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Abstract

Background: Children with a history of rhinovirus (RV) positive bronchiolitis have a
high risk of developing subsequent asthma. Maternal asthma might also increase this
risk. The aim of this study was to investigate the combined effects of hospitalization
for RV positive bronchiolitis in infancy and a history of maternal asthma on the
development of asthma at preschool age.

Methods: This is a prospective cohort study of 139 preschool-aged children,
with a history of hospital admission for bronchiolitis in infancy, followed-up to
ascertain asthma and asthma-like symptoms, skin prick allergy test positivity,
and lung function measured pre- and post-bronchodilator using impulse
oscillometry.

Results: Children with a past hospitalization for RV positive bronchiolitis (42.4% of
all) and a history of maternal asthma (36.7% of all) had the greatest prevalence and
risk ratio (RR) for doctor-diagnosed asthma (prevalence 81.8% and RR 2.10, 95%
confidence interval [CI] 1.37-3.19, p=.001), use of inhaled corticosteroids (68.2%
and RR 2.17, 95% Cl 1.19-3.99, p=.001) and short-acting -agonists in the last
12 months (95.2% and RR 1.49, 95% Cl 1.17-1.89, p=.001), as compared to those
with RV negative bronchiolitis and no maternal asthma history. More children in this
group had an abnormal airway resistance (33.3% and adjusted risk ratio [aRR] 3.11,
95% Cl 1.03-9.47, p = .045) and reactance (27.8% and aRR 2.11, 95% Cl 1.06-4.26,
p =.035) at 5 Hz, as compared to those with RV negative bronchiolitis and no ma-
ternal asthma history.

Conclusion: Hospitalization for RV positive bronchiolitis in early life combined with

a history of maternal asthma identifies a subgroup of children with a high asthma
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for asthma.
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1 | INTRODUCTION

Asthma is the most common chronic disease among children® and
adversely affects quality of life. An asthma diagnosis in young chil-
dren is more uncertain than at school age. However, preschoolers
have the highest proportion of emergency department visits and
hospital admissions for asthma-like symptoms when compared to
other age groups.”® A better understanding of the risk factors that
are associated with the development of asthma in early life may be
relevant to its prevention, diagnosis, and treatment. In this regard,
the development of asthma is thought to be a complex interaction
between genetic, epigenetic, and environmental factors.”

Bronchiolitis in infancy is a virus-induced lower respiratory tract
infection involving the terminal airways and previously associated
with negative respiratory health outcomes later in life.® The most
common pathogen found in infants with bronchiolitis is respiratory
syncytial virus (RSV), followed by human rhinovirus (RV), which
commonly causes wheezy illnesses in preschoolers and asthma
exacerbations.”

Sigurs et al.” demonstrated that infants hospitalized with RSV
bronchiolitis had a greater prevalence of asthma and recurrent
wheezing, airway hyperresponsiveness, and allergic sensitization at
the ages of 3, 7, 13, and 18 years compared to a control group.” One
in five children with a history of RSV infant bronchiolitis requiring
hospitalization will be admitted again for respiratory illness such as
asthma, wheezing, or respiratory infections.®

While the clinical manifestations of bronchiolitis might not differ
according to virus type, the host immune response, moderated by
gene-environment interactions, may predispose to, and be altered
by, RV infection. This may establish an association between
RV-induced bronchiolitis in infancy and the development of child-
hood asthma. For instance, the Childhood Origins of Asthma study
showed that in cases of bronchiolitis managed at home in early life,
RV-induced bronchiolitis was a stronger predictor of later wheezing
at 3years and asthma development at 6years of age than
RSV-induced bronchiolitis.”

Maternal asthma increases the risk for both hospital admissions

10,11

due to bronchiolitis and an asthma diagnosis in childhood.*? %

Several studies have investigated the relationship between the se-
verity of the bronchiolitis episode and later onset of asthma,®>~*’
and the association of RSV bronchiolitis in infancy and lung function
later in life."®*?° However, the role of hospital admission for
RV-induced bronchiolitis and its combined effect with maternal
asthma for the development of asthma and lung function changes in

childhood is yet to be determined.
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burden while participants with only one of the two risk factors had intermediate risk

asthma in childhood, bronchiolitis, lung function, maternal asthma, rhinovirus

Here, we report an analysis of a prospective follow-up cohort of
preschool-aged children who were hospitalized for moderate to se-
vere bronchiolitis in infancy and participated in the high-flow warm
humidified oxygen (HFWHO) randomized controlled trial (RCT).?’
This analysis aims to investigate the combined effects of RV-induced
bronchiolitis and history of maternal asthma on the development of
asthma, asthma-like symptoms, and lung function changes at pre-
school age.

2 | METHODS

This is a prospective cohort study of preschool-aged children who
were admitted as infants or young children (<24 months) with a
clinical diagnosis of moderate or severe bronchiolitis to the John
Hunter Children's Hospital, Newcastle, Australia from July 2012 to
September 2015. Infants with moderate bronchiolitis at admission
participated in the HFWHO RCT (ANZ Clinical Trials Registry,
number ACTRN12612000685819).%? Infants and children with se-
vere bronchiolitis at admission requiring transfer to the pediatric
intensive care unit (PICU) were excluded from participating in the
HFWHO RCT but were instead invited to participate in a nested
observational HFWHO substudy. All children were offered long-
itudinal prospective follow-up through the Growing into Asthma-
Bronchiolitis (GIAB) cohort study (ANZ Clinical Trials Registry,
number 12607000561482).

We obtained informed written consent from parents and care-
givers, and all studies were approved by the Hunter New England
Health and the University of Newcastle Human Research Ethics

Committees.

