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Summary. In chronic Pseudomonas aeruginosa pulmonary infection of patients with cystic
fibrosis (CF), antibiotic therapy generally fails to eradicate the bacterial pathogen. The mucoid
bacterial phenotype, high sputum production by the host, and low airway levels of antibiotics
seem to be responsible for the observed decrease in antibiotic efficacy. We hypothesized that
early antibiotic treatment by inhalation in CF patients may be able to prevent or at least delay
airway infection. In a prospective placebo-controlled, double-blind, randomized multicenter
study, 22 CF patients received either 80 mg b.i.d. of aerosolized tobramycin or placebo for a
period of 12 months shortly after the onset of P. aeruginosa pulmonary colonization.

Two patients in the tobramycin and six patients in the placebo group stopped inhalation before
the 12 month treatment period. Using life table analysis, the time to conversion from a P.
aeruginosa-positive to a P. aeruginosa-negative respiratory culture was significantly shorter in
the tobramycin-treated group than in the placebo group (P < 0.05, log rank test). Lung function
parameters and markers of inflammation did not change in either group during treatment. The
results of this study suggest that early tobramycin inhalation may prevent and/or delay P.
aeruginosa pulmonary infection in CF patients. Pediatr. Pulmonol. 1998; 25:88–92.
© 1998 Wiley-Liss, Inc.
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INTRODUCTION

The majority of patients with cystic fibrosis (CF) suf-
fer from chronic pulmonary infection withPseudomonas
aeruginosa.1–3 Once the infection is established, even
aggressive antibiotic treatment strategies can only tem-
porarily reduce the number ofP. aeruginosaorganisms
in the bronchial tree.4,10,11In most patients chronic pul-
monary infection withP. aeruginosais associated with
worsening of the clinical status and an increase in sputum
volume. The phenotypic switch from non-mucoid to mu-
coid types ofP. aeruginosaimposes a barrier to antibi-
otics and reduces the bioactivity of aminoglycosides.14,15

In contrast, non-mucoid bacteria and low amounts of
sputum are generally present whenP. aeruginosacolo-
nizes the CF airways initially.

Previous studies using short courses of intravenous
antibiotics in patients with recent infection have only
resulted in temporary elimination ofP. aeruginosafrom
the bronchial tree.11 Similar results were obtained with
a combination of oral ciprofloxacin and inhaled colis-
tin.6,16 Considering these findings and the proven ef-
ficacy of inhaled antibiotics in patients with chronic
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P. aeruginosainfection,4,5,7,8,17 we hypothesized that
aerosolized tobramycin immediately after the onset ofP.
aeruginosapulmonary colonization in CF may prevent
or delay infection. Therefore, we carried out a prospec-
tive placebo-controlled, double-blind, randomized multi-
center study of tobramycin inhalation in 22 CF patients.

MATERIALS AND METHODS
Patients and Study Design

The study was performed between October 1991 and
May 1994 in the CF centers of the children’s hospitals of
Erlangen, Essen, Frankfurt, Hannover, and Munich, Ger-
many. CF patients older than 4 years of age, withP.
aeruginosa-negative throat swabs or sputum cultures for
more than 1 year and negative serum antibody titers were
eligible for the study. Patients less than 4 years of age
were excluded because we expected them not to execute
the inhalation procedure correctly. OnceP. aeruginosa
was detected for the first time, three additional samples
were taken at weekly intervals and were sent to the ref-
erence center (Max v. Pettenkofer Institute, Munich).
When two of three samples were positive, patients were
screened for serum antibodies toP. aeruginosa.If anti-
bodies to the three exoenzymes exotoxin A, alkaline
phosphatase, and elastase ofP. aeruginosawere nega-
tive, patients were randomly assigned to either 80 mg
tobramycin (Eli Lilly, Bad Homburg, Germany) or pla-
cebo containing the same preservatives as the conven-
tional drug preparation (phenol 10 mg, sodium disulfite
2.88 mg, sodium EDTA 0.2 mg, and 2 ml distilled water
of pH between 6 and 8) mixed with 2 mL of isotonic
saline. Randomization was performed in groups of two
patients by flipping a coin. The taste was dominated by
phenol as part of the preservatives; there was no taste
difference between the two solutions. The study medica-
tion was inhaled twice daily for a period of 12 months.

