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Available online 30 December 2022 transmission of disease among humans. However, interior spaces are also crucial
because individuals spend most of their time inside. To improve the interior living
environment, it is necessary to develop a way to prevent the spread of airborne
diseases. To obtain the desired level of efficiency and the requisite level of health for
people to stay indoors, it is essential to install an efficient ventilation system. To avoid
the transmission of airborne infections in confined areas, the purpose of this work is to
examine the impact of the filtering mechanism in a controlled environment provided by
Heating, Ventilation, and Air Conditioning (HVAC) systems. According to the study,
ventilation, along with MERV13 or above recirculating filters, for instance, must be used
(High-Efficiency Particulate Air) This criterion can be met with HEPA or a combination

Keywords: of outside air, filtration, and air-cleaning technology. To reduce the transmission of
HVAC Filter; Ventilation; Airborne airborne diseases, the outcome of the study will result in a more effective installation
Disease of the mechanism of HVAC systems in interior environments.

1. Introduction

As a result of the global expansion of the Covid-19 virus, airborne illness transmission has become
a significant issue. Globally, infection rates are extraordinarily high and affect many people, harming
the economy, travel, and way of life [1]. This suggests that the virus can be transmitted through
polluted air to a certain degree [2,3]. Since the introduction of Corona Virus, public health
professionals and government entities have emphasized the importance of preserving social
distancing to prevent future transmission of the virus [4]. Aside from personal hygiene and the use
of face masks [5], little thought has been given to the possibility of airborne transmission. However,
the implementation of the technique focuses mostly on the building's appearance. To apply it
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indoors, there will be constraints on occupancy, space area, and the placement of most activities,
and it will be challenging to keep the method in place permanently.

To recognize the most effective filtration mechanism, the size of the virus and the permeability
of the filter must be crystal obvious. The Coronavirus has a size that varies from 0.06 to 0.14 m [6],
and the virus-containing aerosol is made up of virus particles in a respiratory fluid that is a complex
mixture of different organic and inorganic constituents (water, salts, lipids, proteins, bacteria, and
other viruses) suspended in the air. Their size is greater than that of the virus itself. Multiple sizes of
Corona Virus-infected airborne particles, ranging from 0.25 m to 5 m [7-11], have been found,
allowing for their facile transport over considerable distances.
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Fig. 1. Droplet Suspension [14]

Figure 1,[12] demonstrates that a person can contract the virus by inhaling droplets from an
infected individual standing 1-2 meters away; Figure 2 demonstrates that a person can contract the
virus by touching their mouth, nose, or eyes after touching contaminated surfaces or objects [13] and
being within 1-2 meters of an infected patient. Numerous studies have shown that viruses can spread
through indoor air, especially in busy, poorly ventilated areas [14].

A Airbome
Infected person Lol “
g Droplets = A i e
. L.t 'e : ) . . e fee
.:.,.'-./,9.".. ..:.,/
. e, ° .
.. L'f-.o. == ::0. : Droplets .
L .
ot tet e oo Direct contact
Droplets \ I )
;‘o e, A o
L, . P hi \“d‘e
. m :.. .:=> g:-,'..
Y. -5 “uoe
o.. L d N
Fecal-oral

Droplet Nuclei

Fig. 2. Expoéure mechanisms of Corona Virus and other flu viruses in bUiIdings [13]

People are concerned that the HVAC system in the building may become a source of airborne
disease transmission and have voiced their worries. There is a lack of research and search obscurity
regarding the global COVID-19 epidemic, which is detrimental to humans, particularly in HVAC
systems [15]. However, both the Federation of European Heating, Ventilation, and Air Conditioning
Association (REHVA) [16] and the American Society of Heating, Refrigerating, and Air Conditioning
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Engineers (ASHRAE) [17] acknowledged that building ventilation plays a crucial role in reducing the
risk of transmission [18,19].

