Environmental Research 198 (2021) 111197

environmental,
[ESCClER

Contents lists available at ScienceDirect

Environmental Research

journal homepage: www.elsevier.com/locate/envres

ELSEVIER

t.)

Check for

COVID19 outbreak in Lombardy, Italy: An analysis on the short-term e
relationship between air pollution, climatic factors and the susceptibility to
SARS-CoV-2 infection

b
)

Angela Stufano %1 Stefania Lisco ™', Nicola Bartolomeo ¢, Antonella Marsico
Guglielmo Lucchese 4 Hamidreza Jahantigh “, Leonardo Soleo 4 Massimo Moretti ”,
Paolo Trerotoli ©, Giuseppe De Palma °, Piero Lovreglio ™

2 Interdisciplinary Department of Medicine - Section of Occupational Medicine, University of Bari, Bari, Italy

Y Department of Earth and Geo-environmental Sciences, University of Bari, Bari, Ttaly

¢ Department of Biomedical Sciences and Human Oncology, School of Medicine, University of Bari, Bari, Italy

d Department of Neurology, Medical University of Greifswald, Greifswald, Germany

€ Department of Medical and Surgical Specialties, Radiological Sciences and Public Health, Section of Public Health and Human Sciences, University of Brescia, Brescia,
Italy

ARTICLE INFO ABSTRACT

Keywords: Short-term exposure to air pollution, as well as to climate variables have been linked to a higher incidence of
COVID19 respiratory viral diseases. The study aims to assess the short-term influence of air pollution and climate on
SARS-CoV-2

COVID19 incidence in Lombardy (Italy), during the early stage of the outbreak, before the implementation of the
lockdown measures. The daily number of COVID19 cases in Lombardy from February 25th to March 10th’ 2020,
and the daily average concentrations up to 15 days before the study period of particulate matter (PM;o, PM3 5),
03, SO, and NO, together with climate variables (temperature, relative humidity — RH%, wind speed, precip-
itation), were analyzed. A univariable mixed model with a logarithm transformation as link function was applied
for each day, from 15 days (lagl5) to one day (lagl) before the day of detected cases, to evaluate the effect of
each variable. Additionally, change points (Break Points-BP) in the relationship between incident cases and air
pollution or climatic factors were estimated. The results did not show a univocal relationship between air quality
or climate factors and COVID19 incidence. PM;g, PM> 5 and O3 concentrations in the last lags seem to be related
to an increased COVID19 incidence, probably due to an increased susceptibility of the host. In addition, low
temperature and low wind speed in some lags resulted associated with increased daily COVID19 incidence. The
findings observed suggest that these factors, in particular conditions and lags, may increase individual suscep-
tibility to the development of viral infections such as SARS-CoV-2.

Respiratory virus infection
Air pollution
Climate

1. Introduction Bergamo, Cremona and Lodi (Cereda et al., 2020).

SARS-CoV-2 infection spreads by human-to-human contact, mainly

On the 20th of February, a man from the Lodi province (southern
Lombardy) was the first known confirmed Italian case of infection by
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). In the
following 20 days, cases in Lombardy rapidly rose, making the region
the centre of the Italian Coronavirus Disease 2019 (COVID19) outbreak.
At the same time, the uneven geographical distribution repeated itself
also within Lombardy, with the disease clustering in the Provinces of

through respiratory droplets and the contact with contaminated sur-
faces, although airborne transmission is considered possible in closed
environment spaces (Young et al., 2020). Areas with greater density
population, therefore, could be at higher risk of contagion. Lombardy is
characterized by very large urban areas, and ranks among the most
polluted areas of Europe due to unfavorable geographical position,
climate characteristic, land use, and emission sources (Carugno et al.,
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2018). Particularly, the Po river basin, which crosses the entire region, is
characterized by a wind speed among the lowest in Europe, causing
frequent phenomena of thermal inversion and trapping of smog and
pollution close to the ground.

Previous studies showed that long- and short-term exposure to air
pollution, including air particulate and gas pollutants, could be linked to
a higher incidence of respiratory viral diseases (Carugno et al., 2018;
Chen et al.,, 2010). While the presence of pathogenic viruses in the
composition of particulate matter seems to be excluded, air pollution
might promote airborne viral infections by other means, for instance
affecting the host-immune system by reducing the airways macrophage
response and boosting pro-inflammatory cytokines production (Becker
and Soukup, 1999; Vandini et al., 2013). Additionally, respiratory viral
infections could be influenced by the climate variables, such as tem-
perature, humidity, precipitation, and wind speed, that appear to affect
both virus infectivity and stability, and the host defenses, like muco-
ciliary clearance (Sooryanarain and Elankumaran, 2015; Sundell et al.,
2016).

