Journal of Epidemiology and Global Health

i

Epidemiology

ATLANTIS Vol. 11(3); September (2021), pp. 253-256
PRESS DOI: https://doi.org/10.2991/jegh.k.210317.001; ISSN 2210-6006; eISSN 2210-6014
https://www.atlantis-press.com/journals/jegh
Editorial

COVID-19 Outbreak: The North versus South Epidemiologic

Italian Paradigm

Since COVID-19 outbreak has spread from Wuhan (China) to
worldwide, many Countries are dealing with the impact of this
pandemic on different aspects of their lives: sanitary, socio-
cultural and economic. Italy represents a paradigm of differ-
ent effects of pandemic on citizens” health. In fact, North Italy
showed high rates of transmission [mean national transmission
index (R) referred to the February-April 2020 period was always
>1 in North Italy regions, while <1 in South Italy)] and mortal-
ity (5.4% of positive cases in Lombardia -North Italy- vs 1.3% in
Campania -South Italy-) due to severe pneumonitis while South
Italy displayed a very low epidemic curve suggesting that conta-
giousness and/or virulence could be lower than North Italy [1-4].
Furthermore, both in the first phase of COVID-19-related crisis
(February-April 2020) and in the second one started in September
2020 the COVID-19-specific death ratio North:South was 5:1 with
a standardized mortality ratio from 3 to 7.5 in North versus 0.012
to 0.5 in South Italy [1-4].

None of the factors suggested initially accounted for the significant
difference between North and South Italy. Some comorbidities such
as diabetes, hypertension and Chronic Obstructive Pulmonary
Disease have the same prevalence in North and South Italy [5-8]
even if diabetes is more common in the regions of South. Overall
smoking rates are similar across Italy, however, some gender differ-
ences are observed such as higher rates of smoking women in the
north. However, most of the dead in North Italy are males suggest-
ing that biological and/or immunological gender-related factors
might be involved in determining pneumonitis severity. Conversely,
there is a significant prevalence of overweight and obese people in
South Italy, across all age groups. The last data should eventually
promote the negative impact of the virus on health of South Italy
people. Furthermore, aged people (>65 years old), where most of
dead are concentrated, are also equally distributed in Italy consid-
ering the absolute numbers and regions’ surface [2-4]. Contacts
with Chinese entrepreneurship are also neither a discriminating
nor a detrimental factor since relationships were intense in both
North and South Italy.

Very recently, some Italian researchers [9] indicated pollution as
a possible major determinant of both contagiousness and severity
of COVID-19 in North Italy. In fact, a large part of North Italy is
constituted by a flat land called “Pianura Padana” where there are
concentrated the most important industries and cities of Italy. High
pollutants concentration and microclimatic condition (wet and
cold air, fog formation, scarce wind remodeling) favors the well-
known phenomenon of “thermal inversion”: a large mass of cold air

in contact with the ground is trapped under a layer of warmer air.
The density of these masses is so different that mixing is impossible
in absence of significant rain or wind.

Unfortunately, the pollutants trap, concentrate and concur to
increase the density of the inferior layer [10-12]. This vicious circle
produces a “pollution beret”, visible from the space through satellite
normal photos as well as through technical assessment of specific
gasses’ concentration (whose explanation is beyond the scope of
this letter) (Figure 1).

Most of air pollutants (i.e., carbon monoxide, sulfur dioxide, nitro-
gen dioxide, ozone, polycyclic aromatic hydrocarbons, creosote,
particulate, etc.) interact to form stable complex macromolecular
“rafts”. These “rafts” participating to the composition of Particulate
Matter (PM) have been frequently associated with virus-related
syndromes [13,14]. In fact, viruses can interact with these parti-
cles and be contagious at unexpected distances [15,16]. It has also
been demonstrated a profound difference in North and South
Italy for the microplastic waste distribution. In fact, a recent study
demonstrated that the accumulation of microplastics among drift-
lines showed no consistent pattern, besides expanded polystyrene
tending to accumulate backshore of the Po River Delta in northeast
Italy. The accumulation hotspots within a single driftline can dis-
rupt a general observed accumulation pattern [17]. In support of
this model, a survey is presented in Table 1.

COVID-19 is an enveloped and single-stranded ribonucleic acid
virus with 9-12 nm-long spikes surrounding the surface and con-
ferring it the form of a solar corona at electron microscope [18].
Spike glycol-protein S binds to Angiotensin-converting Enzyme 2
(ACE2) receptor on host cells triggering the subsequent fusion
between the viral envelope and cellular membrane. ACE2, mainly
expressed on lungs, vasculature and intestine, is an enzyme of the
Renin-Angiotensin System [19,20]. The main enzymatic pathway
involved in the catabolism of angiotensin peptides can be briefly
summarized as follows: renin, secreted by juxtaglomerular kidney
cells, cleaves angiotensinogen in angiotensin I (decapeptide with
no direct biological activity), which is, in turn, cleaved by ACE in
angiotensin II (Ang II) (which induces vasoconstriction). ACE2
converts Ang II to Ang-(1-7) a vasodilator, thus counteracting the
activity of ACE. Interestingly, chronic inflammation is associated to
increased expression of ACE2 [21] and impairments of T lympho-
cytes functions [22-24]. As already explained, ACE2 is a critical
factor for virus pathogenesis. Thus, pollutants and microclimate
may concur (1) to favor virus “transport” into lungs and (2) to
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Figure 1 (A) Photo showing the smog on Pianura Padana. (B) Intensity and distribution of nitrogen dioxide tropospheric column (blue color) (images
from National Press).

