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Cystic fibrosis respiratory tract salt concentration
An Exploratory Cohort Study
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Abstract
In cystic fibrosis patients, electrolytic and osmolality imbalance secondary to cystic fibrosis transmembrane conductance regulator
mutations may impact on mucoid secretion accumulation and secondary colonization by opportunistic pathogens such as
nontuberculous mycobacteria.
We performed a noninvasive exploratory prospective controlled clinical study comparing sputum salinity and acid-base

characteristics of cystic fibrosis and noncystic fibrosis control patients. A total of 57 patients and 62 controls were included.
Sputum salt concentrations were 10.5g/L (95% CI: 7.7–13.3) in patients and 7.4g/L (95% CI: 5.9–8.9) in aged-matched controls,

a difference that was found to be statistically significant (P< .05). No difference in pH was observed between patients and controls.
These differences in respiratory secretions salt concentrations could influence host-pathogen interactions in the context of cystic

fibrosis respiratory infections. We propose to include respiratory secretion salt measurement as a routine analysis on cystic fibrosis
patients’ sputum submitted for bacterial culture.

Abbreviations: ASL = airway surface liquid, CF = cystic fibrosis, CFTR = cystic fibrosis transmembrane conductance regulator.
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1. Introduction Na+ channels which are implicated in airway surface liquid
Cystic fibrosis (CF) is the most frequent genetically acquired
disease in the northern hemisphere.[1] Mutations in the cystic
fibrosis transmembrane conductance regulator (CFTR) gene,
which codes for a cyclic AMP-regulated Cl- channel, results in
impaired CFTR protein production and loss of chloride and
bicarbonate excretion in the airways.[2] Secondary electrolytic
and acid-base imbalances are thought to be responsible for
mucoid bronchial secretions and colonization by opportunistic
pathogens although implicated mechanisms remain unclear.[3]

Airway surface liquid (ASL) salinity and acid-base environ-
ment and their exact relationship with mucus production and
microbial colonisation are poorly understood. Some epithelial
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volume regulation have been shown to be pH sensitive making
these ASL determinants interconnected.[4] Nasal voltage has also
repeatedly been used as a proxy for measuring the CFTR ion
channel activity in the respiratory tract.[5,6] Whether CF
individuals ASL has a higher sodium chloride concentration
compared to normal subjects remains controversial. In fact,
bronchial epithelial cells in vitro experimental models and animal
studies yield discordant results.[5,7,8] Similarly, experimental in
vitro models, animal and human studies evaluated whether ASL
is more acidic in CF.[8–11] This topic also remains without
consensus. Nevertheless, respiratory secretions NaCl concentra-
tion and acidic environment were proposed to be responsible for
immune defense inhibition and increased pathogen susceptibili-
ty.[9,12,13] Also, host-adaptation of nontuberculous mycobacteria
which frequently colonize and infect cystic fibrosis patients’
airways have been shown to correlate with environmental salt
concentrations.[14]

How ASL salinity and acid-base characteristics translate in CF
respiratory mucoid environment in vivo remains unknown.
Prospective experimental data on the measurement of electrolytic
and acid-base characteristics in the airways of CF patients have
not been reported. These data could provide grounds for a better
understanding of host-pathogen interactions in the context of CF
respiratory infections. We performed a noninvasive exploratory
prospective controlled clinical study comparing sputum salinity
and acid-base characteristics of CF and non-CF control patients.
2. Materials and methods

2.1. Clinical specimens

Sputum specimens submitted to our routine diagnostic laborato-
ry for microbiological analysis were prospectively collected in
November 2014. Pediatric and adult CF patients actively
followed at the Cystic Fibrosis Reference Center in Marseille
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were considered for this study. One specimen per individual was
included. Specimens were collected in sterile recipients (Gosselin,
Hazebrouck, France), stored at 4°C and processed on the day
they were received. Specimens containing more than 10 epithelial
cells per field at 100x on direct Gram staining were excluded to
prevent the inclusion of saliva specimens.[15] Induced sputum
specimens obtained through saline solution physiotherapeutic
inhalation procedures were excluded to prevent potential
specimen contamination. All measurements were blindly per-
formed by trained personnel in our laboratory.
2.2. Salinity and pH measurements

