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No positive effect of rhdnase 
on the pulmonary colonization 
in children with cystic fibrosis

H.J.C. Bonestroo, M.G. Slieker, H.G.M. Arets

Introduction

Cystic fibrosis (CF) is a multi-system disorder,
but progressive respiratory disease is the most
important cause of morbidity and mortality [1]. It
is characterized by progressive impairment in lung
function and airway obstruction with recurrent
airway infection, caused by accumulation of thick
viscous purulent secrete [2]. The most important
microorganisms causing airway infections in
young children with CF are Staphylococcus aureus
(SA) and Haemophilus influenzae (HI) [3-5].
Pseudomonas aeruginosa (PA) will be cultured
from the majority of patients during later life [6].
Mucociliary clearance of the viscous mucus is
impaired, which causes an ideal basis for
colonization and infection with microorganisms.
These infections give local inflammation with an
influx of predominantly neutrophils [7, 8].
Degradation of these neutrophils causes DNA
release, which leads to an increase in viscosity of
sputum, further increasing the susceptibility for
colonization and infection [9]. In this way the
vicious circle of infection, inflammation and
obstruction leading to a progressive loss of lung
function and airway destruction is maintained.

The treatment of CF is especially focused on
the prevention of lung disease and prevention of
lung function loss. Important components of this
treatment are antimicrobial agents, mucolytics and
physiotherapy. Since 1992 an increasing number of
patients has been treated with nebulized
recombinant human deoxyribonuclease (rhDNAse)
[10]. RhDNAse breaks down extra cellular DNA,
thereby decreasing the viscosity of sputum. Several
long term clinical trials showed that rhDNAse
treatment is effective, especially in mild to moderate
CF, shown by an increase in lung function and a
decrease of respiratory exacerbations [10-19]. A
study preformed in Denmark hypothesized that this
clinical improvement in lung function might be due
to a decrease in bacterial airway colonization [11].
In this study a decrease in bacterial colonization
was reported, but only CF patients without
bronchopulmonary infection or chronic bronchorrhoea
where included. However, in most hospitals
rhDNAse is only started in children with chronic
bronchorrhoea and/or chronic bronchopulmonary
infection. Besides, in Denmark, the antibiotic
treatment regimes are stricter than and different
from the regimes in many other countries [20].
Therefore, results from the Danish study might not
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ABSTRACT: No positive effect of rhdnase on the pulmonary
colonization in children with cystic fibrosis. H.J.C. Bonestroo,
M.G. Slieker, H.G.M. Arets.

Background. Long-term clinical trials have shown
that daily treatment with recombinant human
deoxyribonuclease (rhDNAse) in patients with mild to
moderate cystic fibrosis (CF) improves lung function
and decreases the number of respiratory exacerbations.
The aim of this study was to analyze the effect of
rhDNAse on the bacterial colonization of the airways
in children with CF.

Methods. This was a retrospective cohort study.
From the database of the CF Center Utrecht, we selected
two groups, an rhDNAse group (daily 2.5 mg rhDNAse)
and a control group (no rhDNAse). Primary outcome
parameter was the difference in change in bacterial
colonization between the treatment and control group
during 1.5-year. Secondary outcome parameters were

changes in lung function (FEV1) and pulmonary
exacerbations.

Results. Children treated with rhDNAse showed no
significant changes in bacterial colonization during the
treatment period, apart from an increase of P. aeruginosa
positive cultures, both compared to baseline (53.1% versus
25%, p<0.05) and control group (no change during study
period, 37% versus 37%). The change in FEV1 after one
year of treatment was +4.0% in the treatment group versus
-0.3% in the control group (p=0.22). There were no
significant changes in number of pulmonary exacerbations.

Conclusions. This study showed no significant
beneficial decrease in bacterial airway colonization
during 1.5-year of treatment with rhDNAse. The
positive effects of rhDNAse on the lung function can
therefore not be explained by a change in airway
colonization.
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be representative for the situation in other countries,
such as the Netherlands. We investigated the effect
of rhDNAse treatment on the bacterial airway
colonization in a group of children with CF, in
whom treatment was started on clinical grounds.
Secondly, we investigated if treatment with
rhDNAse leads to a change in lung function and
respiratory exacerbations.