The analysis of the influence of air quality and climate variables on
the infection by SARS-CoV-2, however, showed controversial results in
the previous studies, also for the presence both of methodological lim-
itations and of several confounding factors (human interactions, lock-
down measures, international travels, etc.) (Villenueve and Goldberg,
2020; Heederick et al., 2020; Ricco et al., 2020).

The aim of this retrospective population-based observational study is
to assess the short-term relationship between air pollution or climatic
factors and the COVID19 incidence in Lombardy, during the early stage
of the outbreak.

2. Methods
2.1. Cases

The total daily numbers of new COVID19 confirmed cases for each
province of Lombardy was retrieved from the website of the ‘Diparti-
mento di Protezione Civile’ (Italian civil defense body) (CPD, 2020). The
examined period spanned from February 25th (the second day of social
containment measures in Lombardy, including the suspension of public
and didactic activities and social gatherings across the entire region, but
no other restrictions of outdoor activities, except for few municipal
areas, so-called “Red Zones”, applying lockdown) to March 10th (24 h
after the extension of the lockdown to the entire Country). This time
span allowed to examine the spread of the virus right before the appli-
cation of strict containment measures.

A confirmed case was defined as an individual with positive SARS-
CoV-2 RT-PCR, targeting different viral genes (envelope protein - E,
and RNA-dependent RNA polymerase- RdR), irrespective of clinical
signs and symptoms (Cereda et al., 2020). In accordance with WHO
suggestions, the diagnosis was simultaneously confirmed by at least two
RT-PCR assays performed by two independent Regional Reference
Laboratories.

In Lombardy, during the time study, every suspected case and the
asymptomatic close contacts of confirmed cases were tested with a
rhino-pharyngeal swab only on the February 25th, whereas starting
February 26th testing was applied only to symptomatic suspected pa-
tients. The definitions of suspected case and close contact were based on
the European Centre for Disease Prevention and Control (ECDC)
guidelines (ECDC, 2020). In accordance with the regional and national
regulations, the identification methods, case definition and testing
strategy was not different throughout the Lombardy region.

2.2. Demographic indicators
The structural dependency index, the old-age dependency ratio and

index, as retrieved from the Italian national institute for statistic
(ISTAT), were analyzed for each Lombardy province (ISTAT, 2020). In
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addition, the average age, male-to-female ratio, and population density
for each province was taken into account.

2.3. Air pollution and climatic factors

Air pollution and meteorological data from up to 15 days before the
study period (February 10 - March 10) for each Lombardy province as
collected by the monitoring stations of the Regional Environmental
Protection Agency (ARPA) network were analyzed (ARPA, 2020).

Air pollution variables were: particulate matter with an aerodynamic
diameter of less than 10 pm (PM;) and 2.5 pm (PM; 5), nitrogen dioxide
(NOy), sulphur dioxide (SO3) and ozone (Os). PMjo and PMy 5 were
analyzed as daily mean concentration for each monitoring station. The
measurements were performed using a chemical transport model (Sili-
bello et al., 2008).

The climatic variables were analyzed as daily mean values of tem-
perature (°C), percentage relative humidity (RH%), wind speed (Km/h),
and precipitation (mm) as cumulative daily value for each monitoring
station.

2.4. Statistical analysis

Air pollution and climatic data were summarized as mean and range
by province. A 2-dimensional local kriging regression method was
applied to the means of each single monitoring point to determine the
province means. The kriging system was solved by finding the neigh-
borhood of each grid point consisting of all environmental and climate
monitors within the distance of 20 km.

The aim was to evaluate the relationship between air pollution and
climatic factors detected in the days before and the spread of the
COVID19 outbreak. For each single pollutant and climatic factor, a
univariable hierarchical generalized mixed model with the number of
new cases for each examined day for each province of Lombardy as
dependent variable was run, assuming a Poisson distribution and using a
logarithm transformation as link function. The province information
was entered as random intercept. As independent factors in the uni-
variable models, the daily mean levels of PM;o, PM3 5, NO3, SO5, O3,
temperature, RH%, wind speed, and precipitation were considered. A
model for each day before (lag) the day of the new cases was run to
evaluate the effect of factors from 15 days (lag 15) to one day (lag 1)
before the day of detected cases.

The above described demographic indicators were entered in the
model for each province to account for potential confounders. All these
indicators did not meet the criterion to enter the model (p < 0.05) and
were removed.

