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Abstract

Background—Susceptibility to rhinovirus (RV) induced early wheezing episode has been
recognized as an important risk factor for asthma but the data on different RV species is limited.
Our aim was to investigate the risk for recurrences in first-time wheezing children with special
focus on RV species.

Methods—First-time wheezing children (88/23 in-/outpatients) were prospectively followed at 2-
week, 2-month and 12-month time-points, and at first recurrence within 12 months. The
respiratory virus etiology was analyzed using PCR. RV positive samples were sequenced. The
primary outcomes were time to a new physician-confirmed wheezing episode and time to the
initiation of regular controller medication for asthma symptoms.

Results—The median age of the children was 12 months (SD 6.0), 67% were males and 23%
were sensitized. RV dominated in symptomatic and asymptomatic infections. Different virus
strains caused 97 % of the consecutive RV infections. First-time wheezing children with RV-C
(respectively 3.6; p < 0.001) and RV-A (hazard ratio 3.6, p = 0.002) had an increased risk for a
new wheezing episode than non-RV group. Also, the risk for the initiation of regular controller
medication was increased in RV-A and RV-C groups (both p < 0.05), respectively. There was no
difference in response on oral prednisolone between RV-A and RV-C.

Conclusions—RV causes reinfections with different strains in small children after the first
wheezing episode. Both RV-A and RV-C affected children have an increased risk for recurrence
and initiation of regular controller medication than those with other viruses.

Introduction

A rhinovirus (RV) induced first wheezing episode is an important risk factor for recurrent
wheezing and asthma, and is associated with decreased lung function at school-age (1-5).
These associations may be explained by pre-existing airway inflammation (epithelial barrier
dysfunction and T helper type 2 polarized immune responses promoting virus replication),



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Turunen et al.

Methods

Patients

Page 2

low interferon levels (impaired antiviral responses) and genetic susceptibility (specific
variations increase susceptibility to RV) (4, 6-13).

Currently, over 160 different RV types have been identified and they are classified into A, B
and C species (14). Different RV strains cause short-lasting (<14 days) illnesses in non-
immunocompromised individuals (15-20). RV-A and RV-C have been shown to cause more
severe illnesses than RV-B (21-23). However, data on the role of RV species associated with
recurrent wheezing is scarce.

To establish new preventive strategies for asthma, it is important to better understand the role
of different RV species in early wheezing episodes. Therefore, the aim of this study was to
investigate the etiology of respiratory virus infections during a one-year follow-up period
after the first wheezing episode. We hypothesized that the RV species causing the first
wheezing episode would be associated with different rates of subsequent infections and
illnesses.

The Vinku? trial was carried out in the Department of Pediatrics, Turku University Hospital,
Turku, Finland, from the June 2007 to March 2009 ( Vinku means “wheeze” in Finnish) (11,
13). The inclusion criteria consisted of children ages 3—23 months, a history of delivery at
>36 gestational age, and a first wheezing episode (parental report and confirmed from
medical records). Main exclusion criteria consisted of chronic non-atopic illness (such as
inflammatory bowel disease, juvenile rheumatoid arthritis, heart disease), previous use of
systemic or inhaled corticosteroid medication, or need for treatment in intensive care unit.
The study was commenced after obtaining written informed consent from the parents. The
study was approved by the Ethics Committee of the Turku University Hospital.

Study protocol

All study children were included in the long-term follow-up. In addition, children with RV
infection participated in a randomized controlled trial with oral prednisolone (13). The
scheduled follow-up visits were arranged at 2-week, 2-month and 12-month time-points by
the study physicians. Nasopharyngeal samples (NPS), aspirate at study entry and thereafter
swabs at each visit (nylon flocked dry swab, 520CS01, Copan, Brescia, Italy) were taken for
viral diagnostics using standardized procedures as previously described (11). Blood was
drawn at study entry. A standard questionnaire on host and environmental risk factors for
asthma was completed by the guardian at study entry (Appendix 1, 13).

Of 111 children, 79% needed treatment in the hospital ward. The guardian was asked to fill
in daily symptom (cough, expiratory breathing difficulty, noisy breathing, rhinitis, and
nocturnal wakening for breathing difficulties) and to complete a medication diary assessing
symptom severity on a 4-point graded scale for the first 2 weeks. Thereafter, they were asked
to fill in dates of symptoms, breathing difficulties, outpatient clinic visits, hospitalizations,
oral corticosteroid courses, and initiations of inhaled corticosteroids for wheezing up to 2
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months (Appendix 2-4, 13). The guardians were asked to bring the child to the study
physician each time the child had breathing difficulties during the follow-up period.