Inhalation was performed with a jet nebulizer (Pari
Boy, Pari-Werke, Paul Ritzau, Starnberg, Germany). The
output of the compressor was 0.25 mL/min, and the mass
median diameter of the aerosol was 3.5m determined
with a Malvern Master Sizer at 23°C. Patients were in-
structed to maintain regular tidal breathing. The patients
needed approximately 10 min for inhalation of the solu-
tion. N-acetylcysteine inhalation, pancreatic enzymes, vi-
tamins, and inhalation therapy with saline and/or bron-

chodilators were continued. When the patients inhaled
saline and/or bronchodilators, the study medication was
given separately. During the study period sputum
samples or deep throat swabs were obtained at monthly
intervals. Serum antibodies against elastase, exotoxin A,
and alkaline protease were determined at the end of a 3
month interval.

The study was approved by the ethics committee of all
participating centers; written informed consent was ob-
tained from all patients or their parents.

Clinical and Laboratory Investigations

Chest radiographs were taken once a year on a routine
basis; the severity of x-ray changes was assessed using
the Chrispin-Norman score.19 Vital capacity (VC) and
forced expiratory volumes in 1 s (FEV1) were obtained
with a water-sealed bell spirometer (Exspirograph, Fa
Godard).20 Before the study, sputum or deep throat
swabs were screened monthly forP. aeruginosain the
CF centers. When positive, the diagnosis was confirmed
in the bacteriological reference laboratory of the Max
von Pettenkofer Institute, Munich, with three specimens
collected within 3 weeks. Specimens were cultured on
charcoal agar forP. aeruginosaand other microorgan-
isms (Transgerm GO, Merck, Darmstadt, Germany). Mi-
croorganisms were identified and semiquantified by rou-
tine methods.1 Serum antibodies against elastase, exo-
toxin A, and alkaline protease were determined using
sensitive radioimmunoassays.21–23 Briefly, microtiter
plates coated with a complex of rabbit IgG specific for
elastase and the respective antigens were filled with 100
ml of 10-fold dilutions of patient serum samples and
incubated at 4°C overnight. After washing, the plates
were incubated with 100mL 125I-labeled rabbit IgG spe-
cific for elastase (200,000 cpm) at 4°C overnight. After
washing, the bound radioactivity was determined in a
gamma-counter (Berthold, Wildbad, Germany). Similar
radioimmunoassays were carried out for the determina-
tion of serum antibody titers against exotoxin A and al-
kaline phosphatase. Total IgG, IgE, and erythrocyte sedi-
mentation rate (ESR) were determined by routine labo-
ratory methods. Tobramycin levels in patients’ serum
were determined approximately 1 h after inhalation by a
fluorescence-polarization immunoassay (Abbott, Wies-
baden, Germany) every 3 months. The lower detection
limit of the assay was 0.2mg/mL.

Statistical Analysis

The difference in the time to the conversion of respi-
ratory cultures toP. aeruginosanegative was tested in a
‘‘time to event’’ analysis using the log rank test (SAS life
test procedure). Pulmonary function tests were compared

Abbreviations

CF Cystic fibrosis
cpm Counts per minute
ESR Erythrocyte sedimentation rate
FEV1 Forced expiratory volume in 1 s
FVC Forced vital capacity
P. aeruginosa Pseudomonas aeruginosa
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using Student’s t-test. An error probability of <5% was
regarded as significant.

RESULTS

Twenty-two patients were included in the study. Their
clinical data are summarized in Table 1. There was no
difference between the placebo and tobramycin group
with respect to age, relative weight for height, VC, FEV1,
gender distribution, or Shwachman or Chrispin-Norman
scores. Eleven patients were allocated to the tobramycin
and 11 to the placebo group.