The described approach has also been taken considering the aim of
evaluating the epidemic in the region Lombardy as a whole, both to take
into account the effects linked to regional mobility, considering that no
restrictive measures to travel between municipalities had yet been
applied during the study period, and to consider the phenomena of air
pollutants dispersion, characteristic of the Po Valley.

For the first level unit (each day of data collection) i = 1-16 days
from 25th February to 10th March, and for the second level unit
(province) j = 1 to 12; the final model for the daily number of new cases
y was:

Yii = Boj + BXij + &; (@)

where Bo; is the average intercept ygoplus group-dependent deviation
Uogj, P is the regression coefficient for the air pollution and climate fac-
tors, and &ij is the residual term.

In the second set of analyses, we evaluated possible change points (or
Break Points; BP) in the relationship between incident cases and the
independent factors. So we classified those factors and applied the
model [1]; the solutions for factor class effect were used as the depen-
dent variables to estimate BP in the relationship between incident cases
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and air pollution or climatic factors. These BP would then determine the
risk threshold(s) in these populations. The following model was used:

Yi= X;rﬁ"_ui (lZl,,l’l) (2)
where at time i, y; is an observation of the dependent variable (e.g., least
squared means of incident cases), x; is a k x 1 vector of regressors, with
the first component usually equal to unity; p is the k x 1 vector of
regression coefficients, which may vary over time (air pollution or cli-
matic factor class); u; are iid(0,6%) (i.e., u; is a k x 1 vector of residuals,
which are independent and identically distributed with mean 0 and
standard deviation 62).

In this second phase, we tested the null hypothesis that the regression
coefficients remain constant (reduced model) compared with the alter-
native hypothesis that at least 1 coefficient varies over time (complete
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model). If the increase in the sum of square errors from the complete to
the reduced model is significantly large, then the null hypothesis can be
rejected, concluding that the complete model works well and a signifi-
cant break point does exist (i.e., a significant change in incident cases
due to the independent variables has been detected). The analyses were
repeated by regressing the least squares means on the independent
variable class for each of the 15 days before the test-day record.

A two tail p-values<0.05 was used to assess statistical significance.
The krige2d and glimmix models in the first step of analysis were per-
formed in SAS 9.4 (SAS Institute, Cary NC). The R software and the
“struck change” package were used in the second set of analyses (R Core
Team, 2019; Zeileis et al., 2002).
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Fig. 1. Number of new daily confirmed cases by province grouped by population density (A) and of cumulative confirmed cases by province (B) in the study period.
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3. Results

The temporal trend of the COVID19 outbreak in Lombardy within the
examined period is detailed in Fig. 1, and the levels of air pollution and
climatic factors up to 15 days before the study period are reported in
Table 1.

COVID19 spread in Lombardy as follows (cumulative cases in
brackets): by March the 10th the province of Bergamo was the most
affected (1472), followed by Lodi (963), Cremona (957), Brescia (790)
and Milan (592). Of note, in March there was a spread of incidence in
Bergamo, Brescia and Cremona with an average of 136, 77 and 82 new
daily cases respectively. The trend in the Lodi province, where the
outbreak started, was slightly different with an average of 72 new daily
cases, but with a flatter distribution from February to March.

The regression coefficients of model [1] by lags 1-15 for each in-
dependent factor are reported in Table 2. The effect of PM;( until lag12
was to reduce significantly the number of cases, while from lag 13 to 15,
the coefficients became positive and significant (p < 0.001), with the
highest value at lagl3 (b = 0.014). The effect of PM3 5 was similar as
compared to PM;o, with significant (p < 0.001) coefficients: negative
from lagl to lagl2, and positive at lagl3 and lagl4, while at lagl5 the
coefficient value, even statistically significant, resulted not estimated.

The NO; coefficients did show a univocal trend through the lags,
with all coefficients resulted significant (p < 0.001) and negative, the
higher at lagll (b = —0.053), lagl3 (b = —0.028) and lagl4 (b =
—0.032). A significant inverse relation was also observed for SO levels
from lagb to lagl5, with the exception of lag9, while small significant (p
< 0.001) positive coefficients, suggesting a slight effect to increase the
number of cases, were observed at lagl (b = 0.001) and lag5 (b =
0.001). Regarding the O3 concentrations, significant (p < 0.001) nega-
tive coefficients resulted at lag3 (b = —0.008) and lag5 (b = —0.007),
whereas coefficients resulted significant (p < 0.001) and positive at lagl
and from lag6 to lag14, with higher effect at lag10 (b = 0.043), lag11 (b
= 0.031) and lagl2 (b = 0.038).

