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Abstract

We can avoid food and water even when we need them, but we cannot avoid air even when we don't need it. The epidemiological importance of air borne transmission
should not be whisked away. While there is no evidence about aerologic transmission of SARs-CoV-2, report has indicated that SARs-CoV-2 can be air borne but
only through aerosols created by medical procedures. Meanwhile, air conditioners do move air around in a room, so they theoretically pose a risk of spreading viral
droplets and droplet nuclei. More research is therefore needed to understand the impact, of air conditioning on the spread of SARs-CoV-2 in public and private
places. Most of the reports made today on the possibilities of transmitting SARs-CoV-2 through air condition are based on assumption. Scientific issues remain
assumption or hypothesis until scientifically proven. Droplets and droplet nuclei can potentially be transmitted through air control of heat ventilation air conditioner
(HVAC), considering that its mechanism could run through circulation of viral particles within the room, office, theater and laboratories, or removal of the viral
particles from the room to the outside, however the scientific knowledge of the SARs-CoV-2 droplets and droplet nuclei is not yet clear. There is tendency that any
air-conditioned room that the viral carrier has entered, is potential source of contacting the virus through mechanism of heat, ventilation air conditioner operation.

Factors that would enable heat, ventilation air conditioner to serve as source of viral transmission are highlighted.

Introduction

The Smith Papyrus, dating back to 1600 BC, stated that the first of
the incantations to the gods of sickness was devoted to cleansing the
wind of the pest of the year. In the second Century A.D, Galan gave
forth the ominous pronouncement, that when many sicken and die at
once, we must look to a single common cause, the air we breathe [1,2].
This background theory, as old as it is, remains relevant in this modern
time. COVID-19 is a disease caused by the SARS-CoV-2 virus, it was
first reported to the WHO Country Office in China on 31 December
2019 and later became a global pandemic [3]. Hand washing, use of
surgical or face mask and maintaining social distance are the main
measures recommended by the World Health Organization (WHO)
to avoid contracting COVID-19. Unfortunately, these measures do not
prevent infection by inhalation of small droplets and droplet nuclei
exhaled by an infected person that can travel distance of meters or
tens of meters in the air and carry their viral content. Science explains
the mechanisms of such transport and there is evidence that this is a
significant route of infection in indoor environments [4].

The WHO?’s previous guidelines stated that only larger droplets
expelled from coughs and sneezes that fall to the floor can spread the
disease. This indicates that they did not acknowledge the potential
for aerosol transmission. Later, WHO reported that some medical
procedures can produce very small droplets (called aerosolized
droplet nuclei or aerosols), that are able to stay suspended in the air
for longer periods, when such medical procedures are conducted on
people infected with COVID-19 in health facilities, these aerosols
can contain the COVID-19 virus [3]. These aerosols may potentially
be inhaled by others if they are not wearing appropriate personal
protective equipment (PPE). But it has long been recognized that
particles expelled during human expiratory events, such as sneezing,
coughing, talking, and breathing, serve as vehicles for respiratory
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pathogen transmission [5,6]. Asadi et al. [7] has shown that the rate of
particle emission during normal human speech is positively correlated
with the loudness (amplitude) of vocalization; indicating that droplets
and aerosols are on a continuum of sizes.

It could be said that compared with previous global epidemics
or pandemics, humanity is much better equipped to control the new
epidemic. The virus’s gene sequence was identified and made public,
and a testing method was developed within two weeks after its existence
was announced [8], launching the race to develop a protective vaccine
[9]. In addition, testing methods measuring the infection (using RT-
PCR) and measuring the antibodies formed after being infected (using
immunoassays) [10,11]. Real-time statistics on all aspects of the
virus’s transmission are available online [12]. Countries have enacted
emergency response procedures, travel bans have been put in place [13]
and lockdown procedures which limit the movement of people inside
the administrative zones. Despite all these, the transmission routes, a
key step to the epidemic control, have not yet been fully determined.
Importantly, rudimentary knowledge of several aspects of infection
spread, including how SARS-CoV-2 virus is transmitted is inevitable
[14,15]. General knowledge of viral transmission recommends spread
by direct contact, touching an infected person or the surfaces and
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fomites that the person has either touched, or on which large virus-
containing droplets released by the person have landed [16] and there,
the virus can remain stable for days [17]. The droplets can also be
deposited directly on a person in close proximity to the infected person.
Therefore, frequent handwashing and maintaining a distance of at least
one meter (arm’s length) are considered the main precautions against
contracting the infection [18]. These are basically important, but our
defensive strategy may not be enough without comprehensive emphasis
on transmission route involving aerosols which involves the droplet
nuclei en route air transmission. This mode of transmission seems to be
suppressed or ignored in the case of SARS-CoV-2 virus. This is why this
work remains relevant in the context of COVID-19 eradication. Besides
we can avoid food and water even when we need them, but we cannot
avoid air even when we don’t need it. The epidemiological importance
of air borne transmission should not be whisked away.