All but one of theP. aeruginosaspecies were non-
mucoid before and after termination of the study. The
different pyocin and serotypes were nearly equally dis-
tributed. OtherPseudomonasspecies in these groups
wereP. stutzeri(one patient),P. putida(one patient), and
P. fluorescens(one patient). Concomitant respiratory iso-
lates wereStenotrophomonas maltophiliain four patients
(two in each group),Staphylococcus aureus, Haemophi-
lus influenzae,and species of Enterobacteriaceae. One
hundred and thirty-one (83 tobramycin group, 48 placebo
group) of the microbiologic samples were throat swabs,
and 27 (16 tobramycin group, 11 placebo group) were
sputa. After the first detection ofP. aeruginosain spu-
tum or the deep throat swabs, and after the confirmation
of the presence ofPseudomonasorganisms by two more
throat or sputum cultures, aerosol treatment was started
within 7–12 weeks (mean 11.3 ± 3.7 weeks). As in pre-
vious studies,4,8 aerosolized tobramycin was well toler-
ated, and no severe adverse effects were reported. To-
bramycin levels in the serum did not exceed 0.2 mg/L.
Nine patients in the tobramycin group and five patients in
the placebo group completed the study (Table 2). The
reasons for premature withdrawal were:

—unwillingness to do daily inhalation (two patients in
each group);
—need for intravenous treatment (two patients in the
placebo group);
—cough during inhalation (one patient in the placebo
group);

—lack of the expected effect on cough and sputum
production (one patient in the placebo group).

Analysis of the data of all patients in a ‘‘time to event’’
analysis (the event being the first conversion of the spu-
tum culture fromP. aeruginosapositive toP. aeruginosa
negative) yielded a significant difference between the
two groups (Fig. 1;P < 0.05, log rank test). Due to the
low rate of conversion fromP. aeruginosapositive toP.
aeruginosanegative in the placebo group, the mean time
of conversion could only be assessed in tobramycin-
treated patients. In the tobramycin group the time to con-
version to P. aeruginosa-negative cultures was 1.89
months (Fig. 1).

Specific serum antibody titers againstP. aeruginosa
exotoxin A, elastase, and alkaline phosphatase during the
study period were available in eight patients of the to-
bramycin group and in five patients of the placebo group.
In the placebo group, antibody titers increased steadily
during the study period, whereas they remained low in
the tobramycin group (Fig. 2). In all but one patient in
each group the results of the antibody determination and
the sputum culture were concordant at the end of study.

There was no significant difference between the
groups in lung function parameters, IgG, IgE, and ESR
during or after the treatment period (data not shown).

DISCUSSION

This study was based on the assumption that chronic
bronchial infection in CF patients is preceded by a period
of colonization and acute infection in whichP. aerugi-
nosamay be eliminated by appropriate antibiotic treat-
ment.17,18Bacterial colonization is generally defined as a
state in which specific antibodies against the pathogen
are missing, yet the organism is already intermittently
detectable in respiratory secretions,2,24 whereas in acute
infection low antibody titers may be present.25 Chronic
infection has been defined asP. aeruginosapresence in
monthly sputum specimens for 6 consecutive months in
association with a rapid increase in specific serum anti-
bodies.26

Accordingly, weexcludedin the present study CF pa-
tients with pre-existing serum antibodies againstP. ae-
ruginosa- andP. aeruginosa-positive respiratory cultures
andincludedpatients seronegative forP. aeruginosaan-
tibodies, but with positive cultures forP. aeruginosain at
least two of three sputum or cough swab specimens.11,19

Antibiotic treatment was started as soon as possible after
the first cultivation ofP. aeruginosawith a mean interval
betweenPseudomonasdetection and start of therapy of
11.3 weeks. Using a ‘‘time to event’’ model, we have
shown that there was a significantly lower rate of con-
version to positive respiratory cultures in the tobramycin
than the placebo-treated group. This finding suggests that

TABLE 1—Characteristics of Subjects at Study Entry

Placebo
(mean ± SD)

Tobramycin
(mean ± SD)

