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ORIGINAL ARTICLE

Respiratory viruses in healthy infants and infants with
cystic fibrosis: a prospective cohort study

Insa Korten, "** Elisabeth Kieninger,' Shkipe Klenja,* Ines Mack, " Njima Schlapfer,’
Maria Teresa Barbani,* Nicolas Regamey, "> Claudia E Kuehni,® Markus Hilty,*’
Urs Frey,® Meri Gorgievski,* Carmen Casaulta,’ Philipp Latzin,' for the SCILD and BILD

study groups

ABSTRACT

Rationale Acute viral respiratory tract infections in chil-
dren with cystic fibrosis (CF) are known causes of disease
exacerbation. The role of viral infections during infancy is,
however, less known, although early infancy is thought
to be a crucial period for CF disease development. We
prospectively assessed symptomatic and asymptomatic
viral detection in the first year of life in infants with CF
and healthy controls.

Methods In a prospective cohort study, we included

31 infants with CF from the Swiss Cystic Fibrosis Infant
Lung Development Cohort and 32 unselected, healthy
infants from the Basel Bern Infant Lung Development
Cohort and followed them throughout the first year of
life. Respiratory symptoms were assessed by weekly
telephone interviews. Biweekly nasal swabs were
analysed for 10 different viruses and two atypical
bacteria with real-time seven duplex PCR (CF=561,
controls=712).

Measurements and results Infants with CF and
healthy controls showed similar numbers of swabs
positive for virus (mean 42% vs 44%; OR 0.91, 95% Cl
0.66 to 1.26, p=0.6). Virus-positive swabs were less
often accompanied by respiratory symptoms in infants
with CF (17% vs 23%; OR 0.64, 95% Cl 0.43 to 0.95,
p=0.026). This finding was pronounced for symptomatic
human rhinovirus detection (7% vs 11%; OR 0.52,

95% C1 0.31t0 0.9, p=0.02).

Conclusions Viral detection is not more frequent in
infants with CF and respiratory symptoms during viral
detection occur even less often than in healthy controls.
It is likely an interplay of different factors such as local
epithelial properties and immunological mechanisms that
contribute to our findings.

BACKGROUND

Acute viral respiratory tract infections (ARTIs) in
children and adults with cystic fibrosis (CF) play a
significant role in morbidity and mortality, causing
exacerbations of the disease, a decrease in lung func-
tion and often lead to hospitalisations.'™ Especially
in children, viral infections are often associated
with increased severity of symptoms,’ ¢ suggesting
that viruses play a major role in disease progression
and lung damage. However, most knowledge is
drawn from periods of exacerbations only and little
is known about viruses during periods with little or
no symptoms.' "~ Additionally, most studies have
focused on respiratory infections in patients with

What is the key question?

» How frequent is symptomatic and asympto-
matic viral detection in infants with cystic
fibrosis (CF) and does it differ from healthy
infants?

What is the bottom line?

» Viral detection is equally frequent in infants
with CF compared to healthy controls, and
symptomatic viral detections occur even less
often in infants with CF.

Why read on?

» Our results suggest that early changes in CF
lung disease are not due to a higher incidence
of viral infections.

CF during childhood or adulthood,” '° while data
during infancy remain scarce.'

Infancy is a crucial period for long-term devel-
opment and tracking of lung diseases.”>™'® Several
studies have shown impaired lung function and
structural lung disease already in infants with
CE," ¥ suggesting that first insults in CF lung
disease occur at a very early age.'” ?° Viral infec-
tions play an important role at this age as they
occur frequently, are regarded as normal and
are often unavoidable. With the establishment
of the newborn screening for CF in many coun-
tries, the first months of life provide new oppor-
tunities for prevention of early lung damage.?! #
Before possible preventative and/or therapeutic
measures targeting early-life viral infections, such
as respiratory syncytial virus (RSV) vaccination,
can be implemented in infants with CF, a better
understanding of the role of viruses and resulting
changes in respiratory health during that specific
period of development is needed.

