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ABSTRACT
Objective Although bronchiolitis is generally
considered a single disease, recent studies suggest
heterogeneity. We aimed to identify severe bronchiolitis
profiles using a clustering approach.
Methods We analysed data from two prospective,
multicentre cohorts of children younger than 2 years
hospitalised with bronchiolitis, one in the USA (2007–
2010 winter seasons, n=2207) and one in Finland
(2008–2010 winter seasons, n=408). Severe
bronchiolitis profiles were determined by latent class
analysis, classifying children based on clinical factors and
viral aetiology.
Results In the US study, four profiles were identified.
Profile A (12%) was characterised by history of wheezing
and eczema, wheezing at the emergency department
(ED) presentation and rhinovirus infection. Profile B
(36%) included children with wheezing at the ED
presentation, but, in contrast to profile A, most did not
have history of wheezing or eczema; this profile had the
largest probability of respiratory syncytial virus infection.
Profile C (34%) was the most severely ill group, with
longer hospital stay and moderate-to-severe retractions.
Profile D (17%) had the least severe illness, including
non-wheezing children with shorter length of stay. Two
of these profiles (A and D) were replicated in the Finnish
cohort; a third group (‘BC’) included Finnish children
with characteristics of profiles B and/or C in the US
population.
Conclusions Several distinct clinical profiles
(phenotypes) were identified by a clustering approach in
two multicentre studies of children hospitalised for
bronchiolitis. The observed heterogeneity has important
implications for future research on the aetiology,
management and long-term outcomes of bronchiolitis,
such as future risk of childhood asthma.

INTRODUCTION
Bronchiolitis is one of the most common infections
in early childhood,1 and remains a clinical diagno-
sis.2 Although bronchiolitis is generally considered
a single disease entity, the clinical course and sever-
ity are highly variable,1 3 4 and recent studies have
suggested that bronchiolitis is heterogeneous.3 5 6

For instance, most children with bronchiolitis have
a mild-to-moderate disease course, but approxi-
mately 3% require hospitalisation (severe bronchio-
litis).1 Even among hospitalised children, the two
most common aetiological viruses, respiratory syn-
cytial virus (RSV) and rhinovirus, are associated
with different short-term clinical outcomes

(eg, hospital length of stay, risk of relapse).4 7–9 In
addition, although most hospitalised children have
a monophasic illness pattern, they have a wide
range of time to recovery.10 Importantly, beyond
these short-term differences, heterogeneity has also
been observed in long-term outcomes, such as the
risk of developing recurrent wheezing and
asthma.11–13 Studies have suggested that more
severe bronchiolitis and rhinovirus infections in
early childhood are strongly associated with an
increased risk of subsequent recurrent wheezing
and asthma.11 14–17 However, the exact role of
early infections in the pathogenesis of asthma
remains unclear.11–13

Studies examining subgroups of patients with
bronchiolitis generally classify children according to
a limited number of characteristics (eg, RSV status,
wheezing) or to a single dimension (eg, severity
score). Compared with this simple approach, the
benefits of multidimensional approaches in addres-
sing a heterogeneous disease (with regard to its aeti-
ology, pathobiology or treatments) have been
demonstrated for other respiratory/allergic disor-
ders, such as asthma, wheezing illness of childhood
or atopy.18–21 Bronchiolitis heterogeneity could
reflect the existence of several underlying pheno-
types, or clinically meaningful profiles, that have dif-
ferent roles in the development of childhood
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asthma.3 5 However, to date, no consensus has emerged regard-
ing the definition of subgroups of children with bronchiolitis
who may respond differently to medications and/or have differ-
ent short-term or long-term outcomes.22–26

Clustering statistical methods are useful to identify profiles
that summarise shared aspects of a disease within different
groups of affected patients. Latent class analysis (LCA) is a
‘hypothesis-free’ approach, which is used to identify more
homogeneous subgroups of patients from a large set of observed
clinical characteristics.18 20 27 This method has proven useful,
for instance, to identify wheezing or respiratory/allergic pheno-
types in children or adults.18 20 21 27 To date, the technique has
never been applied to children with bronchiolitis.