Methods

Subjects and Design

Data were obtained from CF patients during
routine yearly controls. For this retrospective
chart analysis ethical approval was waived by our
IRB. In total 260 children from the central
Netherlands are treated in the CF center Utrecht.
All patients undergo a routine yearly multidisciplinary
examination regardless of their health status. Since
1997, all results have routinely been collected in
an electronic database. From this database, we
selected all children with CF (diagnosis based on
clinical symptoms and positive sweat testing
and/or two CF causing DNA mutations) under the
age of 20 years, starting rhDNAse treatment
between January 2004 and December 2006 and
continuing this treatment for at least 1.5-year. The
decision to commence rhDNAse was at the
discretion of the attending pediatricians, based on
clinically diagnosed chronic bronchorrhoea, most
often combined with signs of chronic bronchial
infection. In most children, the effect of rhDNAse
was evaluated after 3 to 6 months based on
pulmonary function or subjective changes in
symptoms. The clinical parameters were collected
from 1 year before start of rhDNAse treatment
until 1.5-year after starting the treatment. For
every patient using rhDNAse, we selected a
control patient from the database, matched for the
nearest age and sex. From these controls, data
were also available for the above-mentioned
period. Selection was independent of disease
severity, the presence of chronic bronchopulmonary
colonization or the use of antibiotics.

Microbiology

Cultures were taken from sputum. If the patient
was unable to produce sputum a cough swab was
collected. Only if patients were not able to cough
on demand, throat swabs were taken as best
alternative. From all patients the last three cultures
were taken the year before starting rhDNAse
treatment and all cultures during 1.5-year after start
of rhDNAse. Cultures were considered positive
when minimal one sample presented one or more
of the following microorganisms: PA, SA, HI, 
S. pneumoniae, C. albicans, A. fumigatus or S.
maltophilia. In the control patients, cultures were
analyzed over the same period.

Antimicrobial treatment

Pulmonary exacerbations were defined as any
deterioration of symptoms and pulmonary function

requiring antibiotic treatment as judged by the
attending pediatrician. Antibiotic treatment was
based on available sputum culture results. At the
beginning of treatment new sputum sample were
collected. The number of antibiotic courses was
used as a proxy of the number of pulmonary
exacerbations. Antimicrobial treatment were
administrated for at least 2 weeks, principally
through oral medication. Severe exacerbations or
those not responding to oral courses of antibiotics
were treated with intravenous antibiotics over a
period of 2-3 weeks. The treatments were based
on susceptibility to antibiotics. Patients with
frequent and/or chronic upper or lower airway
infections were prophylactically treated with co-
trimoxazol or cefuroxim in patients without PA,
and with azitromycine +/- tobramycin or colistin
nebulisation in those patients colonized with PA.

Lung function tests

Lung function was measured in all children
from 4 years of age onwards using spirometry in
conformity with international criteria [21]. For the
measurements, a Lilly pneumotachometer system
(Viasys, Masterscreen, Hochberg, Germany), was
used and sex and height specific reference values
were applied [22]. The primary lung function
parameter was forced expiratory volume in one
second as percentage of predicted (FEV1 %pred).
From the CF database from every patient one
FEV1 before starting rhDNAse and one 1-1.5 year
after start of rhDNAse were used. The same
parameters were analyzed for the control patients
at corresponding age.

Data Analysis

Data were analyzed with SPSS for windows.
Differences between patients with and without
rhDNAse treatment were calculated using McNemar
test for discrete variables, and paired Student’s t-test
for normally distributed continuous variables. Chi-
square was used to compare dichotomous variables.
Mann-Whitney U test was used to compare not
normally distributed continuous data. To adjust for
potential confounders, multivariate analyzes were
performed using multiple linear regression. A 
p-value of <0.05 was accepted as statistically
significant.

Results

Patients

Between January 2004 to December 2006,
seventy-three children used rhDNAse. Thirty-five
infants were included in the study. Of the excluded
infants, ten patients used rhDNAse less than 1.5-
year, nineteen patients did not use rhDNAse on a
regular basis, in four patients sufficient data were
not available and five patients were older than 20
years. For the thirty-five patients using rhDNAse,
thirty-five gender and age matched control patients
were selected.
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Table 1 shows the baseline characteristics of
both groups before the start of rhDNAse treatment.
There were no significant differences in
characteristics between the groups, except for
lung function. Before the start of rhDNAse, the
treatment group had a significantly lower FEV1
%pred compared to the control group (78.1%
versus 97.7%, p<0.05). In the control group, eight
patients were prophylactically treated with co-
trimoxazol or cefuroxim and 17 with azitromycine
+/- tobramycin or colistin nebulization compared
with 11 and 21 patients in the treatment group,
respectively. This difference was not significant.

