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Abstract 35 

Purpose 36 

This case-control study aimed to investigate the association between short-term 37 

(1 to 5 days) and medium-term (31 days) exposure to air pollutants (PM2.5, 38 

PM10, BC, NO2) at home/daycare and the risk of ‘severe bronchiolitis’ (defined 39 

as ‘requiring hospitalization for bronchiolitis’) in children under 2 years in 40 

Antwerp, Belgium. 41 

 42 

Methods 43 

We included 118 cases and 79 controls admitted to three general hospitals from 44 

October 2020 to June 2021. Exposure levels were predicted using an 45 

interpolation model based on fixed measuring stations. We used logistic 46 

regression analysis to assess associations, with adjustment for potential 47 

confounders. 48 

 49 

Results 50 

There were hardly any significant differences in the day-to-day air pollution 51 

values. Medium-term (31 days) exposure to PM2.5, PM10, and NO2 was 52 

however significantly higher in cases than controls in univariate analysis. 53 

Logistic regression revealed an association between severe bronchiolitis and 54 

interquartile range increases in PM2.5 and PM10 at home and daycare, as well as 55 

NO2 in daycare. Time-adjustment however reduced the odds ratios 56 
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significantly, suggesting potential overrepresentation of controls in low 57 

pollution periods. 58 

 59 

Conclusion 60 

This study suggests a possible link between severe bronchiolitis and medium-61 

term (31 days) air pollution exposure (PM10 and NO2), particularly in daycare. 62 

Larger studies are warranted to confirm these findings.  63 

 64 

Key words 65 

Bronchiolitis; Air pollution; Respiratory Syncytial Virus; Particulate Matter; 66 

Nitrogen dioxide 67 

 68 

Abbreviations 69 

BC: Black Carbon; IRCEL: Belgian Interregional Environment Agency; NO2: 70 

Nitrogen Dioxide; PM2.5: Particulate matter with a diameter < 2.5µm; PM10: 71 

Particulate matter with a diameter < 10µm; RSV: Respiratory Syncytial Virus; 72 
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 74 

What is known?  75 
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• Bronchiolitis is a leading cause of hospitalization in infants globally and 76 

causes a yearly seasonal wave of admissions in paediatric departments 77 

worldwide. 78 

• Existing studies, mainly from the USA, show heterogeneous outcomes 79 

regarding the association between air pollution and bronchiolitis. 80 

What is new? 81 

• There is a possible link between severe bronchiolitis and medium-term 82 

(31 days) air pollution exposure (PM10 and NO2), particularly in 83 

daycare.  84 

• Larger studies are needed to validate these trends. 85 
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Air pollution and bronchiolitis: a case-control 122 

study in Antwerp, Belgium. 123 

 124 

Introduction 125 

Bronchiolitis is the number one cause of hospitalization among children 126 

under 1 year of age worldwide, especially in high income countries. 127 

Bronchiolitis is characterized by inflammation of the lower respiratory 128 

tract, and mainly affects infants in the first two years of life. Around 90% 129 

of cases is caused by the respiratory syncytial virus (RSV), although a 130 

few other respiratory viruses are sometimes involved (e.g. influenza, 131 

coronavirus, parainfluenza, rhinovirus, human metapneumovirus, and 132 

bocavirus). [1] General risk factors of incident bronchiolitis are: age of 133 

the child (first year of life), age of the mother (<20 years), having an 134 

older sibling, mothers without higher education, no breastfeeding, low 135 

(1400-2500g) or very low birth weight (<1400g), birth defects and 136 

maternal smoking in pregnancy. [1] 137 

There are only a few studies on air pollution as a risk factor for 138 

bronchiolitis, while literature suggests that air pollution could augment 139 

inflammation within the lining of the respiratory tract, disrupting normal 140 

immune response to pathogens. [2] The limited number of publications 141 
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on the relationship between air pollution and bronchiolitis has 142 

heterogeneous outcome measures and results. Most studies originate from 143 

the United Stated of America (USA). In a large case-crossover study, 144 

acquiring bronchiolitis was associated with an increased exposure to 145 

PM
2.5 

 (particulate matter with a diameter < 2.5µm), one and four days 146 

before presentation (OR 1.07 and OR 1.04 for every 10 μg/m3 increase of 147 

PM
2.5 , 

respectively), while no association was seen with exposure 7 days 148 

before presentation. [3] In a meta-analysis it was also shown that long-149 

term exposure to PM2.5 might be associated with an increased risk of 150 

severe bronchiolitis (requiring hospitalization). [4] A recent Italian study 151 

demonstrated that bronchiolitis in admitted children is more severe (using 152 

7 degrees of severity) when these children were exposed to higher PM2,5 153 

(and PM10, i.e. particulate matter with a diameter < 10µm) levels at day 2, 154 

day 5 and day 14-16 before admission. This suggests a mediating role of 155 

PM in the severity of bronchiolitis. [5]  156 

The composition of PM2.5 differs per region and therefore the effect could 157 

be different in Northern Europe. The purpose of our ‘BronchiolAir’ study 158 

was to investigate if PM2.5 could also have an impact on bronchiolitis 159 

hospitalizations in Antwerp and whether there would also be an impact of 160 

NO2 (nitrogen dioxide), a good indicator of traffic-related pollution, 161 

because Antwerp is one of the regions in the world with the highest 162 
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disease burden because of NO2. [6] 163 