2.1 | Bronchiolitis diagnosis

During the HFWHO RCT, a diagnosis of bronchiolitis was made fol-
lowing the NSW Health Clinical practice guideline that states that
children with moderate bronchiolitis need to be admitted to a
hospital and be seen by a pediatrician.?® They usually presented with
an unwell appearance, moderate tachypnea, mild or moderate work
of breathing, with oxygen saturation between 90% and 95% in room
air, mild tachycardia, and some feeding difficulty. In severe bronch-
iolitis, children had an unwell appearance, apnea, severe tachypnea
(>70 breaths per minute [bpm]) or bradypnoea (<30 bpm), moderate
to severe grunting, may have been cyanosed or pale with oxygen

saturation less than 90% on room air, had a significant feeding
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difficulty (e.g., take in <50% of normal feeds), and required transfer
to a tertiary PICU.%®

2.2 | Viral diagnostics

RSV direct immunofluorescence was performed on nasopharyngeal
aspirate (NPA) samples at the time of hospital admission. Infants
were also screened for the following other respiratory viruses em-
ploying Multiplex10 PCR (AusDiagnostics): RSV, influenza A, influ-
enza B, human metapneumovirus, adenovirus, picornavirus
(rhinovirus), enterovirus, and parainfluenza virus type 1, 2, and 3.
Infants with bronchiolitis were separated into two groups based on
the research aim: the RV positive group was compared to the RV

negative group.

2.3 | Procedures and outcomes

During attendance at follow-up preschool visits, the parent/caregiver
completed the ISAAC core questionnaire (wheezing, cough, rhinitis,
and eczema modules)?” and additional standardized respiratory
symptom questions validated for preschoolers that included in-
formation on medication use.?’ 2’ Parental history of asthma was
collected as part of the initial cohort and confirmed at a follow-up
visit. A clinical examination was conducted by a medical doctor,
specialized or experienced at the level of an advanced trainee in
pediatrics, including an interview of the primary care person to de-

termine if the participant had doctor-diagnosed asthma.

2.4 | Lung function measurements

Lung function measurement was attempted in all cooperative parti-
cipants during the follow-up visit. Impulse oscillometry (IOS) was
conducted using the combined MasterScreen system (Jaeger Co).
Testing was conducted in accordance with the American Thoracic
Society (ATS)/European Respiratory Society (ERS) guidelines.?®?”
Abnormal lung function was categorized according to 21.65 standard
deviation of the predicted value for resistance and reactance of the
respiratory system at 5 Hertz (Rrs5 and Xrs5, respectively).>C After
the measurement of the pre-lOS children received four puffs of
salbutamol administered through a spacer, and 15 min later post-10S
measurements were performed.”® Bronchodilator response (BDR)
was measured as the percentage change between post-measurement
and pre-measurement of Rrs5.%%

2.5 | Skin prick test

Skin allergy tests on the forearm were also performed if the parent/
caregiver consented. Atopy was defined as a positive response

(23mm wheal) to any one of the common aeroallergens:

Dermatophagoides pteronyssinus, Dermatophagoides farinae, cat, dog,
Aspergillus fumigatus, five grass mix, and standard food allergens;
whole peanut extract, egg yolk, and egg white. Histamine was the
positive control. The wheal size of the negative control (saline) was
subtracted from the allergen wheal size. To be positive, a response

>3 mm of the adjusted wheal size was required.

2.6 | Statistical analyses

Categorical measures were described using counts and percentages,
while continuous measures were characterized using means with
standard deviation (SD) if normally distributed, and medians with
interquartile range (IQR) if non-normally distributed. Statistical sig-
nificance for continuous secondary outcome variables were de-
termined using a nonparametric, two-tailed Mann-Whitney U test or
the parametric Student t test as appropriate. Categorical variables
were compared using a)(z test. Poisson regression was used for the
analysis of the association between having RV positive bronchiolitis
and maternal asthma and the development of asthma, asthma-like
symptoms, and lung function impairments at preschool age. Results
are expressed as risk ratio (RR) and adjusted risk ratio (aRR) with
95% confidence intervals (Cls) based on robust variance estima-
tion.>! To investigate potential confounders, adjustment was made
for gender, prematurity, breastfeeding, maternal asthma, paternal
asthma, bronchiolitis severity, time on O, in hospital, length of stay in
hospital (in days), age at hospital admission (in months), additional
bronchiolitis episode(s), PICU presentation during bronchiolitis ad-
mission, and age at the visit (in months). All data during hospital
admission were collected as part of the HFWHO trial described
elsewhere,”! while information at the preschool visit was collected
through an interview at the time of the visit and through ques-
tionnaires completed by parents. Since all children had bronchiolitis,
the potential risk of maternal asthma is not independent but is as-
sessed as the combined effect of maternal asthma and RV

bronchiolitis.

3 | RESULTS

The initial cohort was composed of 234 infants who were hospita-
lized for bronchiolitis. In all, 202 infants had moderate bronchiolitis
and 32 children had severe bronchiolitis (Figure 1). Infants who had
an RV infection (n =109 out of 234; 46.6%) were significantly older
and more likely male than non-RV infected infants (Table 1). The
majority of non-RV infected infants were RSV positive (n = 98 out of
125; 73.1%; Table 1). No differences in other clinical parameters
collected during the acute hospital admission were observed be-
tween the RV positive and negative groups of infants (Table 1).