In this study, we aimed to assess prospectively
symptomatic and asymptomatic viral detection in
the first year of life in infants with CF and healthy
controls.

METHODS

Study design and subjects

This is a prospective, observational study of infants
with CF from the Swiss CF Infant Lung Develop-
ment cohort,” ** and of healthy infants from the
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Cystic fibrosis

Table 1 Characteristics of the study population
CF Healthy
Characteristic (n=31) (n=32)
Anthropometrics Sex (m), n (%) 13 (42) 13 (41)
Gestational age at birth 39.1 (1.4) 39.8(1.2)

(weeks), mean (SD)

Length at birth (cm), mean (SD) 49.2 (1.5) 49.7 (2.1)

Birth weight (kg), mean (SD) 3.2(0.4) 3.4(0.5)
Season of birth* Winter, n (%) 10 (32) 8(25)

Spring, n (%) 12 (39) 7(22)

Summer, n (%) 3(10) 9(28)

Autumn, n (%) 6(19) 8(25)
Pregnancy Smoking in pregnancy, n (%) 7(23) 7(22)
Birth Cesarean section, n(%) 2 (6) 3(9
Nutrition Breast-feeding, n (%) 26 (84) 32 (100)
Family history Maternal atopy, n (%) 8 (26) 9(28)
Environment Siblings, n (%) 0 16 (52) 7(22)

1 10 (32) 15 (47)

>2 5(16) 10 (33)

Childcaret, n (%) 0(0) 7(22)

Parental smoking 12 (39) 4(12.5)
Parental educationt Low 6 (19) 3(9)

Middle 9(29) 13 (41)

High 16 (52) 16 (50)
Measurements No. of weeks with nasal swabs, 19 (5-27) 23 (15-26)

median(*range)

Nasal swabs during antibiotics§, 3 (0-13) 0 (0-1)

median (*range)
CF genotypeq No residual CFTR function 21 (68)

(class I and/or 11), n (%)

Residual CFTR function 6(19)

(class I/1l and 11I=VI), n (%)

Unknown CFTR function, n (%) 4 (13)

*Season of birth is categorised with the calendric definition of season: *Winter
22.12.-20.3.; spring 21.3.-20.6.; summer 21.6-22.9,; fall 23.9.-21.12.)

tChildcare is defined as attending childcare in the first year of life at any time point.
tParental education is categorised into low (<4 years of apprenticeship), middle
(<4years of apprenticeship) and high (tertiary education).

§Samples taken during periods with application of any antibiotics.

9linfants with cystic fibrosis (CF) were grouped in patients with no residual Cystic
Fibrosis Transmembrane conductance Regulator (CFTR) function: two known copies
of class | and/or Il mutations; residual CFTR function: one class | or Il mutation plus
one other mutation, unknown CFTR function:>1 mutation not classified or unknown
mutation, however, with two copies of disease causing mutations.

Basel Bern Infant Lung Development® cohort. We included
31 infants with CF and 32 healthy, unselected infants born
between 2010 and 2014. Infants with CF had been diagnosed
with the Swiss CF neonatal screening, and thus most did not
present with respiratory symptoms when enrolled in the study.
An anterior nasal swab for viral assessment (FLOQSwabs, in
UTM-RT (Copan, Italia)) was collected biweekly, starting in
the fifth week of life and mailed into the laboratory. A weekly
telephone interview was performed by study nurses to assess
respiratory health. Details of the study population are displayed
in table 1. The study was performed in Bern and approved by
the Ethics Committee of Bern, Switzerland. Informed consent
was obtained from the parents.

Virological analysis

Ten different viruses and two atypical bacteria were analysed in
each sample and used as outcome parameters in our analysis:
influenza A, influenza B, RSV, human metapneumovirus, adeno-
virus, human bocavirus (hBoV), human rhinovirus/enterovirus
(HRV), human parechovirus, human coronavirus, human para-
influenzavirus (hPIV), Mycoplasma pneumoniae and Chlamydia
pneumoniae.