2. Methodology

The aim of this study is to examine the influence of the Filtration Mechanism in the Mechanical
Ventilation System on Airborne Disease Transmission in an enclosed environment to determine the
effects on the occupants and prevent the development of airborne disease transmission. The study
is conducted using qualitative approaches, with parameter data obtained based on past research on
the influence of indoor mechanical ventilation on the spread of airborne diseases. The collected data
will be analyzed considering the literature review to determine the practicability of the filtering
mechanism in the indoor mechanical ventilation system.

2.1 Indoor Transmission of Airborne Disease

The increase in illnesses linked to indoor gatherings led to the revelation that airborne
transmission was occurring within households [20]. The infectious airborne disease can spread to
other people in one of four ways such as direct contact with an infected person, indirect contact via
means of fomites, the transmission of a droplet, or through aerosolized particles in the air [21]. The
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pathogen, which causes COVID-19, is
known to spread by respiratory droplets inhaled by an infected person [22]. Based on the table 1
below it depicts ventilation flows with the major flow components, including the body plume, inlet
flows, stratification, and arrows showing entrainment and mixing [23].

Table 1
Application of HVAC system
Figure Description

As a result of mixing ventilation, hot air rises to the ceiling
and, except for the vicinity of the inlets and vents, the
indoor climate remains rather constant.

a)

Displacement ventilation when a mask is not worn. The
secondary breathing plume stratifies beneath the hot
upper layer, and the second layer's fluid is entrained into
the body plume and evacuated from the interior
environment.

b)

Displacement ventilation when a mask is worn by the
occupant. In this scenario, the breathing plume becomes
entangled with the body plume near its origin and is
expelled from the higher layer.

c)

When we switch off the mechanical ventilation input and
instead open the top-level doors and windows of space,
ignoring the wind's effect, we effectively establish a
displacement ventilation scenario (here shown when no
mask is worn).

d)
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2.2 Application of HVAC System in the Enclosed Area

It is interesting to think about whether HVAC systems can slow the transmission of infectious
diseases given that many HVAC systems move air, and some infectious diseases propagate through
the air [24]. This assertion is an attempt to cast doubt on the functionality of the HVAC systems.
According to a different specialist, the HVAC system is the most effective method for limiting the
airborne spread of dangerous diseases. However, improper operation may contribute to the airborne
transmission of disease [25]. Several studies [26,27] have established the impact of HVAC systems in
regulating or exacerbating the virus's transmission. For instance, a group of researchers [28] has
hypothesized about the potential of self-reinfection of the virus by aerosol transmission, helped by
the airflow in hospital conditions. The HVAC system's airflow still has the potential to transmit
aerosols [29]. In a crowded environment, inadequate ventilation may result in an increased infection
rate. Consequently, the professional HVAC societies in various nations, including but not limited to
ASHRAE (The American Society of Heating, Refrigerating and Air-Conditioning Engineers), REHVA (The
Federation of European Heating, Ventilation and Air Conditioning Associations), SHASE (The Society
of Heating, Air-Conditioning, and Sanitary Engineers of Japan), JSRAE (The Japan Society of
Refrigeration and Air-Conditioning Engineers), PAHO (The Pan American Health Organization), and
HSE [30].

Table 2
Application of HVAC system
Author Description Findings
PanY et.al Due to inadequate awareness about this sort | Decreases the risk of COVID-19 spreading during a

(2021) [32]

of virus, people once feared using air
conditioning systems in buildings even
though there were no similar instructions or
recommendations for the existing operation
and management standards for HVAC
systems in buildings.

pandemic and ensures the potential and capability
of HVAC systems. The idea of integrating regular
with emergency time in buildings in the future is
strengthened by reconsidering adaptive HVAC
systems in buildings that are suitable not only for
the COVID-19 virus but for other pandemic
scenarios

Elsaid et.al
(2020) [15]

There are conflicting views on whether the
deadly COVID-19 outbreak is spread by air,
which acts as a heat exchange medium
between HVAC systems and air-conditioned
spaces.

