clearing the airways and ventilation routes from microbial contamination can be
effective in the prevention of VAP.[7,8,9] In the meta-analysis performed by Ioannidou et al., results of
five clinical trials showed that using topical antibiotics (as inhalation or their administration into the
tracheal tube), compared with intravenous antibiotics as placebo, can clinically reduce VAP, but the
difference between the two groups in terms of biological improvement was not significant.[27]

Airways may be colonized by different microorganisms. In the present study, as well as a large number of
other studies, the most common microorganisms colonizing the airways were K. pneumoniae and A.
baumannii.[21,24,28,29] However, in a number of other studies, Acinetobacter and Pseudomonas were
more common.[30,31,32] Difference in culture source,[33] intubation techniques, and demographic and
clinical characteristics of patients[30] may be effective in this regard.

Another result of this study was that in addition to reducing the microbial load of ETT, eucalyptus
significantly reduced K. pneumoniae contamination in the intervention group. In the study by Tabari et al.,
the antimicrobial properties of eucalyptus were evaluated on Klebsiella, E. coli, Proteus, Pseudomonas,
and St. aureus.[34] They found that K. pneumoniae and E. coli had the highest sensitivity and
Pseudomonas and Proteus had the least sensitivity to eucalyptus.[34] K. pneumoniae, as an opportunistic
pathogen, is the leading cause of nosocomial infections.[35] Contamination and infections caused by this
bacterium are highly destructive and can increase the rate of mortality by about 25-60%.[36] Given that
these microorganisms can produce dense biofilm and can quickly lead to multidrug resistance to
antibiotics, they cause numerous medical problems in the world that have limited treatment options.[35]
Therefore, reducing the frequency of infections of these microorganisms using eucalyptus incense can
have a significant role in reduction of nosocomial infections, especially pneumonia. According to their
properties and other biological effects, essential oils are considered as an appropriate complementary
treatment with antibiotics.[37]

In this study, 14 cases (21.2%) out of 66 positive cultures of ETT were contaminated with two
microorganisms (7 cases in each group). In most studies, such as the present study, polymicrobial infection
was less than contamination with a single microbe.[29,30,33] Friedland et al. stated that the existence of a
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microorganism alone in a biofilm matrix can prevent the growth of other bacteria.[33] Nevertheless, in
some studies, the number of cases contaminated with multiple microbes was high. For example, in the
study by Simoni and Wiatrak, all the samples showed polymicrobial contamination,[38] and in the study
by Gil-Perotin et al., the protein of most of the samples (60%) was polymicrobial.[31] According to the
present study, in which the number of two-microbial infections in the two groups was equal (in each group,
seven cases were observed), it can be concluded that eucalyptus incense cannot be effective on
polymicrobial contamination. This study had some limitations. There was no relationship between the
duration of intubation, and severity and type of microbial contamination in this study, and it may be due to
the small sample size. On the other hand, one of the contributing factors in bacterial biofilm formation was
the type and number of intravenous antibiotics which could affect the study results.

C���������
Inhalation of eucalyptus incense in patients undergoing mechanical ventilation can reduce severe microbial
contamination of the ETT biofilm. The prevalence of contaminating microorganisms in patients in the
intervention group was less than in the control group, but this difference was not statistically significant.
However, this method significantly reduced infection by K. pneumoniae. Therefore, reduction of microbial
biofilms of the ETT may cause a reduction in VAP, which requires further research.
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Table 1

Comparison of density of endotracheal tube colonization of the intervention and control groups
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Table 2

Comparison of frequency of contaminant microorganisms in the intervention and control groups
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