It is recorded that the predecessor of SARS-CoV-2, SARS-
CoV-1, did spread in the air. This was reported in several studies and
retrospectively explained the pathway of transmission in Hong Kong’s
Prince of Wales Hospital [19,20], as well as in health care facilities in
Toronto, Canada [21], and in aircraft [22]. These studies concluded
that airborne transmission was the main transmission route in the
indoor cases studied. Other examples of airborne transmission of
viral infections include the spread of Norwalk-like virus between
school children [23], and the transmission of influenza A/H5N1 virus
between ferrets [24]. A World Health Organization [25] review of the
evidence stated that viral infectious diseases can be transmitted across
distances relevant to indoor environments by aerosols (e.g., airborne
infections), and can result in large clusters of infection in a short period.
Basically, the most common types of viruses causing infections in the
respiratory tract through aerosol transmission are influenza viruses,
rhinoviruses, coronaviruses, respiratory syncytial viruses (RSVs), and
parainfluenza viruses [16]. Tellier [26] has postulated three modes in
which the influenza virus can be transmitted: aerosol transmission,
droplet transmission, and self-inoculation of the nasal mucosa by
contaminated hands. Another classification is presented by Judson
and Munster [27], which is often referred to as the term of ‘airborne
transmission’ to describe the disease spread by small droplet aerosols or
droplet nuclei, while the term ‘droplet transmission’ describes infection
by large droplet aerosols. The term ‘airborne transmission’ defined by
Morawska [16] is quite similar to the same apprehended by Judson and
Munster [27]. Considering the many similarities between the two SARS
viruses and the evidence on virus transport in general, it is very likely
that the SARS-CoV-2 virus also spreads by air [28]. Experts in droplet
dynamics and airflow in buildings agree on this [29]. In April 1985,
175 patients were admitted to hospitals in Stafford England with chest
infections or pneumonia-like symptoms. A total of 28 people died.
Medical diagnosis showed that Legionnaires’ disease was responsible,
and the epidemiological investigation traced the source of the infection
to the air-conditioning cooling tower on the roof of the Stafford District
Hospital. This is in addition to the original case of the same disease in
Philedelphia USA in 1977 [30]. We argue here that if history of bacteria
such Legionella pneumophilia can be aerosolized and transmitted
through air conditioning system, viruses like SARs-Cov-2 could as well
be aerosolized and the transmission propagated through air condition.

Based on these, it is important to review the possible implication of
one of the most vibrant vehicles for microbial air transmission through
the Heat, ventilation air conditioning system (HVAC). COVID-19
infection in Nigeria for example experienced significant increase in
wealthy individuals and office users who could have been spending
higher number of hours under air conditioning system moving from
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office air conditioner to that of the car. This is an observation but of
epidemiologic importance to implication of AC in the spread of the
aerosols. Additionally, in hot Southern states in USA where people want
to stay indoors and enjoy the air conditioning, ventilation is dependent
on HVAC systems and there is high prevalence of COVID-19 infection
in that area than in other places. Some argument has it that the
infectivity in these individuals is because the virus thrives and replicates
better under cold temperature than under hot temperature. However,
the truth remains that between droplet and droplet nuclei (aerosol)
contagion, droplet nuclei contagion is more infective or portent
because one can take all the possible measures as mentioned above but
cannot avoid air. “Ventilation is the key control point for an airborne
virus [31]. “Based on multiple studies done by the authors, we believe
that optimized ventilation is the way to move forward, removing the
virus from the air before people inhale it. We think that’s one of the
main ways it’s transmitted” [31].