Of the 234 hospitalized infants, 139 children were prospectively
followed-up at preschool age (participation 59.4%, Figure 1). Children
who attended the follow-up were more likely to have been breastfed
in the past (83.3% vs. 72.4%, p =.021) and admitted to the Pediatric
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202 Children hospitalised with
moderate bronchiolitis-
RCT HFWHO

32 children hospitalised with severe
bronchiolitis-
Nested observational substudy

h 4

v

234 participants inthe initial cohort:
15 Children had >1 hospital
admission

v

219 children recruited for follow-up

v

Withdrew=23
Did not attend=6

» Moved away=9

139 children participated in the
follow-up (63.5%)

Unableto attend=39

365

FIGURE 1 Flow chart of the subjects included in the studies from the initial cohort to the follow-up cohort. HFWHO, high-flow warm
humidified oxygen; RCT, randomized controlled trial [Color figure can be viewed at wileyonlinelibrary.com]

Intensive Care Unit (PICU; 35.3% vs. 21.4%, p=.005) in infancy
(Table 1). Hospitalization for RV positive bronchiolitis was present in
42.4% of children and 36.7% of children had a history of maternal

asthma (Table 1). We did not observe an association between the

spectively)
RCT (n=99).

TABLE 1 Subject characteristics of the initial (HFWHO) and follow-up (GIAB) cohort

Characteristics
Males®
Prematurity®
Maternal asthma®

Breastfeeding®

ICU presented”

Age at admission in
months”

Age at a visit in
months”

Length of stay in days”

Time on O, in hours®

RSV?

Other viruses”

in the children who participated

Initial cohort Follow-up cohort

Total RV Non-RV Total RV Non-RV

(n=234) (n=109) (n=125) p value (n=139) (n=59) (n=80) p value

67.5% 78.9% 57.6% .001 64.8% 76.3% 56.3% .019

21.4% 18.4% 24% .339 20.1% 22% 18.8% 408

41.1% 41.8% 40.5% .890 36.7% 37.3% 36.3% .900

72.4% 67.6% 76.7% .138 83.3% 81% 85% .348
(163/225) (74/105) (92/120)

21.4% 22% 20.8% 874 35.3% 39% 32.5% .270

6 (3-11) 8 (4-11) 4 (2-9) <001 7(2-11) 9 (5-13) 5 (2-10) .002

- - - - 47 (42-51) 48 (43-53) 47 (41-50) .104

2 (1-3) 2 (1-3) 2 (1-3) .340 2 (1-3) 2 (1-3) 2 (1-3) .565

24 (12-50) 225 28 (12-59)  .084 28.5 28.5 27.5 .346

(11.5-42.5) (12-53) (11-47) (12-61)
57.7% 26.9% 73.1% <001 54.6% 11.8% 88.2% <.001
19.7% 33.0% 24.8% .880 7.2% 25.4% 12.5% .072

Note: Values in bold are values with statistical significant difference between groups.
Abbreviations: GIAB, Growing into Asthma-Bronchiolitis; HFWHO, high-flow warm humidified oxygen; ICU, intensive care unit; IQR, interquartile range;
RSV, respiratory syncytial virus; RV, rhinovirus.
@Categorical variables; counts and % (;(2 test).

bContinuous variables non-normally distributed, used median (IQR) (Mann-Whitney test).

allocated treatment (HFWHO vs. low flow oxygen) and doctor-
diagnosed asthma at preschool age (57.7% vs. 75.5%, p=.417, re-
in the HFWHO

Initial versus
follow-up
p value

.650
.895
436
.021

.005
.615

.336
615

.666
157
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3.1 | Prevalence of asthma and respiratory
symptoms

Preschool-aged children hospitalized with RV positive bronchiolitis
had a higher risk of doctor diagnosed asthma (aRR 1.46; 95% Cl,
1.06-2.01, p=.021; Table 2). Other asthma-like symptoms, Rrs5 and
Xrs5 and BDR were not significantly different between the groups
(Table 2). In the adjusted model there were significant other pre-
dictors of these outcomes. For instance, maternal asthma was a
predictor of doctor-diagnosed asthma (aRR 1.40; 95% Cl, 1.01-1.93,
p=.043), use of inhaled corticosteroids (ICS; aRR 1.59; 95% ClI,
1.02-2.43, p =.040) and short-acting bronchodilators (SABA) in past
12 months (aRR 1.24; 95% Cl, 1.03-1.51, p =.027), and having a high
airway resistance at 5Hz [Rrs5] (aRR 3.61; 95% ClI, 1.45-8.98,
p =.006). In the adjusted analysis, recurrent bronchiolitis episodes
were also a significant predictor of doctor diagnosed asthma (aRR
1.88; 95% Cl, 1.25-2.82, p =.002), wheeze in the last 12 months (aRR
1.78; 95% Cl, 1.29-2.46, p<.001), ICS use (aRR 2.04; 95% ClI,
1.21-3.44, p =.008) and SABA use in past 12 months (aRR 1.73; 95%
Cl, 1.30-2.30, p <.001). Further, breastfeeding reduced the relative
risk for having a high airway resistance at 5Hz (aRR 0.25; 95% Cl,
0.09-0.68, p =.007; Table S1).

3.2 | Combined effect of RV positive bronchiolitis
and maternal asthma for doctor-diagnosed asthma

Next, we stratified the cohort into four subgroups based on a history
of RV bronchiolitis and maternal asthma. When compared to the
reference group (RV negative bronchiolitis, no maternal asthma), the
children with a history of RV positive bronchiolitis and maternal
asthma had an increased RR of having doctor-diagnosed asthma (aRR
2.10, 95% ClI 1.37-3.19, p=.001), use of ICS (aRR 2.17, 95% ClI
1.19-3.99, p=.001) and SABA (aRR 1.49, 95% Cl 1.17-1.89, p =.001)
in the last 12 months, and having a higher R5 and reactance at 5 Hz
[X5] (Table 3). A higher Rrs5 was also observed in children born to a
mother with asthma but without a history of RV positive bronchiolitis
(Table 3). Other predictors for a high Rrs5 were bronchiolitis severity
(aRR 6.20; 95% Cl, 1.64-23.3, p =.007) and breastfeeding (aRR 0.25;
95% Cl, 0.09-0.68, p =.007).