Standardized quantities of 0.5mL of sputum and 0.5mL of
distilled sterile water were vortexed in an Eppendorf tube.
Samples were centrifuged at 10,000x g for 10 minutes.
Supernatant was then heated at 95°C for 60 minutes for
microorganisms’ inactivation and protein precipitation. Follow-
ing a 5-minute cooling step at room temperature, salinity was
measured using a spectrophotometer lens (Digital refractometer
PR-100SA, Atago, Tokyo, Japan) according to manufacturer’s
instructions. Two separate measurements were performed on
every sample to assess same sample intermeasurements variabili-
ty. Recommended quality controls and calibration using de-
ionized water were performed between each measurement.
Sample pH was measured using pH test strips (Sigma-Aldrich,
Saint-Quentin Fallavier, France) according to manufacturer’s
instructions. Neutrophils intracellular pH and epithelial cells
chloride channels stimulation have been shown to be altered in
the context of CF.[16,17] Therefore, a microscopic examination
and Gram staining of the supernatant was performed on
each sample to confirm the absence of cellular or bacterial
material which could interference with the salinity and acidity
measurement.
2.3. Statistical analysis

Because of shorter life expectancy of this specific population and
the fact that sputum samples are less frequently obtained from
non-CF pediatric patients, included CF patients were expected to
be significantly younger than controls. Included patients were
therefore prospectively and randomly matched in a 1:1 ratio with
a same-age CF or non-CF patient. A 5-year age difference was
tolerated. Nonparametric Mann-Withney test was used to
compare sputum salinity and pH values between CF and non-
CF individuals in both the whole study population and the age
matched population. Two-tailed unpaired Student t test was used
to evaluate baseline characteristics differences between CF
patients and non-CF controls in the whole population and the
matched controls analysis. The impact of sex and age on sputum
salinity and pH were respectively evaluated using Student t test
and linear regression analyses. Statistical analyses were per-
Table 1

Cystic fibrosis and control patients’ baseline characteristics.

Whole population analysis

CF patients (N=57) Controls (N=62)

Age, yr 20.4 +/�16.0 49.4 +/�22.1
Female sex, % 50.9 33.9
∗
Plus-minus values are means +/– SD. Controls were significantly older than CF patients in the whole
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formed by our biostatistics personnel using GraphPad Prism
version 7.0 software (https://www.graphpad.com).
2.4. Ethical review

This work was approved by the local ethic committee of IFR48,
Faculty of Medicine, under the reference number 07–008. No
written consent was required as no additional clinical samples
were obtained for the study and results had no impact on patient
diagnosis or management. (LOI n° 2004–800 relative à la
bioéthique” published in Journal Officiel de la République
Française on August 6, 2004)
3. Results

3.1. Study population

Sputum specimens were prospectively collected from 57 CF
patients and 62 controls. Among these, 54 patients were
randomly matched based on their age. Demographic character-
istics of the 119 included patients are presented in Table 1. As
expected, included CF patients were younger (20.4+/– 16.0 yr,
mean +/– SD) than non-CF controls (49.4+/– 22.1 yr, mean +/–
SD), a difference that was found to be statistically significant
(P< .05).
3.2. Respiratory secretions salinity

Our salinity measurement protocol was found to be highly
reproducible with consistently less than 2% same sample
intermeasurements variability. Mean values were therefore used
for statistical analysis. Mean sputum salinity was 8.9g/L (95%
CI: 7.3–10.6) in CF patients and 7.6g/L (95% CI: 6.7–8.5) in
controls (P> .05). This trend towards higher sputum salt
concentrations in cystic fibrosis patients did reach statistical
significance (P> .05) in the age-matched control group where
mean sputum salinity was 10.5g/L (95% CI: 7.7–13.3) in CF
patients and 7.4g/L (95% CI: 5.9–8.9) in controls (Fig. 1).
Correlations between sputum salinity and age are presented in
Figure 3. Although linear regression analysis showed no
statistically significant correlation between age and salinity
values, a trend towards higher salinity in older subjects was
observed.