Table 1 Evidence supporting a direct role of air particles in transporting viruses

Method  Air-sample
for virus  collection Primary end-point Virus Family Diameter (nm)
detection time period

Experimental

Ye Auth 1
ear uthor Journa) model

2009 DeeS Vet Res Pigs RT-PCR 50 days IAPS: Until to 4700 mt ~ PRRSV  Arteriviridae 45-70
2010 OtakeS Vet Micorbiol ~Pigs RT-PCR 21 days IAPS: Until to 9100 mt ~ PRRSV  Arteriviridae 45-70
2014 Alonso C Vet Res Pigs RT-PCR  63h IAPS: Until to 10 miles  PEDV  Coronaviridae 90-190
2015 AlonsoC  PLoS One Pigs RT-PCR 13 days DIPS: Continuous
increase of infectivity
(copies/mm?*) with
particle size.
Particle size from
0.4 to >9 um.
JAV: 8 x 10*t0 4.3 x 10°. IAV Orthomyxoviridae 80-120
PEDV: 1.3 x 10° to PEDV  Coronaviridae 90-190
3.5 % 108
PRRSV: 6 x 10” to PRRSV  Arteriviridae 45-70
5.1 x 10%
Higher numbers of
RNA copies were
associated with
larger particles.
2017 Alonso C ] Vet Diagn Pigs and RT-PCR 11 days DIPS: Continuous
Invest chickens increase of infectivity
(copies/mm?*) with
particle size.
Particle size from
<1 to >3 um.
HPAIV: from HPAIV  Orthomyxoviridae 80-120
4to 5 Log.
PEDV: from PEDV  Coronaviridae 90-190
5to 6 Log.
PPRSV: from PRRSV  Arteriviridae 45-70
2to 5 Log.
Higher numbers of
RNA copies were
associated with
larger particles.

DIPS, distribution and infectivity by particle size (distance); IAPS, infectivity of airbone particles from the source (number of virus copies/mm?); HPAIV, highly pathogenic avian
influenza virus; IAV, influenza A virus; mt, meters; PEDV, porcine epidemic diarrhea virus; PRRSV, porcine reproductive and respiratory syndrome virus; RT-PCR, reverse
transcriptase-polymerase chain reaction.
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Figure 2 Factors concurring on favoring COVID-19 infection in North Italy.

promote cells’ infection by increasing the inflammatory status of
lungs (and thus increasing ACE2 expression) and producing an
immune depressive contexture (Figure 2).

Beside the environmental reasons of the different severity of the
syndromes associated to COVID-19 infection, genetic determinants
can contribute to this different clinical outcome. In fact, it has been
recently described a strong correlation among the interstitial pneu-
monitis induced by the treatment with Immunological Checkpoint
Inhibitors (ICIs) in cancer patients (highly resembling the
COVID-19-induced pneumonitis) and germinal expression of
HLA-B#35 and DRBI1*11 alleles associated to autoimmune dis-
eases [25]. The expression of some HLA alleles was also correlated
to the response to ICIs [26]. Moreover, a set of HLA alleles (A, B, C),
known to be involved in the immune response against infections,
correlates with COVID-19 incidence in Italy. COVID-19 data were
provided by the National Civil Protection Department, whereas
HLA allele prevalence was retrieved through the Italian Bone-
Marrow Donors Registry. Among all the alleles, HLA-A*25, B+08,
B#44, B#15:01, B*51, C+01, and C*03 showed a positive log-linear
correlation with COVID-19 incidence rate fixed on 9 April 2020
in proximity of the national outbreak peak (Pearsons coefficients
between 0.50 and 0.70, p < 0.0001), whereas HLA-B*14, B#18, and
B#49 showed an inverse log-linear correlation. When the alleles
were examined simultaneously using a multiple regression model to
control for confounding factors, HLA-B*44 and C+01 were still pos-
itively and independently associated with COVID-19. Interestingly,
their distribution in the different Italian Regions was prevalent in
North Italy where the incidence of COVID-19 related pneumonitis
was higher [27]. It cannot be excluded that also epigenetic markers
(including different methylation patterns of gene expression influ-
enced by different dietary habits or noncoding RNAs) may have a
role in this phenomenon.

We believe that the role of pollution and epi- and genetic fac-
tors should be further investigated and future interventions

should be taken to prevent and/or reduce the negative impact of
pulmonary-tropism pandemics.
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