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Abstract

Background: Asthma exacerbations, a common reason for Pediatric Emergency Department (PED) referral, can be triggered

by multiple factors, including infections, air pollution and allergens. Lockdown measures and other public health interventions

during the SARS-CoV-2 pandemic determined radical changes to behavioral and social habits, that were reflected by a reduction

in the transmission of all respiratory pathogens and in the emissions of relevant air pollution anthropogenic sources. Objective:

This study aims to describe how restrictions during SARS-CoV-2 pandemic impacted the PED referral for asthma exacerbations

and their potentially associated environmental triggers in densely populated urban areas. Methods: PED referrals for acute

asthma from 2015 to 2020 were compared to air pollution and pollen data. To this purpose, historical daily concentration

records of PM2.5, PM10 (including specific chemical tracers), as well as NO2, C6H6, tree, grass and weed pollen were analyzed.

Results: In 2020, asthma-related PED referrals decreased up to 85%, compared to the average referral rate of the previous 5

years (P<0.01). The drastic drop in PED referrals was associated with a reduction of high-priority cases by 50-60%, unlike

PED referrals for overall diagnoses, showing a larger contribution for severe outcomes. A concomitant diminished contribution

of traffic-related air pollution was shown. Conclusions: The lower rate of asthma exacerbations in childhood can be related

to synergic interactions of the multiple effects of lockdown measures which induced lower viral infection rates and decreased

exposure to outdoor allergens. The reduction of traffic-related air pollution determined a weakening of inflammatory properties

of urban PM.
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Abstract

Background: Asthma exacerbations, a common reason for Pediatric Emergency Department (PED) refer-
ral, can be triggered by multiple factors, including infections, air pollution and allergens. Lockdown measures
and other public health interventions during the SARS-CoV-2 pandemic determined radical changes to be-
havioral and social habits, that were reflected by a reduction in the transmission of all respiratory pathogens
and in the emissions of relevant air pollution anthropogenic sources.

Objective: This study aims to describe how restrictions during SARS-CoV-2 pandemic impacted the PED
referral for asthma exacerbations and their potentially associated environmental triggers in densely populated
urban areas.

Methods: PED referrals for acute asthma from 2015 to 2020 were compared to air pollution and pollen
data. To this purpose, historical daily concentration records of PM2.5, PM10 (including specific chemical
tracers), as well as NO2, C6H6, tree, grass and weed pollen were analyzed.

Results: In 2020, asthma-related PED referrals decreased up to 85%, compared to the average referral rate
of the previous 5 years (P <0.01). The drastic drop in PED referrals was associated with a reduction of
high-priority cases by 50-60%, unlike PED referrals for overall diagnoses, showing a larger contribution for
severe outcomes. A concomitant diminished contribution of traffic-related air pollution was shown.

Conclusions: The lower rate of asthma exacerbations in childhood can be related to synergic interactions
of the multiple effects of lockdown measures which induced lower viral infection rates and decreased exposure
to outdoor allergens. The reduction of traffic-related air pollution determined a weakening of inflammatory
properties of urban PM.

List of abbreviations:

Arpae : Agency for Prevention, Environmental and Energy of Emilia-Romagna (Italy)

BC : Black carbon (PM chemical component)
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. C6H6 : Benzene (gaseous air pollutant)

COVID-19 : Coronavirus disease-2019

IOP : Intensive observation periods

Lockdown-1 : The first lockdown period in Italy from March 9th to May 3rd in 2020 and continued with
less restrictions until the end of May

Lockdown-2 : The second (moderate) lockdown period in Italy from October 13th to the end of 2020 and
continued in 2021 with restrictive measures varying according to the local trend of infections

NO2 : Nitrogen oxide (gaseous air pollutant)

O3 : Ozone (gas air pollutant)

PED : Pediatric Emergency Department

PM : Particulate matter

PM10 : Particulate matter smaller than 10 microns

PM2.5 : Particulate matter smaller than 2.5 microns

SARS-CoV-2 : Severe acute respiratory syndrome-coronavirus-2

SSOU : Short-stay clinical observation unit

TRAP : Traffic-related air pollution

TRAP contribution tracer: It represents the relative abundance of the mass fragment at m/z 57 over
the total organic PM1 mass spectrum as measured by HR-ToF-AMS

WHO : World Health Organization

1. Introduction

Several studies reported an overall decrease in the number of Pediatric Emergency Department (PED)
admissions in 2020 during lockdown periods related to social measures adopted to limit spreading of SARS-
CoV-2 pandemic, including a marked reduction of asthma referrals1,2. This led to a growing interest in
determining to what extent these life-style changes might have influenced asthma triggers3–5.

