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HIGHLIGHTS

¢ Understanding the risk factors for the severity of COVID-19.
e Association between SARS-CoV-2 contagion and weather.
e Particulate matter levels have exacerbated the pandemic.

¢ Is smoking a risk factor for COVID-19?

Abstract: One of the most important issues, according to the World Health Organization, to be addressed
during the COVID-19 pandemic is understanding the risk factors for the severity of the disease. Some studies
show a possible association of SARS-CoV-2 with risk factors such as particulate matter and some weather
conditions, in addition to behavioral factors such as smoking. The present review aimed to evaluate the
correlation between COVID-19 and these potential risk factors. The Web of Science database searched for
eligible studies covering experimental and epidemiological studies from March 2020 to March 2022. The
recognized risk groups for an unfavorable evolution are the elderly, those with chronic diseases (such as
diabetes, hypertension, and pulmonary diseases), and those who use immunobiological or chemotherapy
drugs. But some environmental factors may come to transmit the severity of COVID-19 cases. Lifestyle may
be responsible for the variability in the severity of COVID-19, with smoking being one of the main factors, yet
environmental factors such as particulate matter levels, humidity, and temperature have been shown to affect
the transmissibility of SARS-CoV-2.
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GRAPHICAL ABSTRACT
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INTRODUCTION

Novel coronavirus disease (COVID-19), an acute respiratory illness caused by the severe acute
respiratory syndrome coronavirus (SARS-CoV-2), has quickly become a worldwide pandemic. This virus
predominantly affects the respiratory system, causing pneumonia [1,2], although other systems are also
involved, especially in severe cases due to vascular dysfunction and cytokine storm [3], resulting in systemic
inflammation [4]. Multiple conditions such as chronic diseases, lifestyle, and environmental factors have been
considered risk factors for the susceptibility and severity of COVID-19 [5]. As a result, studies of risk factors
for both the incidence and severity of SARS-CoV-2 have gained great interest.

A recent study demonstrated that lifestyle might be responsible for the variability in the severity of
COVID-19, with smoking being one of the main factors [6]. Yet, environmental factors such as humidity and
temperature have been shown to affect virus transmissibility [7], in addition to environmental pollution that
has also been shown to affect the epidemiological parameters of the infection [8]. Air pollution and smoke
are the main causes of human morbidity and mortality worldwide and can increase the risk of many diseases,
including respiratory diseases such as COVID-19 [9,10].

The role of smoking in the current public health situation has been little remembered and even less
discussed, yet other factors, such as climatic conditions and environmental pollution, also need to have their
role better understood. According to the World Health Organization (WHO), one of the most important issues
to be addressed during the COVID-19 pandemic is understanding the risk factors for the severity of the
disease [9]. The question that guided this Literature Review was "How particulate matter, climatic conditions
and the habit of smoking have contributed to the transmission and aggravation of the COVID-19 pandemic?"
The objectives were to assess how much the smoking habit, the levels of particulate matter, and the climatic
variations contributed to COVID-19 transmission worldwide.

MATERIAL AND METHODS

The Web of Science database searched for eligible studies covering experimental and epidemiological
studies from March 2020 to March 2022. The following descriptors were used: "weather conditions and
COVID-19 or Sars-CoV-2"; "Temperature and COVID-19 or Sars-CoV-2"; "Smoking and COVID-19 or Sars-
CoV-2"; "Tobacco and COVID-19 or Sars-CoV-2"; "Air pollution and COVID-19 or Sars-CoV-2";"Fine
particulate and COVID-19 or Sars-CoV-2"; "particulate matter and COVID-19 or Sars-CoV-2".

As inclusion criteria, we defined: original articles published in Portuguese, English and Spanish that
answer the guiding question of the review. The exclusion criteria established were: theses, dissertations,
editorials, book chapters, letters to the reader, literature reviews, commentary, free communication, duplicate
articles, perspective studies, guidelines, experience reports and those that did not answer the guiding
question of the review. The articles obtained with the research carried out through the descriptors had their
titles, abstracts, and full texts independently evaluated by two authors to assess the inclusion or exclusion of
the study in the review. From the search for studies through double crossings, 1528 articles were found in
the database used. According to the follow-up of the development stages of this review, 984 articles were
excluded according to the reading of the titles and 389 articles were excluded after reading the abstracts for
not being in line with the theme or for not answering the guiding question. Of the 155 remaining articles, the
studies were read in full, leaving 29 articles that demonstrated affinity with the theme proposed in the present
study.
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DISCUSSION

Smoking habit and COVID-19

The World Health Organization has already warned that smoking can increase the risk of contracting
COVID-19, as the behavior involves finger-to-lip contact and the removal of protective smoking face masks
[9]. Furthermore, smoking is known to be a causative agent of cardiovascular and pulmonary diseases
through its direct actions on various nicotinic receptors expressed in heart tissue, lungs, and blood vessels
[11,12]. Cigarette smoking [13,14], including e-cigarette use [15], also increases the risk and severity of lung
infections due to the damage they cause to the upper airways and decreased lung immune function. Thus,
smokers have a higher risk of infection and mortality from COVID-19 [16].

