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ABSTRACT
The safety and tolerability of nebulized amoxicillin clavulanic acid were determined in patients with stable
COPD and during severe exacerbations of COPD. Nine stable COPD patients received doses ranging from
50:10 mg up to 300:60 mg amoxicillin clavulanic acid and eight patients hospitalised for a COPD exacerbation
received fixed doses 200/40 mg twice daily. Safety was evaluated by spirometry before and after inhalation.
Tolerability was evaluated by questionnaire. Plasma and expectorated sputum samples were assayed for
amoxicillin content.
Seventeen patients underwent in total 100 nebulizations with amoxicillin clavulanic acid. In this safety and
tolerability study no clinically relevant deteriorations in FEV1 were observed. Nebulized amoxicillin clavu-
lanic acid produces sputum concentrations well above the Minimal Inhibiting Concentration of 90% for
potential pathogenic micro-organisms, with low concentrations in the central compartment (low systemic
exposure).
Based on spirometry and reported side effects, inhalation of nebulized amoxicillin clavulanic acid seems to
be safe and well tolerated, both in stable patients with COPD as in those experiencing a severe exacerbation.
Levels of amoxicillin were adequate.

Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a common
preventable and treatable disease. COPD is a leading cause of
mortality and morbidity worldwide. Exacerbations in COPD
and its co-morbidities contribute to the overall severity in indi-
vidual patients. The pulmonary disease is characterized by air-
flow limitation that is not fully reversible. The airflow limitation
is usually progressive and associated with an abnormal inflam-
matory response of the lung to noxious particles or gases (1).
Furthermore COPD is characterized by periodic exacerbations
that typically occur one to three times a year (2).

Exacerbations are events with a heterogeneous presentation
that are thought to be caused by complex interactions between
the host, viruses, bacteria and environmental pollution, leading
to an increase in the inflammatory burden (3). In literature, it
is suggested that 50–70% of exacerbations are due to respiratory
infections (including bacteria, atypical organisms and respira-
tory viruses), 10% are due to environmental pollution (depend-
ing on season and geographical placement), and up to 30% are of
unknown etiology (3). Effectiveness of antibiotics in acute exac-
erbations of COPD (AECOPD) is still under discussion, and
depends on the correct prescription of antibiotics and proba-
bly also on the concentration of antibiotics reached in the tar-
get tissue. Theoretically, to be effective, the antibiotic concen-
tration in target tissues should reach the Minimal Inhibiting
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Concentration of 90% (MIC90) for potential pathogenic micro-
organisms (PPM) in COPD such as Streptococcus pneumoniae,
Haemophilus influenzae and Moraxella catarrhalis (4,5).

Some clinical studies have suggested that with regard to
clinical efficacy of amoxicillin, sputum concentration is a bet-
ter predictor of efficacy than serum concentration (6,7). Pre-
vious research has shown that an amoxicillin concentration
in sputum higher than the Minimal Inhibiting Concentration
of 90% (MIC90) reduced the mean length of hospitalization
for a COPD exacerbation from 11 to 7 days (8). However,
only one-third of the COPD patients receiving treatment either
orally or intravenously reaches an amoxicillin concentration
in sputum higher than the MIC90 (8,9). Inhalation of amoxi-
cillin clavulanic acid may be a method of administration result-
ing in better pharmacological treatment in COPD exacerba-
tions by achieving higher and more effective antibiotic levels
locally.

Exploring the safety and effectiveness of local treatment with
amoxicillin clavulanic acid in the airways by inhalation of nebu-
lized amoxicillin clavulanic acid is of great interest. With regard
to bronchiectasis nebulization of amoxicillin has been described
in literature and was well tolerated (10,11). Inhalation of amoxi-
cillin clavulanic acid, however, has not been described before in
literature. Therefore, the objective of this study was to explore
the safety and tolerability of inhalation of nebulized amoxicillin
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clavulanic acid in patients with stable COPD first, and second in
hospitalized patients suffering from an exacerbation of COPD.

Methods

Design

We performed two subsequent studies: STONAC 1 and
STONAC 2. Both studies were phase 1 single-arm prospec-
tive intervention studies that assessed safety and tolerability
of nebulization of amoxicillin clavulanic acid either in sta-
ble COPD (STONAC 1) or in hospitalized patients suffering
from an exacerbation of COPD (STONAC 2). STONAC 1 and
STONAC 2 each designed for eight subjects.