Aerosol transmission of SARS-CoV-2, whether through direct
respiratory droplet transfer or fomite generation, may in fact be a more
important exposure transmission pathway than previously considered
[32]. Fear et al. [33] through their quantitative measurement of
infectivity of viral airborne efficiency complemented by qualitative
assessment of virion morphology concluded that SARS-CoV-2 is viable
as an airborne pathogen. Humans produce aerosols continuously
through normal respiration [34]. Production of aerosols increases
during respiratory illnesses [35], and even during louder-than-normal
oration [36]. When we are dealing with an infectious agent that has the
transmission capacity to go pandemic, we strongly believe that no stone
should be left unturned because the more knowledge we have about the
infectious agent, the more we prevent and eradicate the agent.

Droplet, droplet nuclei and viral transmission

In the classic study of airborne transmission, Wells [1] was able
to identify the difference between disease transmission via large
droplets and by airborne routes. Wells [1] found that, under normal
air conditions, droplets smaller than 100um in diameter would
completely dry out before falling approximately 2m to the ground. This
finding allowed the establishment of the theory of droplets and droplet
nuclei transmission depending on the size of the infected droplet.
Aerobiology is the study of the processes involved in the movement
of microorganisms in the atmosphere from one geographical location
to another, including the aerosolized transmission of disease. The
aerosolized transmission of disease occurs through both droplet and
droplet nuclei (airborne) means [37]. Droplet transmission is defined
as the transmission of diseases by expelled particles >5-10um that are
likely to settle to a surface quickly, typically within three feet of the
source [38]. Thus, for example, in order for an infection to be caused by
droplet transmission, a susceptible individual must be close enough to
the source of the infection (e.g., an infected individual) in order for the
droplet (containing the infectious microorganism) to make contact with
the susceptible individual’s respiratory tract, eyes, mouth, nasal passages,
and so forth. In contrast, droplet nuclei (<5um) airborne transmission
is defined as the transmission of infection by expelled particles that are
comparatively smaller in size and thus can remain suspended in air
for long periods of time [39]. The spread of such an infectious agent
could be caused by the dissemination of droplet nuclei (aerosols) that
remain infectious when suspended in air over long distances and time
[39]. Transmission of SARS-CoV-2 can occur through direct, indirect,
or close contact with infected people through infected secretions such
as saliva and respiratory secretions or their respiratory droplets, which
are expelled when an infected person coughs, sneezes, talks or sings
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[40,41]. Respiratory droplet transmission can occur when a person
is in close contact (within 1 meter) with an infected person who has
respiratory symptoms (e.g., coughing or sneezing) or who is talking
or singing; in these circumstances, respiratory droplets that include
virus can reach the mouth, nose or eyes of a susceptible person and
can result in infection. Indirect contact transmission involving contact
of a susceptible host with a contaminated object or surface (fomite
transmission) may also be possible [42] When public health officials say
that there is no sufficient evidence to say that SARS-CoV-2 is airborne,
they specifically mean transported in virus-laden aerosols smaller
than 5um in diameter. Compared with droplets, which are heftier and
thought to travel only short distances after someone coughs or sneezes
before falling to the floor or onto other surfaces, aerosols can linger
in the air for longer and travel further [29]. According to WHO [3],
airborne transmission of SARS-CoV-2 can only occur during medical
procedures that generate aerosols (“aerosol generating procedures”).
WHO, together with the scientific community, has been actively
discussing and evaluating whether SARS-CoV-2 may also spread
through aerosols in the absence of aerosol generating procedures,
particularly in indoor settings with poor ventilation?. The implications
here is that respiratory droplets are not airborne particles while droplet
nuclei (aerosols) are airborne particles and that the major means of
transmitting SARS-CoV-2 is through respiratory droplets.