The aim of the present study was to identify and describe dis-
crete profiles of children with severe bronchiolitis. For this
purpose, we first applied LCA in a prospective, multicentre
study of more than 2200 children hospitalised with bronchiolitis
in the USA. Then, the LCA was replicated in a parallel, but sep-
arate, multicentre study of 408 children hospitalised with bron-
chiolitis in Finland. We also investigated potential differences in
the treatments given to children with the different profiles of
severe bronchiolitis.

MATERIAL AND METHODS
Study design
We conducted a prospective, multicentre cohort study of US
children hospitalised with bronchiolitis during the 2007–2010
winter seasons (November–March).4 7 The study was part of
the Multicenter Airway Research Collaboration (MARC-30
USA), a programme of the Emergency Medicine Network
(EMNet, http://www.emnet-usa.org). Investigators at 16 sites
across 12 US states used a standardised protocol to enrol 2207
children who were diagnosed by the attending physician as
having bronchiolitis (as defined by the American Academy of
Pediatrics:28 acute respiratory illness with some combination of
rhinitis, cough, tachypnoea, wheezing, crackles and retractions),
and were younger than 2 years. Children were enrolled from
the inpatient unit (ward) and the intensive care unit (ICU). The
Finnish counterpart study (MARC-30 Finland)8 used an identi-
cal protocol to enrol 408 children (2008–2010 winter seasons)
from three hospitals.

All patients were treated at the discretion of the treating phys-
ician. Although RSV status may have been known for some sub-
jects during the hospitalisation from local testing, viral aetiology
was generally not known by the treating physician. Written
informed consent was obtained from a parent or guardian of all
patients included in the study. The institutional review board at
each participating hospital approved the study.

Data collection
The investigators conducted a structured interview that assessed
patients’ demographic characteristics, medical and environmen-
tal history and details of the acute illness.4 7 Emergency depart-
ment (ED) and daily hospital medical records provided further
clinical data; data extracted from records onsite were manually
reviewed at the EMNet coordinating centre. Researchers col-
lected nasopharyngeal aspirates using a standardised protocol,
and performed testing for a large panel of respiratory pathogens
(see online supplementary material) using real-time PCR assays
at the core laboratory (Houston, Texas, USA).4 7

Statistical analyses
Severe bronchiolitis profiles were determined by LCA. The chil-
dren were classified based on their medical history (history of

wheezing or eczema and family history of asthma, based on
parents’ interview), the bronchiolitis clinical characteristics
(main features typically monitored in clinical practice, including
data from ED presentation to inpatient discharge, based on hos-
pital medical records) and the viral aetiology from PCR, with a
focus on the most commonly detected viruses: RSV and rhino-
virus. We first selected a large set of 18 variables (see online sup-
plementary material). This set of variables was reduced using a
multiple correspondence analysis (MCA) to select the most rele-
vant variables for cluster analysis (see online supplementary
table S1).27 29 LCA was then performed based on the selected
variables. The number of classes was determined by comparing
models with two to six classes using the Bayesian information
criteria (see online supplementary figure S1).

Analyses were conducted separately in the US and Finnish
studies, and the profiles derived in each study were compared.
Because the clinical definition of bronchiolitis sometimes places
an upper age limit of 12 months,5 30 in the US study, analyses
were conducted (a) in all children younger than 2 years
(n=2207), and (b) among children younger than 12 months
(infants, n=1816, analyses presented in online supplementary
tables S3 and S4). As no major differences in the resulting pro-
files were observed between both groups, analyses in the Finnish
study included all children (younger than 2 years, n=408) to
preserve sample size.

We then investigated the association between the severe bron-
chiolitis profiles and treatment with antibiotics and typical
asthma medications (inhaled bronchodilators, systemic or
inhaled corticosteroids) during the ED visit and inpatient stay.
We used logistic regression to adjust for age, sex and race/
ethnicity.

RESULTS
The mean age of the US children was 5.8 months (SD: 5.2), and
41% were female. Hospital length of stay was ≥3 days for 44%
of the children, and 18% were admitted to the ICU. The mean
age of the Finnish children was 8.1 months (SD: 6.7) and 39%
were female. Compared with US children, hospital length of
stay in Finnish children was shorter (≥3 days: 40%), and only
4% were admitted to the ICU. The US and Finnish children also
differed with respect to viral aetiology: 72% (USA) versus 43%
(Finnish) were infected with RSV, 26% versus 32% with rhino-
virus, 13% versus 3% were infected with both RSV and rhino-
virus and 15% versus 28% had non-RSV and non-rhinovirus
infection. Finally, Finnish children more often had a history of
wheezing (Finnish: 37% vs USA: 23%) and eczema (29% vs
14%). More detailed sociodemographic and clinical character-
istics of the cohorts are presented in tables 1, 2 (USA) and 3, 4
(Finnish).