Study population

Both studies included subjects with a clinical diagnosis of COPD
(as defined by GOLD criteria (1), able to produce sputum, age
40 years or over, and current or former smoker. Exclusion cri-
teria included allergy for penicillin, amoxicillin or clavulanic
acid, current pneumonia, and FEV1 post bronchodilator < 1.2
l (STONAC 1 only). In the STONAC 2 systemic use of amox-
icillin was an exclusion criterion as well. An exacerbation was
defined as an event in the natural course of the disease charac-
terized by a change in the patient’s baseline dyspnoea, cough,
and/or sputum that is beyond normal day-to-day variations, is
acute in onset, and may warrant a change in regular medication
in a patient with underlying COPD (1).

Both studies were performed according to the Helsinki decla-
ration and were approved by the medical ethical review board of
Twente and the hospital board. A data safety monitoring board
(DSMB) was established. Study subjects were informed by the
investigators and a written informed consent was obtained.

Study drug/dose

Prior to each nebulization with amoxicillin clavulanic acid, sub-
jects used a bronchodilator (200 μg salbutamol). The amox-
icillin clavulanic acid used for nebulization in this study was
a commercially available product of the brand Sandoz: amoxi-
cillin/clavulanic acid: 1000 mg/200 mg powder for solution for
injection, registered for intravenous administration, Registry nr
(RVG): 28025. After reconstitution conform Summary of Prod-
uct Characteristics file (SMpC: registration file for marketing
authorization), a solution with a concentration of 50:10 mg/ml
amoxicillin/clavulanic acid was obtained. After reconstitution
the desired dose was manually poured into the nebulizer. The
particle size of the nebulized solution was determined by laser
diffraction technique (HELOS particle size analysis). The par-
ticle size of both used nebulizers (Ventstream® and Sidestream
plus®) complied to the desirable size range (1–5 um). The solu-
tion of amoxicillin clavulanic acid prepared according to SmPC
is slightly hyper osmotic but complies well to the physical
requirements for aerosolized delivery as does the pH of the solu-
tion (12).

The optimal dose of amoxicillin clavulanic acid through
inhalation is unknown. In former inhalation studies a dosage

Table . A questionnaire was filled in by the subject after nebulization.

Question Answer

. Did you experience adverse effects
during or after nebulization?

 –  –  –  –  – ∗

∗ = none,  = minor,  = moderate, 
= acceptable,  = serious,  =
severe

. What adverse events did you
experience?

Chest tightness

Coughing
Other: … … … … … … … … … …

. When did these effects occur? During nebulization /  –  min /
 –  min /  –  min after

nebulization
. Did you need (inhalation) drugs to

decrease chest tightness after
nebulization?

yes / no

of 500 mg amoxicillin twice daily was used (10,11). The nebu-
lizers in those days had an efficiency of approximately 10% (13).
The nebulizers used in this study (Ventstream® and Sidestream
plus®) have an efficiency up to approximately 30% (14).

In STONAC 1 the starting dose of amoxicillin clavulanic
acid was 50:10 mg ( = 1 ml) followed by ascending doses of
100:20 mg, 200:40 mg and 300:60 mg (at weekly intervals). The
starting dosage was rather low and therefore on the safe side. In
STONAC 2 study, a fixed dose of 200:40 mg was used, according
to the results of STONAC 1.

Nebulizer

The drug was nebulized using a Portaneb® compressor and a
Ventstream® (STONAC 1) or Sidestream plus® (STONAC 2)
nebulizer, equipped with expiration filters. Those nebulizers are
breath-enhanced jet nebulizers designed to improve drug deliv-
ery through the delivery of an aerosol with a high respirable
fraction in a short nebulization time (15). These nebulizers
are both jet nebulizers in which denaturation of the drug is
unlikely. Time of nebulization of a solution of amoxicillin clavu-
lanic acid (50/10 mg/ml) was expected to be 2–3 min/ml (14).
Nebulization continued until the nebulizer started sputtering.
To prevent nasal aerosols, a nose clamp as used in spirometry
was used.

Pulmonary function tests

A pulmonary function test was performed directly before
inhalation and 15 minutes after inhalation of amoxicillin clavu-
lanic acid. Forced expiratory volume in 1 second (FEV1) was
measured. A reduction in FEV1 of 20% or more was considered
clinically relevant.