Temperature showed a significant (p < 0.001) inverse relation to the
number of cases from lagl to lagll, with higher values at lag3 (b =
—0.262) and lag5 (b = —0.261); from lagl2 to lagl5 coefficients
resulted significant (p < 0.001) and positive, the higher at lagl3 (b =
0.25) and lagl4 (b = 0.227). RH% showed significant (p < 0.001) co-
efficients, positive from lagl to lag7, and negative from lag9 to lagl2.

Table 1
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For wind speed the coefficients were significantly (p < 0.001) negative
from lagl to lag3 and at lag14 and lagl5, but at lag4 and from lagé to
lag13 the relation became direct and significant (p < 0.001), the higher
coefficients at 1lag10 (b = 0.359) and lagl2 (b = 0.357). Precipitations
were very low in the period analyzed; however, significant (p < 0.001)
coefficients were observed, positive from lagl to lag9, and negative from
lag10 to lagl5, with maximum effect at lagl4 (b = —0.568).

The analysis of structural changes (STRUCH, model [2]), estimated
at each lags (Table 3), showed a BP of the STRUCH for PM;( at 30 pg/m3
atlags 3and 11, at 40 ug/m3 at lags 5, 6, 7, 8, at 50 pg/m3 at lag10, but
the increase above these threshold values was always related to a
decreasing of cases. Similarly, PM; 5 levels above the threshold values
between 24 pg/m> and 34 pg/m® determined a decreasing trend in the
number of new cases at lags from 1 to 8, while levels above 29 pg/m®
determined an increase of cases at lags 14 and 15 (Fig. 2). NO, levels
above 24 pg/m® at lags 7 and 12 and above 29 pg/m® at lagl1 deter-
mined a decreasing of the new cases, while an increasing change in the
trend of cases occurred in almost all lags for SO, levels above the
thresholds 2 pg/m® or 3 pg/m®. The relationship between O3 and the
number of cases intensified for levels above 44 pg/m?> at lag10 (Fig. 2).

BPs were found for temperature below 5 °C at lags 1, 4, 7, 8, 9 and
10, and for temperature below 6 °C at lags 3 and 5 (Fig. 2), in all the
cases with the trend of cases increasing. Significant BPs in the rela-
tionship between RH% and number of cases were observed, however
changing between the lags: above 79% for lags 5 and 7 the cases in-
crease, while above 49% for lags 10 and 11 the cases decrease. The
analysis of STRUCH for wind speed allowed to find as BP the value of
2.5 m/s at lags 14 and 15 (Fig. 2), showing a decrease of the occurrence
of new cases when this BP was exceeded.

4. Discussion

In the present study, a clear short-term relationship between air
quality or climate factors and COVID19 incidence in the early phase of
Lombardy outbreak was not observed, although a possible association
was found in some specific lags for PM;o, PM3y 5, O3 concentrations,
temperature, and wind speed levels.

The outbreak of COVID19 in Italy has immediately showed strong
regional differences, with most cases concentrated in Lombardy
(Remuzzi and Remuzzi, 2020). Our study, however, was particularly

Average (Range) of each air and climate factor by province in the period up to 15 days before the study period considered for case identification.