Bourouiba [14] found that under the right conditions, liquid
droplets from sneezes, coughs and just exhaling can travel more than 26
feet and linger in the air for minutes. The study focused on a turbulent
gas, the cloud emitted when someone coughs, sneezes or exhales. Liquid
droplets of various sizes drop onto surfaces, while others can be trapped
in a cloud that can swirl around a room with a payload, in theory of
pathogen-bearing droplets. A lot goes into how far the cloud and its
droplets travel: considering a person's physiology, the environment,
humidity and temperature. The cloud can reach up to 26 feet for sneezes
and less than that for coughs about 16 to 19 feet [14]. According to
Atkinson et al. [43] on a World Health Organization report, when
someone coughs, they can spray up to 3,000 droplets. A sneeze could
yield 40,000. These droplets can be very small as small and invisible as
the micron size to the ones that you can see that are on the order of the
millimeter”. A human hair is 60 to 120 microns thick.

Airborne particles are particularly worrisome simply because
they can remain suspended in the air for extended periods of time.
Researchers demonstrated that airborne particles could remain airborne
for as long as one week after initial aerosolization [1,44,45]. Thus, the
droplet nuclei potentially expose a much higher number of susceptible
individuals at a much greater distance from the source of infection [46].
Depending on environmental factors (e.g., meteorological conditions
outdoors and fluid dynamic effects and pressure differentials indoors),
airborne particles are easily measured 20m from their source. These
factors would be of no concern but for the fact that airborne bacterial,
viral, and fungal particles are often infectious [37,47].

Looking at the current trend that the SARS-CoV-2 is often
transmitted through droplets generated when a symptomatic person
coughs, sneezes, talks, or exhales [4,48] and that droplets are too heavy
to remain in the air and rather fall on nearby floors or surfaces, it is very
important, to note that some droplets, when ejected from an infected
person, convert to aerosol particles (also known as bioaerosols) with
relatively smaller aerodynamic diameters and, consequently, become
airborne [16]. Such virus-laden aerosol particles are capable of infecting
people who inhale such particles, thereby spreading the disease. Further,
there have been several transport phenomena where larger droplets
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become smaller through evaporation so that such smaller particles
are called droplet nuclei. Such aerosol particles with the encapsulation
of viruses could be termed as bioaerosols or droplet nuclei [49].
Considering the impact of the most important environmental factors
that could influence the viability of airborne microorganisms such as
temperature, humidity, radiation (sunlight), and open-air (ventilation)
[50], most viruses, including SARS-CoV-2, are less than 100nm in size
[51]. Viruses in aerosols loss or gain the viability and infectivity because
of environmental stresses caused by temperature, relative humidity, and
sunlight before they reach a susceptible host. Environmental tolerance
of the virus-laden aerosols depends on the specific phenotype available,
the composition of the bioaerosols containing virus and their payload,
and physical characteristics in the surrounding environment [52]. As
the environmental factors play a major role in transmitting payloads of
SARS-CoV-2 virus in different geographical locations of outdoor and
indoor environments and enabling transmission factors to ascertain the
true nature of airborne transmission of SARS-CoV-2 virus (Figure 1).

The scenarios in respect of the generation of droplets and aerosol,
particularly in the indoor environment, have not been adequately
understood, and thus, insights into the plausible mechanisms are
worthy of being explored. Duguid [53] for the first time, explored the
characteristics of droplets and aerosol from human expiratory activities
with chest infections. Duguid [53] observed that 95% of particles were
often smaller than 100um, and the majority was between 4 and 8um.
The findings corroborated that breathing and exhalation originated
from the nose have shed up to a few hundreds of droplets of which