Our study hypothesis is that children under 2 years of age that are at risk 164 

of exposure to a‘bronchiolitis inducing virus’, using the moment of 165 

inclusion in the RSV season as a proxy for this risk of exposure, have a 166 

higher probability of developing‘ severe bronchiolitis’ (defined as 167 

requiring hospitalization for bronchiolitis) when exposed to short-term (1 168 

to 5 days prior to hospitalization) and medium-term (31 days) air 169 

pollution (at home and daycare). 170 

 171 

Methodology 172 

We performed a multicentre case-control study in an urban/suburban 173 

setting in Antwerp, Belgium, from October 2020 until June 2021.  174 

Participants were recruited in three general hospitals that are part of the 175 

Antwerp Hospital Group (ZAS), the largest association of general 176 

hospitals in Antwerp. Children <2 years of age were eligible to be 177 

included as a case if they presented with severe bronchiolitis, defined as a 178 

physician-diagnosed bronchiolitis requiring hospitalization. Controls 179 

consisted of infants < 2 years of age, of approximately the same age, who 180 

were admitted in the same paediatric hospital ward during the same 181 

month for one of the following reasons: a non-respiratory infection (e.g. 182 
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gastroenteritis, urinary tract infection, osteomyelitis, skin infection…), 183 

trauma, (non-respiratory and non-ENT) surgery (e.g. appendicitis), 184 

epilepsy or observation for excessive crying.  185 

After having given their consent to participate, one of the 186 

parents/caretakers was interviewed face-to-face on the day of admission 187 

or the day after, using a paper questionnaire in Dutch, English or French, 188 

about the child’s medical history, socioeconomic variables, personal 189 

habits (alcohol use, smoking, medication), and residential / occupational 190 

exposures. Respondents did not receive a fee or any other benefit for their 191 

participation. 192 

Cases and controls were recruited from October 1st 2020 onwards. We 193 

included children under 2 years of age that are at risk of exposure to a‘194 

bronchiolitis inducing virus’, using the moment of inclusion in the RSV 195 

season as a proxy for this risk of exposure. The purpose was to recruit 196 

cases during the bronchiolitis season of this autumn/winter (around 6 197 

months), but since the epidemiology of this season was strongly 198 

influenced by COVID-19, we continued inclusions until June 2021.[7] 199 

As a measure of exposure, we used predicted values of PM2,5, PM10, BC 200 

(black carbon) and NO2 exposure, at the home address, and daycare 201 

address of the participant 1 to 5 days prior to hospitalization (considering 202 
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an incubation period of 2 – 8 days for RSV), as well as the 31 days 203 

average of these pollutants before admission. These predicted values 204 

were obtained from an interpolation model that is based on fixed 205 

measuring stations of the Belgian Interregional Environment Agency, 206 

(IRCEL), which are placed throughout Belgium. We used the 207 

internationally validated, ‘RIO-IFDM (Immision Frequency Distribution) 208 

street canyon model’, developed by the Flanders Institute of Technology 209 

(VITO). This is a geospatial interpolation model which provides urban 210 

background concentrations of  air pollutants at a resolution of 4x4 km
2 

211 

based upon the Belgian Air quality monitoring network. In addition, the 212 

model considers Antwerp’s building configuration and the city’s ‘street 213 

canyons’ to get a more precise estimation at street level. [8, 9] Street 214 

canyons are urban roads confined by continuous building-walls with 215 

increased pollutant concentrations as ventilation is reduced. [1, 10]  216 

We also calculated a composite variable corresponding to 1/3 of the value 217 

in daycare + 2/3 of the value at home (in case the child goes to daycare) 218 

and 100% the value at home when the child is only taken care of at home.  219 

 220 

Data management and statistical analyses were done with SPSS (version 221 

24.0). Continuous variables were analyzed with a student t-test and 222 

categorical variables with Chi-Square or Fisher-exact test for univariate 223 
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analysis. We performed a standard logistic regression, taking into account 224 

possible confounders with a univariate p-value <0.15 (paternal education 225 

level and average daily temperature in the 31 days before admission).  226 

 227 

The initial aim was to mainly include participants during the winter 228 

months. However, because of the COVID-19 pandemic,  the 2020-2021 229 

bronchiolitis peak came unexpectedly late. As a result, we recruited a 230 

significant number of cases during spring. However, this period is 231 

characterized by higher secondary PM concentrations (‘spring smog’), 232 

arising from high ammonia emissions when farmers clean the stables and 233 

spread manure. Participants who are recruited during spring, therefore, 234 

are expected to have a higher exposure than those recruited in winter. 235 

Because more cases than controls were recruited during spring, we used a 236 

time-adjusted model that additionally corrected for the date of 237 

hospitalization (transformed into a categorical variable; categories of 2 238 

weeks were used). We expressed the results of the multivariable analyses 239 

as increases per interquartile range (IQR), because this takes into account 240 

the spread of the dataset. 241 

 242 

The study protocol was approved by the ethics committee of the 243 

University of Ghent (number B6702020000754) and those of GZA & 244 

ZNA Hospitals. We received no funding for this study. 245 



 13 

 246 

 247 

Results 248 

We were able to recruit 118 cases and 79 controls. Cases and controls 249 

were found to have similar sociodemographic characteristics, except for 250 

paternal education level. (Table 1A) The average temperature in the 31 251 

days before hospitalization was lower for cases than for controls. (Table 252 

1B) Cases and controls had a similar medical history. (Table 2A and 2B) 253 

There were hardly any significant differences in the day-to-day air 254 

pollution values in univariate analysis, both at home and at the daycare 255 

address. (Table 3) The average air pollutant values in the 31 days before 256 

admission were however significantly higher in cases than in controls in 257 

univariate statistics, both at the home address, and at the daycare address. 258 

(Table 4A and 4B) 259 

In our analysis it appeared that the daily PM and NO2 concentrations are 260 

generally higher in cases than in controls during the entire month before 261 

(but also after) admission. In logistic regression analysis, we modeled 262 

cases vs. controls as a binary outcome and assessed potential associations 263 

with exposure to different pollutants (Table 5-8). In a model that was not 264 

time-adjusted we found an OR of 2.00 to be hospitalized for bronchiolitis 265 
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(95%CI 1.03-3.85) per interquartile range (IQR) increase of PM2.5 at 266 