Clinical outcomes

There were 3 primary clinical outcomes in the 12-month follow-up: time to the occurrence
of the first physician-confirmed wheezing episode; time to a new RV-associated wheezing
episode; and time to the initiation of regular controller medication for asthma symptoms.
Secondary clinical outcomes included the occurrence and severity of respiratory symptoms
(cough, expiratory breathing difficulty, noisy breathing, rhinitis, and nocturnal wakening for
breathing difficulties) on a 4-point scale recorded by the parents on a 2-week daily symptom
diary. Within 2 months after discharge, outpatient clinic visits; hospitalizations, oral
corticosteroid courses, and initiations of inhaled corticosteroids for wheezing were also
recorded. As an exploratory outcome, the efficacy of prednisolone on the primary clinical
outcomes was analyzed between RV-A and RV-C.

Definitions and laboratory data

Wheezing was defined as a high-pitched whistling sound in expiration with breathing
difficulty. Atopy was defined as allergen-specific immunoglobulin E (IgE) level of 0.35
kU/L or more to any of the following common allergens at study entry: codfish, cow’s milk,
€gg, peanut, soybean, wheat, cat, dog, horse, birch, mugwort, timothy, Cladosporium
herbarum and Dermatophagoides pteronyssinus (Phadiatop Combi®, Phadia, Uppsala,
Sweden). Aeroallergen sensitization was defined as positive IgE antibodies to any of the
latter 8 allergens. Blood eosinophil count was analyzed by the routine diagnostics of Central
Laboratory, Turku University Hospital, Turku, Finland. The diagnosis of eczema was based
on typical symptoms including pruritus, typical morphology and chronicity of illness. It was
defined as atopic if any sensitization was found. Atopic illness included sensitization,
eczema and/or elevated blood eosinophil count.

Virology data

Virologic tests were performed for all nasal samples taken during the 12-month follow-up.
Samples were handled and stored as previously described (11). The baseline respiratory
samples were analyzed for RV, respiratory syncytial virus (RSV) and enteroviruses (EV)
within 3 days (4 times a week) by RT-PCR and for respiratory viruses from frozen samples
by Multiplex-PCR (Seeplex RV12 ACE Detection; Seegene, Seoul, Korea) as previously
described (11). Bocavirus (HBoV) was analyzed using quantitative (q) RT-PCR in follow-up
samples and by both gRT-PCR and serology in acute phase samples (24).

The partial VP4/VP2 and 5" non-coding region (NCR) of RV genome from RV positive
samples were amplified and sequenced using four different primer pairs (14, 25-27). The
sequencing of 5° NCR was performed as previously described (25). The amplification and
sequencing method for VP4/\VVP2 region is also described in a recent publication (28).

The type RV assignment was based on the >96% (5" NCR) or =90% (VP4/VP2) nucleotide
identity with reference sequences in GenBank by BLAST analysis tool (29). For the RVs
that were successfully sequenced in both VP4/VVP2 region and 5° NCR at the study entry,
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the typing results were merged. There were a total of 17 (out of 84) non-typeable RVs that
were not sequenced presumably due to a low virus load in samples leading to poor yield/
quality of the PCR amplicons (n = 6) or insufficient sensitivity of the primers used in
sequencing reactions (n = 11).

Statistical power calculation was carried out for the randomized trial but not specifically for
the current analysis (13). The baseline patient characteristics are precisely described in
previous publication (11). Symptomatic infections included cough and rhinitis as symptoms.
In basic statistics, one-way analysis of variance (ANOVA), Kruskall-Wallis test, Pearson’s
chi square test or Fischer exact test (when count <5) were used when appropriate to compare
children with RV-A, RV-C and other respiratory virus (non-RV) infection. Parametric
variables were expressed as mean and standard deviation (SD) and nonparametric variables
as median and interquartile range (IQR). Univariate Cox regression analysis was used to
analyze the risk factors, including viral etiology (RV-A, RV-C and non-RV), any
sensitization, eczema, parental asthma, parental smoking, age and sex, for primary
outcomes. Major comparisons were carried out between RV-A, RV-C, and non-RV groups.
Separate grouping of other respiratory viruses was not done due to the lower number of
positive findings. Non-typeable RV cases (17 of 84 RV infections) and the single RV-B case
were excluded from the analyses. The multivariable Cox regression was carried out
including factors (any sensitization) that were significantly (p < 0.05) associated with
primary outcomes. The modifying effect of RV-A or RV-C induced first wheezing episode at
study entry on the effect of prednisolone was tested including the RV-A and RV-C infection
as interaction effect on Cox regression model. Statistical significance was established at the
level of p < 0.05. Data was analyzed using SPSS software (Version 23, SPSS Inc, Chicago,
I, USA).