4 | DISCUSSION

To our knowledge, this is the first study to show that hospitalization

for RV positive bronchiolitis in combination with a history of

TABLE 2 Risk ratio for respiratory and lung function outcomes stratified by RV positive bronchiolitis

RV

Outcomes % (n=59)

Doctor-diagnosed asthma 69.0% (40/58)

Wheeze (last 12 months) 66.7% (38/57)
SABA use (last 12 months) 80.4% (44/56)
ICS use (last 12 months) 50% (28/56)
Rrs at 5Hz > 1.65 SD, Z-score 26.5% (13/49)
Xrs at 5Hz > -1.65 SD, Z-score 16% (8/50)

Bronchodilator response = 27% 27.7% (13/47)

Non-RV
% (n=280)

42.9% (30/70)

59.2% (45/76)

63.5% (47/74)

33.8% (23/68)

25.9% (14/58)

5.2% (3/58)

22.8% (13/57)

RR (95% Cl)
p value

1.60 (1.17-2.22)
p=.004

1.12 (0.86-1.46)
p=.374

1.23 (0.99-1.54)
p=.058

1.47 (0.96-2.26)
p=.070

1.10 (0.57-2.12)
p=.777

3.09 (0.86-11.10)
p=.083

1.13 (0.56-2.28)
p=.728

aRR (95% Cl)
p value

1.46 (1.06-2.01)
p=.021°"

1.08 (0.86-1.40)
p=.449"¢

1.21 (0.99-1.50)
p =.066"

1.41 (0.91-2.20)
p=.122""

0.86 (0.41-1.81)
p=.698"¢

471 (0.82-27.05)
p=.082

1.37 (0.60-3.17)
p=.452

Note: p values and RRs were calculated using unadjusted and adjusted Poisson regression models adjusted for gender, prematurity, breastfeeding,
maternal asthma, severity, time on O,, LOS, age at admission, age at visit, additional bronchiolitis episodes, paternal asthma, ICU presentation; if

significant. Values in bold are values with statistical significant difference between groups.

Abbreviations: aRR, adjusted risk ratio; ICS, inhaled corticosteroids; ICU, intensive care unit; LOS, length of stay; RR, risk ratio; RV, rhinovirus;

SABA, short-acting bronchodilator.
#Maternal asthma.

bAdditional bronchiolitis episode(s).
‘Age at visit.

9Breastfeeding.

°ICU.
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TABLE 3 Respiratory and lung function outcomes stratified by RV positive bronchiolitis and maternal asthma

Non-RV/non-asthmatic

Outcomes mother (n=51)
Doctor-diagnosed asthma (n = 120) 35.4%
REF
Wheeze (n=126) (last 12 months) 54%
REF
SABA use (n=123) (last 12 months) 57.5%
REF
ICS use (n=117) (last 12 months) 25.6%
REF
Rrs at 5Hz > 1.65 SD, 18%
Z-score (n=101) REF
Xrs at 5Hz > -1.65 SD, 5.1%
Z-score (n=106) REF
Bronchodilator 18.4%
9 =
response = 27% (n = 98) REE

Non-RV/asthmatic
mother (n=37)

59.1%

1.30 (0.77-2.21)
p=.322

69.2%

1.24 (0.86-1.78)
p=.241

74.1%

1.14 (0.85-1.56)
p=.365

48%

1.58 (0.80-3.10)
p=.182

36.8%

3.60 (1.13-11.51)
p=.030

9.4%

1.23 (0.19-7.82)
p=.824

31.6%

1.45 (0.45-4.70)
p=.534

RV/non-asthmatic
mother (n=29)

61.1%

1.44 (0.90-2.30)
p=.127

60%

1.09 (0.75-1.58)
p=.642

68.6%

1.10 (0.80-1.53)
p=.558

38.2%

1.34 (0.65-2.77)
p=.425

22.6%

0.90 (0.30-2.67)
p=.845

5.3%

0.85 (0.09-8.04)
p=.887

22.3%

1.06 (0.34-3.36)
p=.919

367
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RV/asthmatic
mother (n=22)

81.8%

2.10 (1.37- 3.19)
p=.001

77.2%

1.26 (0.90-1.76)
p=.171

95.2%

1.49 (1.17-1.89)
p=.001

68.2%

2.17 (1.19-3.99)
p=.012

33.3%

3.11 (1.03-9.47)
p=.045

27.8%

2.11 (1.06-4.23)
p=.035

35.3%

2.18 (0.83-5.77)
p=.116

Note: p values and aRRs were calculated using Poisson regression adjusted for gender, prematurity, breastfeeding, severity, time on O,, length of stay, age at
admission, age at visit, additional bronchiolitis episode(s), ICU presented. Values in bold are values with statistical significant difference between groups.
Abbreviations: aRR, adjusted risk ratio; ICS, inhaled corticosteroids; ICU, intensive care unit; RR, risk ratio; RV, rhinovirus; SABA, short-acting

bronchodilator.

maternal asthma increases the risk for doctor-diagnosed asthma,
asthma medication use, and abnormal lung function at preschool-age.