home and OR of 2.40 (95%CI 1.28-5.10) per IQR increase of PM2.5 at 267 

daycare. Furthermore we found an OR of 2.17 to be hospitalized for 268 

bronchiolitis (95%CI 1.23-3.85) per interquartile range (IQR) increase of 269 

PM10 at home and OR of 2.58 (95%CI 1.26-5.26) per interquartile range 270 

(IQR) increase of PM10 in daycare. We also found an OR of 1.36 to be 271 

hospitalized for bronchiolitis (95%CI 0.79-2.35) per interquartile range 272 

(IQR) increase of NO2 at home and OR of 3.44 (95%CI 1.60-7.41) per 273 

interquartile range (IQR) increase of NO2 in daycare (Table 5-8). 274 

In the beginning of the inclusion period, the cumulative percentage of 275 

cases included was relatively low, while this increased around the month 276 

of March (Figure 1), corresponding to the exceptionally late RSV peak 277 

(because of COVID-19) in ‘bronchiolitis season 2020-2021’, but also 278 

corresponding to the yearly pollution peak months. [7] Without adjusting 279 

for time of admission, this leads to an overrepresentation of controls with 280 

lower pollution values. We took this into account by using a ‘time-281 

adjustment’ model: this does reduce the odds ratios of our model 282 

significantly (and strongly reduces the significance, especially for PM2.5). 283 

(Table 5-8) Also, after June 1st only controls (N=19) were included. We 284 

performed a separate ‘sensitivity analysis’, excluding these 19 cases, but 285 

this did not have a signifcant impact on our study results.   286 
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 287 

Discussion 288 

This case-control study was designed to investigate the effect of short-289 

term (1 to 5 days prior to hospitalization) and medium-term (31 day 290 

average) air pollution on ‘severe bronchiolitis’ (defined as children with 291 

bronchiolitis requiring hospitalization). There were hardly any significant 292 

differences in the day-to-day air pollution values, both at home and at the 293 

daycare address. (Table 3)  We did however find an association between 294 

medium-term (31 days average before admission) exposure to different 295 

ambient air pollutants and the risk of a ‘severe bronchiolitis’, defined as a 296 

child <2 years old requiring hospitalization because of bronchiolitis. 297 

(Table 5-8) This association was however not confirmed for all pollutants 298 

in a time-adjusted model (Table 5-8), probably related to the fact that our 299 

study population is relatively small. However, the effect seems to be the 300 

largest in daycare, particularly for NO2, being the best indicator of spatial 301 

variation in outdoor urban air pollution. [11] The fact that we found a 302 

larger effect in daycare could be related to daycares being often located in 303 

busier streets, but since we do not have traffic data in study, we cannot 304 

confirm this hypothesis. 305 

Studies on bronchiolitis and PM in the USA show heterogeneous results. 306 
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[3-5] There was at the time of our study only one case-crossover study 307 

showing a (short-term) effect of NO2 on bronchiolitis in Israel, but no 308 

effect was shown in a meta-analysis. [1, 4, 12] In our study we aimed to 309 

look at the medium-term (31 days average before admission) effect of 310 

different pollutants on severe bronchiolitis in a European setting. 311 

We aimed to investigate whether children under 2 years of age that are at 312 

risk of exposure to a‘bronchiolitis inducing virus’ (RSV, Influenza or 313 

Sars-Cov-2), using the moment of inclusion in the RSV season as a proxy 314 

for this risk of exposure, have a higher probability of developing‘severe 315 

bronchiolitis’ (defined as requiring hospitalization for bronchiolitis) 316 

when exposed to air pollution, as compared to controls hospitalized for a 317 

condition that is unlikely to be air pollution related. The 318 

pathophysiological explanation for this could be that low-grade  319 

inflammation in the respiratory epithelium, provoked by acute or chronic 320 

exposure to air pollution in a large European city, increases the risk of 321 

hospitalization for bronchiolitis (i.e. ‘severe bronchiolitis’) in children < 2 322 

years. We only found significant effects in the 31 days average of 323 

pollution values, pointing towards a more chronic effect. 324 

A recent case-crossover study from Padua (Italy) also indicated that the 325 

cumulative effect of air pollution exposure could be more important than 326 

the values at different one-day time lags, especially for NO2 (high 327 
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concentrations of NO2 in the 2-12 days before presentation were 328 

associated with a 30% increase in ‘emergency department visits’ for 329 

bronchiolitis). [13] This matches with our study results: we did also not 330 

see short-term effects, but only an effect in the 31 days average of 331 

pollutants. 332 

One of the limitations of our study is that the total number of controls 333 

was lower than the number of cases, because the amount of children 334 

admitted to paediatric wards for non-respiratory reasons is low in the 335 

colder months of the year when other non-essential admissions are often 336 

postponed. This made it difficult to include controls evenly with cases 337 

(Figure 1). Another limitation is the fact that the 2020-2021 RSV season 338 

(or better ‘plateau’ in this year) was exceptionally late because of non-339 

pharmaceutical interventions for the COVID-19 pandemic. [7, 14] 340 

Indeed, the RSV peak coincided with ‘spring smog’, a period with higher 341 

air pollution values (esp. secondary PM), and therefore also with the 342 

period in which we included most cases (and less controls). (Figure 2) 343 

We took this into account by using a time-adjusted model. In this model 344 

however, the odds ratios were considerably lower, especially for PM2,5. 345 

(Table 5-8). The spring smog peak however especially counts for PM, 346 

and not so much for NO2, while the most signifcant effect we found was 347 

for NO2 (in daycare; see table 7), which is not so much affected by spring 348 
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smog, but much more traffic-related. The fact that more people were 349 

