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B R I E F  R E P O R T

Decreased airway epithelial ion transport was associated with 
the severity of the respiratory syncytial virus infection and 
complications in infants

The respiratory syncytial virus (RSV) primarily infects airway epithe-
lial cells. It also decreases airway epithelial sodium transport, especially 
through the epithelial sodium channel (ENaC),1 which is crucial for os-
mosis-based fluid absorption across respiratory epithelium. Meanwhile, 
the electrochemical balance is maintained by secretion of chloride ions 
through apical chloride channels, including the cystic fibrosis trans-
membrane conductance regulator (CFTR).1 In animals, ENaC inhibition 
has caused middle ear fluid collection in acute otitis media (AOM).2

We studied infants with RSV bronchiolitis, by analysing the messen-
ger ribonucleic acid (mRNA) levels of the alpha, beta and gamma ENaC 
subunits and of CFTR in nasal epithelium. We hypothesised that the air-
way epithelial mRNA expressions of ENaC subunits would be negatively 
associated with the severity of RSV bronchiolitis, while CFTR would be 
positively associated. We also hypothesised that AOM would be associ-
ated with lower levels of ENaC mRNA and higher levels of CFTR.

Between January 2015 and February 2016, we recruited 30 chil-
dren treated for RSV bronchiolitis at the Children's Hospital, Helsinki 
University Hospital, Helsinki, or at Turku University Hospital, Turku, 
Finland. The Ethics Committees of the Helsinki University Hospital 
and the Hospital District of Southwest Finland approved the study, 
and the parents provided written and informed consent. We studied 
children aged 1-12 months, hospitalised following a clinical diagnosis 
of bronchiolitis and with RSV confirmed by an antigen detection test 
or polymerase chain reaction of a nasopharyngeal sample. The ex-
clusion criteria were prematurity, regular medication, chromosomal 
abnormalities and congenital cardiac or pulmonary malformation.

We collected a nasal epithelial scrape sample within 12 hours 
of admission, as a surrogate for the epithelium of the distal respi-
ratory tract, and then measured relative expressions of alpha, beta 
and gamma ENaC and CFTR mRNAs, as previously described.3 The 
mRNA levels were normalised against epithelial cell-specific cyto-
keratin 18 to increase specificity of the mRNA analysis. TaqMan 
predeveloped assays (Applied Biosystems) were used for CFTR. We 
omitted four samples with only traces of total RNA or contaminated 
with genomic deoxyribonucleic acid.

Respiratory syncytial virus severity was assessed by the 
number of symptomatic days before sample collection, grade of 

breathing difficulties during the hospital stay, length of hospital 
stay and total duration of illness. The grade of breathing difficulties 
was assessed by the mean respiratory rate, measured an average 
of 3 ± 2 times during the sampling day, the lowest pulse oximeter 
oxygen saturation, the mean capillary partial pressure of carbon 
dioxide and the need for non-invasive ventilation support or sup-
plementary oxygen. Any AOM diagnosis was based on daily pneu-
matic otoscopy.4

We compared categorical variables with the chi-square test and 
continuous variables with the Mann-Whitney U test. Correlations 
were examined with Spearman's test. The level of statistical signif-
icance was 0.05. Statistics were analysed with SPSS, version 22.0 
(IBM Corp) and Prism 7.0a. (GraphPad Software).

The patients’ clinical characteristics are summarised in Table 1. 
None required intensive care. The mRNA expressions of ENaC sub-
units or CFTR showed no significant correlation with age or gesta-
tional age.

A negative correlation emerged between the mean RR and alpha 
ENaC mRNA expression (n = 26, r = −.41, P = .038). However, other 
measures of RSV severity or grade of breathing difficulties showed 
no correlation with the mRNA expressions of ENaC subunits or CFTR 
(P > .05 for all). There were no differences in the mRNA expressions 
of ENaC subunits or CFTR based on whether or not patients needed 
non-invasive ventilation or supplementary oxygen, or intravenous or 
nasogastric infusions. The same was true for fever or no fever. P was 
>.05 for all (data not shown).

The negative correlation between the respiratory rate and alpha 
ENaC mRNA expression suggests that ENaC expression was linked 
to the severity of RSV bronchiolitis, as reported by in vitro and in 
vivo animal studies that demonstrated reduced airway epithelial so-
dium transport due to RSV.1,5

The 11 patients diagnosed with AOM had lower alpha, beta and 
gamma ENaC mRNA expressions than those without AOM (Table 1), 
but CFTR mRNA expression was similar in both groups.

To our knowledge, this was the first study on humans showing 
attenuated ENaC subunit expressions in AOM. The findings were 
consistent with rat studies,2 where the expression of all ENaC 
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subunits in middle ear epithelium was reduced after condition re-
sembling AOM was induced. The inhibition of airway and middle ear 
epithelial ENaC expression due to RSV could thereby predispose 
RSV patients to AOM.

Certain limitations should be considered. The cohort size may 
have lacked sufficient statistical power to demonstrate weak as-
sociations between the analysed parameters, and there were no 
controls. The results cannot be generalised to AOM caused by 
pathogens other than RSV and RSV bronchiolitis needing intensive 
care with mechanical ventilation.