During their bronchiolitis hospitalization, data on clinical para-
meters and management was meticulously collected in all infants.
Interestingly, no difference was found between the RV positive and
the RV negative group except for a higher age and a greater pro-
portion of males in the RV positive group, which is in line with pre-
vious studies.”*? Thus, any difference in clinical outcomes at
preschool age between RV positive and negative infants is unlikely
explained by, or associated with, their clinical course during the
hospital admission. The follow-up cohort had more children who
were breastfed and admitted to PICU than the initial cohort, raising
the possibility of bias due to missing observations. Nonetheless, our
results could suggest a potential selection bias, where mothers who
have breastfed or had a child admitted to PICU in the past were more
likely to participate in the follow-up. However, an increased pre-
valence of breastfeeding might be protective for asthma, whereas
more severe bronchiolitis requiring PICU admission might worsen

asthma prevalence. Since the potential impact of these effects would

operate in opposite directions, this possible selection bias is unlikely
to have a major impact on our outcomes.

Jackson et al.” showed that RV positive wheezy illnesses in the
first 3years of life were associated with a ninefold increase in the
risk of asthma development at the age of 6 years. In contrast, RSV
positive wheezy illnesses were associated with a smaller increase in
relative risk. Even though our study did not include a cohort of
children never admitted to hospital for bronchiolitis, our results are
in line with previous data. Specifically, we found an approximately
sevenfold increase in prevalence for doctor-diagnosed asthma in
children hospitalized with RV positive bronchiolitis in infancy (asthma
prevalence 69.0%), and a fourfold increase in those hospitalized with
RV negative bronchiolitis in infancy (asthma prevalence 42.9%), when
assuming an asthma prevalence of around 10% in a nonselected
Australasian child cohort.

Bergroth et al.®>® demonstrated an increase in asthma controller
medication use in preschoolers 5 years after a bronchiolitis episode
where hospital admission was necessary. They found that bronchio-

litis caused by RV infection resulted in an early initiation of asthma
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controller medication use (4 months after RV infection vs. 15 months
after RSV infection).®®** In addition, at preschool age, 50% of
children who had RV infection in infancy were still using asthma
controller medication, as compared to only 15% of children who had
an RSV infection. Thus the increase in asthma prevalence in children
hospitalized with RV positive bronchiolitis in early life is associated
with earlier onset and prolonged use of asthma medications.

Our study supports this conclusion and the novel observation of
our study is that preschool children with a past history of hospitali-
zation for RV positive bronchiolitis as well as maternal asthma have
the highest prevalence for doctor-diagnosed asthma (81.8%), use of
ICS (68.2%) and SABA (95.2%) in the past 12 months, as well as
abnormal lung function assessed by the measurement of Rrs5
(33.3%). Even if an asthma diagnosis is uncertain and medications
may be overprescribed in preschool-aged children, our results high-
light a much higher asthma disease burden and greater lung function
impairments in this group of children as compared to those without a
history of maternal asthma and with RV negative bronchiolitis. Fur-
ther investigations on a genetic, physiological, molecular, and cellular
level are warranted to characterize lung disease in this high-risk
group, which may pave the way for more personalized disease
monitoring and treatment approaches. As this group of children is
easily identifiable, if virus diagnostics are performed, they could be
specifically targeted for interventions. This may partially reduce fu-
ture health care costs that have been reported to be 83% higher in
preterm infants admitted to hospital with bronchiolitis over their first
4years of life in one recent study.*

The higher prevalence of abnormal normal lung function in
children with a history of maternal asthma is of particular interest.
Birth cohort studies have demonstrated an association between RV
bronchiolitis and lower lung function, varying from early childhood to
adulthood.>* “° Guilbert et al.** showed that children who had RV
positive wheezing episode in the first 3 years of life, had reduced lung
function measured by IOS at 5 years of age. A study conducted by
Kotaniemi-Syrjanen et al.*> demonstrated increased bronchial re-
sponsiveness at school age associated with RV positive wheezing in
infancy. Our study suggests that a history of maternal asthma may
also be a risk factor for reduced lung function at preschool age, either
in its own right (Rrs5) or in combination with a history of RV positive
bronchiolitis (Rrs5 and Xrs5). We are currently conducting an ana-
lysis of the Breathing for Life Trial*®> to determine if asthma in
pregnancy affects infant lung function at 6 weeks of age, raising the
possibility of effects on fetal lung development. Interestingly, while
lung function impairments predispose to bronchiolitis,*** the Dra-
kenstein cohort have shown that significant viral infection in the first
year of life has a detrimental effect on early lung function.”® Thus, it
is possible that both pre-existent and acquired lung function im-
pairments contribute toward the development of asthma after RV
positive bronchiolitis in infancy.

A large recent multicenter study showed, compared to infants
hospitalized with RSV positive bronchiolitis, that only those with RV
group C positive bronchiolitis in conjunction with IgE sensitization

resulted in a significantly higher risk of subsequent asthma

development at age 4vyears (HR [hazard ratio], 4.06; 95% ClI,
1.17-14.1).*° There was a significant interaction between virus
groups and IgE sensitization on the risk of recurrent wheeze (p for
interaction <.01).“ We did not observe an interaction between
atopy and RV positive bronchiolitis in our cohort. However, this may
be expected as we did not determine the RV species. We, therefore,
cannot exclude that some of the risks that maternal asthma confers
upon subsequent asthma development in RV group C positive infants
may be mediated by IgE.

Breastfeeding was associated with better lung function out-
comes at preschool age in our study, which supplements earlier re-
sults showing protective effects of breastfeeding on lung function at
school age *” (Table S1).

