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ABSTRACT: A culture from the lower airway secretions is the optimal sample to
guide antibiotic therapy in cystic fibrosis (CF) lung disease. The authors therefore
examined whether sputum induction is an efficient, safe and acceptable procedure in
CF children without spontaneous expectorations.

Nineteen patients were studied. Their mean age (range) was 8.6 yrs (4.3±15.2 yrs).
Their mean forced expiratory volume in one second (FEV1) was 88% predicted (46±
122%). NaCl solutions from 0.9±6% were inhaled, after baseline lung function tests
before and after salbutamol.

All patients did produce secretions. Alveolar macrophages were present in 16/19
induced samples. The procedure induced minor but significant bronchoconstriction:
the mean change (range) in postsalbutamol FEV1 (% pred) was -7 (-24±16). Percuta-
neous oxygen saturation remained above 90% in all children. The test had to be
discontinued in one child because of cough and wheeze. Acceptability of the procedure
evaluated using a visual analogue scale from -7±7 showed a mean value (range) at the
final concentration of -1.23 (-6.16±5.88).

It is concluded that sputum induction is possible, safe and acceptable in cystic
fibrosis children who do not expectorate spontaneously.
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Chronic lower respiratory tract infection is the pre-
dominant manifestation of cystic fibrosis (CF). In young
CF patients it is important to recognize and treat lung in-
fection as early as possible, since with correct treatment
Pseudomonas aeruginosa colonization can be avoided or
delayed [1, 2]. A culture from the lower airway secretions
is necessary to guide antimicrobial therapy. Sputum cul-
tures are considered a valuable substitute for a lower air-
way sample obtained by bronchoscopy or thoracotomy,
since results from both sites will correspond in over 70%
of cases [3].

Many young CF patients do not produce sputum. Since
oropharyngeal cultures have only a poor positive predic-
tive value [4, 5], bronchoalveolar lavage (BAL) remains
the standard technique to obtain a lower airway sample in
these patients. It is, however, an expensive, time con-
suming, unpleasant and potentially harmful procedure.

Recently, in patients infected with Pneumocystis carinii
and Mycobacteria [6±8], sputum induction during hyper-
tonic saline inhalation was proven to provide information
comparable to that obtained by bronchoscopy and BAL.
Similarly, cytological evaluation of induced sputum is con-
sidered helpful in patients with asthma and lung malignan-
cies [9±11]. Sputum induction using hypertonic saline is
efficacious in >90% of adult asthmatics [12]. Although the
drop in postsalbutamol forced expiratory volume in one
second (FEV1) after inhalation was larger in asthmatics
than in normals a fall exceeding 20% only occurred in 3/37
patients. Sputum induction using hypertonic saline is also
efficacious and safe in adolescent asthmatics [13, 14] and
isotonic saline sputum induction appears to be safe in

children with acute asthma [15]. Although the feasibility of
sputum induction has been reported in patients with CF
[16], a systematic study of sputum induction in young CF
patients is lacking. Therefore, the current authors evaluated
the efficacy, safety and the acceptability of sputum induc-
tion in CF children who do not expectorate spontaneously.

Materials and methods

Patients

Nineteen CF patients (10 males and nine females) who
do not expectorate were studied. The diagnosis of CF was
confirmed by a sweat chloride concentration $60 mmol.L-1

[17] and/or genotyping. All patients were studied at least
14 days after a respiratory exacerbation. Their mean age
was 8.6 yrs (SD 2.8; range 4.3±15.2), their mean height
130 cm (SD 17) and their mean weight 28 kg (SD 12).
Bronchodilators were discontinued 12 h before the study;
all remaining drugs and treatments were continued as
prescribed. The parents gave informed consent and were
present during the study. The study was approved by the
University Hospital Gasthuisberg Ethics Committee.

Study design

First a nasopharyngeal aspirate was obtained. Baseline
spirometry before and after a bronchodilator was obtained
and chest auscultation, respiratory rate and percutaneous
oxygen saturation (Sa,O2) were evaluated. Increasing NaCl
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concentrations (from 0.9±3% to 4.5±6%) were inhaled
through a mouthpiece during 5 min each. The children were
encouraged to cough up sputum. Between inhalations a 5
min break was allowed to expectorate secretions and repeat
chest auscultation, spirometry and pulse oximetry. After
each concentration the acceptability of the procedure was
evaluated by the child using a visual analogue scale (VAS)
from -7 (very unpleasant) to 7 (very pleasant). The sputum
induction was discontinued if the FEV1 fell by >25% from
the postbronchodilator value or if troublesome symptoms
occurred (wheeze on auscultation, dry persistent cough,
unacceptability claimed by child or drop in Sa,O2 to <90%).
The procedure was finished when sputum (scored by in-
spection) was produced or after inhalation of 6% NaCl.