No. 11 11
Age (yr) 11.4 ± 10.1 9.8 ± 8.3
Gender (F/M) 5/6 4/7
Height (cm) 126.9 ± 31.9 140 ± 28.1
Weight for height (%) 83 ± 31.2 99.7 ± 9.5
FVC (% predicted) 100.4 ± 7.9 86.8 ± 19.4
FEV1 (% predicted) 83 ± 31.8 78.6 ± 33.2
Shwachman score1 68.6 ± 9.5 68.0 ± 11.4
Chrispin Norman score19 6.2 ± 4.8 7.2 ± 4.9

1Without x-ray rating (maximum 75).
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inhalation of tobramycin in a dose of 80 mg twice daily
is capable of eliminatingP. aeruginosafrom the bron-
chial tree of recently infected CF patients. The elimina-
tion is associated with the disappearance of or failure to
developP. aeruginosaantibodies.

The power of this study is limited by the small number
of patients and the high rate of dropouts, especially in the
placebo group. The high dropout rate in the placebo
group may raise concern about the adequacy of blinding.
As the patients had no experience with inhalation of an-
tibiotics before and the taste of both solutions was iden-

tical, it is unlikely that they may have recognized wheth-
er the blended solution contained the antibiotic or not.
The high dropout rate in the placebo group may, how-
ever, have been influenced by the lack of subjective im-
provement or the lack of clearance ofP. aeruginosafrom
respiratory cultures, as this information was not blinded
throughout the study period.

The majority of patients in this study did not produce
sputum, so microbiologic assessments had to be based on
throat swabs. Throat swabs have a lower sensitivity than
sputum samples for the detection ofP. aeruginosa,al-
though their specificity is adequate.27 P. aeruginosa-
specific serum antibodies appeared to correlate well with
respiratory cultures in this study, suggesting that serum

TABLE 2—Time Course of Conversion of Respiratory Cultures From P. aeruginosa Positive to P. aeruginosa Negative
During the Study Period

Months

Tobramycin Placebo

No.1 P. aeruginosa+ Withdrawn No.1 P. aeruginosa+ Withdrawn

0 11 9 22 11 10 12

1 9 6 0 10 8 23,4

2 9 2 0 8 6 0
3 9 1 0 8 6 1*
4 9 1 0 7 5 0
5 9 1 0 7 5 14

6 9 1 0 6 4 0
7 9 1 0 6 4 15

8 9 1 0 5 4 0
9 9 1 0 5 4 0

10 9 1 0 5 4 0
11 9 1 0 5 4 0
12 9 1 0 5 4 0

1Refers to the number of patients under observation.
2Unwillingness to perform inhalation.
3Cough.
4Intravenous treatment.
5No effect.

Fig. 1. Percentage of P. aeruginosa -positive patients in a
Kaplan-Meier plot for both treatment groups over the 12 months
study period. The tic marks signify when patients dropped out
and also indicate the total number of P. aeruginosa -positive
patients remaining in study. Significantly more patients in the
tobramycin treated group became P. aeruginosa negative dur-
ing the study period ( b < 0.05, log rank test).

Fig. 2. Reciprocal antibody titers against P. aeruginosa alkaline
phosphatase, elastase, and exotoxin A in cystic fibrosis pa-
tients receiving placebo (black bars) or tobramycin by inhala-
tion (white bars) for a period of up to 12 months. Antibody titers
reflect the sum against the three epitopes determined by three
different radioimmunoassays. For details see the Materials and
Methods section. Bars represent means ± SD of antibody titers
against the three P. aeruginosa antigens of 12–24 single values.
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antibodies may play a role as surrogate markers of early
respiratory infection withP. aeruginosa.

Tobramycin inhalation did not affect the values of
FVC or FEV1, as in previous studies.4,7,9This was prob-
ably due to the small number of patients who completed
the 12 month study period and the observation that the
deleterious effects ofP. aeruginosaon lung function do
not occur in the early stages of colonization.28 We con-
clude that long-term inhalation treatment with tobramy-
cin 80 mg b.i.d. is capable of significantly reducing and/
or delayingP. aeruginosainfection of the bronchial sys-
tem in CF patients as long as inhalation therapy begins in
the early stages of colonization. Further studies will dis-
close whether the colonization ofP. aeruginosapersists
after discontinuation of treatment.
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