Questionnaire

After every nebulization the subject completed a questionnaire
on adverse events (Table 1). The questionnaire is similar to a
questionnaire used in a pilot study with colistin nebulizations
(16).
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Sputum and blood sampling and analysis

Analysis of sputum and plasma samples was performed using a
validated analytical method using HPLC-MS-MS. The MIC90
(2 mg/l) used in this study is derived from local susceptibility
tests from the Regional Laboratory of Public Health and is com-
parable with data published by the European Committee On
Susceptibility Testing (Eucast) (17).

STONAC 
During STONAC 1 eight outpatients with stable COPD were
recruited between January 2012 and October 2012. Subjects
received ascending doses of amoxicillin clavulanic acid by
inhalation. Each patient received four doses with an interval of
at least 7 days between each dose.

After each nebulization the data safety monitoring board
(DSMB) received a report with results of the nebulization (FEV1
and questionnaire).The patient only received a higher dosage
when the last dosage given was tolerated well and was approved
by the DSMB.

After inhalation of amoxicillin clavulanic acid subjects were
kept under observation for 3 hours. During the observation
period the subjects completed the questionnaire, expectorated
sputum was sampled, and at the end a venous blood sample was
collected.

STONAC 
During STONAC 2 eight patients, hospitalized for AECOPD
were recruited between October 2013 and July 2014. Subjects
received doses of amoxicillin clavulanic acid 200:40 mg by
inhalation, twice daily during hospitalization (with a maximum
of 7 days). The nebulizations were added to regular care, i.e., oral
steroids. Patients were nebulized on each day of their hospital-
ization, with a maximum of 7 days according to standard care.
In case patients were discharged from the hospital before day 7,
the nebulizations were stopped immediately.

Before and after the first nebulization a pulmonary function
test was performed. After every nebulization subjects completed
the questionnaire. Volunteers were asked to expectorate spu-
tum before the second nebulization on day 1, at three moments
between the nebulizations on day 3 (top, mid and trough), and
before the last nebulization during inclusion in the study. Spu-
tum expectorated at other moments than described above was
also collected and analyzed on concentration of amoxicillin.
Three hours after the first nebulization at day three, a venous
blood sample was collected.

Following hospital discharge, the data of the treated patient,
including a report with results of the nebulizations (FEV1 and
questionnaires) were sent for assessment to the DSMB.

Results

In STONAC 1 one subject discontinued participation for non-
medical reasons. Therefore, a ninth subject was included con-
form study protocol. Patient characteristics of both patients
included in the STONAC 1 and 2 study are listed in Table 2. In
STONAC 1, 34 nebulizations were performed, in STONAC 2, 66
nebulizations were performed.

Table . Baseline characteristics of enrolled subjects.

STONAC 

Subject Gender (m/f) Age (yrs) GOLD FEV
∗ (l / %) VC (l / %) FEV/VC (%)

 M   . /  . /  
 M   . /  . /  
 M   . /  . /  
 M   . /  . /  
 M   . /  . /  
 M   . /  . /  
 M   . /  . /  
 M   . /  . /  
 M   . /  . /  

STONAC 

Subject Gender (m/f) Age (yrs) GOLD FEV
∗ (l / %) VC (l / %) FEV/VC (%)

 M   . /  . /  
 F   . /  . /  
 M   . /  . /  
 F   . /  . /  
 F   . /  . /  
 F   . /  . /  
 F   . /  . /  
 F   . /  . /  

∗STONAC  at start of first nebulization.
∗STONAC  stable phase.

Safety

Neither in STONAC 1, nor in STONAC 2, any subject showed a
clinically relevant deterioration of their FEV1 (>20%). None of
the subjects experiencing a reduction in FEV1 sensed discomfort
due to this reduction. The change in FEV1 is shown in Figure 1.

Tolerability

STONAC 
Three adverse events (AE) were reported. There was one AE
noted at a first inhalation and two AE’s at second inhalations.
All AE’s were experienced as minor. The AE’s consisted of cough
(twice) and shortness of breath (once). Three subjects men-
tioned a slight bitter taste but did not classify this as an AE. No
severe adverse events occurred during the study.