Asthma is a multi-factorial airways disease: in predisposed people, exposure to respiratory infections, air
pollution and allergens may trigger asthma exacerbations6,7. Infections are the main triggers of acute bron-
chospasm in children of any age, especially in the preschoolers8,9. Sensitization to environmental allergens,
such as pollen, is reported as a further important risk factor for the development of asthma exacerbations10.

Regarding the role of air pollution, most studies reported how particulate matter smaller than 2.5 microns
and 10 microns (PM2.5, PM10) and the co-emitted gaseous pollutants (NO, NO2, O3) can induce airway
inflammation, hyper-responsiveness and oxidative injury to the airways, which can lead to asthma11. How-
ever, even if the international air quality standards for atmospheric particulate matter (PM) are based on
total mass concentrations, the World Health Organization (WHO) acknowledges that not every PM chemical
component is equally important in causing airways disease12. Research on this issue is mostly focused on
traffic-related air pollution (TRAP) and has provided evidence of the links between adverse health effects and
PM chemical composition11,13–15. Urban anthropogenic PM presents a three-fold higher oxidative potential
per unit of PM mass concentration than rural PM16.

In this observational retrospective cross-sectional study, we aimed to identify how asthma-related referrals
in children were affected by the restrictive measures during the entire 2020, in relation to the main features
of potentially associated environmental triggers, i.e. air pollution and pollen. The selected urban area of
Bologna, in Northern Italy, represents an important population basin of about 400000 inhabitants and can
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. be considered an ideal setting for this study as it is one of the areas more dramatically hit by the pandemic,
and also well-known for a high prevalence of respiratory disease and for being one of the main air quality
European hotspot, characterized by PM levels well above the limit set by the European Air Quality Directive
and by the WHO.

2. Methods

2.1 Air pollution

Daily ground level mass concentrations of PM10 and PM2.5 and gaseous pollutants (NO2, C6H6), as routinely
measured by the air quality monitoring program of the Agency for Prevention, Environmental and Energy
(Arpae) network, are considered. Measurements cover the time period from January 1st, 2015 to December
31st, 2020 and were recorded at the urban background site and the urban traffic site. The choice of the urban
background site is aimed at maximizing the representativeness of population exposure at the urban scale.
On the contrary, the traffic site is useful to better highlight changes in emission rates of local traffic-related
sources.

Two independent additional measurements, not available for routine air quality monitoring are used as ancil-
lary data to highlight specific chemical features of PM composition, tracing the contribution of combustion
PM sources and TRAP, associated with asthma disease in other studies13,15. The first one is f57, deriving
from data analysis of the mass spectra of non-refractory submicron particle and representing the relative
abundance of the mass fragment at m/z 57 over the total organic PM1 particles (PM less than 1 micron:
fine and ultrafine particles) mass spectrum. f57 is commonly used as a spectral tracer for the contribution
of PM emitted from fossil fuel combustion and it is mostly attributed to traffic-related sources in urban
environment17,18. For this reason it is indicated from hereafter as the TRAP contribution tracer. Data were
obtained online by a High-Resolution Time-of-Flight Aerosol Mass Spectrometer19 and refer to measurements
during the lockdown period in 2020 and from eight intensive observation periods carried out from November
2011 to May 2014, representative of a wide spectrum of seasonal conditions20. The second additional mea-
surement is the black carbon (BC) fraction of PM, sometimes defined as soot, a major component of PM,
emitted through incomplete combustion of fossil fuels and biomass, representing a known tracer of the main
anthropogenic sources concentrated in urban areas, including heating and transport. Hourly concentrations
are used as quantified from a MetOne (single-wavelength at 880nm) run during the time period January-May
in 2019 and 2020.

2.2 Pollen data

Daily concentrations of Compositae : mugwort (Artemisia ) and Urticaceae (Parietaria ), tree (birch) and
grass pollen were analyzed for the time period January 1st, 2015 to December 31st, 2020. These four species
were selected as the most relevant allergens for the study area (Central-Southern Europe).

2.3 Study population

Files of children evaluated for “acute asthma”, “bronchospasm”, or “wheezing bronchitis” from January 1st,
2015 to December 31st, 2020, in the PED of Sant’Orsola University Hospital of Bologna were retrospectively
revised. The triage acuity, defined by a 4-colour scale and divided into low-priority (white and green) and
high-priority (yellow and red) codes, and the outcome (discharge, admission to the Short Stay Observation
Unit, SSOU, or to the ward) were also considered.