LCA in MARC-30 USA
Among the 18 characteristics selected to classify the children, 9
variables were included in the LCA. A four-class model was
retained as the best-fitting model. The profiles, labelled with
letters A to D, are presented in table 1:
▸ Profile A children (12%) were characterised by history of

wheezing (probability: 48%), history of eczema (32%) and
wheezing at the ED presentation (90%). Profile A also dif-
fered from other profiles by the high probability of rhino-
virus infection (66% in profile A vs 12%–24% in other
profiles) and lowest probability RSV infection (18% in
profile A vs 63%–89%).

▸ Profile B (36%) included children with wheezing at the ED
presentation (82%), but, in contrast to profile A, most did
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not have history of wheezing or eczema. This profile had the
largest probability of RSV infection (89%).

▸ Profile C (34%) was the most severely ill group: children
were more likely to have moderate-to-severe retractions
(50% at presentation and 52% during hospital stay in profile
C vs 5%–35% and 1%–9% in other profiles), and to be hos-
pitalised ≥7 days (27% vs 1%–5% in other profiles). Profile
C also had a large probability of RSV infection (82%).

▸ Profile D (17%) was the least severely ill group, and included
mostly non-wheezing children (11% at ED presentation)
with no or mild retractions, and a shorter hospital length of
stay.
Table 2 shows the distribution across the four profiles of

sociodemographic and clinical characteristics not used in the
LCA classification. The profiles largely differed in age: profile A
included older children (71% older than 6 months), while the
youngest children were more often in the most severe profile
(profile C, 37% younger than 2 months) or in the least severe
non-wheezing profile (profile D, 45% younger than 2 months).
Significant associations were observed between profiles and both
sex and race, with notably a higher proportion of boys and
black children in profile A. A suggestive association was
observed with parental history of asthma (p=0.08), which was
more common in profile A. As expected, fever and inadequate
oral intake at ED presentation, ICU admission and mechanical
ventilation were observed more often in the most severe group
(profile C).

Associations between the bronchiolitis profiles and treatment
during the ED visit and inpatient stay are shown in figure 1.

Compared with profile B (reference group), profile A children
were more often treated with asthma medication (bronchodila-
tor during the inpatient stay and corticosteroids, both in the ED
and during the inpatient stay). Profile C children were more
often treated with all three medications during the inpatient
stay. Profile D children were more often treated with antibiotics.
Analysis of the number of treatments received during the
inpatient stay showed that profile A and profile C children more
often had repeated treatment with asthma medications: respect-
ively 49% and 54% of them received two or more inhaled bron-
chodilator treatments, while 30% among profile B children.
Similarly, 22% (profile A) and 22% (profile C) were treated
with corticosteroids for at least 2 days, while 10% among
profile B children.

Replication of the LCA in MARC-30 Finland
The variable selection by MCA was conducted as closely as pos-
sible to the MARC-30 US analysis, although the variables
selected slightly differed because of the lower prevalence of
cases with ICU admission or hospitalised ≥7 days in the Finnish
cohort, and to avoid selecting variables with a higher rate of
missing values (see online supplementary material). Among a
first set of 13 characteristics selected to classify the children, 9
variables were included in the LCA. A three-class model was
retained as the best-fitting model. To match with MARC-30 US
labels, MARC-30 Finland profiles were labelled ‘A’, ‘BC’ and
‘D’, and are presented in table 3:
▸ Profile A was the most prevalent in the Finnish cohort

(47%). Similarly to US results, profile A regrouped children
history of wheezing (56%), history of eczema (40%) and
wheezing at the ED presentation (93%), and infected with
rhinovirus (54%).

▸ Profile BC (38%) was characterised by RSV infection (98%),
and an intermediate probability of wheezing at the ED pres-
entation (62%), and a low probability of children with
history of wheezing or eczema. While moderate-to-severe
retractions at ED presentation were more frequent in profile
A (65%), profile BC children were more likely to have other
indicators of severe illness (inadequate oral intake: 39%,
length of stay ≥3 days: 46%).