Study population

Of the 125 consecutive eligible children, 111 were enrolled and included in the analysis
(Online Supplementary, Figure S1). Median age was 12 months (SD 6.0), 67% were male
and 23% were atopic (Table 1). At study entry, 17 children had RV-A infection, 1 had RV-B,
49 had RV-C infection and 27 had other respiratory virus (non-RV) infection. One or more
viruses were detected in each of the 111 children. Coinfections occurred in 42/111 (38%) of
children.

Recurrence data

Of 92 children who fulfilled the one-year follow-up, 82% (72) had an additional physician
diagnosed wheezing episode within 12 months (Table 1). The loss of follow-up was due to
the moving to another city, inability to get contact with the patient and/or unwillingness to
continue the study. Of the patients with recurrent wheezing episodes, 90% (65/72) were the
first recurrences. Of the first recurrences, 92% (60/65) were seen by the physician at the
study clinic and 8% (5/65) were identified by medical record review.
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Rhinovirus divergence

RVs were successfully detected in 48% (49/102) of children with virus infection at 2 weeks
visit, in 23% (23/101) at 2 months visit, in 39% (36/92) at 12 months visit and in 62%
(40/65) of recurrent wheezing episodes, respectively. RVs were successfully typed from 47%
(23/49) at 2 weeks, 87% (20/23) at 2 months, from 67% (24/36) at 12 months and from 83%
(33/40) of the first recurrent wheezing episodes. Overall, 35% (54/153) of RVs were non-
typeable. In nasal samples taken from the same subjects at study entry, 2 weeks, 2 months,
12 months and at a new physician-confirmed wheezing episode, different RV strains were
observed in 97% (67/69) of consecutive samples. Interestingly, only 2 children had the same
RV strain at study entry and 2 week visit (99% and 100% sequence identity).

Virus etiology of symptomatic visits

At least one virus was detected in 75% of all symptomatic illnesses during the one-year
follow-up. RVs dominated and were detected in 48% of all symptomatic infections. RV-C
was the most common RV species in symptomatic infections, followed by RV-A (Online
Supplementary, Table S1). RV-B was detected in 2.4% of the follow-up samples. During
symptomatic infections, respiratory virus coinfections (= 2 viruses detected) occurred in
24% of children (Online Supplementary, Table S1). Besides RV, the most common viruses
detected were HBoV (13%) followed by RSV (11%). The frequency of infection with other
viruses was < 7% each (Table 2).

Ninety-four percent of children had virus detected during recurrent wheezing episode
(Online Supplementary, Table S1). RV was detected in 62% of samples (Online
Supplementary, Table S1). RV-induced recurrent wheezing episodes were most likely to
occur (25/40, 63%) in children who were initially infected at study entry with RV-C,
followed by 8/40 (20%) RV reinfection following RV-A, and 5/40 (13%) children were
infected with RV following an initial non-RV infection. Coinfections were detected in 28%
of recurrent wheezing episodes.

Virus etiology of asymptomatic visits

In asymptomatic virus infections, at least one virus was present in the total of 49% of
children during the 1-year follow-up (Online Supplementary, Table S1). RV was the most
common pathogen (31%) detected during asymptomatic infections (Online Supplementary,
Table S1). Of the RV species, only RV-C was detected less frequently in asymptomatic
infections than in symptomatic infections (10% vs 28%). In contrast, RV-A was more
common in symptomatic infections than in asymptomatic during the follow-up (10% vs
6.7%). Coinfections were present in 10% of asymptomatic infections. Other viruses that
commonly caused asymptomatic infections included HBoV (12%) and RSV (5.3%) (Online
Supplementary, Table S1). HBoV infections were not serologically confirmed. Overall, other
viruses than RV were detected in 51% of symptomatic infections and in 28% of
asymptomatic infections.