working at home during the pandemic and that air pollution values 350 

changed globally because of the reduction in traffic, is another limitation. 351 

For controls we opted for patients who were admitted in the same 352 

hospital, but for a non-respiratory illness. This led of course to a strong 353 

selection bias. Using hospital controls is, especially in the context of 354 

studies with very limited funding, often applied in case-control studies as 355 

it is a practical way of finding controls that are representative of the at-356 

risk population and come from the same geographical catchment area. 357 

However, as other respiratory diseases are also potentially linked to air 358 

pollution, we included only controls who suffered from disease in which 359 

air pollution does not play a substantial role: non-respiratory infections 360 

(e.g. gastroenteritis, urinary tract infection, osteomyelitis, skin 361 

infection…), trauma, (non-respiratory and non-ENT) surgery (e.g. 362 

appendicitis), epilepsy or observation for excessive crying. Furthermore, 363 

the population at risk in our study should be children exposed to frequent 364 

bronchiolitis-inducing viruses (RSV/Influenza/Sars-Cov-2). The lack of 365 

funding made it however impossible to swab all controls. A less ideal 366 

proxy is to recruit children <2 years as controls during the RSV season 367 

(since this is the major pathogen causing bronchiolitis), as we did. 368 

Whether or not controls have actually been exposed to the virus is an 369 

important variable that we did not measure and which we could therefore 370 
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not use as a covariate. This leads to a bias towards the null. However, 371 

literature suggests that 95% of children have been in contact with RSV 372 

(as the major cause of bronchiolitis) in the first 2 years of life: this 373 

exposure does happen in the few months that RSV is prevalent. [15] We 374 

believe therefore – in our pragmatic view – that controls must have a 375 

similar ‘risk of exposure’(they were recruited at the moment when the 376 

risk of being in contact with RSV was very high), which is one of the 377 

reasons why time adjustment is so important in this study. We do 378 

recognize however that using timing of inclusion as ‘measure of the risk 379 

of viral exposure’ is a weak proxy for exposure. Last but not least, since 380 

biomarkers of chronic exposure to air pollution are lacking, we relied on 381 

predicted air pollution values at the home and daycare address to assess 382 

exposure. One study suggests that ‘urinary black carbon load’ could be a 383 

specific biomarker of chronic exposure to combustion-related air 384 

pollution, possibly providing a more accurate reflection of ambient 385 

residential air pollution exposure, but there are not a lot of data yet and 386 

this is still expensive. [16] 387 

Our study does also have several strengths. First of all, it is one of the 388 

first multicentre studies in Europe that investigates the relationship 389 

between air pollution and the risk to be admitted for bronchiolitis 390 

systematically. Furthermore we used an internationally validated 391 
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interpolation model which allowed us to have a very precise estimate of 392 

PM2,5, PM10, BC and NO2 exposure, not only at home, but also in 393 

daycare. The fact that we performed a multicentre study, also lends 394 

strength to our study in different ways. We did not only include 395 

hospitalized patients in three of the largest general hospitals in the region, 396 

representing the majority of paediatric hospitalization beds in Antwerp, 397 

but in this way we also have a good geographic spread of included 398 

children; they come from all over the (sub)urban area, including more 399 

polluted and less polluted zones. However, because of the fact that cases 400 

were overrepresented in ‘high pollution months’, we still have to interpret 401 

the outcomes of this study with caution. 402 

 403 

Conclusion 404 

Children hospitalized for bronchiolitis generally appear to be more 405 

exposed (during the 31 days before admission) to air pollution, 406 

particularly in daycare. The study was however too small to draw definite 407 

conclusions. Larger scientific studies are needed to confirm the trends 408 

found in our analysis. In a future study on bronchiolitis and air pollution, 409 

it could be useful to measure ‘urinary black carbon load’ as a specific 410 

biomarker of chronic exposure to combustion-related air pollution, 411 
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possibly providing a more accurate reflection of ambient residential air 412 

pollution exposure. [16] 413 

 414 

 415 

 416 

 417 

 418 

 419 

 420 

 421 

 422 
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Tables 432 

 433 

  Table 1A                 

    Case  

(n=118) 

Number 

of valid 

answers 

Control 

(n=79) 

Number 

of valid 

answers 

p v 

alue 

  

  Child   
 

            

  Age (months) 7,42 5,65 118 8,08 6,45 79 0,45   

  Gestational age (weeks) 38,5 1,70 116 38,6 1,59 78 0,60   

  Birth weight (gram) 3279 490 114 3236 497 78 0,56   

  Sex      118     79 0,30   

     male 44 37% … 36 46% …     

     female 74 63% … 43 54% …     

  Mother           
 

    

  Age (years) 31,4 4,5 117 31,2 4,3 78 0,73   

  Education (high) * 72 61% 118 40 51% 78 0,19   

  Migration background ** 58 50% 117 35 45% 78 0,56   
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  Father           
 

    

  Age (years) 34,3 6,3 116 33,3 5,0 75 0,24   

  Education (high)* 64 55% 117 29 39% 74 0,04   

  Migration  58 50% 116 30 40% 75 0,18   

  Household           
 

    

  Smoking     118     78     

     parents smoke 26 22% … 19 24% … 0,73   

     inside house 2 2% … 1 1% … 1,00 
 

     during pregnancy 7 6% … 2 3% … 0,32 
 

  Breastfed     118     78     

     any 94 80% … 60 77% … 0,72   

     <1 month 15 13% … 13 17% …     

     1-3 months 35 30% … 19 24% …     

     3-6 months 14 12% … 13 17% …     

  Household equipment     118     78     

     Woodstove 2 2% … 2 3% … 0,65 
 

     Gas furnace 50 42% … 33 42% … 1,00   

  Going to daycare 69 58% 118 38 48% 79 0,19   
 

 

Table 1A: Sociodemographic characteristics. 

