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Abstract
Background: Cineole has documented anti-inflammatory, expectorant, and mucolytic properties and has shown to
be a valuable treatment option in different airway diseases. Our study examined whether a therapy with Cineole as
add on to an antiviral therapy can relieve symptoms of acute bronchitis, and accelerate recovery in everyday
practice.
Methods: In an open-label, randomized, parallel-group phase III clinical trial, 132 patients diagnosed with “acute
bronchitis” or “acute tracheobronchitis” were included and treated with 3 × 200 mg of Cineole on top of antiviral
treatment, or antiviral treatment alone (Ingavirin® 90 mg), per day for 4–9 days. The primary outcome measure was
the change in cough frequency assessed in a Cough Frequency Assessment Scale, secondary outcomes were the
total Bronchitis Severity Scale (BSS), as well as individual symptoms of the BSS score. Adverse events were collected
for safety analysis. The study sites were located in Russia.
Results: After 4 days of therapy, there was a significant difference between the groups in favour of the patients
treated with Cineole which persisted until the end of the study. At that time, cough during the day, assessed by
the Cough Frequency Assessment Scale, was absent in 14 patients in the Cineole group (21.5%), compared to 4
(6.2%) patients in the control arm (p = 0.0203), which was replicated using the BSS individual cough score. In
addition, significant improvements in the individual symptoms of the BSS in patients taking Cineole were
documented.
The study drug showed good tolerability without differences to antiviral treatment and results were in line with
previous experiences with this drug.
Conclusions: Assessment after 4 days of treatment with additional Cineole showed a significant reduction of cough
frequency and other symptoms of acute bronchitis compared to antiviral treatment alone. In addition, patients
recovered faster from the disease. Additional treatment with Cineole is a valuable treatment option in acute
bronchitis.
Trial registration: Ministry of Health, Russia, No. 592. Registered 19 October 2015.
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Introduction
Acute respiratory tract infections are often induced by
viral infections leading to the classic “common cold”.
Symptoms include rhinitis, sinusitis, pharyngitis, laryngitis, bronchitis and belong to the most common medical
conditions, reasons for sick certificates and days of loss
of work [1]. They are responsible for considerable direct
and indirect health care costs, and therefore have a high
socio-economic relevance [2].
Acute bronchitis as a clinical diagnosis is part of common colds [3], characterized by acute cough being the
predominant symptom, with or without sputum production, in the absence of chronic lung disease [4]. According to a publication of the “European Lung Foundation
(ELF)” and the “European Respiratory Society (ERS)”,
16.500.000 cases of acute bronchitis are seen in Europe
every year [2].
Up to 95% of acute bronchitis are caused by viruses
[5]. Therefore, antibiotics are inappropriate in the vast
majority of cases. According to observations in general
practice, the median time for symptoms associated with
acute bronchitis to resolve following consultation varies
between 5 days (for dyspnea) and 11 days for cough [6].
Therefore, evidence based cough guidelines define acute
cough - mostly caused by common cold - as lasting 2 to
3 weeks of duration [7, 8]. A reduction of the duration
of illness is highly desirable.
Globally increasing drug resistance rates due to inappropriate use of antibiotics present an increasing and
serious health burden [9]. In the outpatient setting most
antibiotics are inappropriately prescribed for treating
common cold/acute bronchitis [10]. The integration of
safe and effective alternative treatment possibilities such
as herbal remedies is a welcome addition to conventional treatment in acute bronchitis and might help to
limit the use of antibiotics.
Eucalyptus oil is traditionally used for common colds
and acute respiratory tract infections. Its main ingredient 1,8-Cineole has shown to have mucolytic, expectorant, and anti-inflammatory properties [11]. Cineole
inhibits proinflammatory cytokine production in human lymphocytes and lipopolysaccharide-stimulated
monocytes, and thus is able to control airway mucus
hypersecretion and inflammation processes [12]. In previous clinical studies, Cineole has shown to be effective
in the treatment of rhinosinusitis, asthma, COPD, and
acute bronchitis [5, 13–15]. In Russia for treatment of
acute viral respiratory tract infections Imidazolyl Ethanamide Pentandioic Acid (Ingavirin®) is approved and
research has documented an antiviral effect of the substance against human influenza and parainfluenzaviruses as well as adenoviruses [16–23].
The study was performed to evaluate the efficacy and
safety of add on Cineole in patients with acute bronchitis
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treated with an antiviral therapy as well to support the
launch of Cineole in the Russian Federation.