Smokers are considered vulnerable groups as well to health complications from COVID-19. A meta-
analysis of studies in China found that smokers were at increased risk of progression of COVID-19 compared
to non-smokers [17]. Another recent analysis revealed an almost twice as high risk of COVID-19 severity in
smokers (odds ratio = 1.98; confidence interval 95 %: 1.29-3.05) [18]. Other works state that tobacco
smokers have a greater predisposition (1.4 times) to develop severe symptoms of COVID-19. This usually
includes their entry into intensive care units and mechanical ventilation. In addition, their mortality rate is
approximately 2.4 times higher than non-smokers [17, 19, 20].

However, another study found contradictions, indicating the lack of association between smoking and
the worsening of COVID-19 [21]. But a systematic review and meta-analysis dated June 2020 showed that
current smokers are more likely to experience complications during the COVID-19 illness than non-smokers
but still have a lower risk than former smokers [22, 23]. Another study found a positive relationship between
the continuation of the smoking habit and the progression of COVID-19 disease [24].

An explanation for the positive association between the habit of smoking and the greater chances of
aggravation in COVID-19 must be associated with the fact that smoking increases the expression of
angiotensin-converting enzyme 2 (ACE2), a known SARS-CoV-2 receptor. The ACE2 protein provides the
host cell entry point for SARS-CoV-2 [25]. Thus, the relationship between ACE2 and SARS-CoV-2 is critical
in the infection process [26, 27], upregulation of the ACE2 gene, which occurs in smokers, can increase
susceptibility to SARS-CoV-2 infection and the severity of COVID-19 disease [20]. Although some studies
have proposed increased ACE2 expression in smokers as a possible link between smoking and COVID-19,
these mechanisms still need to be fully elucidated [20, 28]. It has also been suggested that ACE2 expression
is upregulated in the small airway epithelium in patients with smoking-associated pathologies [29, 30].
Nevertheless, another study indicates that smoking treatment did not affect ACE2 levels but strongly inhibited
SARS-CoV-2 replication in cells in vitro [31].

Smoking promotes lung inflammation, thus increasing inflammatory cytokine production and tumor
necrosis factor expression. It also impairs mucociliary clearance [32]. Pro-interleukin (IL)-18, which in turn is
cleaved by caspase-1 followed by the formation of mature IL-1[3; this is itself an important promoter of
inflammatory processes in the lung, as well as fever and fibrosis [33]. For these reasons, we can suggest
that smoking may increase the severity of the inflammatory response associated with COVID-19. In addition,
this habit also affects the barrier junction in lung cells, leading to increased epithelial permeability, including
increased mucosal permeability and decreased mucociliary clearance. All these modifications end up
facilitating viral entry [13].

Oxidative stress may also be involved in the greater number of cases of COVID-19 aggravation in
smokers since smoking causes oxidative stress and inflammation in the lung, and these two factors alter
epithelial permeability and ACE2 expression [34]. In addition, tobacco smoke significantly suppresses the
immune system, reducing antibody responses and T-cell proliferation, thus increasing the susceptibility of
tobacco users to acute viral infections such as COVID-19 [35].

Some demographic data have shown an increased risk of severe COVID-19 associated with exposure
to cigarette smoke [18, 36]. A laboratory study demonstrated that exposure to cigarette smoke in human
mucociliary cultures increases the number of cells infected by SARS-CoV-2 and prevents the stem cell-
mediated repair response [37]. Acute exposure to smoke can worsen COVID-19 cases by reducing the innate
mucosal immune response, which has implications for the spread and severity of the disease in people
exposed to cigarette smoke [37].

It has been proposed that smoking could protect individuals from worsening COVID-19 [22, 23, 38]. The
biological mechanisms for this hypothesis include an effect of anti-inflammatory nicotine, generating a more
attenuated immune response among smokers (thus reducing the risk of a cytokine storm during COVID-19)
and increased nitric oxide in the respiratory tract (which can inhibit SARS-CoV-2) [38]. It has also been
proposed that nicotine reduces inflammation through the a7 subunit of the nicotinic acetylcholine receptor
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(nAChR) in macrophages [22, 23]. However, data supporting the "protection” of smoking are limited, and
even if smoking does not necessarily increase the risk of contracting COVID-19, the biological and
inflammatory cascade that occurs in SARS infection -CoV-2 can be serious for a smoker [39]. Furthermore,
smoking is an independent risk associated with severe progression of COVID-19, including mortality.