Continuous variables are presented as means (SD) and p-values were based on t-tests. Categorical 

variables are presented as n (%) and their p-values were based on Chi-Square or Fisher-exact test. 

*Education level = high in case the parent followed at least ‘short type higher education’. 
**Migration background = ‘one of the grandparents is not born in Belgium’  

  

 434 

 435 

 436 

 437 

 438 

 439 

   Table 1B                 

    Case  

(n=118) 

Numbe

r  

of valid 

answers 

Control  

(n=79) 

Numb

er of 

valid 

answe

rs 

p 

valu

e 

 

  Average temperature 

31 days before hospitalization (°C) 

7,0 2,0 117 9,8  5,1 79 <0,00

1 

  

  
        

  

      

Average humidity 

month before hospitalization (%) 

72,1 5,8 117 72,4 6,5 79 0,72   

   

Table 1B: Environmental characteristics. 

Continuous variables are presented as means (SD) and p-values were based on t-tests.  

  

  

  
  

 440 

 441 

 442 
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 443 

 444 

 445 

 446 

 447 

   Table 2A                 

    Case  

(n=118) 

Number of 

valid 

answers 

Control (n=79) Number 

of valid 

answers 

p value   

  Medical history      118      79     

  Immunodeficiency 0 0% 
 

1 1% 
 

0,40   

  Previous medical 

problem 

18 15% 
 

13 16% 
 

0,84   

  Chronic medication 18 15% 
 

14 18% 
 

0,70   

  Clinical 

characteristics 

     118      79     

  Crepitations 100 85% 
 

1 1% 
 

<0,001   

  Wheeze 84 71% 
 

1 1% 
 

<0,001   

  Respiratory distress 106 90% 
 

0 0% 
 

<0,001   

  Diarrhoea 13 11% 
 

23 30% 
 

0,001   

  Fever 95 81% 
 

44 56% 
 

<0,001   

  Investigations and therapy     118      79     

  Chest X-ray 

performed 

12 10% 
 

2 3% 
 

0,05   

  X-ray changes 

found* 

10 8% 
 

0 0% 
 

0,02   

  Oxygen support 70 59% 
 

1 1% 
 

<0,001   

  CPAP or Optiflow 16 14% 
 

0 0% 
 

0,001   

  NG feeding 64 54% 
 

10 13% 
 

<0,001   

  IV fluids 12 10% 
 

13 16% 
 

0,27   

  AB 17 14% 
 

31 39% 
 

<0,001   

  CS 2 2% 
 

0 0% 
 

0,52 
 

  Other AID 0 0% 
 

0 0% 
 

NA   

  Intensive care       118      79      

  PICU/NICU 6 5% 
 

0 0% 
 

0,08   

  Mechanical 1 1% 
 

0 0% 
 

1,00 
 

  ECMO 0 0% 
 

0 0% 
 

NA   

  Inotropic 0 0% 
 

0 0% 
 

NA   

   

Table 2A: General medical data from patient file. 

Categorical variables are presented as n (%) and p-values were based on Chi-Ssquare or Fisher-

exact test. NA = not applicable. *Radiographic changes compatible with bronchiolitis. 

Abbreviations: RX = chest radiograph; CPAP = continuous positive airway pressure; NG = 

nasogastric; AB = antibiotics; CS = corticosteroids; AID = anti-inflammatory drugs; ECMO = 

extracorporeal membrane oxygenation. 
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 449 

 Table 2B                   

    Case 

(n=118) 

Number  

of valid 

answers 

control 

(n=79) 

Number 

of valid 

answers 

p 

value 

  

  Reason of hospitalisation   118     79  <0,001   

  Bronchiolitis 118 100% 
 

0 0% 
  

  

  Non-resp. infection     
 

54 68% 
 

    

  Trauma     
 

4 5% 
 

    

  Observation     
 

11 14% 
 

    

  Convulsions     
 

3 4% 
 

    

  Hyperbilirubineamia     
 

3 4% 
 

    

  Other     
 

4 5% 
 

    

   

Comorbidities 

  

18  

 

15% 

 

118 

 

 13 

  

16% 

 

79 

 

 0,52 

  

  FTT 1 1% 
 

1 1% 
  

  

  premature 2 2% 
 

0 0% 
 

    

  CMPA 4 3% 
 

3 4% 
 

    

  cardiac 3 2% 
 

1 1% 
 

    

  metabolic 0 0% 
 

2 2% 
 

    

  recent infection 5 4% 
 

3 4% 
 

    

  UTI 0 0% 
 

2 2% 
 

    

  skin 1 1% 
 

1 1% 
 

    

  chromosomal 1 1% 
 

0 0% 
 

    

  lupus 1 1% 
 

0 0% 
 

    

   

Viral infection found  

 105 

89% 
 

118  

  

4 

  

5% 

 

79  

  

<0,001 

  

  Number of children tested 

RSV 

117 

96 

99% 

81% 

 
71 

0 

90% 

0% 

  
  

  SARS-CoV-2 0 0% 
 

2 2% 
 

    

  Parainfluenza 1 1% 
 

0 0% 
 

    

  other 2 2% 
 

1 1% 
 

    

  multiple 6 5% 
 

1 1% 
 

    

   

Table 2B: Reason of hospitalisation, comorbidities and viral screening. 