2.4 Statistical data analysis

Normality of data distributions were examined with the Kolmogorov-Smirnov test. Continuous variables
are expressed as mean ± SD or median with interquartile range as appropriate, and categorical variables
are expressed as a percentage. For the continuous variables, comparisons between two groups were made
using t-tests while for 3 or more groups with ANOVA and Bonferroni test for multiple comparisons. All the
analyses were conducted in SPSS version23 [SPSS Inc., Chicago, IL, USA], Microsoft Windows version, and
P [?] 0.05 from 2-sided tests was considered statistically significant.
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. Ethical Statement

This retrospective chart review study involving human participants was in accordance with the ethical
standards of the institutional and national research committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards. The study was approved by the local Ethical
Committee (protocol number 177/2021/Oss/AOUBo).

3. Results

3.1 Air pollution

In Figure 1 and 2, the timeseries observed in 2020 is compared to the multiannual timeseries of daily mass
loading for PM2.5and PM10 and for the gaseous pollutants NO2 and C6H6, measured at the urban background
site and the urban traffic site identified above.

Air pollutants behavior reflects seasonal and interannual fluctuation in emission rates and climatological
drivers. A detailed analysis of all these factors is beyond the scope of this work. For the purpose of this
paper, we limited to exemplify changes in specific air pollution patterns that might have affected population
exposure at the urban scale of Bologna.

Focusing on the first period of lockdown, March-May 2020 (lockdown-1), gaseous pollutants were strikingly
reduced: NO2concentrations in 2020 decreased on average by 43% and 46% (P <0.01) at the urban back-
ground and urban traffic sites, respectively; and C6H6, only measured at the urban traffic site, decreased
by 53% (P <0.01). When compared to historical levels, the differences of both gaseous pollutants gradually
attenuated in late spring and summer, partially reflecting the slow, although not complete, return to regular
activities that occurred in late-spring and summer. With the second outbreak, these divergences reappeared
as a consequence of the new measures during the second (moderate) lockdown period from mid-October to
December 2020 (lockdown-2), although those measures were less restricting than during lockdown-1.

In contrast, no significant impact of the lockdown measures is evidenced on the mass loading of PM10 and
PM2.5, both at the urban background and traffic sites, consistently with other European cities21.

Despite the lack of evidence of reduction of the mass loading of PM10 and PM2.5, considering PM chemical
composition, clear signals of reduced TRAP are observed. Figure 3A shows the contribution of BC mass to
PM2.5 mass in 2019 vs 2020 (March to May). The average relative contribution of BC to PM2.5 significantly
decreased from 11% to 6% (P <0.01). This is in line with a recent study reporting, for Europe, a more
pronounced reduction of BC concentrations in the range of 20-40% during lockdown events in those countries
that suffered more dramatically from the pandemic (e.g. Italy)22.

Accordingly, Figure 3B shows the TRAP contribution tracer, by comparing the measurements carried out
during lockdown-1 with those one corresponding to intensive observation periods (IOPs) during previous
years, covering a wide spectrum of seasonal conditions. The TRAP contribution tracer evidenced a marked
decline up to 50% in 2020 with respect to previous IOPs (P <0.01).

3.2 Pollen

The main pollen plumes in 2020 were compared to the previous years to detect any significant variation. No
remarkable variation beyond their interannual fluctuation was observed during lockdown periods (data not
shown).

3.3 Asthma

Given non-significant variations within the selected reference period 2015-2019 by comparing, month by
month, every year to each other, daily PED referrals for asthma in 2020 were compared to the previous 5
years grouped together. Table 1 shows the average daily acute asthma referrals to our PED on a monthly
basis.
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. During lockdown-1, the total acute asthma referrals decreased abruptly by 85% compared to the same period
in the previous 5 years (total referrals were 16, compared to a mean of 108 +- 11 in the years 2015-2019,
P<0.01 ). In the following months (from May 4th to the end of July) asthma-related PED referrals showed a
similar decrease by 80% (20 vs 98 +- 15,P<0.01 ), followed by a reduction by 44%, and 51% in concomitance
with the peak usually reported at the end of summer and early autumn, and later on during lockdown-2,
respectively.

As compared to the 2015-2019 reference years, in 2020 an overall 40% decrease of asthma-related PED refer-
rals was observed. Remarkably, the decrease in overall asthma referrals was associated with the concomitant
reduction in high-priority codes, being more evident during lockdown-1 (Figure 4).

Outcomes of asthma-related PED referrals are displayed in Figure 5. Hospital admissions in 2020 were
higher in the pre-pandemic period and remarkably dropped during lockdown-1 and the following months;
none was registered in April, May, June and August. A reduction in the use of SSOU was observed during
the pandemic, except for August, presenting an increase in the total referrals and SSOU utilization.