The samples were analysed by real-time (combination of seven
duplex) PCR, using the Respiratory Multi Well System r-gene
(Argene/bioMérieux, Marcy I’Etoile, France), according to the
manufacturer’s instructions. Sampling quality, extraction and
amplification in every sample were evaluated using a HPRT1
cellular gene control (CC) assay using the duplex Rhino&EV/
CC r-gene. Samples showing an exponential amplification curve
with a CT (crossing threshold) value <40 were considered as
positive. Thus, all samples with a CT value >40 were excluded
in the final analysis due to low quality. For easier reading, the
term viral analysis is used, although two atypical bacteria were
also included in the analysis.

Respiratory symptoms

In weekly standardised telephone interviews, symptoms of lower
and upper respiratory tract infections, wheeze and/or cough were
recorded.” Rhinitis (runny or blocked nose) was independently
assessed as the most common upper respiratory symptom. Upper
respiratory tract infections (URTI) were defined if cough with
or without rhinitis was recorded. A lower respiratory tract
infection (LRTI) was defined as wheeze or breathing difficulties
accompanied by upper respiratory tract symptoms or elevated
temperature over more than two consecutive days. In addition,
we combined upper and lower respiratory symptoms as having
‘any symptoms’.

We defined viral detection as swabs positive for any virus, irre-
spective of symptoms and asymptomatic viral detection as swabs
positive for any virus but free of symptoms. Symptomatic viral
detection was defined as swabs positive for any virus accompa-
nied by respiratory symptoms occurring up to 7 days before and
7 days after the sample was taken.

Additional risk factors or confounders

Hospital records and questionnaires provided information on the
family, maternal, sociodemographic and environmental histories
in the prenatal, perinatal and postnatal periods. Changes in host
and environmental factors were documented during the weekly
standardised phone interview. Time-invariant factors included in
our study were sex, maternal atopic disease (maternal asthma,
hay fever, eczema), parental education (categorised into low
(<4years of apprenticeship), middle (at least 4 years of appren-
ticeship) and high (tertiary education)) and presence of older
siblings. Time-variant factors included were age and season of
sampling, breast feeding (‘current’ (yes/no) at time of swab) and
childcare (‘current’ (yes/no) at time of swab).

Statistical analysis

Initially, the proportion of all samples (as per cent) in which
a virus was detected was compared between healthy infants
and infants with CF. We used multivariable logistic regression,
including a random effect, to account for multiple measure-
ments in the same individuals to investigate: (1) differences in
viral detection between infants with CF and healthy infants;
(2) possible determinants for viral detection; (3) differences
in symptomatic viral detection between infants with CF and
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healthy controls; (4) differences in virus species between infants
with CF and healthy controls.

Results are presented as ORs with 95% ClIs and p values;
healthy infants were always considered as baseline. After
fitting a univariable model (no adjustment), we fitted adjusted
models accounting, in a first step, for season and age, as both
age and season have been shown to influence viral detection.*
In a further step, we also considered following potential deter-
minants: having siblings, attending childcare, breast feeding,
parental education, maternal atopy, gender.”® >’ We also fitted
separate models for CF and healthy infants, including simultane-
ously age, season, breast feeding, siblings, in the healthy group
attending childcare and in the CF group application of antibi-
otics and Cystic Fibrosis Transmembrane conductance Regu-
lator function. Due to the lower number of positive measure-
ments, analysis for differences in individual virus species (4) was
performed in a univariable model only and not for symptom-
atic episodes separately (except HRV). Despite rigid sampling
instructions, the number of low-quality swabs was higher in the
infants with CF. Therefore, we performed different sensitivity
analyses: we repeated the main analyses: (1) selecting additional
and different CT cut-off values (35/45); (2) including all virus
positive swabs irrespective of CT value; (3) excluding infants
with a high number of low-quality samples (online supplemen-
tary material, table E1). Sensitivity analysis confirmed that the
study design was appropriate and results were robust (for details,

31 infants with CF

|

664 biweekly nasalswabs

n=103

561 high quality swabs

J

Virus positive *
233/561 (42%)

‘g Y

Symptomatic
93/561 (17%)

Asymptomatic
140/561 (25%)

see online supplementary material and table E1). P values<0.05
were considered statistically significant. All analyses were
performed using Stata V. 13 and GraphPad Prism 3.