Categorical variables are presented as n (%) and p-values were based on Chi-Square or 

Fisher-exact test. Abbreviations: Non-resp. = non-respiratory infection (e.g. gastroenteritis, 

osteomyelitis…); FTT = failure to thrive; CMPA = cow milk protein allergy; UTI = urinairy 
tract infection; RSV = respiratory syncytial virus; SARS-CoV-2 = severe acute respiratory 

syndrome coronavirus 2.  
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 454 

 455 

 456 

 457 

 458 

 459 

 460 

 461 

 462 

 463 

 464 

 465 

 466 

 467 

 468 

 469 

 470 

 471 

 472 

 473 

 474 

 475 

 476 

 477 

 478 

 479 

 480 

 481 

 482 

 483 

 484 

 485 

 486 

 487 

 488 

 489 

 490 

 491 

 492 

 493 

 494 

 495 

 496 

 497 

 498 

 499 

 500 

 501 

 502 

 503 

 504 

 505 

 
Table 3   

Home 

    
 

Daycare 

  
  

  
Case  

(n=118) 

Control 

(n=79) 

p 

value 

 
Case  

(n=68) 

Control  

(n=36) 

p 

value 

  

 
PM2,5 (μg/m3) 

           
  

 
Day  0 15,28 10,2 14,48 9,6 0,58 

 
15,08 

10,1 
12,98 

9,1 
0,30   

 
Day -1 15,35 9,3 14,26 10,5 0,45 

 
15,32 

9,1 
13,55 

10,8 
0,38   

 
Day -2 14,27 7,7 13,18 10,0 0,39 

 
14,37 

9,4 
14,75 

12,9 
0,85   

 
Day -3 14,97 9,2 12,61 6,8 0,05 

 
15,03 

8,9 
13,58 

8,1 
0,42   

 
Day -4 14,48 9,8 12,97 7,2 0,25 

 
14,43 

9,8 
14,78 

8,4 
0,85   

 
Day -5 14,84 10,7 13,51 8,5 0,36 

 
13,21 

7,8 
13,83 

8,8 
0,71   

 
PM10 (μg/m3) 

 
 

 
 

   
 

 
 

 
  

 
Day  0 26,12 14,7 25,57 13,0 0,79 

 
26,12 

14,1 
23,24 

12,0 
0,30   

 
Day -1 26,21 13,6 24,93 14,3 0,53 

 
25,73 

12,4 
23,80 

14,7 
0,48   

 
Day -2 24,87 11,4 23,22 14,0 0,36 

 
25,00 

11,4 
24,80 

18,1 
0,95   

 
Day -3 26,01 13,6 21,94 9,4 0,01 

 
26,19 

14,2 
22,75 

11,6 
0,21   

 
Day -4 24,79 13,3 21,77 8,7 0,06 

 
24,86 

14,0 
23,53 

9,9 
0,61   

 
Day -5 25,43 14,5 23,00 11,7 0,20 

 
23,94 

12,5 
22,93 

12,0 
0,69   

 
BC (μg/m3) 

 
 

 
 

   
 

 
 

 
  

 
Day  0 0,77 0,48 0,85 0,54 0,25 

 
0,80 

0,79 
0,77 

0,82 
0,82   

 
Day -1 0,82 0,51 0,81 0,41 0,93 

 
0,89 

0,59 
0,75 

0,57 
0,24   

 
Day -2 0,77 0,41 0,84 0,64 0,35 

 
0,81 

0,48 
0,93 

0,82 
0,43   

 
Day -3 0,84 0,59 0,75 0,47 0,29 

 
0,89 

0,59 
0,84 

0,57 
0,74   

 
Day -4 0,83 0,57 0,74 0,35 0,20 

 
0,86 

0,58 
0,79 

0,38 
0,51   

 
Day -5 0,85 0,65 0,78 0,45 0,42 

 
0,81 

0,60 
0,75 

0,42 
0,58   

 
NO2 (μg/m3) 

 
 

 
 

   
 

 
 

 
  

 
Day  0 23,39 10,8 22,35 11,3 0,52 

 
23,24 

10,4 
19,98 

9,7 
0,13   

 
Day -1 22,87 10,6 21,43 11,4 0,37 

 
23,95 

10,3 
19,47 

10,2 
0,04   

 
Day -2 22,70 9,9 21,34 11,8 0,39 

 
24,04 

11,5 
20,76 

12,3 
0,18   

 
Day -3 23,61 10,4 20,52 11,6 0,04 

 
25,16 

12,9 
21,08 

11,6 
0,12   

 
Day -4 23,44 9,9 20,29 10,2 0,03 

 
24,01 

11,4 
20,77 

10,3 
0,16   

 
Day -5 24,02 11,2 21,31 10,1 0,09 

 
23,69 

11,2 
19,48 

8,5 
0,05   

 
Table 3:  Day to day air pollution at both home address and daycare address. 

Continuous variables are presented as means (SD) and their p-values were calculated by T-tests 

. 
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  Table 

4A  

  

Home 

           

Daycare  

          

              

    Case  

(n=118) 

Control 

(n=79) 

p  

value 

 
Case  

(n=68) 

Control 

(n=36) 

p 

valu

e 

 

    
            

  PM 2,5 15,59 2,22 13,9

8 

2,41 <0,001 
 

15,51 2,17 14,0

1 

2,38 0,00

2 

 

  PM 10 26,71 3,65 24,1

8 

3,95 <0,001 
 

26,57 3,49 23,8

2 

4,21 0,00

1 

 

  BC 0,90 0,19 0,83 0,20 0,01 
 

0,92 0,21 0,84 0,25 0,09 
 

  NO2 24,52 5,43 21,9

2 

6,70 0,01 
 

24,97 5,45 20,8

3 

6,35 0,00

1 

 

  

  

  

 

Table 4A: Average air pollution during the 31 days before admission to the hospital. 