3.3. Respiratory secretions pH

Mean sputum acidity was 6.3 (95% CI: 6.1 – 6.6) in CF patients
and 6.1g/L (95% CI: 5.7 – 6.4) in controls. Analysis of the age-
matched populations showed similar results with a mean sputum
acidity of 6.4 (95%CI: 5.9 – 6.8) in CF patients and 6.1g/L (95%
CI: 5.5 – 6.6) in aged-matched controls (Fig. 2). This trend
towards less acidic values in CF patients was not statistically
significant in both the total population and the age-matched
Age-matched analysis

P CF patients (N=27) Controls (N=27) P

< .05 30.9 +/� 17.0 28.4 +/� 14.1 .56
.06 40.7 37.0 .78

population based analysis.
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Figure 2. Sputum pH in cystic fibrosis patients and noncystic fibrosis patients
n.s., not statistically significant.

Figure 1. Sputum salinity in cystic fibrosis and noncystic fibrosis patients. n.s.,
not statistically significant;

∗∗
, statistically significant.
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population analysis. Correlations between sputum pH and age
are presented in Figure 3.

4. Discussion

We performed a noninvasive exploratory prospective controlled
clinical study comparing sputum salinity and acid-base character-
istics of respiratory tract secretions in CF patients and non-CF
controls. Salinity and pH measurements were blindly performed
using highly reproducible and widely used refractometry
protocol and pH strips. Saliva or sodium chloride contaminated
specimens were excluded and the potential impact of our
centrifugation and heating based protocol on salinity and pHwas
controlled by rigorously applying a uniform protocol to CF and
non-CF specimens. Although broncho-alveolar lavage specimens
better reflect lower respiratory tract and ASL environment, they
require invasive procedures and are more frequently collected in
the context of severe active infection of which the effect on
Figure 3. Sputum salinity and pH relation with age
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respiratory secretions acidity and salinity are unknown. Also,
airway colonization is a process which happens both in the upper
and lower respiratory tract. We therefore selected sputum as a
proxy for the evaluation of the upper respiratory tract
environment since it can be routinely obtained for salinity
measurement in a diagnosis perspective.
Our salinity measurements were in accordance with those

measured in vivo in CF pig and mouse animal models and in vitro
in human bronchial epithelium models.[5,7,8] Our study showed
sputum salt concentrations to be significantly higher in CF
patients than age matched controls. Higher salinity values in CF
animal models had not been previously reported but were
described in vitro.[7–9] The pH values range observed in our study
did not differ from previous in vitro epithelium cell cultures or in
vivo animal studies.[8] Considering host-adaptation of frequent
CF respiratory pathogens such as nontuberculous mycobacteria
has previously been shown to correlate with environmental
salt concentrations,[14] our data provide grounds for a better
in cystic fibrosis and noncystic fibrosis patients.
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understanding of host-pathogen interactions in the context of CF
respiratory infections.
Hypertonic saline inhalation therapies were shown to allow

short term increase in mucoid secretions expectoration and forced
expiratory volume values but had no impact on clinical cystic
fibrosis associated chronic rhino-sinusitis.[18,19] A Cochrane
systematic review further concluded that there is insufficient
evidence to support the use of inhaled hypertonic saline as a
treatment for cystic fibrosis patients.[20] In fact, our clinical data
andpreviously published in vitrodata suggest that sodiumchloride
inhalation therapies and nebulized medications associated with
high sodium load could have an impact on long term airways
colonization.[9,12]Whether nebulized sterile isotonic solution has a
persistent impact on respiratory secretions saline concentration
and microbial colonization warrants further investigation.
We identify airways’ salt concentrations as a one of many

probable determinants of bacterial colonization and subsequent
infection in CF patients. Our data support the inclusion of salt
concentration measurements as a routine analysis on CF
respiratory tract specimens. Our exploratory data need to be
validated in different settings and further correlated with
microbiologic and clinical data. These future complementary
data could justify trials evaluating the impact of isotonic fluids
physiotherapeutic interventions on microbial colonization.
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