Culture results

The percentage of positive cultures for all bacteria
before starting rhDNAse was significantly higher
in the treatment group compared to the control
group, 94% versus 84%, p<0.05. During study
period, no significant changes in colonization were
seen in both the treatment (94% versus 96%) and
control group (84% versus 88%). Before treatment
the percentage of positive cultures for individual
bacteria was not significant different between the
treatment and control group. The prevalence of PA
positive cultures increased significantly during the
study period in the treatment group (25% to 53.1%,
p<0.05) (table 2). During study period, no
significant changes were seen in the control group
(37% versus 37%, p=1.00). For all other
microorganisms, no significant changes were found
either within or between the two groups (table 2).

Lung function and respiratory exacerbations

Both before and after treatment FEV1 %pred
was significant lower in the treatment group
compared to the controls. The absolute change of
FEV1 %pred after a year of rhDNAse treatment was
+4.0% in the treatment group versus -0.3% in the
control group (p=0.22) (figure 1). Multivariate

Table 1. - Baseline characteristics of patients treated with rhDNAse compared to control patients not receiving rhDNAse

Characteristics rhDNAse Controls
p-value(n = 35) (n = 35)

Female gender 17 (49%) 17 (49%) 1.00

Age (years) 9.4 ± 4.2 9.5 ± 4.0 0.93
range 1.7 - 17.7 2.8 - 18.1

Height (cm) 134.0 ± 24.4 133.6 ± 21.7 0.95

Weight (Kg) 30.8 ± 12.7 31.7 ± 14.6 0.79

BMI (Kg/m2) 16.4 ± 1.7 16.8 ± 2.5 0.43

FEV1 (%pred) 78.1 ± 16.9 97.7 ± 18.1 <0.05
range 47 - 123 59 - 143

Data are given as numbers and percentages or mean ± standard deviation.
BMI: body mass index; FEV1: forced expiratory volume in one second expressed as % of predicted values; N: number of
patients; rhDNAse: recombinant human deoxyribonuclease.

analysis showed that the independent effect of
rhDNAse on lung function was greater among
infants colonized with PA compared to non-
colonized infants, but this difference was not
statistic significant (13.3% vs 4.8%, p=0.40).
Compared to the control patients, the patients in the
treatment group showed more pulmonary
exacerbations that prompted antibiotic courses in
the year prior to rhDNAse treatment (2.40 versus
1.26 courses, p<0.05). The exacerbation rate in both
treatment and control group did not change during
1.5-year of treatment, however the difference in
exacerbation rate during treatment was not
significant anymore (2.46 versus 1.51, p=0.11).

Discussion

In this study, we found that CF children treated
with rhDNAse showed no significant changes in
bacterial colonization during the treatment period,
apart from an (unexpected) increase in PA
colonization. Besides, children with CF tended to
have better lung functions after rhDNAse treatment.

RhDNAse treatment in CF has been shown to
be effective, improving lung function and
decreasing the number of respiratory exacerbations
[11-19]. The exact reason for this positive effect
remains unclear. CF is characterized by an
abnormal rheology of the mucus layer [23, 24],
due to the presence of an increased amount of
DNA, originating especially from neutrophils 
[7, 8]. The effect of rhDNAse is based on
depolymerization of this DNA [25]. In most
studies a decrease of viscoelasticity, improving
mucus transport and enabling sputum expectoration
with or without physiotherapeutic maneuvers is
facilitated [26]. This mechanism is supposed to
reduce the induced chance of infection exacerbations
[12, 13, 18]. Direct anti-inflammatory effects of
rhDNAse have also been described, for instance
reflected by a decrease in IL-8 [27].
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Most exacerbations in CF
patients are caused by bacterial
infections, especially SA and PA 
[3-6]. A study from Denmark
proposed that the decrease of
exacerbation rate in patients
using rhDNAse might be caused
by a decrease in the bacterial
airway colonization [11]. The
investigators found that in
children with CF, with mild to
moderate pulmonary function
abnormalities, the number of
positive cultures in the untreated
group was significantly higher
than in the treated group. This
effect was especially seen for SA.
The investigators found no
significant difference for PA [11].
We could not reproduce their
findings in the present study; we
found no decrease in the numbers
of positive cultures. Moreover,
there even was a significant
increase in the prevalence of PA
after 1.5-year treatment with
rhDNAse.