For details on inclusion criteria, nasal swab procedure, virus
analysis, risk factor assessment, statistical analysis and power
calculation see online table OLS.

RESULTS

Study population

A total of 1273 biweekly nasal swabs from 32 healthy infants
(712 swabs) and 31 infants with CF (561 swabs) throughout the
entire first year of life were analysed for virological characteri-
sation after exclusion of low-quality swabs (see figure 1). Demo-
graphics did not differ between groups. However, the following
risk factors differed between the two groups: application of anti-
biotics, number of siblings and childcare attendance (table 1).

Differences in viral detection between infants with CF and
healthy infants

Quantitative analysis of virus (measured semiquantitative,
analysing CT values) did not differ between the two groups
(results not shown). Thus, for further analysis we only differen-
tiated between samples positive or negative for virus (for addi-
tional sensitivity analyses, see statistical analysis in the online
supplementary material and table E1). Results of asymptomatic

32 healthy infants

|

‘ 734 biweekly nasal swabs ‘

n=22

exclusion of low quality swabs

Wy

712 high quality swabs ‘

|

Virus positive *
311 /712 (44%)

-
p

|

163/712 (23%)

Symptomatic
148/712 (21%)

Asymptomatic ‘

<N

Rhinitis only URTI LRTI
21/561 (4%) 53/561 (9%) 19/561 (4%)

*for detailed virus analysis see table 2

Figure 1
lower respiratory tract infection; URTI, upper respiratory tract infection.

Rhinitis only URTI LRTI
63/712 (3%) 79/712 (11%) 21/712 (3%)

Flowchart of virological analysis in infants with CF and healthy infants, including information on excluded samples. CF, cystic fibrosis; LRTI,
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Table 2 Viral detection in healthy infants and infants with CF

Virus Positive samples * Positive samples accompanied by symptomst
CF Healthy CF Healthy
n (%) n (%) n (%) n (%)
Any virus 233 (42) 311 (44) 93(17) 163 (23)
>1 virus 52 (9) 46 (6) 16 (3) 30 (4)
HRV 110 (20) 177 (25) 39(7) 78 (11)
hCoV 41 (7) 52 (7) 8(1) 12 (2)
ADV 27 (5) 43 (5) 4(1) 11(2)
hPIV 14(2) 35(5) 5(1) 15(2)
hBoV 53 (9) 18 (3) 9(2) 5(1)
RSV 21 (4) 17 @2) 8(1) 8(1)
hPeV 8(1) 8 (1) 0(0) 2(0)
hMpV 5(1) 5(1) 2(0) 2(0)
Mycoplasma pneumoniae 9(2) 4(1) 2 (0) 1(0)
Influenza B 2(0) 2(0) 0(0) 0(0)
Influenza A 0(0) 1(0) 0 1 (0)
Chlamydia pneumoniae 1(0) 0(0) 0(0) 0(0)

Infants with CF (n=31, samples n=561); healthy infants (n=32, samples=712).

Total number of samples n(%); % of samples refer always to total number of samples: in infants with CF, n=561 (100%); in healthy infants, n=712 (100%).

*Nasal swabs with viral detection irrespective of symptoms.

tNasal swabs with viral detection and respiratory symptoms. For this analysis, samples with more than one virus were excluded.
ADV, adenovirus; CF, cystic fibrosis; hBoV, human bocavirus; HCoV, human coronavirus; hMpV, human human metapneumovirus; hPeV, human parechovirus; hPIV, human

parainfluenzavirus; HRV, human rhinovirus; RSV, respiratory syncytial virus.

and symptomatic viral detection in general and for the different
viruses are given in table 2.