75% of the samples were positive before utilizing
the PAC with the HEPA filter, and COVID-19 was
found in the air. Yet, it was anticipated that the
PAC with the HEPA filter would be 80% efficient in
stopping the spread of COVID-19 after use; as a
result, it is advised for use in spaces with
insufficient ventilation.

Faulkner et.al
(2022) [33]

To increase interior safety during the
pandemic, recommendations were made for
building  operations.  Included were
suggestions for the functioning of the
heating, ventilation, and air conditioning
(HVAC) system, such as ensuring adequate
airflow and employing filters with a
minimum efficiency reporting value (MERV)
of 13 or above.

It has been demonstrated that recommended
solutions are effective in enhancing indoor air
quality, but their effects on HVAC system function,
such as energy usage, are not quantified and
require additional investigation.

Following is a summary of the prior research that supports the use of HVAC to prevent the

transmission of airborne infections indoors. The fundamental purpose of building ventilation is to
provide fresh air for breathing and remove excess heat and impurities [13]. According to Dietz, the
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following HVAC system solutions are crucial for limiting the spread of disease in constructed

environments [31]:

1. Air filtration using HEPA or ULPA technology (either centrally or through a portable air purifier in
each room).

2. Regulating humidity to stop the spread of contaminants and the formation of mold
(recommended range of 40 to 60 percent relative humidity).

3. Preference for displacement ventilation as opposed to mixed ventilation (where possible to
implement)

AHUs with full fresh air supply and interior fan coil units acting as space cooling terminal units make

up the central HVAC system.

The simulation study utilized a total of 6000 particles with identical diameters that were evenly
distributed across seven inlet grids. The particles are disseminated in all four directions at the ceiling
using the HVAC system, indicating a uniform dispersion across the room based on Figure 3. Although
the HVAC system may appear to provide a faster and more uniform distribution of infecting particles,
this is offset by the option of using HEPA filters, which are a supplementary method for
decontaminating Coronavirus aerosols in healthcare settings [34—-36].

Fig. 3. Air inflow dispersion for heating, ventilation, and air conditioning systems at (a) and (b)

3. Discussion

The type of filtration mechanism used affects the effectiveness of the HYAC mechanism system.
The type of selective filter will determine the airborne disease's penetration into specific locations.
The Centers for Disease Control and Prevention (CDC) advise engineering measures that utilize the
ventilation system of buildings to be improved to stop the spread of infectious diseases. The
installation of portable high-efficiency particulate air (HEPA) fan/filtration systems to improve air
cleaning (especially in high-risk areas, like nurse's offices or classrooms) and the confirmation that
the building ventilation system is large enough for the space in question is few examples of these
improvements [37]. Table 3 shows the minimum filter efficiency.

HEPA, which stands for High-Efficiency Particulate Air, is even more effective than MERV 16. A
MERV 16 filter captures greater than 95% of particles throughout the whole test range (0.3-10.0
microns), whereas a HEPA filter captures 99.97% of particles with a size of 0.3 microns [38]. To qualify
as HEPA-grade, filters must remove at least 99.97 percent of all particles between 0.15 and 0.2 mm
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in diameter, which are the particles for which HEPA filters are least efficient. Consequently, HEPA
filters have a minimum efficiency of 99.97% for removing all particles, with much higher efficiencies
for particles 0.15mm in diameter and larger [39].

