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Introduction
Bronchiolitis, mainly caused by respiratory syncy-
tial virus (RSV), is the first acute lower respira-
tory tract infection in infants <12 months of 
age.1,2 Each year 150 million new cases of bron-
chiolitis are reported worldwide, and 2–3% of 
affected infants require hospitalization. Long-
standing evidence also underlines the risk of sub-
sequent wheezing bronchitis and asthma.3

Emerging evidence includes exposure to air pollu-
tion among possible trigger factors for pulmonary 
diseases.4–15 Although many studies recognize the 
importance of early environmental exposures in 
the development of asthma,4,11,13 few have investi-
gated exposure to air pollution as a risk factor for 
bronchiolitis.16–20 Having this information would 
help public health authorities draw up effective 
measures for preventing bronchiolitis.
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Abstract
Background: We sought to clarify possibly modifiable risk factors related to pollution 
responsible for acute bronchiolitis in hospitalized infants.
Methods: For this observational study, we recruited 213 consecutive infants with bronchiolitis 
(cases: median age: 2 months; age range: 0.5–12 months; boys: 55.4%) and 213 children 
aged <3 years (controls: median age: 12 months; age range: 0.5–36 months; boys: 
54.5%) with a negative medical history for lower respiratory tract diseases hospitalized at 
‘Sapienza’ University Rome and IRCCS Bambino Gesù Hospital. Infants’ parents completed a 
standardized 53-item questionnaire seeking information on social-demographic and clinical 
characteristics, indoor pollution, eating habits and outdoor air pollution. Multivariate logistic 
regression analyses were run to assess the independent effect of risk factors, accounting for 
confounders and effect modifiers.
Results: In the 213 hospitalized infants the questionnaire identified the following risk factors 
for acute bronchiolitis: breastfeeding ⩾3 months (OR: 2.1, 95% confidence interval [CI]: 
1.2–3.6), presence of older siblings (OR: 2.8, 95% CI: 1.7–4.7), ⩾4 cohabitants (OR: 1.5, 95% 
CI: 1.1–2.1), and using seed oil for cooking (OR: 1.7, 95% CI: 1.2–2.6). Having renovated their 
home in the past 12 months and concurrently being exposed daily to smoking, involving more 
than 11 cigarettes and two or more smoking cohabitants, were more frequent factors in cases 
than in controls (p = 0.021 and 0.05), whereas self-estimated proximity to road and traffic was 
similar in the two groups.
Conclusions: We identified several risk factors for acute bronchiolitis related to indoor and 
outdoor pollution, including inhaling cooking oil fumes. Having this information would help 
public health authorities draw up effective preventive measures – for example, teach mothers 
to avoid handling their child when they have a cold and eliminate exposure to second-hand 
tobacco smoke.
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In this case-control study, we investigated whether 
exposure to various indoor and outdoor pollut-
ants was associated with acute bronchiolitis in 
hospitalized Italian infants, and sought to identify 
modifiable risk factors.

Methods

Subjects
The survey was conducted from November 2012 
to September 2014 at ‘Sapienza’ University Rome 
and IRCCS Bambino Gesù Hospital in a spe-
cialty care setting. For this case-control study, we 
enrolled all consecutive infants hospitalized for 
bronchiolitis over the 2 years and an equal num-
ber of controls: 213 children with bronchiolitis 
(cases: median age: 2 months; range: 0.5–12 
months; boys: 55.4%); and 213 children aged <3 
years (controls: median age: 12 months; range: 
0.5–36 months; boys: 54.5%) hospitalized for 
various reasons other than respiratory infections 
(hydrocele, inguinal hernia, phimosis, febrile sei-
zures, constipation).

Bronchiolitis was defined as the first episode of 
acute lower respiratory tract infection character-
ized by the presence of auscultator crackles, in 
infants aged ⩽12 months.2 Inclusion criteria for 
cases were a diagnosis of bronchiolitis, without 
neonatal respiratory disorders or other chronic 
diseases. Inclusion criteria for controls were no 
respiratory diseases, and a medical history nega-
tive for lower respiratory tract diseases and neo-
natal respiratory disorders.