Limitations of our study include a lack of RV group C status
and uncertainty of asthma diagnosis at preschool age discussed
earlier. In addition, only 59% of children from the original cohort
were followed into the preschool years. Thus, as data was col-
lected from the interview and self-reported questionnaires, the
results might have been influenced by response bias. However,
the questionnaires used in this study include additional stan-
dardized respiratory symptom questions for preschoolers which
has strong construct validity, which may have controlled the
potential response bias.*® Furthermore, we did not have in-
formation on parental education in this cohort. In a study con-
ducted by De Meer et al., a protective effect of higher parental
education on the development of wheeze was found. However,
this effect was only verified in children with non-atopic wheeze.
This was associated with lower levels of smoking in the highly
educated families.*” In our cohort, information on parental edu-
cation was not collected at the time of the recruitment. This
precluded us to verify this association. However, we did control
for smoking and breastfeeding, which are the main factors asso-
ciated with parental education and these factors were not sig-
nificantly associated with wheeze. Breastfeeding was only
significantly protective of lung function. A strength of the present
study is that all children participated in the HFWHO study as
infants. Thus, clinical data on their hospitalization was collected
prospectively, including viral diagnostics.’’ A cohort size of
139 children who were followed-up after a bronchiolitis hospi-
talization and tested for lung function makes our study one of the
three largest case samples out of 31 studies recently system-
atically reviewed, most of whom only included RSV positive
children.>®

In conclusion, our data showed that almost half of all infants
hospitalized with bronchiolitis were positive for RV during admission
and a larger than expected proportion (41%) had a history of ma-
ternal asthma. Further, we show that RV positive bronchiolitis in
combination with maternal asthma history confer more than twice
the risk for the development of subsequent asthma, the use of
asthma medications, and lung function impairments at preschool age.
Further studies are required to determine the mechanisms under-
pinning this clinically relevant observation on a genetic, physiological,

molecular, and cellular level.



DA SILVA SENA ET AL

ACKNOWLEDGMENTS

We wish to thank and acknowledge the HFWHO RCT team: John
Attia, Christopher Oldmeadow, Andrew Searles,
Goddard, Jodi Hilton, Mark Lee, and the extended HFWHO RCT

Team: Linda Cheese, Mark Kepreotes, Laurence Roddick, Michael

Bernadette

Anscombe and Michael Zhang, Lynelle Jenkinson, Camilla Askie,
Leanne Lehrle, Nicole Lacey, Tanya Gulliver, Penny Reeves, Teena
Basista, and Nathan Moon for their contribution to the HFWHO RCT
and toward collecting the clinical data during the bronchiolitis hos-
pitalization and the nursing and medical teams from the John Hunter
Hospital Emergency Department and the John Hunter Children's
Hospital Medical Unit H1 for supporting this clinical trial. We also
thank and acknowledge Kathryn Jesson and Ana Pereira de Siqueira
for their contribution to the Growing into Asthma-Bronchiolitis
follow-up study. This study was funded by the National Health and
Medical Research Council, the Hunter Children's Research Founda-
tion, the Hunter Medical Research Institute, and the University of

Newcastle.

CONFLICT OF INTERESTS
The authors declare that there are no conflict of interests.

AUTHORS CONTRIBUTIONS

Study concept and design: Elizabeth Kepreotes, Adam Collison,
Bruce Whitehead, and Joerg Mattes. Patient recruitment and data
collection: Carla R. Da Silva Sena, Matthew Morten, Joseph
Meredith, and Elizabeth Kepreotes. Research methods and quality
control: all authors. Analysis and interpretation of results: all
authors. Writing first draft of paper: Carla R. Da Silva Sena, Matthew
Morten, Joseph Meredith, and Joerg Mattes. Editing of manuscript: all
authors.

ORCID
Carla R. Da Silva Sena
Elizabeth Kepreotes

http://orcid.org/0000-0002-6424-7796
https://orcid.org/0000-0003-2465-6402
https://orcid.org/0000-0003-3282-1324
https://orcid.org/0000-0001-5865-489X

https://orcid.org/0000-0001-7397-105X

https://orcid.org/0000-0001-6305-2201

https://orcid.org/0000-0003-2684-1492
https://orcid.org/0000-0002-3074-3046
https://orcid.org/0000-0003-3729-5722

Vanessa E. Murphy
Peter G. Gibson
Paul D. Robinson
Peter D. Sly
Wilfried Karmaus
Adam Collison
Joerg Mattes

REFERENCES

1. Global Health Estimates. Disease burden by cause, age, sex, by country
and by region, 2000-2015. 2016 ed. World Health Organization; 2015.

2. Global Asthma Network. The global asthma report 2014. The Global
Asthma Network.

3. Australian Institute of Health and Welfare. Asthma in Australian
children: Findings from growing up in Australia, the longitudinal study
of Australian children. Cat no ACM 17; 2009.

4. Szefler SJ, Chmiel JF, Fitzpatrick AM, et al. Asthma across the ages:
knowledge gaps in childhood asthma. J Allergy Clin Immunol. 2014;
133(1):3-13; quiz 14.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

369
e WILEY——*

i)

. Sigurs N, Aljassim F, Kjellman B, et al. Asthma and allergy patterns

over 18 years after severe RSV bronchiolitis in the first year of life.
Thorax. 2010;65(12):1045-1052.

. Sigurs N, Bjarnason R, Sigurbergsson F, Kjellman B. Respiratory syn-

cytial virus bronchiolitis in infancy is an important risk factor for
asthma and allergy at age 7. Am J Respir Crit Care Med. 2000;161(5):
1501-1507.

. Meissner HC. Viral bronchiolitis in children. N Engl J Med. 2016;

374(1):62-72.

. Skirrow H, Wincott T, Cecil E, Bottle A, Costelloe C, Saxena S. Pre-

school respiratory hospital admissions following infant bronchiolitis: a
birth cohort study. Arch Dis Child. 2019;104(7):658-663.

. Jackson DJ, Gangnon RE, Evans MD, et al. Wheezing rhinovirus ill-

nesses in early life predict asthma development in high-risk children.
Am J Respir Crit Care Med. 2008;178(7):667-672.