Table 3
Minimum filter efficiency
ethoc 5016690 [ am afficiency T
EN779.2012 ASHRAE 52.2 0.3-1.0pum 0.3-25pm
ISOePM;: 1ISOePM:s
G1 MERV 1-2 Nil Nil
G2 MERV 3-4 Nil Nil
G3 MERV 5 Nil Nil
G4 MERV 6-7 Nil Nil
M5 MERV 8A-SA >20% >30%
M6 MERV 10A-12A >40% >50%
F7 MERV 13A >50% >60%
F8 MERV 14A >60% >75%
F9 MERV 15A-16A >80% >90%

It has been recognized that engineering solutions, such as providing enough ventilation or air
filtration, are efficient means of improving Indoor Air Quality. Indoor air filtration can be provided by
a central HVAC system, portable room air cleaners, or an integrated system. [40] For effective aerosol
removal, the primary filter in the air handling unit must be a minimum F8 multi-pocket or Vbank filter,
preferably an F9 filter [14]. The data in Table 2 refers to a variety of particle-range-specific filters and
their respective efficiency rates. High MERV (Minimum Efficiency Reporting Value) filters often have
a greater pressure drop than low MERV filters. [41]

The American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) [42]
(effective September 2021) mandates the use of at least the minimum exterior air volumes for
ventilation, in addition to MERV13 or higher recirculation filters or a combination of outdoor air,
filtration, and air-cleaning technology (minimum ventilation plus MERV13). Particulate filters and
disinfection devices in recirculated air streams can mitigate the danger, but they must be designed
to manage the risk of airborne sickness and require routine maintenance [43]. Increased infection
rates or outbreaks of airborne diseases are linked to inadequate ventilation or low ventilation rates.
An infection may spread further away from the source due to the airflow from a contaminated
source. As the physical distance from the source rises, the rate of infection (attack) decreases. The
source location's airborne pathogen concentration must be sufficiently high for airflow-induced
infection to occur (either due to high source strength or a low ventilation rate) [44]. However, the
findings of Parhan and Brent's study, which used a modified particle-size-resolved version of the
Wells-Riley model in Equation to estimate the risk reductions probably achievable by typical HVAC
filters for a case study of influenza transmission in a fictitious office building, show that HVAC
filtration can probably play a part in preventing the transmission of airborne infectious diseases[45]
at a lower cost than providing an equivalent amount of outdoor air ventilation, as was typically
studied in prior research [46-49]. To support the study from Parhan and Brent’s, G. Correia et.al
(2020) stated, HVAC has a crucial function in reducing the risk of transmission. [50]
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4. Conclusion

In conclusion, the ventilation system plays a crucial role in preventing the spread of airborne
diseases. To reach the needed level of efficiency, the filters with a high MERV (Minimum Efficiency
Reporting Value) or HEPA are reported to create more efficiency in reducing the transmission of
airborne disease. In addition, to be more precise, the HVAC mechanism system is referred to as
indoor ventilation. Some skepticism exists, based on the literature review, that the HVAC system may
be the agent responsible for the transmission of airborne diseases within the building. Based on the
literature review, the installation of an indoor HVAC system affects the transmission of airborne
diseases. For instance, HEPA, or High-Efficiency Particulate Air, is more effective than MERV 16. A
MERV 16 filter captures greater than 95% of particles throughout the whole test range (0.3-10.0
microns), whereas a HEPA filter captures 99.97% of particles with a size of 0.3 microns. In order to
overcome the controversial issues regarding the HVAC this paper proves for the installation of an
efficient filter mechanism can help to overcome the transmission of airborne disease.

References

[1] Mariam, Ashish Magar, Manish Joshi, Pachalla S. Rajagopal, Arshad Khan, Madhukar M. Rao, and Balvinder K.
Sapra. "CFD simulation of the airborne transmission of COVID-19 vectors emitted during respiratory mechanisms:
Revisiting the concept of safe distance." ACS omega6, no. 26 (2021): 16876-16889.
https://doi.org/10.1021/acsomega.1c01489

[2] Lewis, Dyani. "Is the coronavirus airborne? Experts can’t agree." Nature 580, no. 7802 (2020): 175.