(a) Event of sneezing

Turbulent gas cloud predominantly with aerosols

(b) Event of coughing

Turbulent gas cloud predominantly with aerosols

Large droplets

(¢) Event of exhaling

Infected
person
Exhaled air predominantly with aerosols

Figure 1. Trajectories of droplets and aerosols from an infected patient (a) event of sneezing
with droplets travelled for 6m at a speed of 50m/s within 0.12s (b) event of coughing with
droplets travelled for 2m at a speed of 10m/s within 0.2s (c) event of exhaling with droplets
travelled for 1m at a speed of 1m/s within 1s [49].
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some were aerosols. In contrast, talking, coughing, and sneezing have
produced more aerosols than droplets. A complicating factor is the
heterogeneous nature of droplet and droplet nuclei releases, which
generally consist of mixtures of both single and multiple cells, spores,
and viruses carried by both respiratory secretions and inert particles
(e.g., dust) [47]. In another experiment, the comparison of short-term
aerosol efficiencies of three emergent coronaviruses showed SARS-
CoV-2is on par with or exceeding the efficiency estimates of SARS-CoV
and MERS-CoV [33]. Some efficiency determinations for SARS-CoV-2
ranged to -5.5log", a full log difference compared to MERS-CoV. The
fact that higher efficiencies trended across independent laboratories
strengthens this observation. These data suggest that SARS-CoV-2
generally maintains infectivity when airborne over short distances, in
contrast to either comparator betacoronavirus. Results of the aerosol
suspension experiments suggest that SARS-CoV-2 is persistent over
longer periods of time than would be expected when generated as a
highly respirable particle [33]. This is remarkable as there would be an
expected decay and loss in the infectious fraction of airborne virus based
on prior susceptibility studies with other relatively environmentally
hardy viruses like Monkeypox [54]. A recent study [17], showing only a
slight reduction of infectivity in aerosol suspensions with approximately
similar particle sizes, were suggestive of the minimal effects on
SARS-CoV-2 infectivity observed by Fears et al. [33]. Collectively,
this preliminary dataset on the aerosol efficiency and persistence of
SARSCoV-2 suggest that this virus is remarkably resilient in aerosol
form, even when aged for over 12 hours, and reinforces the conclusions
reached in earlier studies of aerosol. The origins of droplet or airborne
infectious microorganisms are also heterogeneous: infectious particles
may be generated from, for example, infectious persons, heating,
ventilation, and air conditioning (HVAC) systems, and cooling tower
water in hospitals. All of these sources can produce airborne infectious
particles [47]. Also, droplet and airborne transmission are not mutually
exclusive. That is, independent of origin, particles carrying infectious
microorganisms do not exclusively disperse by airborne or droplet
transmission, but by both methods simultaneously [46].

Transmission of infectious disease by the airborne route is
dependent on the interplay of several critical factors, primarily particle
size (i.e., the diameter of the particle) and the extent of desiccation [47].
Previous works suggest that a particle’s size is of central importance in
determining whether it becomes and remains airborne and infectious
[55-58]. Simply illustrated, large particles fall out of the air and
small particles remain airborne. As indicated above, World Health
Organization uses a particle diameter of 5um to delineate between
droplets nuclei (airborne) (<5um) and droplet (nonairborne) (>5um)
transmission [59,60]. One of the challenges facing practitioners,
particularly in an enclosed building, is that even large-sized droplets
can remain suspended in air for long periods [47]. The reason is that
droplets settle out of air onto a surface at a velocity dictated by their
mass [47]. If the upward velocity of the air in which they circulate
exceeds this velocity, they remain airborne. Hence, droplet aerosols
up to 100um diameter have been shown to remain suspended in air
for prolonged periods when the velocity of air moving throughout a
room exceeds the terminal settling velocity of the particle [47]. Another
critical variable is the rate at which particles desiccate. Immediately after
droplets are expired, the liquid content starts to evaporate, and some
droplets become so small that transport by air current affects them
more than gravitation. Such small droplets are free to travel in the air
and carry their viral content meters and tens of meters from where they
originated [16]. Even large, moisture laden droplet particles desiccate
rapidly. Particles begin desiccating immediately upon expulsion into
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the air and do so rapidly. Particles up to 50pum can desiccate completely
within 0.5 s [1]. Rapid desiccation is a concern since the smaller and
lighter the infectious particle, the longer it will remain airborne. Hence,
even when infectious agents are expelled from the respiratory tract in
a matrix of mucus and other secretions, causing large, heavy particles,
rapid desiccation can lengthen the time they remain airborne (the dried
residuals of these large aerosols, termed droplet nuclei, are typically
0.5-12um in diameter. Of further concern, very large aerosol particles
may initially fall out of the air only to become airborne again once they
have desiccated [47]. The Wells evaporation-falling curve of droplets
is important in understanding airborne transmission and transmission
by large droplets. Wells study also demonstrated that droplets could
transform into droplet nuclei by evaporation [1]. However, the
consequent of desiccation should be put into consideration because
not all microbial particles can survive the effect of desiccation. Fennelly
[61] reported that the variability of transmission among respiratory
pathogens appears to be less dependent on the physical particle size
emitted by the diseased person, as current guidelines suggest, but
more by biological factors such as the size of the emitted inoculum,
the ability of the pathogen to survive desiccation and other stresses of
aerosolization and airborne transport, and environmental factors such
as air movement, temperature and humidity, and host defenses.