Mattes J, Murphy VE, Powell H, Gibson PG. Prenatal origins of
bronchiolitis: protective effect of optimised asthma management
during pregnancy. Thorax. 2014;69(4):383-384.

Carroll KN, Gebretsadik T, Griffin MR, et al. Maternal asthma and
maternal smoking are associated with increased risk of bronchiolitis
during infancy. Pediatrics. 2007;119(6):1104-1112.

Lim AS, Stewart K, Abramson MJ, George J. Management of asthma in
pregnant women by general practitioners: a cross sectional survey.
BMC Fam Pract. 2011;12:121.

Torméanen S, Lauhkonen E, Riikonen R, et al. Risk factors for asthma
after infant bronchiolitis. Allergy. 2018;73(4):916-922.

Lim RH, Kobzik L, Dahl M. Risk for asthma in offspring of asth-
matic mothers versus fathers: a meta-analysis. PLOS One. 2010;
5(4):e10134.

Carroll KN, Wu P, Gebretsadik T, et al. The severity-dependent re-
lationship of infant bronchiolitis on the risk and morbidity of early
childhood asthma. J Allergy Clin Immunol. 2009;123(5):1055-1061.
Zomer-Kooijker K, Uiterwaal CS, van der Gugten AC, Wilbrink B,
Bont LJ, van der Ent CK. Decreased lung function precedes severe
respiratory syncytial virus infection and post-respiratory syncytial
virus wheeze in term infants. Eur Respir J. 2014;44(3):666-674.
Jeng MJ, Lee YS, Tsao PC, Yang CF, Soong WJ. A longitudinal study on
early hospitalized airway infections and subsequent childhood asth-
ma. PLOS One. 2014;10(4):e0121906.

Fjaerli HO, Farstad T, Rod G, Ufert GK, Gulbrandsen P, Nakstad B.
Acute bronchiolitis in infancy as risk factor for wheezing and reduced
pulmonary function by seven years in Akershus County, Norway. BMC
Pediatr. 2005;5:31.

Hyvarinen MK, Kotaniemi-Syrjanen A, Reijonen TM, Korhonen K,
Korppi MO. Lung function and bronchial hyper-responsiveness 11
years after hospitalization for bronchiolitis. Acta Paediatr. 2007,
96(10):1464-1469.

Zomer-Kooijker K, van der Ent CK, Ermers MJ, Uiterwaal CS,
Rovers MM, Bont LJ. Increased risk of wheeze and decreased lung
function after respiratory syncytial virus infection. PLOS One. 2014;
9(1):e87162.

Kepreotes E, Whitehead B, Attia J, et al. High-flow warm humidified
oxygen versus standard low-flow nasal cannula oxygen for moderate
bronchiolitis (HFWHO RCT): An open, phase 4, randomised controlled
trial. Lancet. 2017;389(10072):930-939.

Kepreotes E, Whitehead B, Attia J, et al. High-flow warm humidified
oxygen versus standard low-flow nasal cannula oxygen for moderate
bronchiolitis (HFWHO RCT): an open, phase 4, randomised controlled
trial. Lancet. 2017;389(10072):930-939.

NSW Government Health. Infants and children—acute management of
bronchiolitis. NSW Ministry of Health; 2012.

Asher MI, Keil U, Anderson HR, et al. International Study of Asthma
and Allergies In Childhood (ISAAC): rationale and methods. Eur Respir
J. 1995;8(3):483-491.


http://orcid.org/0000-0002-6424-7796
https://orcid.org/0000-0003-2465-6402
https://orcid.org/0000-0003-3282-1324
https://orcid.org/0000-0001-5865-489X
https://orcid.org/0000-0001-7397-105X
https://orcid.org/0000-0001-6305-2201
https://orcid.org/0000-0003-2684-1492
https://orcid.org/0000-0002-3074-3046
https://orcid.org/0000-0003-3729-5722

370
2 1L wi LEY—§

25.

26.
27.

28.

29.

30.

31

32.
33.
34.
35.
36.

37.

38.
39.

40.

DA SILVA SENA €T AL

Powell CVE, McNamara P, Solis A, Shaw NJ. A parent completed
questionnaire to describe the patterns of wheezing and other re-
spiratory symptoms in infants and preschool children. Arch Dis Child.
2002;87(5):376-379.

Strippoli MP, Silverman M, Michel G, Kuehni CE. A parent-completed
respiratory questionnaire for 1-year-old children: repeatability. Arch
Dis Child. 2007;92(10):861-865.

Morten M, Collison A, Murphy VE, et al. Managing Asthma in Preg-
nancy (MAP) trial: FENO levels and childhood asthma. J Allergy Clin
Immunol. 2018;142(6):1765-1772.

Beydon N, Davis SD, Lombardi E, et al. An official American Thoracic
Society/European Respiratory Society statement: pulmonary function
testing in preschool children. Am J Respir Crit Care Med. 2007;175(12):
1304-1345.

American Thoracic Society/European Respiratory Society. ATS/ERS
recommendations for standardized procedures for the online and
offline measurement of exhaled lower respiratory nitric oxide and
nasal nitric oxide, 2005. Am J Respir Crit Care Med. 2005;171(8):
912-930.

Smith HJ, Reinhold P, Goldman MD. Forced oscillation technique and
impulse oscillometry. ERS Journals. 2005;31:72-105.

Chen W, Qian L, Shi J, Franklin M. Comparing performance between
log-binomial and robust Poisson regression models for estimating risk
ratios under model misspecification. BMC Med Res Methodol. 2018;
18(1):63.

Florin TA, Plint AC, Zorc JJ. Viral bronchiolitis. Lancet. 2017;
389(10065):211-225.