[3] Morawska, Lidia, and Junji Cao. "Airborne transmission of SARS-CoV-2: The world should face the
reality." Environment international 139 (2020): 105730. https://doi.org/10.1016/j.envint.2020.105730

[4] Chen, C., and B. Zhao. "Makeshift hospitals for COVID-19 patients: where health-care workers and patients need
sufficient ventilation for more protection." Journal of Hospital Infection 105, no. 1 (2020): 98-99.
https://doi.org/10.1016/j.jhin.2020.03.008

[5] Repici, Alessandro, Roberta Maselli, Matteo Colombo, Roberto Gabbiadini, Marco Spadaccini, Andrea Anderloni,
Silvia Carrara et al. "Coronavirus (COVID-19) outbreak: what the department of endoscopy should
know." Gastrointestinal endoscopy 92, no. 1 (2020): 192-197. https://doi.org/10.1016/j.gie.2020.03.019

[6] Zhu, Na, Dingyu Zhang, Wenling Wang, Xingwang Li, Bo Yang, Jingdong Song, Xiang Zhao et al. "A novel coronavirus
from patients with pneumonia in China, 2019." New England journal of medicine (2020).
https://doi.org/10.1056/nejmoa2001017

[7] Mallach, Gary, Samantha B. Kasloff, Tom Kovesi, Anand Kumar, Ryan Kulka, Jay Krishnan, Benoit Robert et al.
"Aerosol SARS-CoV-2 in hospitals and long-term care homes during the COVID-19 pandemic." PLoS One 16, no. 9
(2021): €0258151. https://doi.org/10.1371/journal.pone.0258151.

[8] Lednicky, John A., Michael Lauzardo, Md M. Alam, Maha A. Elbadry, Caroline J. Stephenson, Julia C. Gibson, and J.
Glenn Morris Jr. "Isolation of SARS-CoV-2 from the air in a car driven by a COVID patient with mild

iliness." International Journal of Infectious Diseases 108 (2021): 212-216.
https://doi.org/10.1016/].ijid.2021.04.063
[9] Santarpia, Joshua L., Danielle N. Rivera, Vicki L. Herrera, M. Jane Morwitzer, Hannah M. Creager, George W.

Santarpia, Kevin K. Crown et al. "Aerosol and surface contamination of SARS-CoV-2 observed in quarantine and
isolation care." Scientific reports 10, no. 1 (2020): 1-8. https://doi.org/10.1038/s41598-020-69286-3

[10] Lee, Byung Uk. "Minimum sizes of respiratory particles carrying SARS-CoV-2 and the possibility of aerosol
generation." International journal of environmental research and public health 17, no. 19 (2020): 6960.
https://doi.org/10.3390%2Fijerph17196960

[11] Buonanno, Giorgio, Luca Stabile, and Lidia Morawska. "Estimation of airborne viral emission: Quanta emission rate
of SARS-CoV-2 for infection risk assessment." Environment international 141 (2020): 105794.
https://doi.org/10.1016/j.envint.2020.105794

[12] Victorian Government. Victorian Health and Human Services Building Authority., &#38; Victorian Health and
Human Services Building Authority. (2020). <i>HVAC system strategies to airborne infectious outbreaks

[13] Federation of European Heating VaACA. COVID-19 Guidance: REHVA. 2020. Available online:
https://www.rehva.eu/fileadmin/user upload/REHVA COVID9 guidance document ver2 20200403 1.pdf

204



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 29, Issue 1 (2022) 198-206

(14]

(15]

(16]

(17]
(18]
(19]
(20]
(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

Coleman, Kristen K., Tham T. Nguyen, Su Yadana, Christophe Hansen-Estruch, William G. Lindsley, and Gregory C.
Gray. "Bioaerosol sampling for respiratory viruses in Singapore’s mass rapid transit network." Scientific reports 8,
no. 1 (2018): 1-7. https://doi.org/10.1038/s41598-018-35896-1

Elsaid, Ashraf Mimi, Hany A. Mohamed, Gamal B. Abdelaziz, and M. Salem Ahmed. "A critical review of heating,
ventilation, and air conditioning (HVAC) systems within the context of a global SARS-CoV-2 epidemic." Process
Safety and Environmental Protection 155 (2021): 230-261. https://doi.org/10.1016/j.psep.2021.09.021

