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Abstract

Environmental and behavioral factors are very important for exposure to airborne SARS-
CoV-2. Indoor environments are related to infection events, including super-spreader events
and outbreaks. Indoor, poorly ventilated, and crowded areas, such as restaurants, cinemas, and
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bars can be effective in the accumulation of aerosols full of viruses, especially if people are in

conversations and stay there for a long time period. At longer distances (more than 1.5 meters),

'.j Check for updates

small aerosols that can stay in the air for a longer period of time are dominant. The super-spreader

events in which people have been infected at a distance away show that this remote transmission
occurs. The exposure risk to longer intervals is likely to be more in domestic environments and
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indoor spaces that lack sufficient ventilation. Layer interventions are of fundamental importance.
Therefore, it is important to take preventive measures as much as possible and follow them as
carefully as possible, because no intervention alone will be effective in eliminating the risk. These

include spacing, lining, hand hygiene, filtration, and ventilation.

Introduction

A review of epidemiological studies of SARS-CoV-2
transmission has shown that the COVID-19 prevalence from
the point source (an infected person transmits it to others)
often occurs in people who are for a long time at home or in
crowded environments are exposed to it (e.g., correctional
facilities, bars,long-term care facilities,and homeless shelters).
By examining these epidemiological patterns, experts become
aware of how SARS-CoV-2 is transmitted [1]. Epidemiologists
cite basic reproduction numbers, to describe the spread of the
virus, known as the RO or “R naught” also. This value indicates
an average number of immunologically naive individuals that
are infected by an infectious person [2].

It is important to recognize that RO varies over time and
conditions and is not absolute. An important challenge for
scientists is understanding the “super-spreading events”
[3]. Also, another study shows airborne transmission [4].
Epidemiological findings also show that the secondary attack
rate the probability of infection occurring in susceptible
individuals in a particular group - is generally higher among
home contacts. This risk seems to be low among the other
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interpersonal contacts, for example talking and sharing
food and even other interactions such as shopping. Studies
show that a higher percentage of people infected with the
SARS-CoV-2 had eaten in the restaurant (where the mask is
removed to eat) 14 days before COVID-19 onset [1,5]. Also,
the findings show that mask-wearing slows down the spread
of the virus in the community, and the daily cases number in
the states where the mask is enforced is much lower. Droplets
and air transfer are inseparable [6]. In general, a pattern for
classifying types of airborne transmission includes obligate
transfer (infection transmission occurs only through aerosol
particles deposition), preferential transmission (dominant
transmission through aerosol particles deposition and state-
dependent clinical manifestations), and opportunistic transfer
(although transfer non-airborne is the most common, under
optimal conditionsaerosol particlesmaytransmittheinfection)
is provided [7]. There are some environmental factors and
variables (e.g. air characteristics, lack of protective measures
such as face cover and mask use, constant exposure during the
infectious period) which can affect the relative importance of
droplets against airborne infection transmission. This relative
importance is an issue that needs to be addressed by public
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health officials as they seek to limit the transmission of the
disease and reduce the unhealthy effects of the epidemic. The
relationship between environment, agent, and the host is
shown by an epidemiological triangle. External environment
or factors causes or allow disease transmission, the microbe
or agent causes the disease, and the host or organism has the
disease [4,6]. More study is necessary to determine adequate
and appropriate ventilation to minimize exposure to infection,
especially in crowded places and indoors.

Can people inhale SARS-CoV-2 enough to infect?

The R-value (value of R, or effective reproductive number)
is considered in association whit the droplets’ relative
importance versus aerosol particles transmission. The
SARS-CoV-2 has a longer incubation period and the highest
average RO. Although the comparison shows the challenge
of SARS-CoV-2 in a high proportion of individuals who are
simultaneously infectious and asymptomatic, the reproductive
number can vary over time. Was highlighted need to consider
variability in RO in one systematic review [2] of measles RO
estimates over time and based on geography, where it was
indicated that RO estimates are wider than 12-18, which is
often with SARS-CoV-2 compared and does not reflect the
conditions of the affected population.

Given the limitations of RO, the concept of an effective
reproductive number [2,8] (called Rt or Re), which describes
transmission as soon as an epidemic occurs, depends on
environmental factors which contribute to transmission [2].
Some of the factors that may contribute to this value include
cleanliness, personal behavior, demographic characteristics,
mask, and others (Figure 1). Factors affecting the transfer
can be considered as environmental factors at the micro and
macro levels. At the micro-level, the factors include the ability
to work from the home and some factors such as the built
environment characteristics and the amount of ventilation in
the buildings. At the macro level, the factors are driven by the
national and the local policies, such as staying home, public
health, or masking instructions.