▸ Profile D (15%) was the least severely ill group, and included
mostly children without wheezing (22% at ED presentation),
without cough (20%), and with no or mild retractions.
As in the US study, profile A included older children and a

higher proportion of boys than other profiles (table 4). However,
in contrast to the US results, profiles A and BC had similar pro-
portions of children with parental history of asthma. Associations
between the severe bronchiolitis profiles and treatment are
shown in online supplementary figure S2. Treatment patterns dif-
fered according to profiles, with again higher treatment with
asthma medication in the Finnish children with profile A.

DISCUSSION
Several distinct clinical profiles of severe bronchiolitis were iden-
tified by a hypothesis-free statistical clustering approach in two
multicentre studies of children hospitalised for bronchiolitis.
Four profiles were identified in a large US sample; two of them
(A and B) included mostly children with wheezing at ED presen-
tation, but differed markedly in terms of medical history
(history of wheezing and/or eczema more frequent in profile A),
and viral aetiology (more rhinovirus infection in profile A vs
more RSV infection in profile B). The LCA also clearly identi-
fied a group of children with a higher severity of illness (profile
C), but who neither had distinctive wheezing patterns nor viral

Table 1 Description of the children hospitalised for severe
bronchiolitis according to the profiles (A to D) identified by LCA, for
the clinical characteristics introduced in the LCA model, MARC-30
USA, n=2207

All

Profiles

A (12%) B (36%) C (34%) D (17%)

History of wheezing 23 48 21 19 12
History of eczema 14 32 15 10 7
Wheeze at ED presentation 64 90 82 63 11
Cough at ED presentation 86 92 93 83 74
Retractions at ED presentation
None 24 18 19 11 61
Mild 45 47 56 39 34
Moderate to severe 31 35 24 50 5

Hospital length of stay (days)
<3 56 82 75 16 77
3–6 33 15 24 58 18
≥7 11 3 <1 27 5

Retractions during hospital stay
None 34 44 47 2 69
Mild 46 47 53 46 30
Moderate to severe 20 9 <1 52 <1

Viral aetiology
RSV 72 18 89 82 63
Rhinovirus 26 66 12 24 23

Results are expressed as % (observed proportion in the study population (‘All’), and
probability of individuals presenting the characteristics within profiles A to D).
Profile A: history of wheezing/eczema, wheezing at ED presentation, more often
rhinovirus. Profile B: wheezing at ED presentation, more often RSV only. Profile C:
most severe. Profile D: non-wheezing at ED presentation, least severe.
ED, emergency department; LCA, latent class analysis; RSV, respiratory syncytial virus.
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aetiologies. Children in profile D had the least severe illness,
and no wheezing symptoms. Two of these profiles (A and D)
were replicated in a Finnish cohort of children hospitalised for
bronchiolitis; a third group (‘BC’) included children with
characteristics of profiles B and/or C that we identified in the US
population.

The positive association between early childhood
rhinovirus-induced respiratory infections and risk of childhood
asthma is well known.11 12 However, whether this association is
causal or reflects an underlying susceptibility to both early infec-
tion and asthma remains unclear.11 13 31 It has been suggested
that severe rhinovirus-induced infections may be a susceptibility
marker for development of childhood asthma in predisposed
children, rather than an inducer (causing asthma).11 32–34 In the
current analysis, a distinct bronchiolitis profile (A), characterised
by prior history of wheezing and/or eczema, wheezing at ED
presentation and more frequent rhinovirus infection, was identi-
fied independently in the US and Finnish cohorts. Profile A chil-
dren were also more often boys, older and, in the US study, they
had more often a parental history of asthma. Altogether, these

results support the existence of a subgroup of children present-
ing early signs of asthma during a severe bronchiolitis episode.