Particulate matter and COVID-19

As for pollution, there is a linear relationship between exposure to air pollutants and the spread of the
Sars-Cov2 virus: however, this correlation is not established as a cause-effect relationship. Atmospheric
particulate matter (PM) would function as a carrier, or transport vector, for many viruses. Thus, PM may have
increased the effectiveness of the spread of Sars-Cov2, as it creates a suitable microenvironment for its
persistence [40].

PM is characterized as a mixture of several chemical compounds, and they are divided by their origin
into primary and secondary. Primary PM is emitted directly from its source, while secondary PM originates
from chemical reactions and physical processes involving emissions of precursor gases [41]. In urban areas,
several anthropogenic sources contribute to PM generation [42]. Some studies have also demonstrated that
natural sources can make a significant contribution to PM formation, such as desert dust [43].

Some laboratory experiments performed by Van Doremalen and coauthors [44] indicated that airborne
and fomite transmission of SARS-Cov-2 is plausible since the virus can remain viable and infectious in
aerosol for several hours. In addition, another study has already identified the presence of viruses in marine
aerosols and dust from the Sahara [45]. Besides, breathing can take PM deep into the lungs so that PM-
bound viral particles can directly invade the lower respiratory tract, as demonstrated by SedIimaier and
coauthors [46]. Further, Setti and coauthors [47] suggested that the air route would be a possible hypothesis
to interpret the anomalous outbreaks of COVID-19 in northern ltaly, which is characterized by high PM
concentrations.

During the 2003 severe acute respiratory syndrome epidemic, the air pollution index showed a correlation
with death rates. Chinese cities with high air pollution had twice the death rates compared to cities with low
air pollution [48]. Currently, the increase in PM.s, PMig, NO2, and Oz concentrations in 120 cities in China
has been associated with an increase in COVID-19 cases [8]. Besides, an increase in 1 yg m=in PMzsresults
in an 8 % increase in the COVID-19 mortality rate [49]. Pozzer and coauthors [50] verified air pollution through
satellite data worldwide as an aggravating factor for COVID-19 lethality and mortality. Data were obtained
from epidemiological data concerning China and the USA. According to this article, about 15 % of COVID-19
mortality globally can be attributed to general air pollution, including PM. Another study analyzed the
relationship between air pollution in England and COVID-19 cases and deaths, and they found evidence of
a correlation between poor air quality and COVID-19 case and death rates, adjusted for population density
and especially PM was associated with increased infectivity [51].

Frontera and coauthors [52], analyzing air quality in Italy and China during the period of maximum
virulence of COVID-19, found that levels of PM.s were particularly high, and Marteletti and Marteletti [53]
reached the same conclusions. These authors speculate that the atmosphere, rich in atmospheric pollutants,
may promote greater permanence of viral particles in the air. Further, different authors have also found a
statistically significant relationship between PM levels and SARS-CoV-2 infection in certain geographic areas
[51, 54, 55]. In addition to these findings, some studies focus on long-term effects, such as Coccia and
coauthors [56], using data from 55 Italian capitals, found an association between exceeding the limits
established for PM in previous years and the detected cases of COVID-19. Corroborating this, another study
using data from 9 Asian cities shows that previous year exposures to high levels of PM.s over a prolonged
period are significantly correlated with mortality rates caused by COVID-19 [57]. It is already clear in the
literature that prolonged exposure to air pollution can induce persistent modifications of the immune system,
and this will increase COVID-19 infections and the worsening of this disease, mainly causing severe
respiratory and cardiovascular problems [58].

Even though many studies have suggested an association between exposure to air pollutants and
increased risk of respiratory virus infection, the potential mechanisms behind this are largely unexplored, and
different scientific hypotheses have been put forward. Some hypotheses suggest that polluting agents such
as PM, as they induce oxidative stress, may injure the respiratory system by producing free radicals [59]. In
addition, exposure to air pollutants has also been shown to alter the function of hydrophilic surfactant proteins,
resulting in increased susceptibility to respiratory virus infections [60]. Another report showed that pollutants
could modulate the host's antiviral defenses, reducing, for example, the ability of macrophages to
phagocytose [61].
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Further to the epidemiological studies presented above, experimental studies show that after exposure
for three months to PM; s, mice showed an increase in Interleukin-4, tumor necrosis factor-alpha (TNF-a), and
TGF beta in both serum and lung cells, in addition to leukocytes and increased macrophages [62]. A separate
human study related that both PM2.5 and PM10 cause systemic inflammation and increase in platelet-derived
growth factor, vasoendothelial growth factor, TNFa, Interleukin 1, and Interleukin 6. From the results, it seems
to have a direct relationship with the time of pollutant exposure [62]. Likewise, an already present baseline
inflammatory condition, exacerbated by pollution, can easily contribute to better explaining why individuals
exposed to pollution appear to be at greater risk of developing severe cases of COVID-19, for example [63,
64].