PMio PM35 NO, SOy Ozone Temperature RH% Wind velocity Precipitation
(hg/m®) (hg/m®) (ng/m®) (ng/m®) (hg/m°) (°C) (m/sec) (mm/h)
Milano 41.3 335 47.9 3.8 22.3 7.9 73.3 1.4 0.0
(13.4-92.4) (8.0-77.7) (26.8-80.9) (2.8-4.9) (4.9-55.2) (4.0-12.2) (30.5-97.9) (0.8-3.8) (0.0-46.1)
Brescia 41.3 30.6 38.2 1.0 26.4 6.0 62.5 2.0 0.1
(13.3-79.3) (10.0-65.0) (21.0-59.3) (0.1-2.7) (3.2-57.8) (3.1-9.4) (31.1-94.9) (1.1-4.2) (0.0-24.9)
Bergamo 36.6 31.3 38.0 2.7 29.2 5.2 63.5 1.6 0.1
(9.8-82.4) (7.4-66.6) (16.8-60.9) (1.2-4.4) (7.1-65.6) (2.4-9.5) (30.2-94.5) (0.9-3.9) (0.0-36.5)
Pavia 36.6 32.8 35.3 4.4 22.2 6.9 75.1 1.7 0.0
(11.4-90.6) (7.3-77.0) (19.4-64.2) (3.4-6.7) (2.7-56.8) (3.3-12.6) (35.6-97.9) (0.8-4.2) (0.0-28.3)
Mantova 43.1 33.0 30.1 2.2 25.3 7.1 85.1 1.5 0.0
(8.1-89.0) (2.3-72.3) (14.3-50.1) (1.6-4.0) (2.8-54.8) (2.9-10.0) (37.1-99.6) (0.8-4.1) (0.0-13.2)
Cremona 44.0 41.0 34.3 1.6 20.9 6.6 85.9 1.3 0.0
(15.2-85.0) (12.3-84.5) (18.2-57.5) (0.8-3.6) (1.4-73.6) (2.7-10.4) (36.1-99.6) (0.6-4.4) (0.0-13.0)
Varese 29.3 23.0 38.4 3.6 29 6.2 63.8 1.7 0.0
(7.3-77.0) (6.0-64.5) (21.0-63.7) (2.6-8.4) (4.9-62.4) (2.7-11.1) (33.8-96.9) (0.8-5.0) (0.0-47.3)
Monza Brianza ) 37.0 48.6 5.4 25.5 6.8 =) =) 0.0
(5.0-74.0) (20.2-82.1) (3.7-9.2) (7.5-63.1) (2.8-10.7) (0.0-51.0)
Como 29.0 28.0 37.9 1.5 31.0 6.0 57.4 2.5 0.0
(5.0-77.7) (4.0-41.8) (18.5-67.5) (0.7-3.4) (6.5-72.4) (3.1-11.1) (24.7-92.0) (1.3-6.3) (0.0-42.2)
Lecco 25.0 18.0 32.5 1.6 45.5 5.8 63.0 1.3 0.0
(6.2-63) (2.7-50.3) (10.7-50.2) (0.7-3.0) (20.0-77.2) (2.9-10.9) (28.2-94.1) (0.6-4.1) (0.0-45.0)
Lodi 40.0 27.0 35.9 2.3 22.6 6.8 88.7 1.7 0.0
(10.7-89.4) (4.0-67.5) (15.1-53.2) (1.3-3.6) (2.8-58.4) (3.2-11.49) (43.4-99.7) (0.9-5.6) (0.0-19.0)
Sondrio 22.3 17.5 24.7 2.3 38.3 3.7 57.5 2.1 0.1
(6.5-52.5) (4.0-33) (10.6-39.6) (1.3-4.7) (16.0-66.1) (1.6-8.2) (37.8-92.1) (0.8-6.5) (0.0-19.3)
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Table 2
Regression coefficients (standard error) by lags of each air pollution and climatic factor.
PMio PMss NO, SOy Ozone Temperature RH% Wind velocity Precipitation
(hg/m®) (ng/m®) (hg/m®) (hg/m®) (hg/m°) O (m/sec) (mm/h)
Lagl —-0.017 —0.003 —0.004 0.001 0.006 —0.093 0.003 —0.061 0.005
(0.0004) (0.001) (0.001) (0.0001) (0.002) (0.0002) (0.008) (0.001) (0.013)
Lag2 —0.015 —0.002 —0.006 0.0003 0.002 —0.128 0.008 —0.051 0.009
(0.0004) (0.001) (0.001) (0.0001)# (0.002)# (0.0001) (0.008) (0.001) (0.012)
Lag3 —0.020 —0.003 —0.009 0.0001 —0.008 —0.262 0.01 —0.054 0.017
(0.0004) (0.001) (0.001) (0.0001)* (0.001) (0.0001) (0.009) (0.001) (0.013)
Lag4 —0.025 —0.004 —0.007 0.0004 0.001 —0.248 0.013 0.126 0.023
(0.0004) (0.001) (0.001) (0.0001)* (0.001)* (0.0002) (0.009) (0.001) (0.015)
Lag5 —0.022 —0.004 —0.009 0.001 —0.007 —0.261 0.014 0.008 0.031
(0.0004) (0.001) (0.001) (0.0002) (0.001) (0.0002) (0.009) (0.001)* (0.014)
Lag6 —0.025 —0.005 —0.008 —0.002 0.004 —0.169 0.017 0.215 0.029
(0.0004) (0.001) (0.001) (0.0002) (0.001) (0.0001) (0.009) (0.001) (0.015)
Lag7 —0.018 —0.003 —0.009 —0.0004 0.004 —0.227 0.014 0.15 0.037
(0.0004) (0.001) (0.001) (0.0002) (0.001) (0.0001) (0.009) (0.001) (0.015)
Lag8 —0.025 —0.03 —0.01 —0.002 0.03 -0.14 0.001 0.08 0.024
(0.0004) (0.001) (0.001) (0.001) (0.001) (0.0001) (0.008)# (0.001) (0.015)
Lag9 —0.020 —0.026 —0.004 0.00004 0.029 —-0.195 —0.015 0.102 0.054
(0.001) (0.001) (0.001) (0.001)* (0.009) (0.0001) (0.009) (0.001) (0.015)
Lagl0 —0.025 —0.029 —0.06 —0.872 0.043 -0.07 —0.029 0.359 —0.161
(0.002) (0.001) (0.001) (0.001) (0.029) (0.038) (0.009) (0.001) (0.013)
Lagll —0.015 —0.019 —0.053 -0.72 0.031 —0.057 —0.017 0.267 —0.442
(0.002) (0.001) (0.001) (0.001) (0.049) (0.037) (0.009) (0.001) (0.014)
Lagl2 —0.009 —0.013 —0.06 —0.607 0.038 0.122 —0.012 0.357 —0.515
(0.002) (0.001) (0.001) (0.001) (0.045) (0.038) (0.008) (0.001) (0.013)
Lagl3 0.014 0.013 —0.028 —0.629 0.007 0.25 0.017 0.033 —0.181
(0.002) (0.001) (0.001) (0.001) (0.028) (0.036) (0.008) (0.001)* (0.016)
Lagl4 0.013 0.012 —0.032 -0.25 0.013 0.227 0.017 —0.096 —0.568
(0.002) (0.001) (0.001) (0.001) (0.048) (0.036) (0.008) (0.001) (0.022)
Lagl5 0.012 0 —0.009 —0.495 0.002 0.101 0.01 —0.235 —0.092
(0.002) (0.001) (0.001) 0) 0.024)* (0.037) (0.009) (0.001) (0.024)