Furthermore, profile A children were more often treated with
bronchodilator and corticosteroids than other profiles (with the
exception of US profile C, regrouping the most severely ill chil-
dren). The children’s medical history (especially wheeze at ED
presentation and history of wheezing) probably influenced the
physician’s choice to initiate bronchodilator or corticosteroid
therapy. However, it is interesting to note that most profile A
children were treated with bronchodilators and corticosteroids
repeatedly during the bronchiolitis episode. Our data do not
allow further evaluation of response to treatment in the differ-
ent profiles, which was not the purpose of this study. However,
this question merits further research as current guidelines for
the acute management of bronchiolitis do not differentiate
disease subtypes.2 Bronchodilator and corticosteroid therapies
are generally considered ineffective in bronchiolitis manage-
ment, but the possibility that they may be beneficial in specific
subgroups of patients has been suggested by several investigators
worldwide.22 23 25 35 36

Table 2 Characteristics of the children hospitalised for severe bronchiolitis according to the profiles (A to D) identified by LCA, for additional
sociodemographic and clinical characteristics not introduced in the LCA model, MARC-30 USA, n=2207

All

Profiles

p ValueA (12%) B (36%) C (34%) D (17%)

Age (months)
<2 28 7 20 37 45 <0.001
2–5.9 35 22 41 36 30
6–11.9 22 41 24 18 15
≥12 14 30 15 9 10

Girls 41 33 41 40 45 0.01
Race

White 61 57 60 61 69 <0.001
Black/African-American 24 32 25 23 21
Other 14 11 15 16 10

Hispanic ethnicity 36 32 38 34 40 0.07
Parental history of asthma 31 37 32 31 27 0.08
ED presentation

Fever 29 23 30 32 27 0.05
Apnoea 7 6 4 10 10 <0.001
Inadequate oral intake 50 38 46 60 45 <0.001

ICU and intubation/CPAP
No ICU 82 86 94 64 88 <0.001
ICU without intubation/CPAP 11 11 5 18 8
ICU with intubation/CPAP 7 3 1 17 4

Viral aetiology
RSV only 49 0 65 52 46 <0.001
Rhinovirus only 8 38 0 3 10
RSV and rhinovirus 13 8 10 20 9
RSV and other non-rhinovirus 10 0 15 10 6
Rhinovirus and other non-RSV 5 27 0 2 5
Non-RSV and non-rhinovirus 15 28 9 13 24

Number of pathogens

No pathogen identified 6 10 4 6 10 <0.001
1 64 53 71 61 65
2 24 29 22 27 20
≥3 5 8 4 6 4

Results presented as %.
Profile A: history of wheezing/eczema, wheezing at ED presentation, more often rhinovirus. Profile B: wheezing at ED presentation, more often RSV only. Profile C: most severe. Profile
D: non-wheezing at ED presentation, least severe.
CPAP, continuous positive airway pressure; ED, emergency department; ICU, intensive care unit; LCA, latent class analysis; RSV, respiratory syncytial virus.
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Bronchiolitis severity is another characteristic that has been
independently associated with higher risk for development of
childhood asthma.16 17 The severity of bronchiolitis may also be
a marker of a predisposition to develop childhood asthma, or
actually play an aetiological role in its development.12 A profile
regrouping the least severe cases (profile D) was observed in
both populations. On the other hand, a profile regrouping the

most severely ill children was identified in the US cohort
(profile C), but was not fully replicated in the Finnish cohort.
Besides disease severity, profile C was close to profile B (eg, high
probability of RSV infection). The absence of identification of a
separate severe profile (C) in the Finnish cohort may be
explained by the lower proportion of patients with very severe
bronchiolitis, potential differences in treatment practices and
the smaller sample size. Alternatively, these results may indicate
that a severe disease, rather than constituting a separate discrete
profile (ie, profile C), is the end of a severity ‘continuum’.

Although profile A children were clearly distinguished from the
other profiles by a higher proportion of rhinovirus infection, not
all of them were infected with rhinovirus. Some children in
profile A were infected with other non-RSV pathogens or had no
identified pathogen, with slightly different proportions in the US
and Finnish studies. Moreover, only about half of profile A chil-
dren in each cohort had history of wheezing. Finally, although
profile A children were older, all age groups were represented,
and similar profiles were observed in infants <1 year and in chil-
dren <2 years. These observations underline the benefit of multi-
dimensional approaches, as compared with the use of one single
characteristic (eg, rhinovirus infection, history of wheezing, age
cut-off), to capture the disease heterogeneity.