Exposure and clinical factors
At enrolment, after giving written informed con-
sent, parents or legally authorized tutors for each 
child in both groups were asked to complete a 
standardized, self-reported questionnaire that 
was adapted from the ‘Questionnaire on respira-
tory and allergic health of pupils and on the 
domestic environment in which they live’ (www.
salute.gov.it/imgs/C_17_pubblicazioni_1892_
allegato.pdf). The questionnaire comprised 53 
items, seeking information on social-demo-
graphic and clinical characteristics, indoor pollu-
tion, eating habits and outdoor air pollution 
(additional file 1). The crowding index was cal-
culated as follows: number of cohabitants/num-
ber of rooms in the house. To evaluate the role of 
breastfeeding in two populations differing in age, 

we reported the mean breastfeeding duration 
together with the percentage of children breast-
fed for at least 3 months, or for younger infants 
the entire lifetime. In families with smoking 
exposure, to analyse whether the amount of 
smoking exposure had an additive effect on the 
development of bronchiolitis, we defined high 
domestic smoke exposure as being simultane-
ously exposed to smoking in the house every day, 
with ⩾11 smoked cigarettes and ⩾2 smoking 
cohabitants. Parents reported whether their 
house was located in an unpolluted area far from 
busy roads (considered as unpolluted areas) or in 
an area with little traffic or near intense traffic 
(considered as polluted areas).

Statistical analysis
A descriptive analysis included calculating per-
centages, mean (SD) and median (range) for vari-
ables. Differences between cases and controls 
were tested for significance using an unpaired t 
test (two-tailed) for normally distributed data or 
nonparametric Mann–Whitney test for non-nor-
mally distributed data. The chi-squared test was 
applied to analyse categorical independent 
variables.

We ran a multiple regression analysis to evaluate 
how all covariates combined influenced the 
probability of infants having bronchiolitis. As 
potential predictors, we used our subjects’ 
social-demographic and clinical characteristics, 
indoor pollution, eating habits and outdoor air 
pollution. In the multiple regression analysis 
including data only for subjects for whom all 
information was recorded, the sample size 
diminished from 426 to 184 observations. 
According to the standard missing data taxon-
omy, we assumed that the missing data mecha-
nism was at random and therefore applied 
multiple imputation procedures. We ran the 
expectation-maximization (EM) algorithm 
implemented in the ‘Amelia’ package in R 
Statistical Software (www.R-project.org).21 We 
ran the algorithm until convergence and esti-
mated 300 imputed datasets. A multiple logistic 
regression model was fit for each imputed data-
set and a model averaging procedure was applied 
to summarize the results.

The study was approved by the research and eth-
ics committee at the Hospital Policlinico 
‘Umberto I’, Rome, Italy.
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Results
Parents of 213/248 cases (85.9%) and 213/265 
controls (80.3%) completed the questionnaire. 
The main reasons for not answering were the 
lengthy questionnaire or linguistic problems. In 
71.6% of cases and 72.5% of controls, the mother 
completed the questionnaire. No difference was 
found for compliance between cases and 
controls.

Clinical variables
In agreement with the inclusion criteria, the 213 
cases were younger than the 213 controls enrolled. 
The percentage of Caucasians was significantly 
lower in cases than in controls. Cases and con-
trols were homogeneous for gender, parents’ age, 
percentage of preterm infants, of twin pregnancy 
and birth weight. The percentage of children 
breastfed was similar in cases and controls (80.1% 
and 73%), but the percentage of children breast-
fed for at least 3 months was higher in cases than 
in controls (p < 0.0001, by chi-square test).

The percentage of smoking mothers as well as the 
number of cigarettes smoked and exposure to 
smoke during the first 12 months were higher, 
though not significantly, in cases than in controls. 
Most cases had older siblings (p < 0.0001). The 
presence of eczema in the family was higher in 
cases than in controls (p = 0.047), whereas a fam-
ily history of asthma and of allergic rhinitis were 
similar. Controls had suffered more frequently 
than cases from eczema and otitis (p = 0.013 and 
p < 0.0001). Among socioeconomic variables, no 
significant differences were found between the 
two groups. Almost one-third of children had 
parents with certified degrees. In cases 90.5% and 
in controls 88.9% of children had a working 
mother, whereas 92.6% and 93.8% of children in 
the two groups had a working father. Fewer than 
10% of families in both groups received subsidies 
(Table 1).