A recent laboratory study showed that artificially aerosolized
SARS-CoV-2 survived in the air as long as SARS-CoV-1 and persisted
even longer on surfaces, from where it might become resuspended
by turbulent air [17]. The researchers evaluated the stability of SARS-
CoV-2 and SARS-CoV-1 in aerosols and on various surfaces and
estimated their decay rates using a Bayesian regression model and found
similarities in all the experimental conditions. SARS-CoV-2 remained
viable in aerosols throughout the duration of the experiment (3 hours),
with a reduction in infectious titer from 10*° to 10*7 tissue culture
infectious dose (TCID,) per liter of air. This reduction was similar to
that observed with SARS-CoV-1, from 10*? to 10*° TCID,, per milliliter.
The researchers also found that the stability of SARS-CoV-2 was similar
to that of SARS-CoV-1 under the experimental circumstances tested.
This indicates that differences in the epidemiologic characteristics of
these viruses probably arise from other factors, including high viral
loads in the upper respiratory tract and the potential for persons
infected with SARS-CoV-2 to shed and transmit the virus while
asymptomatic. Respiratory Aerosol and fomite transmission of SARS-
CoV-2 is plausible, since the virus can remain viable and infectious
in aerosols for hours and on surfaces up to days (depending on the
inoculum shed) [62,63]. These findings echo those with SARS-CoV-1,
in which these forms of transmission were associated with nosocomial
spread and super-spreading events [64], and they provide information
for pandemic mitigation efforts.

Implications of HVAC

The purpose of air conditioning, ventilation, or other climate
control systems are to create “thermally comfortable” environments
for people, while often also improving the quality of circulating indoor
air. Studies that have examined different levels of indoor temperature
and relative humidity on the transmission of SARS-CoV-1, HINI, and
MERS-CoV viruses show that lower temperature and relative humidity
(below 70°F/ 21°C and below 40% RH) increase the survival time of both
coronaviruses and influenza on dry surfaces [65]. For example, SARS-
CoV-1 can survive at least two weeks in an air-conditioned environment
where temperature is typically 22-28°C and relative humidity is
usually controlled at 30-60% [66]. Recent studies confirm that SARS-
CoV-2 survival is comparable to SARS-CoV-1 [17]. Therefore, it is
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plausible that findings for SARS-CoV-1 are also true for SARS-CoV-2.
Heating, Ventilation and Air Conditioning Systems (HVAC) are used
as a primary infection disease control measure. Poor ventilation in
confined indoor spaces is associated with increased transmission of
respiratory infections [67,68]. There have been numerous COVID-19
transmission events associated with closed spaces, including some
from presymptomatic cases [69,70]. This indicates that if not correctly
used, they may contribute to the transmission/spreading of airborne
diseases as proposed in the past for SARS. The role of ventilation
in preventing COVID-19 transmission is not well-defined (ie., by
preventing dispersal of infectious particles to minimize the risk of
transmission or preventing transfer of an infectious dose to susceptible
individuals). Research has shown that airborne transmission is possible
and that HVAC systems when not adequately used may contribute to
the transmission of the virus, as suggested by descriptions from Japan,
Germany, and the Diamond Princess Cruise Ship. Previous SARS
outbreaks reported at Amoy Gardens, Emergency Rooms and Hotels,
also suggested an airborne transmission [71]. Droplet nuclei floating on
the air may be carried by the movement of air. Entrainment of air into
neighbouring airspaces may occur during the most innocuous daily
activities; for example, as a result of people walking, or the opening
of a door between a room and the adjacent corridor or space [72,73].
In addition, the air temperature (and therefore air density) differences
across an open doorway will also cause air exchange to occur between
the two areas, providing a second mechanism to allow air into other
areas [74,75]. If the air conditioning or ventilation system is not well
maintained and operated, there are two potential mechanisms through
which it could contribute to virus transmission: the system itself could
recirculate contaminated air; and/or could create indoor conditions
(temperature and humidity) that support virus survival. Buildings that
use a central ventilation and/or climate control system, should use
the most efficient filters. Consider installing a higher efficiency filter
(MERV-13 to 16, EPA-2019 models), or in healthcare facilities, a HEPA
filter which captures viruses effectively [76], and where the air handler
is rated for such a filter. Filters should be installed and maintained
according to manufacturer recommendations. High efficiency filters
are also available for residential use.