J. Kurnitski, F. Franchimon, J. Hogeling, How to operate and use building services in order to prevent the spread of
the coronavirus disease (COVID-19) in workplaces, REHVA 2020 (2020) 8. https://www.eurekalert.org/news-
releases/740716

ASHRAE, ASHRAE Resources Available to Address COVID-19 Concerns, COVID-19 Prep. Resour, 2020.
https://www.ashrae.org/about/news/2020/ashrae-resources-available-to-address-covid-19-concerns

Guo, Mingyue, Peng Xu, Tong Xiao, Ruikai He, Mingkun Dai, and Shelly L. Miller. "Review and comparison of HVAC
operation guidelines in different countries during the COVID-19 pandemic." Building and Environment 187 (2021):
107368. https://doi.org/10.1016/j.buildenv.2020.107368

AIVC, AIVC Newsletter, Special Issue COVID-19, AIVC, July 2021 (n.d.).

Medicine, The Lancet Respiratory. "COVID-19 transmission—up in the air." The Lancet. Respiratory Medicine 8,
no. 12 (2020): 1159. https://doi.org/10.1016/52213-2600(20)30514-2PMID:33129420

Leung, Nancy HL. "Transmissibility and transmission of respiratory viruses." Nature Reviews Microbiology 19, no.
8(2021): 528-545. https://doi.org/10.1038/s41579-021-00535-6

Lednicky, John A., Michael Lauzardo, Z. Hugh Fan, Antarpreet Jutla, Trevor B. Tilly, Mayank Gangwar, Moiz Usmani
et al. "Viable SARS-CoV-2 in the air of a hospital room with COVID-19 patients." International Journal of Infectious
Diseases 100 (2020): 476-482. https://doi.org/10.1016/].ijid.2020.09.025

Bhagat, Rajesh K., MS Davies Wykes, Stuart B. Dalziel, and P. F. Linden. "Effects of ventilation on the indoor spread
of COVID-19." Journal of Fluid Mechanics 903 (2020).https://doi.org/10.1017/jfm.2020.720</div>

ELOVITZ, K. E. N. N. E. T. H. M., &amp; ELOVITZ, G. A. R. Y. M. (2020). Assessing the Role of HVAC Systems inFighting
COVID-19. Energy Economics, Inc. https://www.hpac.com/covid-19/article/21138820/assessing-the-role-of-hvac-
systems-in-fighting-covid19

Correia, G., L. Rodrigues, M. Gameiro Da Silva, and T. Gongalves. "Airborne route and bad use of ventilation
systems as non-negligible factors in SARS-CoV-2 transmission." Medical hypotheses 141 (2020): 109781.
https://doi.org/10.1016/j.mehy.2020.109781 .

Augenbraun, Benjamin L., Zack D. Lasner, Debayan Mitra, Sridhar Prabhu, Shivam Raval, Hiromitsu Sawaoka, and
John M. Doyle. "Assessment and mitigation of aerosol airborne SARS-CoV-2 transmission in laboratory and office
environments." Journal of Occupational and Environmental Hygiene 17, no. 10 (2020): 447-456.
https://doi.org/10.1080/15459624.2020.1805117

Borro, Luca, Lorenzo Mazzei, Massimiliano Raponi, Prisco Piscitelli, Alessandro Miani, and Aurelio Secinaro. "The
role of air conditioning in the diffusion of Sars-CoV-2 in indoor environments: a first computational fluid dynamic
model, based on investigations performed at the Vatican State Children's hospital." Environmental research 193
(2021): 110343. https://doi.org/10.1016%2Fj.envres.2020.110343

Elias, Blake, and Yaneer Bar-Yam. "Could air filtration reduce COVID-19 severity and spread." New England
Complex Systems Institute 9 (2020). https://doi.org/10.1016%2Fj.envres.2022.113579