Prevalence of viral detection was similar in infants with CF and
healthy infants on average. Viruses were found in 429 (SD 15; min—
max 11-65) of swabs in infants with CF and in 44% (15; 17-77)
of swabs in healthy infants (OR from multilevel logistic regression:
0.92; 95%CI 0.67 to 1.25; p=0.6, table 3).

The proportion of samples per individual in which a virus
was detected was similar in both study groups, indicating that
possible differences were not due to outliers with extreme
frequent or rare viral detection (figure 2).

Similarly, age of first viral detection did not differ between
infants with CF and healthy infants, and most infants had their
first viral detection within the first 4 months of life (healthy
infants 88% and infants with CF 90%).

Risk factors for viral detection
Viral detection became more common with age; this was similar
in both cohorts. Thus, infants with CF and healthy infants

showed no differences in viral detection in the different age
groups (table 4 and online supplementary material, figure E1,
online supplementary material) .

We did not observe that viral detection in our cohort was more
frequent in children with any of the known risk factors (season,
breast feeding, siblings, childcare; table 4). The effect of childcare
could not be investigated in infants with CF because none of them
attended daycare. In the CF group, we did not find an association
of viral detection with genotype or the application of antibiotics

(table 4).

Symptomatic viral detection in infants with CF and healthy
infants

When a virus was present, infants with CF were reported less often
to have respiratory symptoms than healthy controls (symptoms
in 17% (SD 11; min—max 0-45) vs 23% (12; 0—45); OR from
multilevel logistic regression: 0.67; 95%CI 0.46 to 0.96; p=0.03,
table 3). Viral detection accompanied by more severe symptoms
(URTIs and LRTIs) was not different between infants with CF

Table 3 Difference in viral detection in healthy infants and infants with CF

CF Healthy Unadjusted model Adjusted model® Adjusted model®

n (%) n (%) OR 95%Cl p OR 95% Cl p OR 95%Cl p
Viral detection 233 (42) 311 (44) 0.92 0.67to0 1.25 0.6 0.91 0.66 t0 1.26 0.6 0.93 0.64t0 1.37 0.7
Symptomatic viral 93 (17) 163 (23) 0.67 04610096  0.03 0.64 04310095  0.026 0.71 046t01.13  0.15
detection
HRV detection*® 84 (15) 143 (20) 0.67 0.47 10 0.99 0.044 0.63 0.42 t0 0.95 0.026 0.56 0.36 t0 0.87 0.009
Symptomatic HRV 39 (7) 78 (11) 0.58 0.351t00.97 0.036 0.52 0.311t00.9 0.02 0.58 0.311t01.07 0.08
detection®

Unadjusted and adjusted OR from logistic regression models for viral detection and symptomatic viral detection comparing healthy infants and infants with CF.

*For HRV analysis, swabs with codetection of other viruses were excluded, outcome was symptomatic and asymptomatic viral detection and HRV detection (yes/no), reference
category samples free of virus/free of HRV exposure was CF status, reference category = healthy infants, p = p value adjusted model®: adjusted for age and season adjusted
model®: adjusted for age, season, sex, childcare at swab, breast feeding at swab, siblings, education parents, maternal atopy total number of samples, n(%).