Investigating the relationship between disease and
infectious dose, how exposure, and how the biological
modifiers for example sex, age, and medical background
conditions can affect disease outcomes are important. Animal
and human studies on coronaviruses of different viruses have
shown a range of infectious doses which depend on external
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Figure 1: This figure indicates factors that can influence the Re. (Re (or Rt), Effective

Reproduction Number, describing the transmission once the epidemic is established).
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factors [6]. Initial attempts to determine the amount of virus
required to infect 50% of exposed individuals or infectious
dose 50 (ID50) based on the human tests or natural events
of other viruses; ID50 varies from 10 to 1000 infectious
virions. According to studies, in the case of SARS-CoV-2, the
ID50 value is less than 1000 infectious viruses transmitted
via intranasal drops [9]. The difference between aerosols
and droplets is important, and the factors affecting infectious
dose are also important. For influenza, micron-sized aerosol
particles were found to require much lower doses of infection
than large droplets [10]. In addition, the level of recipient
immunity is important, a study of HIN1 influenza indicated
in people that with pre-existing immunity the ID50 increased
to 383,000 virions [11]. Other factors that affect infectious
dose include sex, age, distribution, and receptor abundance.
SARS-CoV-2 to angiotensin-converting enzyme receptors
binding, and its number and distribution depending on sex,
age, and individual behaviors and habits such as smoking are
vary greatly [12]. SARS-CoV-2 infection can occur even at low
doses. The SARS-CoV-2 virus is transmitted through aerosol
particles in animal models. SARS-CoV-2 transmission studies
in cats caged together and mice caged together have shown
that direct or close contact is a more effective method of
transmission [13-16]. In hamsters, aerosol transfer was the
predominant mode. Time is also important; Hamsters were
not able to the infection transmit for more than 6 days after
being infected [17]. Therefore, the transmission dominant
method can be different for animal models, and between
others, the transferable period is short.

Dosage, as well as individual characteristics, is important
factors in determining the severity of SARS-CoV-2 disease

In mice and hamsters, the higher dose, the more severe
the disease for coronaviruses, such as SARS-CoV-2 [9,18].
However, the severity of the disease varies depending on
the host condition, including genetic background, age, and
health status, even at the same dose. The genetic differences
change disease severity even independently of the viral dose
in mice [19]. The same is true of obesity in mice. Aging also
is a significant risk factor for individuals and some studies
have shown that the severity of the disease increases with
age. With age, our innate and acquired immune responses
to the infection, such as particles mucociliary clearing from
lungs, decrease. While gender, underlying health conditions,
age, and genetics can all affect the severity of the disease,
these conditions combined do not always lead to a predictable
outcome. Dosage affects the disease severity, but this is
not the only variable that leads to the outcome. Also, sex
as a main biological variable may change the COVID-19
outcome. According to global reports, the male mortality
rate is higher regardless of the national mortality rate. Have
been shown that males excrete more viruses during a longer
time. One of the reasons for the higher risk of the disease in
men can be the sex differences in the entry of the virus and
the immune response [20,21]. Such gender differences with
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other pathogens have also been observed, with young males
transmitting TB bacilli more often than women, children, or
older men. The importance of airborne aerosol particles in
the transmission of SARS-CoV-2, which is amplified by animal
models, is related to the severity of the disease, the infectious
dose, and is influenced by underlying health status and genetic
factors such as age, and sex [3,5].

Wearing amask (face masks) reduces both the emission
of droplets and the absorption of airborne particles

Indoor ventilation reduces exposure to aerosol particles.
There is no rate of “one-size-fits-all” to eliminate the risk of
exposure and ventilation should be based on the occupancy
of the indoor environment. The American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE), for
example, recommend 6.7 L/s per person (L/S pp) ventilation
rates for the school classrooms and 2.5 L/s pp for the churches
(ASHRAE 2003). A study of university dormitories showed
that a ventilation rate of fewer than 5 L/s pp can affect acute
respiratory infections [22]. The other research has suggested
a much higher ventilation rate. One study, for example, found
that a rate of outdoor air supply of fewer than 25 L/s pp
increased the risk of decreased productivity, symptoms of sick
building syndrome, and increased short-term sick leave [23].

A study of the prevalence of COVID-19 in a restaurant in
Guangzhou, China, showed that lack of ventilation contributed
to the outbreak of COVID-19.

It is possible that the lack of fresh air from outside and the
presence of strong airflow from the air conditioner in just only
one location is thought to have played a role in the disease
prevalence [24]. Ventilation lack was also involved in the
prevalence of the Skagit Valley Chorale Rehearsal prevalence.
The facility where training took place probably had less than 1
air change per hour, which allowed a significant accumulation
of airborne aerosol particles during 2.5-hour practice [25].
Research is necessary to determine what rates of ventilation
to control infectious diseases in the air are warranted. Current
practices are not conducive to minimizing energy consumption
for high ventilation, so the future challenge will be to develop
cost-effective and efficient strategies and technologies that
also provide high ventilation rates.