Indoor pollution
Answers to the questionnaire showed that the 
percentage of children with houses built before 
1990 was higher in cases than in controls (p = 
0.031). Most children in both groups lived in 
apartments. The mean number of rooms in the 
house was similar in cases and controls. The 
mean number of cohabitants was higher in cases 
than in controls (p < 0.0001). The crowding 

index (number of cohabitants/numbers of rooms 
in the house) was higher in cases than in controls 
(p = 0.006). Having renovated their home in the 
past 12 months was a more frequent finding in 
cases than in controls (p = 0.021). Having a pet 
dog in the house was similar, whereas having a cat 
was less frequent in cases than in controls (p = 
0.007). No significant differences were found 
between the two groups for humidifiers, air con-
ditioners, dampness or mould in the child’s room, 
dampness or condensation on the windows, 
garage connected to the house, cockroaches in 
the house, fireplace in the house, or use of air 
fresheners. In both groups, children’s rooms were 
most commonly floored with tiles. The percent-
age of smoking exposure was significantly lower 
in cases than in controls. No difference was found 
in the two groups of children for cigarettes smoked 
and presence of smoking cohabitants. Among 
smoking families, the simultaneous presence of 
daily smoking exposure, ⩾11 cigarettes and ⩾2 
smoking cohabitants was higher in cases than in 
controls (p = 0.05) (Table 2). No significant dif-
ferences were found between the two groups for 
having a fume hood, cooking methods, or using 
olive oil and margarine. Using butter and seed oil 
for cooking was significantly higher in cases than 
in controls (p = 0.001) (Table 3).

Outdoor air pollution
No differences were found between the two 
groups for location of the house (Table 4).

Multivariate logistic regression analysis
The multivariate logistic regression analysis run 
in the 184 children with all observations con-
firmed the results obtained with the simple logis-
tic regression model. The analysis accounting for 
the effect of age identified as a risk factor for 
bronchiolitis having older siblings (OR: 2.393; 
95% CI: [1.231; 4.651]) and using seed oil for 
cooking (OR: 1.82; 95% CI: [1.206; 2.741]).

The sensitivity analysis including only a sub-
sample of children younger than 6 months also 
identified as a significant risk factor for bron-
chiolitis having older siblings (OR: 2.242; 95% 
CI: [1.248; 4.026]) but eczema in the family as 
well as numerous cohabitants increased the 
probability of having bronchiolitis (OR: 2.868; 
90% CI: [2.098; 3.639] and OR: 1.748; 90% 
CI: [1.364; 2.132]).
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Discussion
Our 2-year case-control study conducted in two 
Italian paediatric centres underlines the close 
association between exposure to various indoor 
and outdoor pollutants and acute bronchiolitis 
in hospitalized Italian infants. We also suggest 
possibly modifiable risk factors for infant 
bronchiolitis.

When we analysed our infants’ case histories, we 
found no factor associated with a higher risk for 
bronchiolitis. For example, neither mothers’ age 
nor socioeconomic status differed between the 
two groups. Previous studies identified both vari-
ables as risk factors for bronchiolitis, possibly 

because disadvantaged mothers had less access to 
health care services.18,20 In our series we found 
that both variables were homogeneously distrib-
uted in both groups, possibly because everyone in 
Italy has a right to hospital admission regardless 
of socioeconomic status.

Among the clinical characteristics we analysed, 
the first risk factor for bronchiolitis was having 
older siblings. Older siblings, who are always 
schooled, are a major vehicle for transmitting 
viral infections.2,18,20 For this reason, limiting 
young children’s exposure to cohabitants’ oral 
secretions may be a valid intervention for prevent-
ing bronchiolitis.

Table 1.  Clinical and socioeconomic characteristics in cases and controls.