CF, cystic fibrosis; HRV, human rhinovirus.
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and healthy infants (URTI: OR 0.8, 95%CI 0.58 to 1.21, p=0.3; . o ) . .
LRTT: 1.2, 95%CI 0.58 to 2.33, p=0.7). Findings remained stable ~ F19ure 3 Distribution of viral detection. Frequency of (a) symptomatic
when investigating the percentages of samples with viral detection viral detection and (b) symptomatic human rhinovirus detection in

. . . . ercentages (%). Displayed is the proportion of infants (in %), with
accompanied by symptoms per infant over the entire study period P .
(figure 3a), assuring results were not due to outliers with extreme very low (<10%), low (10%-20%), medium (20%—-30%), frequent
frequent O; rare symptomatic viral detection (30%—-40%) or very frequent (>40%) viral detection over the whole

study period. Less frequent symptomatic detections in infants with CF

Detection of different viruses in infants with CF and healthy were found. CF, cystic fibross.

infants
HRYV was the most frequent virus detected in both study groups,
but occurred less frequently in infants with CF (20% vs 25%;

Table 4 Risk factors for viral detection in healthy infants and infants with cystic fibrosis (CF) separately

Healthy infants Infants with CF
Exposure: risk factor OR 95%Cl p OR 95%Cl p
Gender* 1.09 0.68101.74 0.7 0.76 0.48 t0 1.21 0.3
Breast feeding 1.26 0.78 t0 2.04 0.3 0.94 0.60 to 1.48 0.8
Siblings® 134 0.77 t0 2.32 0.3 1.12 0.73 t0 1.97 0.5
Aget 1.27 0.80 to 2.02 0.3 1.32 0.76 t0 2.32 0.3
3-6months
6-9months 1.31 0.79t02.17 0.3 1.52 0.82 10 2.82 0.2
9-12months 2.14 1.18t03.88 0.013 1.80 1.81 t0 3.41 0.08*
Seasont spring 0.96 0.62 to 1.49 0.9 0.73 0.43t0 1.25 0.3
Summer 1.10 0.70to 1.71 0.7 1.03 0.62t01.73 0.9
Fall 0.95 0.61to 1.47 0.8 1.22 0.73 t0 2.05 0.5
Antibiotics§ - 0.63 0.33t01.20 0.2
CF genotypef| - 0.76 0.54 to 1.07 0.1
Childcare 1.46 0.80 to 2.67 0.2 -

Adjusted OR for viral detection investigating different risk factors, stratified for CF status from multilevel logistic regression. Results are displayed after adjustment for all tested
risk factors, outcome was viral detection in general (yes/no), reference category samples free of virus, analysis was done separately for healthy infants and infants with CF.p =
p value, reference category for exposures: *baseline = male; *haseline = no siblings; tbaseline = age 0-3 months, tbaseline = winter; §baseline = before any antibiotics (AB)
compared with samples during AB; samples after first application of AB are not shown, no different result to samples before first AB application; lbaseline = no residual Cystic
Fibrosis Transmembrane conductance Regulator function.

p Value for interaction between listed exposures and healthy infants and infants with CF, model including all children always p>0.3, #= trend after adjustment for all
confounders, in a model only considering age and season, significant (OR 2.04; 95% Cl 1.12 to 3.70; p=0.019).
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OR from multilevel logistic regression: OR 0.67; 95% CI 0.47
to 0.99; p=0.044). The same was found for symptomatic HRV
detection (OR 0.58; 95% CI 0.35 to 0.97; p=0.036, unadjusted
and adjusted analyses are shown in table 3). This was most
pronounced below the age of 6 months (HRV detection: OR
0.53; 95%CI 0.31 to 0.92; p=0.025and symptomatic HRV
detection: OR 0.43; 95%CI 0.21 to 0.879; p=0.022 respec-
tively, adjusted for season). Results were similar if the percent-
ages of samples with symptomatic HRV detection were analysed
per infant over the entire study period, indicating that they were
not due to outliers (figure 3b).

Persistence of HRV in two or more consecutive samples was
not frequent and did not differ between infants with CF and
healthy infants (OR 1.1; 95%CI 0.63 to 1.97; p=0.8). HRV
detection in two consecutive samples was seen 18 times in
healthy and 15 times in infants with CF. HRV detection in three
or more consecutive samples was rare in both groups (three
consecutive samples 12 (healthy) vs 8 (CF); four consecutive
samples: 3 vs 2; five consecutive samples: 1 vs 1, six consecu-
tive sample O vs 1). This was also true investigating persistent
symptomatic HRV detection or asymptomatic detection sepa-
rately and analysing episodes starting with symptomatic HRV
detection and continuing with asymptomatic detection (results
not shown).