Bergroth E, Aakula M, Elenius V, et al. Rhinovirus type in severe
bronchiolitis and the development of asthma. J Allergy Clin Immunol
Pract. 2020;8(2):588-595.

Bergroth E, Aakula M, Korppi M, et al. Post-bronchiolitis use of
asthma medication: a prospective 1-year follow-up study. Pediatr In-
fect Dis J. 2016;35(4):363-368.

Roggeri DP, Roggeri A, Rossi E, Cataudella S, Martini N. Impact of
hospitalizations for bronchiolitis in preterm infants on long-term
health care costs in Italy: a retrospective case-control study. Clin-
icoecon Outcomes Res. 2016;8:407-412.

Cox DW, Le Souéf PN. Rhinovirus and the developing lung. Paediatr
Respir Rev. 2014;15(3):268-274.

Phelan PD, Robertson CF, Olinsky A. The Melbourne
Asthma Study: 1964-1999. J Allergy Clin Immunol. 2002;109(2):
189-194.

Stern DA, Morgan WJ, Wright AL, Guerra S, Martinez FD. Poor
airway function in early infancy and lung function by age 22 years:
a non-selective longitudinal cohort study. Lancet. 2007;
370(9589):758-764.

Goksor E, Gustafsson PM, Alm B, Amark M, Wennergren G. Re-
duced airway function in early adulthood among subjects with
wheezing disorder before two years of age. Pediatr Pulmonol.
2008;43(4):396-403.

Korppi M. Lung function after viral early childhood wheezing. J Allergy
Clin Immunol. 2012;129(1):267-268.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Guilbert TW, Singh AM, Danov Z, et al. Decreased lung function after
preschool wheezing rhinovirus illnesses in children at risk to develop
asthma. J Allergy Clin Immunol. 2011;128(3):532-538.
Kotaniemi-Syrjanen A, Reijonen TM, Korhonen K, Waris M,
Vainionpaa R, Korppi M. Wheezing due to rhinovirus infection in in-
fancy: bronchial hyperresponsiveness at school age. Pediatr Int. 2008;
50(4):506-510.

Murphy VE, Jensen ME, Mattes J, et al. The Breathing for Life Trial: a
randomised controlled trial of fractional exhaled nitric oxide
(FENO)-based management of asthma during pregnancy and its im-
pact on perinatal outcomes and infant and childhood respiratory
health. BMC Pregnancy Childbirth. 2016;16:111.

Gern JE, Rosenthal LA, Sorkness RL, Lemanske RF Jr. Effects of viral
respiratory infections on lung development and childhood asthma.
J Allergy Clin Immunol. 2005;115(4):668-674.

Gray DM, Turkovic L, Willemse L, et al. Lung function in African infants in
the Drakenstein Child Health Study. Impact of lower respiratory tract
illness. Am J Respir Crit Care Med. 2017;195(2):212-220.

Hasegawa K, Mansbach JM, Bochkov YA, et al. Association of rhino-
virus C bronchiolitis and immunoglobulin E sensitization during in-
fancy with development of recurrent wheeze. JAMA Ppediatr. 2019;
173(6):544-552.

Dogaru CM, Strippoli MP, Spycher BD, et al. Breastfeeding and lung
function at school age: Does maternal asthma modify the effect? Am
J Respir Crit Care Med. 2012;185(8):874-880.

Powell CV, McNamara P, Solis A, Shaw NJ. A parent completed
questionnaire to describe the patterns of wheezing and other re-
spiratory symptoms in infants and preschool children. Arch Dis Child.
2002;87(5):376-379.

De Meer G, Reijneveld SA, Brunekreef B. Wheeze in children: the
impact of parental education on atopic and non-atopic symptoms.
Pediatr Allergy Immunol. 2010;21(5):823-830.

Verwey C, Nunes MC, Dangor Z, Madhi SA. Pulmonary function se-
quelae after respiratory syncytial virus lower respiratory tract in-
fection in children: a systematic review. Pediatr Pulmonol. 2020;55(7):
1567-1583.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Da Silva Sena CR, Morten M,
Meredith J, et al. Rhinovirus bronchiolitis, maternal asthma,
and the development of asthma and lung function
impairments. Pediatric Pulmonology. 2021;56:362-370.
https://doi.org/10.1002/ppul.25165


https://doi.org/10.1002/ppul.25165

Supplementary Table 1: Significant other predictors of respiratory outcomes in the
multivariable analysis.

Doctor-diagnosed asthma aRR P-value 95% ClI
Maternal asthma 1.40 0.043 1.01-1.93
Recurrent bronchiolitis 1.88 0.002 1.25-2.82

Wheeze in the last 12

months aRR P-value 95% Cl
Age at visit 0.97 0.006 0.95 - 0.99
Recurrent bronchiolitis 1.78 <0.001 1.29-2.46

ICS use in the last 12

months aRR P-value 95% Cl
Maternal asthma 1.59 0.040 1.02-2.47
Recurrent bronchiolitis 2.04 0.008 1.21-3.44

SABA use in last 12

months aRR P-value 95% Cl

Maternal asthma 1.24 0.027 1.03-1.51
Age at visit 0.98 0.030 0.96 - 1.00
Recurrent bronchiolitis 1.74 <0.001 1.31-2.31
Resistance at 5HZ >1.65 SD aRR P-value 95% CI

Breastfeeding 0.25 0.007 0.09 - 0.68
Maternal asthma 3.61 0.006 1.45-8.98
Severity 6.20 0.004 1.80- 21.42

Results showed as aRR after adjustment for: : gender, prematurity, breast feeding, maternal asthma, severity,
time on 02, LOS, age at admission, age at visit, additional bronchiolitis episodes, paternal asthma, and ICU
presentation.
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