Clinical variables Cases (n = 213) Controls (n = 213) p-value

Age (mean months ± SD) (n = 426) 2.4 ± 2.3 13.2 ± 9.6 <0.0001*

Sex (M/F) (n = 426) 118/95 116/97 ns

Caucasian (n = 397) 82.0% 94.6% <0.0001

Mother’s age at birth (years ± SD) (n = 425) 33.0 ± 5.5 32.6 ± 5.6 ns*

Father’s age at birth (years ± SD) (n = 420) 36.3 ± 6.8 35.5 ± 5.7 ns*

Twin pregnancy (n = 417) 6.2% 8.2% ns

Preterm (n = 417) 15.9% 19.8% ns

Birth weight (kg ± SD) (n = 423) 3.14 ± 0.6 3.10 ± 0.6 ns*

Breastfeeding (n = 422) 80.1% 73.0% 0.054

Breastfeeding ⩾3 months (n = 422) 81.8% 63.8% <0.0001

Smoking mother (n = 424) 14.6% 13.2% ns

Number of mother’s cigarettes (n = 424) 0.7 ± 2.2 0.6 ± 1.6 ns*

Exposure to smoke during the first year (n = 424) 11.4% 11.1% ns

Older brothers (n = 422) 75.5% 49.5% <0.0001

Family history of asthma (n = 406) 17.2% 16.3% ns

Family history of allergic rhinitis (n = 406) 34.3% 37.6% ns

Family history of eczema (n = 405) 14.8% 8.9% 0.047

Eczema (n = 256) 2.7% 10.4% 0.013

Otitis (n = 267) 7.0% 32.0% <0.0001

Graduated mother (n = 408) 33.8% 40.3% ns

Graduated father (n = 416) 31.6% 26.2% ns

Working mother (n = 406) 90.5% 88.9% ns

Working father (n = 416) 92.6% 93.8% ns

Subsidy (n = 417) 7.7% 9.6% ns

Cases, infants hospitalized for bronchiolitis; controls, control children.
p by chi-square test; * = by t test; ns = not significant.
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Table 2.  Data on indoor pollution in the two groups, cases and controls.

Indoor pollution Cases (n = 213) Controls (n = 213) p-value

House built before 1990 (n = 322) 63.9% 53.0% 0.031

Apartment (n = 424) 75.0% 71.7% ns

Number of rooms in the house (mean ± SD) (n = 416) 2.9 ± 1.1 2.9 ± 1.3 ns°

Number of cohabitants (mean ± SD) (n = 421) 3.6 ± 1.8 3.0 ± 1.0 <0.0001°

Crowding index (n = 416) 1.5 ± 1.4 1.2 ± 0.6 0.006°

Home renovations in the past year (n = 422) 31.6% 22.4% 0.021

  Ceilings (n = 114) 47.8% 48.9% ns

  Walls (n = 114) 95.5% 95.7% ns

  Furniture (n = 114) 26.9% 19.1% ns

  Floors (n = 114) 25.4% 23.4% ns

  Plumbing (n = 114) 23.9% 12.8% ns

  Wallpaper (n = 111) 3.1% 8.7% ns

  Washable painting (n = 111) 70.8% 73.9% ns

  Water-soluble painting (n = 111) 36.9% 26.1% ns

  Water-resistant painting (n = 111) 16.9% 13.0% ns

  Wooden panels (n = 111) 13.8% 13% ns

Pets (dog) (n = 425) 11.8% 12.2% ns

Pets (cat) (n = 425) 3.8% 10.3% 0.007

Humidifiers in child’s room (n = 418) 30.8% 33.8% ns

Air conditioner in child’s room (n = 422) 33.0% 27.5% ns

Carpets in the house (n = 423) 24.5% 20.9% ns

Dampness or mould in child’s room (n = 423) 17.1% 15.3% ns

Floor material in child’s room (n = 112)  