One subject experienced an exacerbation prior to the third
nebulization. Three days after the second nebulization the
patient suffered from coughing and shortness of breath. A con-
sulted physician diagnosed an AECOPD and started treatment.
Five weeks later the patient continued the study without further
problems or adverse events.

STONAC 
In 47% of the nebulizations no AE’s were reported, and in
32% minor AE’s were reported, while in 8% and 12% moder-
ate and tolerable AE’s were reported, respectively. The reported
AE’s were cough, shortness of breath, and an unpleasant bitter
taste.

Following one nebulization (1.5%) the subject classified an
AE as serious. The subject experienced cough and shortness
of breath during the fourth nebulization and within 0-10 min-
utes post nebulization. During this hospitalization the subject
had an increase in symptoms. This subject stopped participa-
tion because of the impaired clinical condition, which lasted
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Figure . (A) the change in FEV before-after nebulization in stable COPD patients. (STONAC ). Change in FEV was measured at each nebulization. No clinical relevant
reduction of FEV (> %) occurs after nebulizations of amoxicillin clavulanic acid. (B) the change in FEV before-after nebulization in COPD exacerbation patients. (STONAC
). Change in FEV was measured once for each subject. No clinical relevant reduction of FEV (> %) occurs after nebulizations of amoxicillin clavulanic acid.

up to at least 36 hours’ post nebulization. The DSMB assessed
the causality and decided the worsening symptoms were not
caused by the nebulizations but due to an exacerbation in
COPD.

Several subjects could not continuously perform the neb-
ulization, but needed short stops. Those subjects perceived
nebulizations as tiring, partly because it lasted for about 10
minutes. In addition they experienced wearing a nose clip as
unpleasant.

Sputum and blood sampling and analysis

STONAC 
Out of 34 nebulizations, 30 sputum samples were obtained. One
sample was too small to quantify amoxicillin levels. The remain-
ing 29 sputum samples were analyzed for amoxicillin quantifi-
cation. Only one sample had a concentration below MIC90.
All other samples had a concentration > 6.9 mg/l (Figure 2).
In all collected plasma samples amoxicillin concentration was
<1.0 mg/l.
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Figure . STONAC  Amoxicillin concentration in sputum samples collected within  hours after nebulization.

STONAC 
Of 66 nebulizations 16 sputum samples were obtained of which
five samples were obtained before the second nebulization
(trough samples) (see Table 3). One sample had a concentration
below MIC90. All obtained top (n = 4) and mid (n = 3) sam-
ples at day 3 and the samples collected at other moments (n =
4) showed an amoxicillin concentration >200 mg/l. (No trough
samples at day 3 were collected.)

Seven plasma samples were collected. One patient was dis-
charged from the hospital before day three, so no plasma sample
was obtained from that patient. In all collected plasma samples
amoxicillin concentration was < 1.0 mg/l.

Discussion

In STONAC 1 and STONAC 2 a total of 17 patients underwent
in total 100 nebulizations with amoxicillin clavulanic acid. The
objective of both studies was to evaluate the safety and tolera-
bility of inhalation of nebulized amoxicillin clavulanic acid in
patients with COPD. To our knowledge inhalation of amoxicillin
clavulanic acid has not been studied before.

Table . STONAC : Amoxicillin concentration in sputum samples collected before
the second nebulization (trough samples)

Patient no. Concentration amoxicillin (mg/l)

 –
 –
 .
 .
 
 
 


Subjects , , and  were not able to produce sputum at that moment.

Safety
In this safety and tolerability study no clinically relevant deteri-
orations in FEV1 were observed. STONAC 1 showed that stable
COPD patients receiving a second, third or fourth nebulization
did not necessarily show larger reductions in FEV1, while some
also showed increases in FEV1 compared to the first nebuliza-
tion. The rise in FEV1 could be due to a late effect of the bron-
chodilator given before nebulization. Since extra lung function
tests at a later moment post nebulization were not part of the
study protocol, no data is available on time to return to base-
line FEV1. In STONAC 2 FEV1 was measured only before and
after the first nebulization because at the first nebulization the
subject was expected to be in the worst clinical condition. The
FEV1 measurements showed similar results as in STONAC 1.