4. Discussion

Our findings show that in 2020, during the first and second outbreak of SARS-CoV-2 across Northern
Italy, overall childhood asthma exacerbations were inhibited, as compared to the same calendar period of
the previous 5 years: during lockdown-1, PED referrals incurred a significant decline by 85%, and in the
following months by 80%, reflecting the slow, although incomplete return to almost regular activities during
summer. An increase in PED referrals for acute asthma re-started in August, continued in September,
with a peak in October, anticipating the so-called “September asthma epidemics”, the common burst of
exacerbations generally observed with the start of the school year and due to a combination of infectious,
allergic, environmental, and climatic triggers23. The peak in October was less pronounced than the previous
years and this decreasing trend continued in November and December, when only 8 asthma referrals were
registered, likely reflecting the strict hygiene measures and social distancing adopted as a consequence of
lockdown-2. We also observed a prevalent reduction trend of hospital admissions and short-stay observations
during the pandemic.

Our PED and many others, reported a substantial activity decrease by ca. 70-80% during lockdown-1, with
drastic reductions in referrals for a wide spectrum of diagnoses1,2. In other studies, this was attributed
to the introduction of new guidance for primary care (e.g. phone selection triage procedure, more tele-
health) and fear of exposure to SARS-CoV-2 infection, leading to higher risk of severe illness from delayed
diagnosis1,2,24. In contrast, the reduction of PED referrals for asthma exacerbations was associated with a
significant reduction by 50-60% of high-priority cases, thus, the reluctance to seek hospital care cannot be
the only explanation. A major role is likely played by a combination of factors.

As reported in other studies, social distancing and stepped-up hygiene measures determined a concomitant
reduction in the diffusion of respiratory pathogens, leading to decreased respiratory tract infections3,25–27.
Moreover, the feeling of the emergency period might have enhanced adherence to controller medications
among asthmatic population27,28.

In addition, the reduced exposure to environmental factors – i.e. air pollution and pollen - may have played a
role in the “anomalous” pattern of asthma exacerbations in 2020. With regard to changes in air quality during
the pandemic, the gaseous pollutants NO2and C6H6, generally associated with fossil fuel combustion and
directly correlated with vehicular traffic in urban context, showed substantially decreased concentrations
during lockdown periods. In densely populated areas, this clearly mirrored a reduction of traffic-related
sources in concomitance with the restrictive measures, consistent with observations at a larger scale in Italy
and mobility drop of 75%29.

Unlike NO2 and C6H6, PM mass concentration was not significantly affected by lockdown measures. This
can be explained by the complex emission patterns of PM in urbanized environment, encompassing both
natural and anthropogenic, primary and secondary sources, thus leading to mass concentrations driven to a

6
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. large extent by non-urban and non-traffic sources20. By contrast, a substantial reduction in the contribution
of specific chemical components of traffic-related PM was clearly shown during lockdown-1, i.e. black carbon
(BC) and the TRAP contribution tracer.

It is worth noting that traffic-related PM may gain relevance per unit mass of PM because of its higher
oxidative potential and smaller size, leading to deposition in the deepest tracts of respiratory system16.
Thus, these observations point to PM less enriched in ultrafine particles and those co-emitted components
and micropollutants (e.g. BC, heavy metals and polycyclic aromatic hydrocarbons), which are recognized as
specific asthma triggers, able to drive a cascade of pro-inflammatory and oxidative responses that increase
the risks of acute pulmonary diseases30. This effect was likely amplified by less time spent outdoor and
less movements during traffic rush-hours, reducing risk associated with proximity of children to strong local
sources (exhaust and non-exhaust vehicular traffic). Moreover, a higher impact is expected in inner-city
urban areas, where vehicular traffic presents a higher share of emissions. This evidence would suggest the
recommendation for adopting more specific chemical tracers as air quality indicators, to elucidate associations
between air pollution and respiratory diseases, despite the commonly used PM mass concentration.

On the contrary, pollen emissions are not impacted by changes in human behaviors and social restrictions,
deriving from known natural sources. Indeed, during lockdown periods, pollen emissions did not present
substantial variations beyond their interannual variability. However, the restrictive measures likely influenced
exposure profiles of children in other ways, such as by reducing exposure to outdoor seasonal allergens.

In conclusion, several factors may explain the substantial decrease in the number of acute asthma PED
referrals during the SARS-CoV-2 pandemic in 2020, with the concomitant reduction of high-priority codes.
The restrictive measures adopted to limit the pandemic entailed a reduced exposure to viruses, outdoor
environmental allergens, and air pollution, the latter notably exhibiting weakened inflammatory/oxidative
properties.

Further investigations are needed to clarify in a more quantitative manner the role of each confounding
trigger, driving synergistically variation in the clinical course of asthma. However, due to the peculiarity of
the lockdown periods, which acted as a big experiment of anthropogenic air pollution cleansing and radical
changes of human lifestyle, this study represented a unique opportunity to observe these hypotheses using real
data from a severely SARS-CoV-2 affected urban area, reflecting what occurred in many densely populated
areas around the world.
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