Methods

Spirometry was performed using the SpirobankTM (Med-
ical International Research, Italy) according to 1994 Amer-
ican Thoracic Society recommendations [18] both before
and 15 min after inhalation of salbutamol (46100 mg Ven-
tolinTM; GlaxoWellcome, Brussels, Belgium, adminis-
tered by metered dose inhaler and VolumaticTM (Glaxo
Wellcome spacer). A bronchodilator was given to prevent
bronchoconstriction [19]. Spirometric values are expres-
sed as % of predicted values according to QUANJER et al.
[20].

Sa,O2 was measured using the 504 Pulse Oximeter manu-
factured by Criticare Systems Inc. (Waukesha, WI, USA).

Twenty millilitres of each NaCl solution concentra-
tion was nebulized using an ultrasonic nebulizer (USV 82
Praxis; Medizinelektronik THOMEÂ GmbH, Feinhauren,
Germany) on the maximal settings. According to the ma-
nufacturer, under these conditions the nebulizer output is
~4 mL.min-1 and the mass median aerodynamic diameter
is 4 mm.

Part of the sputum sample was mounted on a slide and
stained with Papanicolau solution. The presence of alveolar
macrophages was assessed by light microscopy. Semiquan-
titative bacterial cultures were performed by innoculating
the samples on MacConkey's agar, horse blood agar and
chocolate agar. The samples were platedheavily onone third
of the agar, in streaks over the next third of the agar and
lightly on the remaining third. The samples were scored after
48 h: 0: <10 colonies; +: >10 colonies but growth only on the
first third of the agar; ++: growth on the first and the second
thirds of the plate; +++: growth on the whole plate. The
nasopharyngealaspirates werestreakedonto the samemedia
and scored identically.

Data analysis

Since data distribution was normal, parametric statistics
were used: t-test and repeated measurement analysis of
variance (ANOVA) as indicated in the Results section.

Results

Spirometry could be reliably performed in all but two
children, who were too young (4 and 6 yrs) to correctly
perform the test. Baseline FEV1 (prebronchodilator) was
88% pred (SD 12), the mean per cent change postbroncho-
dilator was +2.5 % pred (SD 8).

All 19 children did expectorate secretions. One child
produced sputum after inhaling the 0.9% NaCl solution,
six children after 3% NaCl, one child after 4.5% NaCl, and
11 patients after inhaling 6% NaCl. At microscopic evalu-
ation alveolar macrophages were present in 16/19 samples.

The majority of the children complained about the salty
taste of the solution starting at 3% NaCl, but on the whole
they assessed that the procedure was acceptable. Patients
scored the hypertonic salt as significantly more unpleasant
(p<0.0001, paired t-test) compared to isotonic saline (fig.
1). Mean VAS value at the final saline concentration was -
1.23 (-6.16±5.88).

The mean breathing rate during the study did not change
significantly (22.min-1 at the start versus 23.min-1 at the
end of the procedure). Fourteen of the 19 children were
coughing during or at the end of the study. Two of three
children in whose samples macrophages were not found
were also coughing during the study.

The mean change (range) in postsalbutamol FEV1 (%
pred) after the test was -7% (-24±16; p<0.03; paired t-test;
fig. 1). In six children the drop exceeded 10% in two chil-
dren it exceeded 20%. In one child (of 17 measured) a
transient drop in FEV1 exceeding 10% occurred after
inhaling isotonic saline and recurred after inhaling 4.5%
saline. In four children (of 16 measured) the drop occur-
red after inhaling 3%, in two (of 11 measured) after in-
haling 4.5%, and in one (of nine measured) after inhaling
6%.

There was no significant drop in Sa,O2 during the pro-
cedure (repeated measurement ANOVA). At the final in-
halation mean Sa,O2 was 96% (range: 92±98%).

In one child wheeze was audible on auscultation and the
test had to be discontinued because of a persistent dry
cough and nausea. This child also had a 16% drop in
FEV1.

In one patient both culture specimens were lost, there-
fore final analysis includes 15 children. From the samples
with alveolar macrophages present, P. aeruginosa was iso-
lated in seven patients and Staphylococcus aureus in nine
patients. Haemophilus influenzae was isolated in three
patients. In eight patients no pathogen or just one pathogen
was isolated (P. aeruginosa (2), S. aureus (4), H. influen-
zae (1), none (1)). P. aeruginosa had never been isolated
before from the respiratory secretions of two patients. Con-
cordance of bacteriological findings between nasopharyn-
geal aspirates and induced sputum is presented in table 1.

Discussion

In this study the possibility of inducing sputum in young
CF children who do not expectorate spontaneously has
been demonstrated. It has been shown that sputum induc-
tion with hypertonic saline is acceptable and safe.