Of significance here is that SARs CoV-2 can be transmitted through
aerosol (airborne) and if that is the case, HVAC is suspected here to be
good transport medium for transmission of SARs CoV-2 [69]. Research
has shown that in COVID-19 outbreak, droplet transmission was
prompted by air-conditioned ventilation. The key factor for infection
was the direction of the airflow [77]. To prevent spread of COVID-19
in restaurants, Lu et al. [69] recommended strengthening temperature-
monitoring surveillance, increasing the distance between tables, and
improving ventilation.

The current common denominator affecting the transmission
or reduction of transmission of airborne particles in a building is its
HVAC system. HVAC systems are intended to provide for the health,
comfort, and safety of occupants by maintaining thermal and air quality
conditions that are acceptable to the occupants [68,78], through energy-
efficient and cost-effective methods under normal conditions [79], and,
to the extent possible, they are expected to be responsive to hazardous
exposures under extraordinary conditions [80]. Ventilation systems
provide clean air by exchanging indoor and outdoor air and filtering.
Air-conditioning systems can be part of integrated HVAC systems or
stand-alone, providing cooling/warming and dehumidification. Stand-
alone systems usually recirculate the air without mixing it with outdoor
air [68]. A typical HVAC system has three basic components: (1) outdoor
air intake and air exhaust ducts and controls, (2) air handling units (i.e.,
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systems of fans, heating and cooling coils, air filters, and controls), and
(3) air distribution systems (i.e., air ducts, diffusers and controls, return
and exhaust air collectors, grilles, and registers, return and exhaust air
ducts and plenums) [81]. HVAC systems perform multiple functions
simultaneously, including controlling three known central variables in
the airborne transmission of infectious particles: temperature, relative
humidity, and air currents. Drawing definitive conclusions about the
role that HVAC systems might play in spreading COVID-19 is difficult.
There are only a few published studies looking at that issue, and experts
admit there has been too little research into the role of HVAC systems
in the spread of the novel coronavirus. Air conditioners have fans that
blow the air around. That gives the smallest viral particles-aerosols-
-extra lift to remain suspended in the air for longer period. “The
air currents that are produced by air conditioners and also fans and
other air moving devices can carry particles further than they might
otherwise go. Air conditioners also remove moisture from the air, and
we know viruses prefer dry air. This virus is opportunistically airborne,
you can get it by inhaling it, Air conditioning is also risky because of the
way air handlers work.

Since aerosols are much smaller than droplets, aerosols can travel
greater distances and get deep into the lungs of someone who inhales
them. Among scientists, there has been debate about the extent to
which aerosol transmission causes infection. But it has been generally
accepted that it does occur, especially in closed indoor settings.
Consequently, there's a possibility that air conditioning may be a
potential route of transmission — sucking in virus particles breathed
out by an infected person and then blowing those infectious particles
back out in the same room or even another room several floors away. In
fact, other infectious diseases such as measles, tuberculosis, chickenpox,
influenza, smallpox and SARS have all been shown to spread through
heating, ventilation and air conditioning systems. The composition and
viability of indoor microbial communities and their metabolic products
are determined by the characteristics of the building they inhabit, the
building's occupants and their behaviors, and the surrounding external
environment [82]. Biological agent would be introduced directly into
the HVAC system from outside of a building via the air intake, and then
distributed throughout the building [83]. Building materials, carpets,
clothing, food, pets, and pests are also known sources of introduction
of airborne particles into an office or commercial building [83]. Viruses
that are spread easily via airborne transmission (e.g., Influenza A) can
be brought into a building by infected individuals and potentially enter
the return air system and be spread throughout a building by the HVAC
system [83]. Such infected individuals may show no symptoms and thus
hamper infection control measures (e.g., 30-50% of humans infected
with Influenza A show no symptoms [84] asymptomatic conditions also
exist in SARs CoV-2. In general, however, it should be noted that the
extent to which HVAC systems contribute to the airborne transmission
of disease has not been quantified [83]. The air in the HVAC system
passes through the air filter. The filter’s job is to catch particulates and
pollutants such as dust, mold, pet dander and fungal spores. The mesh
that is the main namesake of the filter that air passes through becomes
denser, thus catching these materials and not hindering the flow of air.
If the air filter is not changed as frequently as it should, the air can’t pass
through as easily, as well as more and more particulars have the chance
of getting through the mesh, thus harming indoor air quality.