Materials and methods
Study design and population

This open-label, randomized, parallel-group phase III
clinical trial was performed at seven study sites in
Russia. It was conducted in compliance with the principles of the Declaration of Helsinki approved by the 64th
WMA General Assembly, Fortaleza, Brazil, October
2013 and the rules of Good Clinical Practice that are applied in Russia and approved by the Ethics Council of
the Ministry of Health of the RF as well as the local ethical committees. Both investigator and patients signed
an informed consent after the investigator had informed
the patient about all relevant aspects of the clinical
study.
All participants suffered from acute bronchitis or tracheobronchitis with a symptom duration of less than 12
h. The study was limited to adult patients, aged 18–70
years. Inclusion criteria were an established clinical diagnosis of acute bronchitis or acute tracheobronchitis
(ICD-10 code J20), accompanied by subfebrile body
temperature below 39.0 °С and a total score according
to the “Bronchitis Severity Scale (BSS)” of 5–15 points
out of a maximum score of 20. Patients were excluded,
if they had a history of underlying chronic bronchial and
pulmonary diseases, fever > 39 °С, known hypersensitivity to any component of the study drug or any contraindication to the antiviral therapy.
Patients were randomly assigned by a computerized
random member generation to treatment with entericcoated Cineole capsules plus one capsule Ingavirin® [16],
or to Ingavirin® capsules alone (antiviral treatment
group) for 4–9 days. If necessary, patients were allowed
to use antipyretics or nasal decongestants.
Medication

Every patient received Ingavirin® capsules 90 mg once
daily, in addition, patients in the Cineole group received
1,8-Cineole enteric-coated capsules, 200 mg (Soledum®)
daily doses according to recommendations in the product information (3 capsules a day) for 4–9 days. In both
groups 66 patients were included. Figure 1 shows the
study flow.
Outcome measures

The primary efficacy endpoint was the change in cough
frequency compared to visit 0 in the two groups according to the “Cough Frequency Assessment Scale” [13].
This 5-point scale is a non-validated scoring questionnaire and assesses cough frequency, ranging from score
0 (no cough during a day), score 1 (single episode of
cough during a day), score 2 (2–3 episodes of cough
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Fig. 1 Study Flow Chart

during a day), score 3 (4–5 episodes of cough during a
day), score 4 (5–6 episodes of cough during a day), to
score 5 (≥ 10 episodes of cough during a day).
Change in the total score of the Bronchitis Severity
Scale (BSS), a standardized and validated questionnaire
to assess the severity of acute bronchitis, was evaluated
as a secondary endpoint: The BSS comprises the following five symptoms typical for AB: cough, sputum production, cough induced chest pain, rales on auscultation,

and dyspnea [24]. These symptoms are each assessed according to a 5-point Likert scale: 0 = absent, 1 = mild,
2 = moderate, 3 = severe and 4 = very severe. The points
allocated to each of the symptoms are added to make
the total score, which can therefore vary between 0 and
20 points (see Table 1) [1, 24]. In addition to the total
score, the individual scores of each symptom were
assessed in the study. Complete recovery was defined as
a BSS Total Score ≤ 3.
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Table 1 Total Bronchitis Severity Scale: Relationship to severity
of acute bronchitis [24] (score in this study not > 15)
BSS Total Severity Scale

Clinical Interpretation

0

No acute bronchitis

1 to 2

Acute bronchitis unlikely

2 to 7

Mild acute bronchitis

8 to 12

Moderate acute bronchitis

13 to 17

Severe acute bronchitis

18 to 20

Very severe acute bronchitis

Adverse events were systematically collected, assessed
and evaluated by the treating physicians at the different
visits.
Visits

At the screening visit (visit 0), patients were evaluated
including family history, physical examination, total
score according to the “Cough Frequency Assessment
Scale”, and the BSS. In addition, a complete blood count,
metabolic panel, urine analysis, pregnancy test and ECG
were performed.
At visit one, participants were randomized to treatment. On day 2, the investigator contacted the patient
via phone. At day four and day seven (visit 3 and 4),
physical examination, assessment of vital signs, respiratory examination, measurement of body temperature
and assessment of complaints were repeated. At the end
of the study after 9 days (visit 5), in addition, a complete
blood count, metabolic panel, urine analysis, pregnancy
test and ECG were repeated.
From visit 3 on, the investigator decided whether patients should discontinue the study, if they fulfilled all
criteria for clinical recovery (BSS-Score ≤ 3, body
temperature normalization, and no need to use antimicrobial agents).
Statistical methods