Primary clinical outcomes

Children with RV-A (HR 3.9, p = 0.009) and RV-C (HR 3.9, p = 0.001) associated wheezing
episode had a greater risk for recurrence than those with non-RV etiology (Table 2, Figure
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1). RV-A (HR 4.5, p = 0.001) and RV-C (HR 5.0, p < 0.001) also had a greater risk to have a
new RV-associated relapse than those with non-RV etiology (Table 2, Figure 2). A regular
controller medication was initiated more promptly in children who initially wheezed with
RV-A (HR 4.7, p = 0.004) or RV-C (HR 3.2, p = 0.017) when compared to children who
wheezed with non-RVs (Table 2, Figure 3).

Any sensitization was also a risk factor for the initiation of regular controller medication
(HR 2.7 [95% CI 1.4, 5.1], p = 0.003). No other significant risk factors with non-RV group
(RV-A 24%, RV-C 65%, non-RV 12%, overall p = 0.001). Furthermore, oral corticosteroid
courses were observed more frequently in children with RV-A and RV-C infections than with
were found. When adjusted for any sensitization, children who wheezed first with RV-A (HR
3.9[95% CI 0.3, 11], p = 0.012) and RV-C (HR 2.8 [95% CI 1.0, 7.3], p = 0.041) associated
first time wheezing had a greater risk for the initiation of regular controller medication in
shorter time than children with non-RV associated wheezing. The risk for these primary
outcomes was similar (all p > 0.3) for children who had wheezed first with RV-C compared
to children who had wheezed first with RV-A during the 12-months of follow-up (Table 2,
Figure 1-3).

Secondary clinical outcomes

Short-term outcomes differed between the three groups (Table 3). Children with RV-A and
RV-C infections had more doctor visits for expiratory breathing difficulty during the 2-
month follow-up than children non-RV infections (RV-A 24%, RV-C 47%, non-RV 4.2%,
overall p = 0.001). No other differences were observed in secondary outcomes (Table 3).

Exploratory outcome

At study entry, any sensitization was similar for the prednisolone treatment group vs.
placebo group (27% vs 28%, p = 0.91). Furthermore, the prednisolone and placebo groups
had similar percentages of first wheezing illnesses associated with RV-A vs. RV-C infections
(33% vs. 51%, p = 0.46). RV-A or RV-C induced first wheezing episode did not modify the
effect of randomly assigned prednisolone treatment on the primary outcomes. Children with
RV-C infection (HR 0.66 [95% CI 0.16, 2.7], p = 0.57) did not experience a new physician
confirmed wheezing episode in longer time when compared to children with RV-A infection
between prednisolone and placebo groups. No association was either found with the time to
a new RV-induced wheezing episode (HR 0.39 [95% CI 0.072, 2.1], p = 0.28), or with the
time to the initiation of regular controller medication (HR 1.2 [95% CI 0.26, 6.0], p = 0.79)
in children with RV-C compared to those with RV-A infection. Between prednisolone vs
placebo, children with RV-C induced first wheezing episode were not associated with the
initiation of regular controller medication in shorter time (HR 1.2 [95% CI 0.26, 6.0], p =
0.79) when compared to children with RV-A induced wheezing episode.

Discussion

In this study we show that RV is an important virus causing repetitive infections with
different virus strains in young children after the first wheezing episode during 12-month
follow-up. Children with RV-A or RV-C associated first wheezing episode developed a new
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wheezing episode sooner than children who wheezed with non-RVs. Furthermore, the risk
was also increased for a new RV associated wheezing episode, and the initiation of regular
controller medication occurred in shorter time in children with RV-A and RV-C associated
first wheezing than non-RV associated first wheezing. The efficacy of prednisolone to
reduce recurrent wheezing episodes did not differ between RV-A and RV-C associated first
wheezing episodes.

To our knowledge, this is the first study to investigate viral infections and illnesses after an
initial wheezing episode. Our results emphasize the importance of RV which is detected in
29% — 59% of children with respiratory symptoms after the first wheezing episode. RV
infections are reported to be most common after 9-12 months of age (30), which is
consistent with our findings. The second most common virus was HBoV, a recently
discovered pathogen that is detected in 5.7% — 20% of hospitalized children with respiratory
illnesses and episodes of wheezing (24, 31). The third most common pathogen during the
one-year follow-up was RSV, which was detected in 2% — 15% of children with mean age
12 months at the study entry. The low percentage for RSV positive children may be
explained by the fact that infants aged less than 3 months were not included and the median
age of our subjects (12 months) was rather high (30).