  Tiles 70.2% 71.8% ns

  Parquet 29.3% 27.2% ns

  PVC 0.5% 1.0% ns

Water leaks, deteriorated floor, mould (n = 420) 37.6% 37.6% ns

Dampness or condensation on the windows (n = 422) 39.9% 36.4% ns

Garage connected to the house (n = 419) 10.8% 7.3% ns

Use of air fresheners (n = 421) 26.8% 24.0% ns

Cockroaches in the house (n = 420) 13.7% 14.4% ns

Fireplace in the house (n = 420) 13.2% 16.6% ns

Smoking exposure in the house (n = 426) 9.9% 17.4% 0.017

  Smoking exposure in the house every day* (n = 34) 78.6% 50.0% 0.09

Smoked cigarettes in the house(n = 423) 13.3% 15.6% ns

  ⩾11 smoked cigarettes in the house** (n = 61) 25.0% 15.2% ns

Smoking cohabitants (n = 426) 41.8% 43.7% ns

  ⩾2 smoking cohabitants*** (n = 182) 36.0% 31.2% ns

High smoking exposure in the house**** (n = 71) 25.7% 8.3% 0.05

Cases, infants hospitalized for bronchiolitis; controls, control children. * = among families with smoking exposure 
more than once weekly; ** = among families where cigarettes are smoked in the house; *** = among families with 
smoking cohabitants; **** = smoking exposure in the house every day, with ⩾11 smoked cigarettes and by ⩾2 smoking 
cohabitants, among families with smoking exposure.
p by chi-square test. ° = by t test; ns = not significant.
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An unexpected finding that is difficult to explain 
was that breastfeeding was more frequent among 
cases than controls. This difference contrasts with 
findings in other studies showing that breastfeed-
ing reduces the risk of hospitalization for bronchi-
olitis,22 as well as the risk of severe bronchiolitis 
forms developing, often requiring hospitalization 
in intensive care units.2 Given the well-known 
importance of maternal antibody transfer to 
infants,23 we conjecture that our results might 
reflect mother-to-child transmission of respira-
tory infection during breastfeeding. As measures 
to reduce the risk of virus transmission, we always 
strongly encourage breastfeeding also beyond 3 
months of age, and recommend that ill mothers 

use a mask and wash their hands before handling 
the child.

When we analysed questionnaire answers refer-
ring to indoor pollution, our data showed that the 
most important risk factor for bronchiolitis was a 
high number of cohabitants. This finding con-
firms the previously reported association between 
crowding and respiratory infections,7 underlining 
recommendations to reduce crowding at home as 
well as in day-care centres.

Other factors we found associated with a higher 
risk of bronchiolitis were living in an older house 
or having a recently renovated home. These 

Table 3.  Indoor pollution (cooking habits) in the two groups, cases and controls.

Cooking habits Cases (n = 213) Controls (n = 213) p-value

Cooking modes (n = 417)  

  Electric cookers 10.0% 7.5% ns

  Gas cookers 89.5% 92.5% ns

  Wood or steam stove 0.5% 0 ns

Fume hood (n = 417) 88.1% 88.0% ns

Butter (n = 414) 40.5% 28.7% 0.008

  Sometimes 91.6% 95.0% ns

  Often 8.4% 5.0% ns

Margarine (n = 414) 12.7% 9.6% ns

Olive oil (n = 413) 97.6% 97.6% ns

Seed oil (n = 413) 50.7% 35.1% 0.001

  Sometimes 68.3% 84.9% 0.008

  Often 31.7% 15.1% 0.008

Cases, infants hospitalized for bronchiolitis; controls, control children.
p by chi-square test; ns = not significant.

Table 4.  Data on outdoor air pollution in the two groups, cases and controls.

Outdoor air pollution Cases (n = 213) Controls (n = 213) p-value

House in a heavily polluted area (n = 422) 24.8% 21.5% ns

House located <200 metres from traffic (n = 422) 57.4% 53.5% ns

  Near a street 76.5% 72.7% ns

  Near an avenue 23.5% 27.3% ns

House located near an area where pesticides are used 
(n = 420)

13.9% 13.9% ns

Cases, infants hospitalized for bronchiolitis; controls, control children.
p by chi-square test; ns = not significant.
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domestic factors suggest that some indoor pollut-
ants in older houses as well as some materials 
used for renovations may act as lower airway irri-
tants. The association between house renovation 
and risk of bronchiolitis may depend on volatile 
organic compounds.24 Viruses causing bronchi-
olitis, particularly RSV, are more stable at cold 
temperatures. Cold temperatures also drive pop-
ulations indoors, where they are exposed to 
indoor pollution sources as well as to outdoor 
pollutants that have penetrated the building.12 
Consequently, during the winter, the season 
when respiratory viruses often circulate, and 
infants spend most of the time at home, they are 
more exposed to pathogens as well as to indoor 
air pollution.