An analysis of efficacy was performed both with the
intention-to-treat (ITT)-population and the per protocol
(PP) population. The ITT population included all eligible
patients, who received at least one dose of medication
and had at least one evaluation of efficacy following the
initiation of the study (visit 3). The PP population comprised patients for whom there were no significant
protocol deviations affecting the primary efficacy parameters and who were adherent by at least 80%.
Regarding the primary outcome measure, the “Cough
Frequency Assessment Scale”, Mann-Whitney U-test
was used to establish superiority over the control group.
In order to compare mean changes in the BSS scale, the
analysis of covariance (ANCOVA) was used where
symptoms observed at baseline were applied as a
covariate.
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All data are expressed as mean values (with SD) and
all tests were two-tailed. P-values of 0.05 or less were
considered to indicate statistical significance.

Results
One hundred thirty-two patients with “acute bronchitis”
or “acute tracheobronchitis” were enrolled in the study
and randomized 1:1 to the cineole group or the control
group (n = 66). At the end of the trial, 130 patients could
be included in the ITT population (Fig. 1). Compliance
with the study requirements was high, and no patients
were withdrawn from the study due to non-compliance.
At enrollment in the study, all patients suffered from
≥10 cough episodes a day. The groups were comparable
with regard to baseline characteristics, BSS was 8,4 in
the Cineole group and 8,7 in the group with antiviral
therapy only, respectively (see Table 2).
Primary endpoint

Starting from visit 3, there was a significant difference
between the groups in favor of the patients that were
treated with cineole in all efficacy endpoints. This difference continued until the final visit: At that time, cough
during the day, assessed by the “Cough Frequency Assessment Scale”, was absent in 14 patients in the cineole
group (21.5%), compared to 4 (6.2%) patients in the control arm (p = 0.0203) (Fig.2).
Secondary endpoints

Similarly, the absence of cough based on the BSS assessment was registered at the final visit in 14 patients in
the cineole group (21.5%), compared to only 4 (6.2%) patients in the control group (p = 0.0203). From visit 3 onward, there was a statistically significant difference in
favor of the Cineole group in the BSS total score: at least
50% of the patients in this group had a score of 3 or less.
Distribution of the total scores of study subjects in the
control and the Cineole group is shown in Fig. 3.
In addition, patients in the Cineole group experienced
advantages in the individual scores of the BSS: Compared to baseline coughing, sputum production, coughinduced chest pain, wheezing were significantly reduced
as compared to the control arm from visit 3 onwards. At
the final visit, there was absence of sputum production
in the BSS assessment in 36 patients in the Cineole
group (55.4%), compared to 21 patients in the control
group (32.3%; p = 0.0130). Additionally, at the final visit
60 patients treated with Cineole were free of chest pain
(92.3%) compared to 36 patients in the control group
(55.4%; p < 0.0001). Absence of rales during auscultation
was registered at the final visit in 64 patients in the Cineole group (98.5%) compared to 51 (78.5%) of patients in
the control arm (p = 0.0005). Concerning dyspnea, there
could be seen a slight advance for cineole: At the end of
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Table 2 Baseline characteristics of included patients (ITT analysis)
p-value

Cineole group

Standard group

overall

n = 65

n = 65

n = 130

Male

n = 25

n = 17

n = 42

Female

n = 40

n = 48

n = 88

Age (years, range)

44,4 (20–70)

43,7 (18–69)

Weight (kg, range)

77,2 (51–120)

73,5 (48–104)

0,2980

Height (cm, range)

170,9 (156–196)

169,3 (155–190)

0,3553

BMI (range)

26,3 (19,2-38,2)

25,6 (17,9-36,0)

Acute bronchitis

n = 31

n = 35

n = 66

Acute tracheobronchitis

n = 34

n = 28

n = 62

Acute tracheitis

–

n=2

n=2

Cough

2,9 (2–4)

3 (2–4)

0,3270

Sputum

1,8 (0–4)

1,5 (0–3)

0,1270

Chest pain

1,5 (0–3)

1,7 (0–3)

0,0784

Wheezing

1,4 (0–2)

1,4 (0–3)

0,6293

Dyspnea

0,8 (0–2)

1,0 (0–3)

0,2491

Total BSS Score

8,4 (5–14)

8,7 (5–14)