Weather conditions and COVID-19

The correlation between meteorological variables and the spread of SARS-CoV-2 gained considerable
attention after some studies carried out an association between meteorological variables, mainly temperature
and humidity, in regions that were experiencing high rates of COVID-19 [65, 66, 67,68]. A study conducted
in China, based on case studies in Hong Kong, Guangzhou, Beijing, and Taiyuan, indicated that SARS
outbreaks were significantly associated with temperature variations [69].

Demongeot and coauthors [67] illustrated that the virulence of coronavirus diseases due to SARS-CoV
and MERS-CoV decreases in hot and humid climatic conditions. Another work by Wang and coauthors [65]
demonstrated similar data stating that high temperature and high humidity reduce the transmission of COVID-
19, although the mechanisms linked to this are largely unknown. A possible process is that higher ambient
temperatures lead to faster evaporation of droplets that transmit viruses and can thus prevent the spread
[67]. Adding to these findings, Sobral and coauthors [70] showed that temperature was negatively correlated
with the number of infections, and the significance of this relationship remained even after adding additional
variables, such as maximum and minimum average temperatures and exposure time to the disease.

According to Marvi and coauthors [71] work, the relationship between average temperature and the rate
of spread of COVID-19 in several regions of the world was investigated, and the authors inferred that the rate
of spread of the virus is slower in regions with extreme temperatures. A laboratory study published by Chin
and coauthors [72] reported that SARS-CoV-2 was highly stable at 4 °C but sensitive to heat; the virus survival
time was reduced to 5 min as the incubation temperature increased to 70 °C. Several other studies also
indicate that SARS-CoV-2 is sensitive to high temperatures and humidity [73, 74, 75].

The researchers of another study estimated that climatic variables explain 18 % of the variation in the
doubling time of the disease, and the remaining 82 % may be related to containment measures, general
health policies, population density, transport, or cultural aspects [76]. According to another study, the spread
of the virus is associated with latitude and longitude as geographic indicators and seasonal dynamics [77].
As for humidity Bukhari and Jameel [78] showed that countries with high absolute humidity above 10 gm
saw a deceleration in COVID-19 transmissions in a short time. Ward and coauthors [79] in their work also
reported that under high-temperature conditions in the southern hemisphere, summer relative humidity can
affect the transmission of COVID-19.

Unlike the conclusions of previous studies, Yao and coauthors [80] reported no association between
COVID-19 transmission and temperature in Chinese cities. However, Huang and coauthors [81], after
analyzing data from 185 countries/regions between January 21 and May 6. It was illustrated that 60 % of
COVID-19 cases were detected in a temperature range of 5 °C to 15 °C, peaking at 11 °C. In the same study,
global COVID-19 cases increased by 27,536 per 1 °C below 10 °C, and COVID-19 cases peaked at 65 % of
relative humidity. A possible explanation for this is that colder temperatures can impair the innate immunity
of humans, reducing the number of immune cells in the nasal mucosa [68]. Also, low humidity reduces the
ability of airway hair cells to remove viral particles, thereby exposing the host to the virus [82, 83]. Besides,
another study suggested that the phagocytic function of pulmonary alveolar macrophages decreased under
cold stress in an in vitro experiment [84]. It is well known that breathing in cold air can lead to bronchial
constriction, promoting susceptibility to pulmonary infection [85].

We can also mention the beneficial behavioral factors for transmitting the virus at low temperatures, such
as indoor crowding and poor ventilation on cold days [86]. Therefore, the human body is at a higher risk of
virus infection in low-temperature and low-humidity environments. Other studies analyzing additional
variables, such as sun duration [87], wind level [54], relative humidity [88], absolute humidity [89], and daytime
temperature [89], were correlated with the number of COVID-19 cases; however, the effect of weather
conditions on virus transmission is likely to be sensitive to other factors, where habits, culture, social and
economic conditions, and government intervention dominate them.
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CONCLUSION

The transmission of SARS-CoV-2 is still a crucial public health concern, given the new variants, and the
aspects that contribute to the severity and spread of COVID-19 require additional studies. The increased
susceptibility to SARS-CoV-2 infection due to smoking is still unclear but appears to be linked to increased
ACE2 receptors in smokers. Although the relationship between smoking and COVID-19 needs to be clarified,
there is no doubt that smoking and related diseases are among the main risk factors for severe forms of the
disease. PM containing SARS-CoV-2 could be a direct transmission model in a highly polluted area; also,
PM upregulates ACE2 expression, and SARS-CoV-2 has a high affinity for ACE2 receptors. This suggests
that PM and smoking can increase the risk of SARS-CoV-2 in the same way through ACE2 expression. The
results presented in this review still suggest that the climate is important for transmitting COVID-19,
particularly temperature and humidity, but other factors, such as government interventions, can impact this
variable.
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