Precautionary measures

A working group from the University of Pittsburgh Medical
Center (UPMC) Biosecurity Center (Baltimore, MD, USA), including
experts in air filtration, building ventilation and pressurization, air

Volume 6: 5-8



Ezeani MC (2021) Potentials of SARs-CoV-2 transmission through bioaerosol and implications of air conditioning systems

conditioning and air distribution, biosecurity, building design and
operation, building decontamination and restoration, economics,
medicine, public health, and public policy, concluded in 2005 that
there are seven actionable items building owners and operators can
undertake to immediately reduce the risk of building occupants to
airborne particles [85]. They are (1) to minimize filter bypass by sealing,
caulking, and gasket filter cartridges, retainer banks, and tracking, (2)
to commission buildings during design and construction, and re-
commission routinely to ensure that ventilation systems are operating
as intended, (3) to increase air filtration to the maximum economically
justifiable MERV (Minimum Efficiency Reporting Value, a rating of air
filter effectiveness) level, (4) to maintain filter systems by conducting
regular inspections, (5) to ensure that HVAC maintenance staff has
appropriate training to operate and maintain the HVAC system, (6)
when economically feasible, tighten the building envelope to reduce
the infiltration rate, and (7) when economically feasible, pressurize
the building to reduce the infiltration rate. Therefore, all possible
precautions against airborne transmission in indoor scenarios should
be taken. Precautions include increased ventilation rate, using natural
ventilation, avoiding air recirculation, avoiding staying in another
person’s direct air flow, and minimizing the number of people sharing
the same environment [58]. Furthermore, as reported by Persily et al.
[86] most commercial buildings are not configured and maintained in
ways that effectively reduce occupants' risk of exposure to biological
threats: The HVAC systems of most commercial buildings do not
have air filtration systems sufficient to effectively remove biological
contaminants from the air; this is particularly true for bacteria and
viruses; Filters are frequently installed improperly and/or maintained
improperly, resulting in reduced filtration efficiency as a result of filter
bypass; Many commercial buildings have infiltration problems that can
reduce the effectiveness of air filtration systems because air that enters
a building via infiltration bypasses filtration systems; Many commercial
buildings have outdoor air intakes located at or near ground level,
making them more accessible; this increases occupants' vulnerability
to biological attacks and also can increase vulnerability to naturally
occurring threats when the air intake is near a potential contamination
source [86]. Increasing ventilation indoors and not recirculating air can
go some way to ensuring that infectious aerosols are diluted and flushed
out, says Morawska and Cao [4]. All air conditioning and industrial
ventilation systems for both residential and high occupancy buildings
(government buildings, schools, hotels, and hospitals) should be
inspected, maintained, and cleaned regularly to prevent transmission.
Even in well-ventilated environments, people should continue following
recommendations of physical distancing and frequent hand hygiene.
Set temperatures between 24°C/75°F and 27°C/80.5°F for cooling
during the warmer weather, and RH between 50% and 60%. To reduce
the number of days that the SARS-COV-2 virus can remain viable in
the indoor environment, avoid setting climate control systems to low
“cold” temperatures (below 21°C/70°F) [87] and “dry” low humidity
settings (below 40%) as these are optimal conditions for the virus to
survive [17,87].

Conclusion

It may not be possible for droplet transmission to be taking place
while aerosol transmission is ruled out or limited to medical devices,
due to some factors that can transform even droplets to become air
borne. Other sources of aerosol other than medical devices should
equally be looked into.

The assumption should be that airborne transmission is possible
unless experimental evidence rules it out. That way people can take

Clin Microbiol Infect Dis, 2021 doi: 10.15761/CMID.1000184

precautions to protect themselves. Moreover, as far as airborne
transmission is possible, implication of Air conditioning system in
transmission of SARs-Cov-2 is highly possible.
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