All parameters resulted statistically significant (p < 0.001), except those indicated with #.

focused only on the very early stage of the Lombardy outbreak, because
it represented a unique peculiar situation for analyzing the relationship
between COVID19 and air pollution. In fact, Lombardy was character-
ized during the study period by the absence of stay-at-home policy, with
minimal containment measures, limited to the closure of schools and the
prohibition of social gatherings. Furtherly, case definition, testing
strategy and restrictions measures were absolutely homogeneous
throughout the region, except for very few small lockdown areas in the
province of Lodi. Moreover, Lombardy is a very polluted area charac-
terized by long range transport of pollutants, so that almost all the re-
gion suffers of very similar conditions (Caserini et al., 2017).

Another peculiar characteristic of the study period in Lombardy was
that no testing difficulties were reported. Lombardy’s strong hospital
system, coupled with a poor decentralisation of medical resources in the
territory, in fact, created a situation of a predominantly hospital-based
management and testing of the symptomatic suspected cases, differ-
ently from other countries and pandemic stages. Delay in the notifica-
tion system, however, occurred only in a later phase than our study
period, according to the increased number of cases and to the indication
of home health care of the not severe cases. Finally, in the study period,
almost only symptomatic suspected cases were tested. This limitation of
the study, however, allowed anyway to investigate the effect of air
pollution on the susceptibility to the infection by SARS-CoV-2.

The regression analysis showed a similar pattern for PM;o and PM; 5,
with a significant association with the daily number of cases, negative in
the lags closest to the date of cases diagnosis, and positive in the last
lags. The negative coefficients were related to the contemporary pro-
gressive decrease in PM;y and PM; 5 levels, due to the application of
partial containment measures (data not showed), and increase of the
number of confirmed cases. Lags 13-15, on the contrary, are related to
the period 10-25 February, characterized by the complete lack of
containment measures and a possible association with the COVID19
incidence was observed.

Previous studies on the relationship between PM;o and daily

COVID19 incidence showed not univocal results (Jiang et al., 2020; Zhu
etal., 2020). Although some Authors have hypothesized that particulate
matter might provide condensation nuclei for viral attachment, the
possibility that PM; o can facilitate the infection carrying the SARS CoV-2
seems to be unlikely, also because only particles with diameter lower
than 5 pm can reach the type II alveolar target cells highly expressing the
angiotensin-converting enzyme 2 (ACE2), binding receptor for the virus
(Lan et al., 2020; Zoran et al., 2020). Moreover, it appears unlikely that
the virus can maintain structure and function even after a prolonged
exposition to outdoor temperature and UV radiation (Cao et al., 2014).
On the other hand, the positive association between PM;o and daily
COVID19 cases in lags far from the occurrence of cases could be due to
the widely recognized effects of PM;y on the host inflammatory
response, leading to an over-expression of inflammatory cytokines, as
IL-6, IL-8 and TNF-a, and chemokines in alveolar macrophages with the
consequence to impair the first line of defense (Carugno et al., 2018;
Ishii et al., 2004). Moreover, PM;o might as well downregulate the
innate immune responses and upregulate several metabolic
pathways-related genes in the initial phase of the disease, i.e. before the
emergence of symptoms, thus promoting the viral replication of RNA
viruses, as previously observed for New-Castle Disease virus (NDV) and
influenza viruses (Mishra et al., 2020).