Another finding that is difficult to explain is the 
slightly higher tobacco smoke exposure during 
pregnancy and neonatal life in infants with bron-
chiolitis than in controls, and the higher smoking 
exposure in the house in controls than in bronchi-
olitis infants. These findings may reflect the fact 
that parents of children with respiratory diseases 
tend to underreport their own smoking habits. 
Ample evidence shows that second-hand tobacco 
smoke in children decreases lung function and 
increases airway responsiveness, thus possibly 
predisposing infants to more severe infections.8 
Equally important, convincing evidence suggests 
that smoking during pregnancy is itself associated 
with bronchiolitis.18 When we analysed question-
naire data only for families with smoking habits, 
we found that high smoke exposure, as measured 
by smoking frequency, number of cigarettes and 
number of smoking cohabitants, was significantly 
higher in infants with bronchiolitis than in con-
trols (p = 0.05). These differences suggest that 
the amount of smoking exposure has an additive 
effect on the development of bronchiolitis.

Another variable we studied, having pet cats in 
the house, seems to protect infants from bron-
chiolitis. Others report that contact with pets 
either increases the risk of allergic diseases or 
induces sensitization or protects against them, or 
has no association at all.4,5 To our knowledge, 
no studies have yet correlated pet exposure and 
bronchiolitis.

In our study, questionnaire answers referring to 
fats used for cooking showed that families of 
infants with bronchiolitis used butter and seed oil 
for cooking more often than did controls. A 

possible explanation is that children often inhale 
fumes from overheated butter and oil used for 
cooking. Exposure is particularly high among 
women and young children, who spend a long 
time in the kitchen.15 For example, a substance 
released by butter during cooking, diacetyl 
(2,3butanedione), caused bronchiolitis obliterans 
in workers who inhaled this volatile butter fla-
vouring in high amounts.25 Oil fume extracts col-
lected from heated edible oils can also cause lung 
cell cytotoxicity and genotoxicity.26 Exposure to 
fumes from combusted cooking fats is a possible 
cause of dyspnoea and short-term reduction in 
spirometric values.15

Among environmental factors that are presuma-
bly hard or impossible to modify, the infants with 
bronchiolitis we studied frequently, though not 
significantly more frequently, lived in houses 
located in highly polluted areas. Epidemiological 
studies show that exposure to vehicular traffic 
increases the prevalence of bronchitis and can 
exacerbate pre-existing asthma, especially in chil-
dren, because of their developing lungs, imma-
ture metabolic pathways, increased time 
exercising outdoors and high ventilation rates per 
body weight.10,19 We also suggest whenever pos-
sible taking children to parks and open spaces far 
from highly polluted areas.

A possible limitation in our study is that because 
we used self-reported data we cannot verify 
whether parents answered the questionnaire 
truthfully. Another limitation is that because the 
interviewed parent reported only the child’s age 
in years, we could not evaluate the season of birth. 
Hence, being unable to compare the month of 
birth in the two groups possibly biased these 
results. Finally, we could not consider the addi-
tional role of the child’s extra-family contacts 
with infected individuals, possible viral infection 
carriers, who come to visit newborns.

In conclusion, our self-reported questionnaire 
identified several risk factors for acute bronchioli-
tis related to indoor and outdoor pollution. A new 
risk factor we identified was inhaling cooking oil 
fumes. Several changes, mainly in the mother’s 
behaviour towards their children, might reduce 
the risk of bronchiolitis eventually developing. 
Mothers should, for example, avoid allowing the 
child to come into contact with siblings’ oral 
secretions, use a facial mask during feeding and 
try not to handle the child when they are ill. 
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Anyone in contact with children should eliminate 
exposure to tobacco smoke, avoid letting children 
inhale cooking oil fumes and regularly take chil-
dren to parks and open spaces far from highly pol-
luted areas. From a public health perspective, our 
findings might help public health authorities draw 
up guidelines related to indoor and outdoor pol-
lution that would help reduce acute bronchiolitis 
in infants.
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