In our study, RV was the most common pathogen detected in 29% — 62% of symptomatic
infections. Our results are in line with earlier studies of RV prevalence (23 — 41%) in
hospitalized and outpatient children (19, 32—34) with respiratory illness. Interestingly, RV
and especially RV-C, was most commonly detected in recurrent wheezing episodes which
supports the previous finding that children with RV-C have an increased risk for severe
wheezing leading to hospital admission (23). Asymptomatic RV infections have been
reported in 8% — 36% hospitalized and outpatient children, whereas in our study RV was
found in up to 40% of asymptomatic infections (18-20, 35, 36). This might be explained by
deficient immune responses in the studied children with wheezing and RV infection (6, 7, 44
The second most common pathogen in asymptomatic infections was HBoV. This is
consistent with earlier studies when HBoV has been found in up to 44% of asymptomatic
infections with prolonged presence in immunocompetent children and suggests that many
asymptomatic HBoV infections are truly asymptomatic (37, 38). Moreover, MPV, EV and
CV showed similar prevalence in asymptomatic and symptomatic infections (Online
Supplementary, Table S1). These findings demonstrate that young children have several
virus infections that can be transient or incipient, either symptomatic or asymptomatic
depending on virus species and host immune factors.

Our results show that RV reinfections were nearly always caused by different RV strains
indicating new infections and, that the time interval for a new RV infection in children is
relatively short. This supports earlier findings that repeated RV infections are due to
reinfections and not due to persistent infections in this group of otherwise healthy children
(15, 16, 20, 25, 39, 40). Different RV strains were also found in the recurrent wheezing
episodes when compared to the first RV associated wheezing episodes, which is consistent
with a previous study (17). Consistent with our study, most of the RVs are no longer
detectable after 2 weeks regardless of RV types (20, 35).

Pediatr Infect Dis J. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Turunen et al.

Page 8

Interestingly, our results add to previous findings that RV-A and RV-C wheezing illnesses
contribute to the risk for recurrent wheezing (3, 5, 41, 42). In addition, Linsuwanon et al
have earlier shown that RV-A and RV-C detected together with RSV were associated with
recurrent wheezing (41, 43). However, the risk was not further increased when atopic
characteristics were present which emphasizes the role of RV infection alone as a risk factor
(4, 5). Whether RV is a marker of children who are at risk for wheezing or a causative agent
for wheezing remains unclear. Interestingly, 62% of children with an initial RV wheezing
episode developed recurrent wheezing. Also, a first wheezing episode caused by RV-A and
RV-C was associated with an increased risk for subsequent RV-associated recurrent
wheezing. Children with atopy or asthma can have deficient interferon responses of airway
epithelial cells, which could confer susceptibility to recurrent RV illnesses (9). Asthma and
atopy are also associated with reduced interferon responses of airway mononuclear cells ex
vivo (44). The results of our study may be explained by the differences in immune responses
beginning in early childhood.

In a recently published study, children with RV positive bronchiolitis used 4.1-fold more
asthma controller medication than children with RSV positive bronchiolitis during 12-month
follow-up (45). Our results add that RVA- and RV C-associated first wheezing episodes are
of particular risk for the initiation of regular controller medication for asthma symptoms
when compared to non-RV associated wheezing. Furthermore, we have previously shown
that in a subgroup of RV infected children with high viral load having a first wheezing
episode, prednisolone might be beneficial suggesting the presence of (probably pre-existing)
inflammation in the lower airways (13). In a post hoc study, prednisolone decreased the
recurrent wheezing episodes in children with RV infection (5). However, results from the
current study do not support the hypothesis that the efficacy of prednisolone would be
different between patients with RV-A or RV-C infection.

The strengths of the study include the focus on the first wheezing episode, consecutive
patients, prospective design and detailed clinical data. Furthermore, the subject retention rate
was high, with only 17% being lost to follow-up. For RV molecular typing, we used specific
primers from both partial 5° NCR and VVP4/VP2 region of the viral genome. Our typing was
mainly based on 5" NCR, because more sequences were obtained using primers from that
region. Results of the VP4/VP2 sequencing, which is the gold standard for RV typing, were
used as additional data to ensure 5° NCR based sequencing results and to verify RV-C
species and type assignments. Of the type assignments which included sequences obtained
from both 5"NCR and VP4/VP2 region, 93% (28/30) were congruent. Limitations of this
study include a small sample size which included mostly represented hospitalized children.
Therefore, our results cannot be generalized to outpatients.