The differences between the
study results can be explained by
the difference in patient
populations. The Danish study
included CF patients without
chronic bacterial pulmonary
infection for rhDNAse treatment,
a group of patients who are not
treated with rhDNAse in many
other countries, such as the
Netherlands. In our study
rhDNAse treatment was limited

Table 2. - Number of patients with positive culture results in the rhDNAse group and control group before start of
rhDNAse treatment compared to culture results after 1.5-yr study period

rhDNAse group (n = 32) Control group (n = 27)
Microorganism

Before After p-value Before After p-value

P. aeruginosa 8 (25%) 17 (53%) <0.05 10 (37%) 10 (37%) n.s.

S. aureus 23 (72%) 22 (69%) n.s. 18 (67%) 17 (63%) n.s.

S. pneumoniae 0 (0%) 0 (0%) – 2 (7%) 1 (4%) n.s.

H. influenzae 8 (25%) 7 (22%) n.s. 3 (11%) 5 (19%) n.s.

C. albicans 17 (53%) 23 (72%) n.s. 12 (44%) 16 (59%) n.s.

A. fumigatus 12 (38%) 16 (50%) n.s. 7 (26%) 8 (29%) n.s.

S. maltophilia 4 (13%) 5 (16%) n.s. 1 (4%) 1 (4%) n.s.

Data are given as numbers and percentages of patients with positive culture results.
After: number of patients with positive culture results after 1.5-yr study period; Before: number of patients with positive
culture results before treatment; n.s.: not significant; rhDNAse: recombinant human deoxyribonuclease.

Fig. 1. - Mean lung function of the control and rhDNAse group before rhDNAse treatment and
after 1.5-year study period. I: 95% confidence interval. FEV1: forced expiratory volume in one
second expressed as % of predicted values for sex/age specific reference value. FEV1 after:
lung function after 1.5-year study period. FEV1 before: lung function before treatment.
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to patients with clinical indications for treatment,
namely children with chronic bronchorrhoea
and/or chronic bronchopulmonary infection. The
second explanation for the difference in outcome
might be that Danish antibiotic regimes are
different from those in the Netherlands [20].
Patients in the Danish study were not on maintenance
antibiotic treatment. In the Netherlands, most
patients with chronic bronchorrhoea and chronic
bronchopulmonary infections are on maintenance
treatment. Third, the prevalence and resistance of
microorganisms in Denmark differs from those in
the Netherlands [11, 28, 29]. Last, the Danish
study was a prospective randomized case-control
study, the present study a retrospective cohort
study. This retrospective design and the relatively
limited number of patients does of course impair
any randomization, but on the other hand has the
advantage to reflect daily practice.

Some reasons for the surprising increase in
prevalence of PA after rhDNAse can be considered.
First, as might be expected, the treatment group
had a significant lower lung function before starting
rhDNAse, and more respiratory exacerbations
during the year prior to treatment. Therefore, the
treatment group probably was more vulnerable and
had a priori increased risk for PA contamination and
colonization than the control group. Secondly, by
using rhDNAse better and increased sputum
expectoration was established, increasing the
chance to have PA positive cultures compared to
spontaneous sputum expectoration. A third explanation
for the rise of PA in the treatment group might be
that the nebulization process increases the risk of
PA contamination [30]. During nebulization there
is a direct passage to the airways, which may
increase the risk of inhalation of microorganisms
such as PA.

Secondly, we investigated the effect of rhDNAse
on lung function and respiratory exacerbations. After
1.5-year of rhDNAse treatment, we found a 4%
increase in FEV1 in the treatment group. In the
control group a 0.3% decrease was found after
1.5-year study period. Therefore, changes in lung
function were much better in the treatment group
compared to the control group. However, this
difference was not significant within or between
the groups. An increase in antibiotic courses in
both groups was seen during study period,
however the increase was higher in the control
group compared to the treatment group, but this
also lacked significance. Several trails with large
study populations showed a significant effect on
the number of antibiotic courses and lung function
increase [11-16, 18, 19, 26]. We could not find
these significant differences, probably because of
the relatively small number of participants in the
present study.

In conclusion, in this retrospective “every-day-
life” study, representing the clinical practice of
Dutch CF care, we found that CF patients treated
with rhDNAse for 1.5-year showed no significant
decrease in bacterial colonization, and even an
increase in P. aeruginosa colonization. Therefore
we cautiously conclude that the positive effects of

rhDNAse on lung function can not be explained by
a change in bacterial airway colonization.
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