A notable strength of the current study is that our results are
based on two multicentre studies (one of which included more
than 2000 patients), from two different countries. Although all
profiles were not directly replicated in the Finnish study, the
overlap between US and Finnish profiles is noteworthy. Similar
profiles were found despite between-country differences in virus
prevalence and age. Moreover, in both studies, the consistency
of the results was supported by statistical indicators (high mean
class membership probability in each class), as well as the pro-
files interpretability.

Although the LCA approach is typically qualified as ‘hypoth-
esis free’, variables are selected in relation to a specific research
question. We chose to focus on the aspects of bronchiolitis het-
erogeneity which may help investigators to elucidate the positive

Table 3 Description of the children hospitalised for severe
bronchiolitis according to the profiles (A, BC and D) identified by
LCA, for the clinical characteristics introduced in the LCA model,
MARC-30 Finland, n=408

All

Profiles

A
(47%)

BC
(38%)

D
(15%)

History of wheezing 37 56 15 33
History of eczema 29 40 19 22
Wheeze at ED presentation 69 93 62 22
Cough at ED presentation 65 78 70 20
Inadequate oral intake at ED
presentation

21 10 39 12

Retractions at ED presentation
None 16 5 13 50
Mild 41 30 55 40
Moderate to severe 43 65 31 10

Hospital length of stay ≥3 days 32 25 46 22
Viral aetiology
RSV 43 8 98 21
Rhinovirus 32 54 <1 40

Results are expressed as % (observed proportion in the study population [“All”], and
probability of individuals presenting the characteristics within profiles A, BC and D).
Profile A: history of wheezing/eczema, wheezing at ED presentation, more often
rhinovirus. Profile BC: wheezing at ED presentation, more often RSV only, most
severe. Profile D: nonwheezing at ED presentation, least severe.
ED, emergency department; LCA, Latent Class Analysis; RSV, respiratory syncytial
virus.

Figure 1 Associations between profiles (A to D) identified by latent class analysis (LCA) and treatment, in MARC-30 USA (n=2207). Treatments:
antibiotics, inhaled bronchodilators (bronch.), and systemic or inhaled corticosteroids (CS)) at emergency department (ED) presentation and during
the inpatient stay. Results are presented as percentage of patients receiving treatment at ED presentation (% ED) and during the inpatient stay
(%inpatient), and OR and 95% CIs, adjusted for age, sex and race/ethnicity. Profile B was used as the reference category (% ED/% inpatient for
antibiotics: 23/30; bronchodilators: 76/44; corticosteroids: 21/17). Profile A: history of wheezing/eczema, wheezing at ED presentation, more often
rhinovirus. Profile B: wheezing at ED presentation, more often respiratory syncytial virus (RSV) only. Profile C: most severe. Profile D: non-wheezing
at ED presentation, least severe.
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association between (severe) bronchiolitis and risk of childhood
asthma. The 18 characteristics selected initially included many
features typically monitored in clinical practice. However, more
objective measurement such as allergy and inflammatory bio-
markers were not available, which is a limitation of the current
study. Although profiles based on these features may not strictly
meet the definition of a phenotype, they are likely markers of
an underlying specific clinical condition, potentially of different
pathobiology. Clinical studies with biomarkers, genetic and
other ‘–omics’ data and longer term follow-up are needed to
further investigate this novel approach, and potentially, to iden-
tify bronchiolitis endotypes and establish more targeted and per-
sonalised disease management.37

Another limitation is the identification of disease profiles
among only those children hospitalised for bronchiolitis, that is,
those at the most severe end of the disease spectrum. Although
profile D children may be similar to milder (outpatient) bron-
chiolitis cases, it is likely that different profiles would be identi-
fied in a larger patient population. However, our analysis
revealed important heterogeneity even within this subgroup of
children with severe bronchiolitis, which constitutes a high-risk
group for development of childhood asthma.16 17

In summary, our analysis of two well-characterised, multicen-
tre cohorts revealed that the clinical diagnosis of bronchiolitis is
likely to include separate entities. The severe bronchiolitis pro-
files identified using a hypothesis-free statistical clustering
approach differed according to prior history of wheezing/
eczema, wheezing at presentation, levels of acute severity and
viral aetiology. The findings suggest potential differences in
response to acute treatment and in future risk of childhood
asthma. This observed heterogeneity has important implications

for future research on the aetiology, management and long-term
outcomes of bronchiolitis.
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