All other viruses were detected in only 10% of the nasal samples
or less (table 2). HBoV detection was more frequent in infants
with CF (OR 4.2; 95%CI 2.14 to 8.24; p<0.001), while hPIV
occurred less often (OR 0.5; 95%CI 0.26 to 0.93; p=0.029).
Other viruses occurred rarely and there were no clear differences
in the different viruses that were detected between infants with
CF and healthy infants (see table 2 and online supplementary
material, figure E2, online supplementary material).

DISCUSSION

In this prospective longitudinal study, we investigated viral detec-
tion in infants with CF compared with healthy controls in the first
year of life. We could distinguish symptomatic and asymptomatic
detection by weekly monitoring of respiratory symptoms. In a total
of 1273 biweekly nasal samples, each analysed for 10 different
viruses and two atypical bacteria, prevalence of viral detection
was not more frequent in infants with CFE. Surprisingly, in infants
with CF, respiratory symptoms were even less commonly reported
during viral detection. Although HRV was the most frequently
detected virus in both groups, it occurred less often in infants with
CF, whereas hBoV occurred more frequently.

To our knowledge, this is the first study to compare the prevalence
of viral detection during symptomatic and asymptomatic episodes
in the first year of life in infants with CF and healthy controls. Hiatt
et al”® found the same number of upper respiratory infections in
children with CF and healthy controls below the age of 2years, but
more LRTIs in the CF group. In contrast to our study, viral analysis
was only performed during symptomatic periods, where RSV and
influenza were detected more frequently in healthy infants. In addi-
tion, children with CF had persisting lung function changes after
viral infection.”® A study in older children comparing viral detection
in CF and healthy subjects found no difference in the prevalence of
viruses during ARTTs, but reported prolonged and more frequent
LRTIs in children with CE*’

Our results also show a comparable cumulative incidence of
viral detection between patients with CF and healthy controls,
but symptomatic detection was not more frequent, of longer
duration, or more severe in infants with CF. However, the
number of severe LRTIs in our study subjects was low; thus, we

cannot draw final conclusions on this parameter. The impact of
severe viral infection needs to be investigated in a larger number
of infants capturing higher numbers of LRTIs. A number of
studies in older children with CF showed a high prevalence
of viral infections during ARTIs, leading to acute and chronic
respiratory complications, impaired lung function and/or disease
progression.” * ¢ 33934 A diminished immune response towards
viruses, leading to more severe viral infections and higher viral
burden, has also been reported in older patients with CE*’ 3
Overall, concordant data from ex vivo and in vitro studies have
shown an impaired antiviral response in patients with more
pronounced disease.>** Our results suggest that this is not
the case during the first year of life. Whether this is due to
less severe underlying disease or to the ongoing development
of the immune system is not known. Thus far, there are only
a few studies investigating viral detection in infancy, and the
role of immunologic pathways in CF lung disease, especially in
early infancy, remains unclear. Studies using bronchoalveolar
lavage fluid of infants and children with CF showed that viral'!
and bacterial®® infections lead to inflammatory and immune
processes. It remains unknown to what extent the early inflam-
matory airway response in young infants is independent of infec-
tions. The fact that, even in our study, the prevalence of HRV
detection increased with older age in the CF group compared
with healthy controls could already be an early sign of possible
changes in the immune response or susceptibility to HRV, further
leading to increased numbers of infections later in life. This is in
line with a recent study,” showing more frequent HRV detection
in children with CF during respiratory infections and asymp-
tomatic episodes compared with healthy controls.” An additional
indicator of different reactions to viruses already in early life
might be the surprisingly high number of hBoV detection in our
CF cohort. As hBoV is a relatively newly discovered virus, with
an unknown role in lung disease, but a probable role in ARTTIs,*
further studies are needed for the interpretation of this finding.*'