Tolerability (questionnaires)
In STONAC 1 and 2 similar adverse events were reported by
the subjects: cough (minor), shortness of breath (major), and a
bitter taste (minor). Shortness of breath was assessed as major,
because some of the subjects could not continuously maintain
nebulization. In all cases with shortness of breath the nebuliza-
tions could be resumed after a few minutes of rest without any
further problems. In STONAC 2 subjects explained they found
it difficult to distinguish between adverse events and symptoms
of their exacerbation of COPD. In general AE’s like cough are
common when inhaling antibiotics. To prevent or reduce AE’s
like cough and chest tightness or bronchospasm pretreatment
with a bronchodilator is advised (12).

Possibly, development of a dry powder inhalator can lead to
a more patient friendly way of inhaling amoxicillin clavulanic
acid. Dry powder inhalation has several advantages, such as
shortened inhalation time, less contamination of the surround-
ing area, and no (electronic) nebulization equipment is needed.
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Amoxicillin levels
In STONAC 1 and STONAC 2 all plasma levels showed amoxi-
cillin concentrations <1.0 mg/L, indicating that systemic expo-
sure is low. Systemic exposure can be explained in three ways: by
swallowing amoxicillin deposited in the mouth and throat area;
by swallowing expectorated sputum; or, by transport from the
lung tissue to the blood. No information on the exposure route
can be drawn from this study.

Nebulization of amoxicillin clavulanic acid results in sputum
amoxicillin levels well above MIC90. In STONAC 1 even at the
lowest doses given by inhalation the amoxicillin levels in spu-
tum, obtained within 3 hours after nebulization, showed to be
clearly above the MIC90. One sample taken after the third dose
showed an unexpected low sputum amoxicillin concentration
below MIC90. We have no explanation for this, especially in light
of the fact that the sputum concentration at the lowest (first)
dose was well above MIC90 in this subject.

In STONAC 2 in 15 out of 16 sputum samples an amoxicillin
concentration above the MIC 90 was measured. Those sputum
samples included 6 trough samples. This indicates that with dos-
ing twice daily continuous concentrations above the MIC 90 can
be reached. Not all patients were able to able to produce sputum
at the moment of collection. In previous studies two thirds of the
patients did not reach a concentration >MIC90 in sputum after
systemic administration of amoxicillin clavulanic acid (8,9).

STONAC 1 and STONAC 2 were performed in patients
with stable COPD and during severe exacerbations of COPD,
respectively, and can therefore not be extrapolated to other
pulmonary diseases or pulmonary infections. Whether spu-
tum is the target for treatment is unclear. Previous research
showed effective amoxicillin clavulanic acid levels in bronchial
mucosa following oral administration. Poor clinical response
may be due to a reservoir of organisms in the bronchial
secretions where effective antibiotic levels are not easily
obtained (18). This strengthens the idea of nebulizing amox-
icillin clavulanic acid in order to reach effective levels in
sputum.

Study limitations

Although 100 nebulizations have been performed, the total
number of patients is still low. In STONAC-1 and STONAC-
2 we showed it is possible to obtain effective amoxicillin levels
in sputum by nebulizing amoxicillin clavulanic acid. Due to the
low number of samples it is not possible to tell whether the levels
will be effective (theoretically). An additional study is needed to
show whether an effective sputum level is present over the day
(for effectiveness of B-lactam antibiotics: concentration time >

MIC). Further research is needed to show whether nebulizing
amoxicillin clavulanic acid is also more effective than oral or par-
enteral amoxicillin clavulanic acid.

From the present studies no information on the effect on the
microbial profile is available. Also, the effect of nebulization on
the microbial profile has to be investigated in future studies.

Conclusion

These clinical, phase 1 studies on nebulized amoxicillin clavu-
lanic acid have shown that nebulizing amoxicillin clavulanic

acid is safe and well tolerated in single doses up to 300:60 mg
of amoxicillin-clavulanic acid in patients having stable COPD
and in doses of 200:40 mg twice a day in patients hospital-
ized for an exacerbation of COPD. The amoxicillin levels in
sputum found in STONAC 1 and STONAC 2 are promis-
ing. The use of aerosolized antibiotics is particularly attrac-
tive, as this mode of administration has the potential to
deliver high concentrations at the site of infection. Further
research on clinical efficacy by a randomized trial is needed. If
this antibiotic inhalation therapy is clinically effective, a large
COPD population can be treated more effectively for their
exacerbations.
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