All pollutants (in μg/m3) are calculated as the mean of the 31 days before hospitalisation. 

Variables are presented as mean (SD) and p-values were based on t-tests.   

  

  

  

 506 

 507 

 508 

 509 

 510 

 511 

   Table 4B  

Composite value* 

    Case (n=118) Control (n=79) p  

value 

  PM 2,5 15,50 2,43 13,97 2,42 <0,001 

  PM 10 26,55 4,02 24,14 3,96 <0,001 

  BC 0,90 0,19 0,83 0,20 0,018 

  NO2 24,45 5,57 21,85 6,45 0,003 

   

Table 4B: Average composite air pollution* during the 31 days before admission to the 

hospital. 

All pollutants (in μg/m3) are calculated as the mean of the 31 days before hospitalisation. Variables 

are presented as mean (SD) and p-values were based on t-tests.   

* The composite variable = 1/3 of the value in daycare + 2/3 of the value at home (in case the child 512 

goes to daycare) and 100% the value at home when the child is only taken care of at home 513 

 514 

 515 

 516 

 517 

 518 

 519 

 520 

 521 

 522 

 523 

 524 

 525 
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Table 5. Adjusted Odds Ratios (aOR) to be hospitalized for bronchiolitis for an interquartile 526 

range (IQR) increase**** of PM2.5, retained in a multivariable logistic regression model with 527 

average PM2.5 levels in the 31 days before admission at home (N cases = 118; N controls = 79) and 528 

in daycare (N cases = 68; N controls = 36).* 529 

 TIME-ADJUSTED MODEL ** 

 aOR 

(95%CI)  

average  

at home 

aOR  

(95%CI)  

average  

daycare 

aOR 

(95%CI) 

Composite  
*** 

PM2.5  1.54  

(0.51–4.65) 

p=0.44 

2.43  

(0.58–10.1) 

p=0.22 

1.57 

(0.51–4.78) 

p=0.43 

Nagelkerke R2 for the time-adjusted model = 0,23 (at home) and 0,13 (in daycare). 530 

 531 

 532 

 533 

 534 

 535 

Table 6. Adjusted Odds Ratios (aOR) to be hospitalized for bronchiolitis for an interquartile 536 

range (IQR) increase of PM10, retained in a multivariable logistic regression model with average 537 

PM10 levels in the 31 days before admission at home (N cases = 118; N controls = 79) and in 538 

daycare (N cases = 68; N controls = 36).* 539 

 TIME-ADJUSTED MODEL ** 

 aOR 

(95%CI)  

average  

at home 

aOR  

(95%CI)  

average  

daycare 

aOR 

(95%CI) 

Composite  
*** 

PM10  2.69  

(0.94–7.69) 

p=0.065 

5.13  

(1.24–21.28) 

p=0.024 

2.92 

(0.99–8.62) 

p=0.051 

Nagelkerke R2 for the time-adjusted model = 0,25 (at home) and 0,19 (in daycare). 540 

 541 

 542 

 543 

 544 

 545 

Table 7. Adjusted Odds Ratios (aOR) to be hospitalized for bronchiolitis for an interquartile 546 

range (IQR) increase of NO2, retained in a multivariable logistic regression model with average 547 

NO2 levels in the 31 days before admission at home (N cases = 117; N controls = 79) and in 548 

daycare (N cases = 68; N controls = 36).* 549 

 TIME-ADJUSTED MODEL ** 

 aOR 

(95%CI)  

average  

at home 

aOR  

(95%CI)  

average  

daycare 

aOR 

(95%CI) 

Composite  
*** 

NO2  

 

1.26 

(0.69–2.28) 

p=0.45 

3.88  

(1.56–9.61) 

p=0.003 

1.41 

(0.77–2.57) 

p=0.27 

Nagelkerke R2 for the time-adjusted model = 0,21 (at home) and 0,23 (in daycare). 550 

 551 

 552 

 553 

 554 
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Table 8. Adjusted Odds Ratios (aOR) to be hospitalized for bronchiolitis for an interquartile 555 

range (IQR) increase of BC, retained in a multivariable logistic regression model with average 556 

NO2 levels in the 31 days before admission at home (N cases = 117; N controls = 79) and in 557 

daycare (N cases = 68; N controls = 36).* 558 

 TIME-ADJUSTED MODEL ** 

 aOR 

(95%CI)  

average  

at home 

aOR  

(95%CI)  

average  

daycare 

aOR 

(95%CI) 

Composite  
*** 

BC 

 

1.13  

(0.58–2.22) 

p=0.71 

2.05  

(0.83–5.08) 

p=0.12 

1.21 

(0.62–2.36) 

p=0.58 

Nagelkerke R2 for the time-adjusted model = 0,21 (at home) and 0,13 (in daycare). 559 

 560 

 561 

 562 

 563 

Legend for Tables 5-8: 564 

* Covariates used in the general model were possible confounders with a bivariate p-value <0.15: 565 

paternal education level and the average daily temperature in the 31 days prior to hospitalization 566 

** Because more cases than controls were included in ‘high pollution months’, we used a time-adjusted 567 

analysis not only taking into account paternal education and daily temperature, but also the date of 568 

hospitalisation (transformed into a categorical variable) as a confounder. 569 

*** The composite variable = 1/3 of the value in daycare + 2/3 of the value at home (in case the child 570 

goes to daycare) and 100% the value at home when the child is only taken care of at home 571 