The age at the first viral detection did not differ between
groups. This means that infants with CF do not show earlier
viral detection or increased susceptibility towards viruses per
se. It is possible that later in life, and with advanced disease,
the chronic inflammatory processes in the airways influence the
innate immunity of the airway epithelium. More probable is that
several factors compound simultaneously: specific viruses, time
point of infection, genetics, bacteria and others. Furthermore,
in this study, infants were included shortly after birth and diag-
nosed by newborn screening, and were, thus, mainly asymptom-
atic, which clearly differs to other studies. Hence, due to early
diagnosis, all infants in our cohort received physiotherapy, daily
inhalation and medical care on a regular base with a CF specialist
from birth on. This could have beneficial preventative effects
that could delay disease progression, which could serve as an
additional explanation as to why viral detections were not as
severe as in the older age groups. Additionally, given that none
of the infants with CF attended childcare and less infants with
CF had older siblings compared with healthy controls, environ-
mental exposure to viruses was very likely lower for infants with
CF compared with healthy controls. This could have, at least
partially, contributed to comparable viral detection rates between
groups. However, duration of shedding did not differ between
the two groups, as there was no difference in the frequency of
HRYV detection in two or more consecutive samples.

A major strength of our study is the prospective study design
and the standardised, dense, biweekly sampling, which was not
restricted to scheduled visits or periods of respiratory illness.
Detailed information about sociodemographic factors and the
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weekly documentation of changes in environmental exposures
allowed us to adjust for different confounding factors. We were able
to investigate for the first time dynamics of viral detection in the
first year of life, over a time period of 10 months for each study
subject. Due to the high number of different viruses analysed, it was
possible to distinguish between samples free of virus, viral detection
and viral codetection. This improved the accuracy of our results.

Furthermore, including infants with CF and controls allowed a
comparison between diseased and otherwise healthy infants. This
comparison is important to detect possible differences in viral detec-
tion in CF, and enables us to draw conclusions for future treatment
options.

A limitation is the small number of study infants. To detect
further differences between the study groups, for example, addi-
tional risk factors for viral detection, larger numbers are needed.
This is also true for a better understanding of episodes of severe
respiratory infection and the role of specific respiratory viruses
and bacteria. Furthermore, sequencing and subtyping of HRV
was not performed in our study, so HRV subgroups could not
be analysed. In addition, the number of low-quality swabs was
higher in infants with CF, which could bias the results of viral
frequency in CF. To account for the differences in swab quality,
we performed several sensitivity analyses. Results did not change
in the different approaches, assuring the robustness of results.
We suspect that the sampling quality of the swabs of infants with
CF could have been lower due to a more cautious approach of
the parents, or increased viscous mucus in the infants. This could
be an important consideration for future study, given its rele-
vance for the clinical setting; consideration of which is beyond
the scope of the current study. The overall frequency of viral
detection, however, was similar to healthy infants and concor-
dant with what is represented in the literature. Furthermore,
documentation of symptoms relied on parental reporting only,
possibly resulting in an observer bias. Differences between the
CF and healthy groups existed mainly in the reporting of nasal
symptoms. It could be that parents of otherwise healthy infants
are likely to report more minor symptoms, whereas parents
of infants with CF are more accustomed to minor respiratory
symptoms. However, a standardised evaluated symptom score
was used in the telephone interview, which makes a systematic
bias between groups unlikely.

We conclude that in the first year of life prevalence of viral
detection is not more frequent in infants with CF compared
with healthy controls. Infants with CF presented less often with
respiratory symptoms if a virus was present. Whether this is due
to local epithelial properties or immunological mechanisms is
unclear. Further studies investigating the interaction of viruses,
bacteria, immune responses and genetics are thus needed to
better understand respiratory health in infants with CF, optimise
early treatment of the disease and improve outcomes in later life.
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