Continuous reduction of disease transmission follow-
ing the use of face coverings (mask)

In experimental studies of the flu in the 1960s, the dose of
aerosol infection was far lower than drops [26]. Despite the
difficulty in separating airborne particles from droplets in
samples, the biological transmission of the disease through the
air has been confirmed. This is further corroborated by studies
demonstrating that viruses may remain infectious on the air
and surfaces for hours [26,27]. Typical room ventilation alone
cannotreduce the effect of shared respiratory plumes exposure
when individuals are close to each other. Transmission of the
virus at shorter distances seems to be the dominant route for
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the spread of SARS-CoV-2, so social distancing is the effective
way for limiting the spread of disease [28]. It is indicated
that face-coverings or masks reduce aerosol particles and
droplets emission at the source by 52% to 90%, depending
on the type of mask, fit and use. Even a reduction of 10% in
the virus transmission is valuable, and the negative result
in this test does not mean that the masks do not good work.
Wear masks also reduce the wearer’s intake of droplets and
aerosol particles by 25% to 90%, depending on the details.
In addition, wearing the masks reduce the jet emission of
respiratory plumes and limit the interval traveled by aerosol
particles and droplets [29]. Wearing masks reduces both the
emission and the intake of airborne aerosol particles and
droplets by the wearer. Surgical masks have been estimated
to reduce the influenza aerosols emissions from infected
peoples by 67% to 75% and intake by 50% to 83% [30].
For smaller aerosol (< 5 um) such as larger droplets and
aerosols containing coronaviruses, the surgical masks were
effective in controlling the source as well as protecting the
wearer [31]. Based on the results of studies from the other
respiratory viruses, findings show a 10% to 20% reduction
in transmission through a combination of increased hand
hygiene and mask use [32].In general, there is clear mechanical
evidence that face cover and mask protect the wearer because
we know that not all face covers and masks are made equal
and that there are different levels of protection masks that
are afforded. As mentioned, global masking alone cannot be
sufficient to prevent infectious spread. The disease’s largest
outbreaks were observed in communities where individuals
do not wear face masks, but two community epidemics have
occurred in Hong Kong that despite 99% of masks being used
in required public places (for example taxis and mass transit,
but not in the social environments as well as restaurants or
bars) that indicate need to layer by the other methods, such
as social distancing [29]. Current evidence indicates that
SARS-CoV-2 transmission can occur from multiple pathways
that support the need for layered interventions. The masks
restrict the bidirectional transfer of aerosol particles and
infectious droplets and protect the mask wearer and also
those surrounding them. Face shields and Plexiglas barriers
reduce droplet transport but do not restrict aerosol particles
as they are transported through currents of air. Further
measurements are also needed on how generated the size of
aerosol particles and droplets based on activities [4]. Indoor
activities, even with the wear masks, should be modified
and limited and individual distances should be maintained
due to the local leakage from masks, the accumulation of
indoor aerosol particles, and considering the respiratory
zone importance in addition to the overall flow of indoor air.
Filtration and Ventilation can have a major effect on aerosol
concentration [22,23].

Filtration and reducing indoors aerosol concentrations

Filtration can be used as an effective adjunct to ventilation
to reduce the concentration of indoor aerosols [4,25]. It is
very important to consider the amount of clean air delivery
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in proportion to the volume of the room and the ventilation
existing when using filtration technologies. There is a need
to study the best way to improve filtration efficiency in
ventilation, air conditioning, and heating systems [25]. Also,
ventilation systems of airplanes designed to the reduction of
the airborne virus’s build-up in passenger cabins can limit
airborne transmission in the longer range. Therefore, the
risk of further exposure in airplanes is due to face-to-face
conversations and other close interactions.

Conclusion

The challenge of public health practices communicating
appropriately when the disease is evolving rapidly is critical to
disease control. The need to better understand the quantitative
relationship between coronavirus dose and response to
infectious disease and the importance of increasing testing
to limit transmission is crucial. Cultural sensitivity is needed
to convey information about modifying the behaviors that
can put individuals at greater risk, for example, given family
communities the importance of emotional health. It is very
important to note that in some cases, due to weak urban or
economic reasons, communities may not be able to implement
filtration measures and improve building ventilation and even
open windows that have been closed for security reasons.
Mass transportation can also pose special challenges for
those who are dependent on public transportation due to
the problems of social distancing. There is a need to layer
protective measures to the reduction of the virus spread, such
as maximizing ventilation, masks, face shields if necessary,
physical distancing, and hand hygiene. These combined
actions are very important and should be promoted as the
single management strategy. The value of these layered
approaches in the interiors, including public transportation,
schools, health care centers, office buildings, dental offices,
and air travel, is enormous. Thus, aerosol particles protective
approaches are important in environments where procedures
may produce more aerosols (for example, dental offices and
or during specific medical procedures). The risk of COVID-19
exposure in flight situations with high cabin air conditioning
rates, up to 30/h air changes, is a key challenge in addressing
travel-related behaviors that can increase the exposure risk,
for example crowding when getting off the plane. Also, the
mitigating approaches unintended consequences, including
impacts on the energy consumption (such as ventilation
systems), mental health, the economy, education, and the
environment, are significant. Further research is needed to
better understand SARS-CoV-2 transmission, but it should
be emphasized that such studies do not eliminate need for
immediately steps to prevent the further airborne routes
infections. Public health professionals can take it immediately
because they are trying to reduce risk of public exposure to
COVID-19. Therefore, given the evidence of airborne aerosol
particles transmission as the main potential pathway, it is a
prudent strategy to take steps to limit this pathway especially
indoors.
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