0,2937

Cough Frequency Likert Scale Score

5

5

Pretreatment NSAIDs

11

8

19

Pretreatment metamizole/paracetamol

2

5

7

0,7418

0,4775

BSS symptoms (range)

ITT Intention to treat, BSS Bronchitis Severity Scale, NSAID Non-steroidal anti-inflammatory drug)

Fig. 2 Mean of the scores in CG (control group = standard antiviral): visit 0 = 5.0 SD(0.0), visit 1 = 5.0 SD(0.0), visit 2 = 4.9 SD(0.4), visit 3 = 3.9
SD(0.9), visit 4 = 2.7 SD(1.3), visit 5 = 2.2 SD(1.1). Mean of the scores in MG (main group = standard antiviral + cineole): visit 0 = 5.0 SD(0.0), visit 1 =
5.0 SD(0.0), visit 2 = 4.8 SD(0.4), visit 3 = 3.5 SD(0.9), visit 4 = 2.3 SD(1.5), visit 5 = 1.5 SD(0.9)
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Fig. 3 Mean of the scores in CG (control group = standard antiviral): visit 0 = 8.7 SD(2.0), visit 1 = 8.7 SD(2.0), visit 3 = 6.2 SD(2.1), visit 4 = 3.8
SD(1.9), visit 5 = 3.3 SD(2.0). Mean of the scores in MG (main group = standard antiviral + cineole): visit 0 = 8.4 SD(2.1), visit 1 = 8.2 SD(2.1), visit 3 =
5.3 SD(1.8), visit 4 = 2.9 SD(1.8), visit 5 = 1.6 SD(1.1).). From visit 3 onward, there was a statistically significant difference in favor of the Cineole
group in the BSS total score (p < 0.05)

the study, no patient treated with Cineole suffered from
dyspnea, compared to 3 patients in the control group
(p = 0.2442). Distribution of BSS at the end of study also
indicated that more patients with Cineole compared to
the antiviral therapy alone had mild or no relevant
symptoms anymore (Fig. 4).
In the ITT population, 63 of 65 patients (96.9%)
treated with Cineole compared to 30 out of 65 patients
in the control group (46.2%) had completely recovered
(p < 0.0001) at the final visit (95% CI: 35,3-66,3%). The
corresponding numbers in the PP population were similar: 63 patients in the Cineole group (96.9%) compared
to 30 in the control group (48.4%) had completely recovered (p < 0.0001).

The efficacy of the study drug was also demonstrated
by the reduced use of additional, symptomatic medication: At the final visit, 69.7% patients in the control
group compared to 39.4% of patients taking Cineole
used additional symptomatic medications (p = 0.0008).
Cineole was generally well tolerated with only a few
mild side effects (nausea and smell of eucalyptus in the
nose) (see Table 2). Concerning the smell of eucalyptus,
this is not an undesirable side effect but represents the
pharmacokinetic properties of cineole which is partially
exhaled. Thus, cineole comes into contact with the respiratory epithelium of the upper and lower airways, the
destination where cineole can exert its secretolytic and
anti-inflammatory effects. There were no severe side

Fig. 4 Distribution of BSS at the final visit (Standard group: standard antiviral only; Cineole group: standard antiviral + Cineole)
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effects, nor changes in blood tests related to the study
medication. Only one patient discontinued the study due
to his complaints of nausea after the intake of the study
drug.