This study suggests that airway epithelial ENaC mRNA expres-
sion was lower in patients with more severe RSV bronchiolitis symp-
toms and AOM. Thus, inhibition of airway epithelial ion transport 
may play a role in the pathogenesis of RSV bronchiolitis, especially 
in those with AOM. The role of airway epithelial ion transport 
in both RSV bronchiolitis and AOM warrants further systematic 
investigation.
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All patients
n = 30

AOM
n = 11

No AOM
n = 19

P 
valuea 

Clinical characteristics

Age (months) 1.9 (1.1-4.0) 1.3 (0.6-5.4) 1.9 (1.4-3.8) .45

Gestational weeks 
at birth

39 + 5 
(38 + 1-41 + 1)

39 + 4 
(37 + 4-41 + 2)

39 + 5 
(38 + 6-41 + 1)

.58

Male 16 (53%) 5 (46%) 11 (58%) .51

Hospital stay (days) 3 (2-4) 2 (2-4) 3 (2-4) .25

Symptomatic days 
prior to sample 
collection

4 (4-6) 5 (4-6) 4 (3-6) .96

Respiratory rate 41 (37-45) 39 (32-46) 42 (38-44) .52

Supplementary 
oxygen need

13 (43%) 5 (46%) 8 (42%) .86

Capillary pCO2 level 5.6 (5.2-6.4) 5.5 (5.2-6.8) 6.0 (5.1-6.3) .83

HFNT or CPAPb  9 (30%) 2 (18%) 7 (37%) .28

Fever ≥ 38°C 12 (40%) 7 (64%) 5 (26%) .04

Intravenous or 
nasogastric 
infusions

14 (47%) 4 (36%) 10 (52%) .39

mRNA levels normalised against cell-specific cytokeratin 18

Alpha ENaC 1.75 (1.23-1.94) 1.34 (0.93-1.74) 1.89 (1.52-1.96) .03

Beta ENaC 1.53 (1.03-2.14) 1.06 (0.24-1.36) 1.87 (1.34-2.25) .003

Gamma ENaC 0.93 (0.72-1.88) 0.74 (0.31-1.05) 1.52 (0.82-2.21) .02

CFTR 0.37 (0.23-0.63) 0.38 (0.13-0.94) 0.37 (0.25-0.51) .69

Note: Data are presented as numbers (percentages) or medians (interquartile ranges).
Abbreviations: CPAP, continuous positive airway pressure, HFNT, high-flow nasal therapy, 
pCO2,partial pressure of carbon dioxide,.
aComparisons between RSV patients with and without AOM by the Mann-Whitney U test or chi-
square test. 
bOne patient with AOM had CPAP compared to without AOM. 

TA B L E  1   Clinical characteristics and 
ENaC subunits and CFTR mRNA levels of 
RSV patients with and without acute otitis 
media

mailto:
https://orcid.org/0000-0001-5350-1472
https://orcid.org/0000-0001-5341-2891
https://orcid.org/0000-0001-6254-3180


     |  2315BRIEF REPORT

Correspondence
Anu Kaskinen, Pediatric Research Center, Children’s 

Hospital, Helsinki University Hospital, Biomedicum Helsinki 
2U (room E104b), 00290 Helsinki, Finland.

Email: anu.kaskinen@helsinki.fi

ORCID
Anu Kaskinen  https://orcid.org/0000-0001-5350-1472 
Adam Alexandersson  https://orcid.org/0000-0001-5341-2891 
Otto Helve  https://orcid.org/0000-0001-6254-3180 

R E FE R E N C E S
 1. Chen L, Song W, Davis IC, et al. Inhibition of Na+ transport in lung 

epithelial cells by respiratory syncytial virus infection. Am J Respir Cell 
Mol Biol. 2009;40(5):588-600.

 2. Song JJ, Kwon SK, Cho CG, Park SW, Chae SW. Expression of ENaC 
in LPS-induced inflammation of middle ear mucosa. Acta Otolaryngol. 
2012;132(11):1145-1150.

 3. Kaskinen AK, Helve O, Andersson S, et al. Chronic hypoxemia in chil-
dren with congenital heart defect impairs airway epithelial sodium 
transport. Pediatr Crit Care Med. 2016;17(1):45-52.

 4. Heikkinen T, Ojala E, Waris M. Clinical and socioeconomic bur-
den of respiratory syncytial virus infection in children. J Infect Dis. 
2017;215(1):17-23.

 5. Song W, Liu G, Bosworth CA, et al. Respiratory syncytial virus inhibits 
lung epithelial Na+ channels by up-regulating inducible nitric-oxide 
synthase. J Biol Chem. 2009;284(11):7294-7306.

mailto:anu.kaskinen@helsinki.fi
https://orcid.org/0000-0001-5350-1472
https://orcid.org/0000-0001-5350-1472
https://orcid.org/0000-0001-5341-2891
https://orcid.org/0000-0001-5341-2891
https://orcid.org/0000-0001-6254-3180
https://orcid.org/0000-0001-6254-3180