**** The interquartile ranges were 4.2 (3.8 in daycare) μg/m3 for PM2.5, 6.5 (6.0 in daycare) μg/m3 for 572 

PM10, 0,27 (0.26 in daycare) μg/m3 for BC and 9.6 (9.4 in daycare) μg/m3 for NO2. 573 

 574 

 575 

 576 

 577 

 578 

 579 

 580 

 581 

 582 

 583 

 584 

 585 

 586 

 587 

 588 

 589 

 590 

 591 

 592 

 593 

 594 

 595 

 596 

 597 

 598 

 599 

 600 

 601 
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 602 

Figures 603 

 604 

 605 

Figure 1. Cumulative percentage * of inclusions (cases vs. control) according to date of admission. 606 
** 607 

 608 

 609 

 610 

* The absolute amount of cases included per month was always higher than the absolute amount of 611 

controls included (because of logistical reasons – see text). In the beginning of the inclusion period, the 612 

cumulative percentage of cases included was relatively low, while this became higher around the 613 

month of March, corresponding to the exceptional RSV peak in ‘bronchiolitis season 2020-2021’ 614 

(disturbed by ‘non-pharmaceutical interventions’ for the COVID-19 pandemic – see ‘Figure 2’) 615 

** After June 1st only 19 more inclusions were done. All were controls. Because seasonal pollution 616 

values are lower this time of the year; we included a time-adjusted model in order to prevent an 617 

overrepresentation of controls with lower pollution data. 618 

 619 

 620 

 621 

 622 

 623 

 624 

 625 
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 626 

Figure 2. Number of RSV infections (as main cause of bronchiolitis) in Belgian reference centres 627 

in previous years and the year of inclusion. 628 

 629 

* The 2020-2021 RSV season was exceptional because of ‘non-pharmaceutical interventions’ for the 630 

COVID-19 pandemic.[7, 14] The RSV peak moment (in which we included most cases) coincided with 631 

the ‘spring smok peak,’ a period with (especially) higher secondary PM concentrations – see ‘Figure 632 

1’. This made the interpretation of our data more difficult. 633 

 634 

 635 

 636 

 637 

 638 

 639 

 640 

 641 

 642 

 643 

 644 

 645 

 646 

 647 

 648 

 649 

 650 

 651 
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 652 

ADDENDUM TO BRONCHIOLAIR STUDY 653 

 654 

Questionnaire ‘BronchiolAir’    655 

 656 

1. What is your exact address? (street, number and postal-code): 657 

…………………………………………………………………… 658 

 659 

2. Where is your child during the day? At home or daycare?  660 

(e.g. ‘grandparents’ or ‘neighbors’ can be listed as daycare) (max. 1 answer!) 661 

 Home   Daycare or other 662 

 663 

What is the exact address of daycare? (street, number and postal-664 

code)   665 

…………………………………………………………………… 666 

 667 

3. Did you move to a new home/location in the last 2 years?  668 

 Yes   No 669 

 670 

If yes, what was your previous address? (street, number and 671 

postal-code): 672 

…………………………………………………………………… 673 

 674 

4. What is the age of both parents?  675 

….. (Mother) and ….. (father of co-parent) in years 676 

 677 

5. What is the occupation of the mother? (max. 1 answer!) 678 

 Laborer (blue collar)  Servant (white collar) 679 

 Middle class 680 

 Upper class  Self-employed 681 

 682 

6. What is the occupation of the father or co-parent? (max. 1 anwer!) 683 

 Laborer (blue collar)  Employee (white collar) 684 

 Middle management 685 

 Upper management  Self-employed 686 

 687 

7. What is the highest level of education of the mother?  688 

 Primary school  Lower secondary school 689 

 Higher secondary  Higher education (short type)  690 

 Higher education (long type) 691 

 692 
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8. What is the highest level of education of the father or co-693 

parent?  694 

 Primary school  Lower secundary  695 

 Higher secundary  Higher education (short)  696 

  Higher education (long type) 697 

 698 

9. Does one or both of the parents smoke?   699 

 Yes   No 700 

 701 

10. Do people smoke inside the house?    702 

 Yes   No 703 

 704 

11. Did the mother smoke during pregnancy?   705 

 Yes   No 706 

 707 

12. Was your child breastfed? If yes, for how long?  708 

 No   <1month   1-3months 709 

  710 

 3-6months    >6 months 711 

 712 

13. Does the mother have a migration background? 713 

(e.g. is one of the grandparents not born in Belgium?)   714 

 Yes   No 715 

 716 

14. Does the father or co-parent have a migration background? 717 

(e.g. is one of the grandparents not born in Belgium?)  718 

 Yes   No 719 

 720 

15. Do you use a woodstove at home? 721 

 Yes   No` 722 

 723 

16. Do you use a gas stove at home? 724 

 Yes   No 725 

 726 

17. How do you travel with your child?  727 

 car   bike  on foot 728 

 public transport    729 

 730 

18. What is the distance between home and daycare? 731 

 <1km   1-5km   5-20km 732 

 >20km 733 

 no daycare 734 

 735 
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19. How many siblings (bothers or sisters) does the child have?  736 

….. (answer with a number) 737 

 738 

20. How many other people (apart from siblings) live in your 739 

home? 740 

(e.g. parents or other family) ….. 741 

 742 

21. Does your child have any congenital syndrome / disease? 743 

 Yes   No 744 

 745 

If yes, please describe shortly: …………………………. 746 

 747 

 748 

 749 

 750 

 751 

 752 

 753 

 754 

 755 

 756 

 757 

 758 

 759 

 760 

 761 

 762 

 763 

 764 

 765 

 766 

 767 

 768 

 769 

 770 

 771 

 772 

 773 

 774 
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