The mechanisms by which inhalation of hypertonic saline
induce sputum production are not known. Possible modes of
action are: attracting water into the airway by osmosis; im-
proving viscoelastic properties of mucus, changing the spec-
troscopic structure of the mucus; or changing the ciliary beat
frequency [21±23].

Hypertonic saline inhalation may induce bronchocon-
striction [19], therefore bronchodilator pretreatment was
given. Despite pretreatment, there was still a small but
significant drop in FEV1 during the procedure; this drop
exceeded 20% in two children. In six children FEV1 was
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improved at the final saline inhalation. This finding cor-
responds with the data of ENG et al. [24], showing a
greater short-term lung function improvement in CF
patients treated with hypertonic (6%) compared to iso-
tonic saline.

Sputum induction with hypertonic saline was more
successful than with normal saline, but was also more
unpleasant. (fig. 1). In the study protocol sequential ad-
ministration of increasing concentrations of saline was
used. Therefore the success of the higher concentrations
of hypertonic saline could be due to the cumulative effect
of four volumes of 20 mL rather than the increased con-
centration. The authors think that this is unlikely because
after the official study period, they continued to perform
sputum induction using only the 3 and 6% solutions. The
initial results are confirmed: sputum induction is largely
successful, about half of the children produce sputum
after inhaling 3% the rest only after inhaling 6%. A drop
in FEV1 >20% was uncommon and was never associated
with hypoxaemia. A drop in FEV1 was as likely to occur
after inhaling 3% as it was after inhaling 6% saline.

Children were sometimes swallowing the secretions, es-
pecially the younger children. Special attention was re-
quired to coach the child to spit out all secretions.

In this study bacteriological cultures revealed the pres-
ence of P. aeruginosa in 7/15 of the patients. Nine out of
15 patients had S. aureus in the induced samples. In three
out of 15 cases both pathogens were present. Cultures from
a nasopharyngeal aspirate revealed the presence of P.
aeruginosa in five patients, while S. aureus was present in
six. The absence of the pathogen in the culture from the
nasopharyngeal aspirate did not exclude the possibility that
the pathogen occurred in the lower airways. This finding
has also been observed by others [4]. However, the current
authors found the ratio of negative Pseudomonas spp.
cultures from the upper airways while positive from the
lower to be higher than in studies mentioned previously
[4, 5]. The fact that a nasopharyngeal aspirate was eval-
uated whilst other studies have assessed an oropharyngeal
swab may explain this difference.

In this study P. aeruginosa was cultured from induced
samples in 5/10 (50%) patients aged <10 yrs. This is ap-
proximately the rate reported in the US Cystic Fibrosis
Foundation Data Registry in 1995 (34% at 5 yrs of age and
52% in 10 yr olds); however, in the US database, it is not
specified what sample is assessed. In the study of ROSEN-

FELD et al. [25] the Pseudomonas spp. carrier rate is 31%
at the age of 31±52 months.

Four out of five patients with P. aeruginosa isolated
from nasopharyngeal aspirates had P. aeruginosa in the
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Fig. 1. ± Change in forced expiratory volume in one second (FEV1); a)
percutaneous oxygen saturation (Sa,O2); b) and acceptability expressed
as visual analogue scale (VAS); c) during sputum induction. NaCl:
sodium chloride. The different symbols represent individual patients.

Table 1. ± Concordance between culture results from
nasopharyngeal aspirates and induced sputa

Induced sputum

Staphylococcus aureau Present Absent
Nasopharyngeal aspirate
present 6 0
absent 3 6

Haemophilus influenzae
nasopharyngeal aspirate
present 2 1
absent 1 11

Pseudomonas aeruginosa
nasopharyngeal aspirate
present 4 1
absent 3 7
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induced sputum as well. This finding corresponds with
other data.

Bacterial colony densities (expressed semiquantitatively)
were lower in nasopharyngeal aspirate than in induced spu-
tum samples (p<0.03 Chi-squared).

Further investigations are needed to compare sputum
induction in CF patients with the standard techniques, such
as BAL or protected brush samples. In three patients P.
aeruginosa was isolated in induced sputum, this pathogen
was also present in the lower airways in a subsequently
performed BAL. Further studies comparing sputum induc-
tion specificity, sensitivity and predictive values with BAL
or protected brush samples cultures are needed. This is
especially important in view of the fact, that despite isola-
ting the same pathogen from oropharyngeal and BAL
specimens, the pathogens from different sites may be
different strains [5].

In conclusion, sputum induction is successful, safe and
acceptable in cystic fibrosis patients who do not expector-
ate spontaneously. It can be performed from the age of 4
yrs on.
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