Discussion
Effective mucus clearance is essential for lung health,
and infections and inflammatory processes as in acute
bronchitis may impair mucociliary activity [25]. Newer
studies have shed light on the molecular mode of action
of Cineole: Anti-inflammatory activities are mediated by
influence on different cytokines, as well as prostaglandins and leukotrienes. Additionally, inhibiting effects
have been described on mucus hypersecretion [12]. Its
anti-inflammatory effect is based on an inhibition of nuclear NF-κB p65 translocation that results in decreased
levels of proinflammatory NF-κB target genes [26]. A recent publication showed that Cineole potentiates interferon regulatory factor 3, thus enhancing the antiviral
response in human stem cells and in an ex vivo model
of rhinosinusitis [27]. The antitussive effect of Cineole
can probably be explained by an amelioration of inflammation and mucociliary clearance in patients with acute
bronchitis [13].
In this randomized open label study, add-on therapy
with Cineole led to a rapid improvement in bronchitis
symptoms which was significant if compared to the
Ingavirin-only group starting from visit 3 (day 4)
compared to a standard antiviral treatment in adult
patients under conditions of everyday clinical practice.
Acute bronchitis is a self-limiting disease, with a
usual duration of up to 14 days [4]. Thus, an accelerated improvement at day 3 is the most important effect of every intervention in common cold. The last
assessment at day 9 also shows the acceleration of
symptom relief in the Cineole group. Due to the natural course of the disease, no such difference can be
expected after 14 days.
Cough is one of the predominant and defining symptom of acute bronchitis and common cold [4]. In
addition, the number of coughing fits is the most relevant parameter with regard to the symptom burden of
acute bronchitis [13]. Therapy with Cineole reduced the
number of coughing fits, as well as symptoms of acute
bronchitis in the BSS score. The treatment effects of
Cineole and the onset of efficacy seen in this study are
in the same order of magnitude to effects seen in a previous clinical trial with this drug in the same indication
[13]. In that placebo-controlled randomized clinical trial
including 242 patients with acute bronchitis, therapy
with Cineole led to a significant reduction of the frequency of cough fits, assessed in the BSS score, starting
after 4 days of treatment. After this time, the mean decrease in the BSS was 3.55 score-points in the Cineole
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group, and 2.91 score-points in the placebo-group (p =
0.0383). Acute rhinosinusitis is an important contributor
to the symptomatic load including cough in common
cold, comprising usually not only the bronchi but also
nose, sinuses and throat.
In the present study, the Cineole preparation reduced
not only cough frequency, the key symptom of acute
bronchitis, but also other symptoms as depicted in the
BSS symptom score. Results with Cineole in this open
label study are in line with clinical data from doubleblind trials.
Cineole has not only shown therapeutic efficacy in
acute bronchitis, but also in diseases of the concomitant upper respiratory tract, e.g. in patients with acute
non purulent rhinosinusitis: In a placebo controlled
trial, treatment differences between patients in the
Cineole group and placebo in a symptom sum score
of rhinosinusitis became also significant after 4 days
[14]. Another double-blind, placebo-controlled trial
assessed the efficacy of add on cineole in asthma [5].
In this trial, cineole improved lung function, asthma
symptoms including dyspnea and quality of life. The
documented anti-inflammatory effect of the substance
may have a significant role in these settings as well.
Viral infections, which can induce asthma exacerbations, as well as postinfectious bronchial hyperresponsiveness [13] may play an important role in the
course of the disease.
The good tolerability seen in this trial also is in line
with previous experiences with this drug: Only few adverse events occurred in both groups, all assessed as
mild. Three adverse events were observed in the group
“cineole + antiviral therapy” and one adverse event was
observed in the group “antiviral therapy” (Table 3).

Limitations of the study

Besides the open label design, the inclusion of patients
only if they were subfebrile and a Bronchitis Severity
Scale not over 15 might be regarded as limitations. On
the other hand, the aim of this study was to investigate
the effectiveness of cineole in acute bronchitis, an infection of the airways which can be subsumed under the
umbrella term “common cold” [1]. Fever over 38.5 °C is
not usual in adults with common cold resp. acute bronchitis, but patients in both groups of this study, although
included under the preamble “fever”, only had a slightly
higher body temperature (37.8 °C), thus fitting to the real
life situation of patients with acute bronchitis. Also a
Bronchitis Severity Scale not over 15, excluding patients
with very severe acute bronchitis, can be seen as reasonable as it is questionable whether this very severe stage
still belongs to the symptom picture of acute bronchitis
as a manifestation of common cold.
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Table 3 Adverse events during the study
Cineole + antiviral therapy

Antiviral therapy

Assessment of severity/outcome

1 nausea

Mild/resolved

1 increase in ALT/AST

Mild/n.d.

1 smell of eucalyptus in the nose

Mild/resolved
1 hemoglobin decreased

Mild/n.d.

Assessment of severity: Mild: No interventions were needed. Outcome n.d.: no data available regarding to the outcome. ALT Alanine aminotransferase, AST
Aspartate aminotransferase

Conclusion

Addition of Cineole to antiviral therapy of acute bronchitis or tracheobronchitis as symptoms of common cold
shortens duration of symptoms and reduces their intensity. It reduces cough frequency, the key symptom of
acute bronchitis, as well as dyspnea and chest pain, and
accelerates recovery. Therefore, the cineole preparation
studied above is a valuable and cost-effective therapeutic
option in acute bronchitis that might help to reduce the
widespread inappropriate use of antibiotics in a primarily virus borne disease.
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