Positive coefficients in the last lags agree with the influence of daily
levels of PM3 5 on COVID19 outbreak reported in previous studies, and
are probably related both to the effect of bronchial immunity impair-
ment and damage to the epithelial integrity, and to a reduction in lung
function and induction of respiratory symptoms (Ciencewicki and Jas-
pers, 2020; Jiang et al., 2020; Seposo et al., 2020; Zhu et al., 2020; Zoran
et al., 2020).

It is possible to hypothesize, therefore, that exposure to elevated
levels of PM;o and PM; 5 could favor the onset of symptoms or more
severe clinical pictures of COVID19, resulting in a higher rate of
confirmed cases, also according to the fact that almost exclusively
symptomatic cases were included in our study.
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. In contrast to the previous evidence that air levels of NO influenced
oloam ol S8\t on S g - the diffusion and the daily spread of respiratory viruses and to the
wlaedcg haSl88w 2 la8ac8 findings of recent studies on COVID19, a negative relationship between
Sle®ed-ms s leysesonrvss leals NO2 and COVID19 cases was found in our study (Carugno et al., 2018;

] Zhu et al., 2020). These findings could be explained by the progressive
%c $ E § E § 5 § 5 § $ 5 § 9 E % decrease of NO, as a consequence of the first containment strategies
Sl 1 18331 1 1663%T3 1 1 18B3d 1o adopted in Lombardy, while the disease was rapidly spreading. Simi-

larly, a decrease of SOy concentrations in Lombardy because of the
° ?T, lockdown measures could explain the inverse relation between SO, and
= FTIBIS8 Y the occurrence of cases for almost all the lags investigated (Mahato et al.,
Sl a78g93 0833 2020). However, a negative relationship between SO, concentrations
and COVID19 confirmed cases was also previously observed, suggesting
o h ° o, a possible anti-viral property of SO5 to be further investigated (Zhu
a?ﬁgﬁ g‘ﬁgﬁ?ﬁ%:‘ﬁgm% 589788 et al., 2020).
SIS, 18762732834 358334K83 Although the progressive increase of O3, possibly resulting from the
first containment measures, could have contributed to the observed
& 8 oh o = positive relationship between O3 levels and COVID19 new daily cases,
= 3 ; 2 J ; g E % 5 ° % 5 g E R the findings seem to agree with previous evidence that O3 exposure
SIRTS 1 1 1 8T8 1S 1 1 113873 1 facilitate viral infections (Becker et al., 1998). Indeed, O3 exposure,
could induce oxidative stress causing airways inflammation and
S o = 5 N 5 o increased respirat.ow morbidities, ar}d invgrsely modify the e)fpression
=1 3 g 2 9 ;) % I8 S ; g g ; 52 s E levels of human airways proteases, disrupting the protease/antiprotease
ST 1111 1 =1c8334+Tcs¥TcdBc balance in the airway fluids (Kesic et al., 2012). Our findings, however,
are related to the average daily O3 concentration, used to better evaluate
- E . - § . § . % ot S the effects of the overall 24 h’ exposure, considering that 93 production
% Z @ B c;: o Iq g g 0 g 5 I d N @ 3 can be d.elayed and.happens also far from the release of its precursors,
|8 To 118 lISsalc ) 11 v oY I ddlo undergoing to considerable transport phenomena (Zoran et al., 2020).
Moreover, daily O3 exposure has been associated to an increased prev-
= @ 3 o (8 3 © alence in COVID19 cases (Zhu et al., 2020).
% i ; = i g S i % 39 g 8 i ; 3 i 5 2 In the evaluation of the impact of climatic variable, the evidence that
Hl@lsalsals= TS 11w lass s 1 outdoor transmission seems to be very low in causing the COVID19
. outbreak, should be considered. In our analysis, a negative relationship
o g . o - é o ::o - § oo b between outdoor temperature and the COVID19 spread in Lombardy
%; ki S8 la38253 G2 0 QR ITeg o R 8 was observed for the lags from 1 to 11, according with previous evidence
el e lealcals 11 v Sshacass on SARS-CoV-2, as well as other respiratory virus infection (Casanova
“é WM . . et al., 2010; Jiang et al., 2020; Wang et al., 2020; Wu et al., 2020).
g - - 2 ~ = < » 3 _ o Moreover, phagocytic function of alveolar macrophages declines under
S|%|Ioglcsg LS8 © 8 AR S cold stress in vitro experiment, and breathing cold air can lead to
% L L R bronchial constriction, which may promote susceptibility and accelerate
5 . m . the spread of viral pulmonary infections (Luo et al., 2017; Kudo et al.,
e O&oméméﬁmmﬁ.l\o‘gm E.H‘”i&r\)o 2019).
8|%|ld8leRaesdadgllsbesgyas No clear relationship between RH% and confirmed COVID19 daily
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§o ~ ~ . in the previous studies (Adhikari and Yin, 2020; Jiang et al., 2020; Luo
E, <5 N S 3 N S . - <o et al., 2020). Precipitations also showed a not univocal trend, probably,
2 % = b 88 w2 XN due to the very low daily average precipitation level in the analyzed
= terrials s lennrass period in Lombardy, although the negative association showed from
& . . lag10 to lagl5 could be linked to a decreased washout of pollutants.
.E o o o E « o ~ '5}, ~ N6 Finally, a not-univocal relationship between wind speed and the new
£ 20 E a8 E S g m 3 © N h 23 daily cases was observed, with large variation across the lags, although a
g SpStes e e iew e Sle BP at the value of 2.5 m/s, only at lags 14 and 15, was found. These
N findings suggest that higher wind speed could reduce the occurrence of
g o gl § 2 ;"? E @ 0 g X ;"? - § gl § guge new cases, probably by favoring the dispersion of PM;( and PMj s, that
>E=§ I8N 38T3,,  49sg3sivqyysiss our study showed to influence COVID19 cases only in the same lags
(Zoran et al., 2020).
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qo;o % A22I3LIT S h23TR2YIZ|8 relationship between the daily levels of several pollutants and meteo-
B8, 8938434 Te . 4988 TSETS ‘\3/ rological parameters and the daily incidence of COVID19, specifically
% o during the early stage of the outbreak in a restricted region severely
fg ’g é" affected by the pandemic, before the implementation of strict contain-
g 5) 8 S ment policies and testing strategy that can distort associations between
b o o _ a & E, v air pollution and COVID19. In fact, to avoid the changes in trans-
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2lsls ® & & % g = = missibility and contact rates occurring over time as a result of imple-
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% E Elg o f 8 48 o8 &5 o T & oV days between the first COVID19 case and the issuance of lockdown
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= p: measures. Moreover, the time series study design approach allowed to
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Fig. 2. Structural change analysis for PM 5 at lagl5, ozone at lagl0, temperature at lagl0, wind velocity at lagl5.