In conclusion, this study demonstrated that repetitive RV infections are caused by different
virus strains in children with first-time wheezing episodes. It also emphasizes the
importance of RV-A and RV-C infections in the risk of recurrent wheezing episode and
specifically for a new RV associated wheezing episode. Moreover, the initiation of regular
controller medication was associated with RV-A and RV-C first-time wheezing episodes,
which calls attention to these two RV species as identifying children who may benefit from
secondary prevention strategies for asthma. Further studies are also warranted regarding the
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role of immune responses in children in determining the risk for subsequent recurrent
wheezing episodes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Time to a new physician-confirmed wheezing episode in children after the first wheezing
episode caused by RV-A, RV-C and non-RV. See Table 2 for more details.
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Time to a new RV induced physician-confirmed wheezing episode after the first wheezing
episode caused by RV-A, RV-C and non-RV. See Table 2 for more details.
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Time to an initiation of regular controller medication after the first wheezing episode caused

by RV-A, RV-C and non-RV. See Table 2 for more details.
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Patient characteristics.

Factor N=111
At study entry

Age 12 (sd 6.0)
Male 74 (67%)
Female 37 (33%)
Eczema 32 (29%)
Atopic eczema 17/108 (15%)
Atopic illness * 62 (56%)
Allergen sensitization® 25/108 (23%)
Blood eosinophilia =0.4 x 109/L  45/107 (41%)
Parental asthma 22 (20%)
Parental smoking 45 (41%)

Table 1

Values are presented as number of cases (%) and mean (standard deviation).

*
The term “atopic illness” included specific sensitization, eczema, and/or blood eosinophil count =0.4 9 109

Page 15

#Allergen sensitization was defined as a positive IgE antibody result (>0.35 kU/L) to any of the following allergens: codfish, cow’s milk, egg,
peanut, soybean, wheat, cat, dog, horse, birch, mugwort, timothy grass, Cladosporium herbarum, and Dermatophagoides pteronyssinus (Phadiatop

Combi; Phadia, Uppsala, Sweden).
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Primary clinical outcomes.

Outcome

Page 16

RV-Avsnon-RV  RV-Cvsnon-RV  RV-C vsRV-A

HR (95% CI) HR (95% Cl)  HR (95% ClI)

A new physician-confirmed wheezing episode within 12 months after discharge

A new physician-confirmed RV induced wheezing episode within 12 months after

discharge

Initiation of controller medication for asthma symptoms within 12 months after

discharge

39(1.7,9.0 39(1.9,7.9 0.99 (0.53,1.9)
p =0.009 p =0.001 p=0.98

45 (14, 14) 5.0(1.9, 13) 1.1(0.50, 2.5)
p =0.001 p <0.001 p=0.79

47(1.6,14) 32(1.2,85) 0.69 (0.34, 1.4)
p =0.004 p=0.017 p=031

Univariable Cox regression analysis was used to analyze the risk for primary clinical outcomes. HR for the difference between RV-A vs non-RV,
RV-C vs non-RV and RV-C vs RV-A. HR, hazard ratio; Cl, confidence interval; RV, rhinovirus. Statistically significant results are marked with

bold.
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Table 3
Secondary clinical outcomes.

2 weeks, duration of symptoms RV-A RV-C non-RV  p-value
Cough, days 10(5,12) 8(5,11) 5@, 7) 0.15
Expiratory breathing difficulty, days 2(1,6) 2(0,5) 2(0,4) 0.58
Noisy breathing, days 7(3,9) 6(3,9) 5(2,9) 0.90
Rhinitis, days 9(4,11) 8(4,10) 6(4,10) 0.50
Nocturnal symptoms, days 1(0,4) 1(0,4) 2(0,3) 0.89
Use of bronchodilator, days 7(1,11) 52,7 3(0,7) 0.28
2 months, recurrent wheezing
Doctor visit, % * 24% 56% 12% 0.001
Hospitalization, % * 0% 16% 4.2% 0.14
Oral corticosteroid, % * 24% 47% 4.2% 0.001

5.9% 11% 4.0% 0.68

Inhaled corticosteroid, %

Page 17

Values are shown as medians (interquartile range) and OR (95% Cl). Data were analyzed by Kruskall-Wallis test for 2 weeks secondary outcomes

and by Pearson’s chi-square test for 2 months secondary outcome.

*
For expiratory breathing difficulty. Statistically significant results are marked with bold.
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