estimate short-term health effects associated with exposures, avoiding
the ecological design that suffers from severe biases.

This study, however, has several limitations, similar to the previous
literature on the topic (Ciencewicki et al., 2007; Villenueve and Gold-
berg, 2020; Heederik et al., 2020). First, the testing strategy adopted in
Lombardy during the outbreak caused under-reporting of cases, partic-
ularly for the presence of asymptomatic and mild-symptomatic subjects.
In the study period, almost only symptomatic subjects were tested, so
that the influence of air pollution should be interpreted only considering
the effect on the onset of symptomatic COVID19 cases. In this view, all
the results can be evaluated only according to the hypothesis of the
influence of air pollution on the host susceptibility. Second, the link
among the different COVID19 cases has not been possible to analyze due
to the design of the study. Moreover, potential factors such as population
movement or daily commuting between the provinces, that could have
influenced both the transmission and the recording of the data, were not
considered in the study. A further intrinsic limitation of the design of the
study is the possible errors due to the difference between the day of the
onset of symptoms and the day of testing or notification. Finally, data
collected by stationary monitors, represent only an estimation of indi-
vidual exposure and a sampling system with limited spatial resolution,
as well as individual risk factors (occupation, race, socioeconomic sta-
tus, underlying health conditions) were not taken in consideration too.

In conclusion, the observed findings showed a not univocal rela-
tionship between air pollution or climatic factors and the incidence of
COVID19 cases, reflecting the complexity of this phenomenon that is
conditioned by many different factors (Ricco et al., 2020). However,
although air pollution and climate do not seem to be a cause of
SARS-CoV-2 spread, also considering the main influence of
person-to-person contact as way of transmission and the fact that most of
the contagions takes place in indoor environment, the short-term
exposure to PM;g, PMjy 5 and O3 in some lags seems to be related to an
increased incidence of COVID-19 infection, probably linked to an
increased susceptibility of the host due to the dysregulation of the im-
mune system or the worsening of conditions associated with severe
SARS-CoV-2 infection. In addition, low temperature and low wind speed
in some lags resulted associated with increased daily COVID19 inci-
dence. Considering the several limitations of the study, the observed

findings have to be considered a step for future research on this topic.
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