Sodiq, Ahmed, Moazzam Ali Khan, Mahmoud Naas, and Abdulkarem Amhamed. "Addressing COVID-19 contagion
through the HVAC systems by reviewing indoor airborne nature of infectious microbes: Will an innovative air
recirculation concept provide a practical solution?." Environmental =~ Research 199 (2021):
111329.https://doi.org/10.1016/j.envres.2021.111329

Shamim, Jubair A., Wei-Lun Hsu, and Hirofumi Daiguji. "Review of component designs for post-COVID-19 HVAC
systems: possibilities and challenges." Heliyon 8, no. 3 (2022): e09001.
https://doi.org/10.1016/j.heliyon.2022.e09001</div>

Dietz, Leslie, Patrick F. Horve, David Coil, Mark Fretz, Jonathan Eisen, and Kevin Van Den Wymelenberg. "2019
Novel Coronavirus (COVID-19) Outbreak: A Review of the Current Literature and Built Environment (BE)
Considerations to Reduce Transmission." (2020). https://doi.org/10.1128/msystems.00245-20

Pan, Yungang, Chengiu Du, Zhuzhou Fu, and Mushu Fu. "Re-thinking of engineering operation solutions to HVAC
systems under the emerging COVID-19 pandemic." Journal of Building Engineering 43 (2021):
102889.https://doi.org/10.1016/].jobe.2021.102889</div>

Faulkner, Cary A., John E. Castellini Jr, Wangda Zuo, David M. Lorenzetti, and Michael D. Sohn. "Investigation of
HVAC operation strategies for office buildings during COVID-19 pandemic." Building and Environment 207 (2022):
108519.https://doi.org/10.1016/j.buildenv.2021.108519</div>

205



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 29, Issue 1 (2022) 198-206

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

[42]

(43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

Tay, Joshua K., Mark Li-Chung Khoo, and Woei Shyang Loh. "Surgical considerations for tracheostomy during the
COVID-19 pandemic: lessons learned from the severe acute respiratory syndrome outbreak." JAMA
otolaryngology—head & neck surgery 146, no. 6 (2020): 517-518. https://doi.org/10.1001/jamaoto.2020.0764
Omolo, Calvin A., Nikki Soni, Victoria Oluwaseun Fasiku, Irene Mackraj, and Thirumala Govender. "Update on
therapeutic approaches and emerging therapies for SARS-CoV-2 virus." European Journal of Pharmacology 883
(2020): 173348. https://doi.org/10.1016/j.ejphar.2020.173348

Chigurupati, Radhika, Neeraj Panchal, Andrew M. Henry, Hussam Batal, Amit Sethi, Richard D'innocenzo, Pushkar
Mehra, Deepak G. Krishnan, and Steven M. Roser. "Considerations for oral and maxillofacial surgeons in COVID-
19 era: can we sustain the solutions to keep our patients and healthcare personnel safe?." Journal of Oral and
Maxillofacial Surgery 78, no. 8 (2020): 1241-1256.https://doi.org/10.1016%2Fj.joms.2020.05.027

Afshari, Alireza, Géran Hultmark, Peter V. Nielsen, and Alessandro Maccarini. "Ventilation system design and the
coronavirus (COVID-19)." Frontiers in Built Environment(2021):
54 .https://doi.org/10.3389/fbuil.2021.662489</div>

Tobias, M. (2021, December 10). Coronavirus prevention with Air Filters: Understanding Merv and Hepa. MEP
Engineering & Design Consulting Firm., from https://www.ny-engineers.com/blog/coronavirus-prevention-with-
air-filters-understanding-merv-and-hepa

Christopherson, David A., William C. Yao, Mingming Lu, R. Vijayakumar, and Ahmad R. Sedaghat. "High-efficiency
particulate air filters in the era of COVID-19: function and efficacy." Otolaryngology—Head and Neck Surgery 163,
no. 6 (2020): 1153-1155. https://doi.org/10.1177/0194599820941838

Agarwal, Nehul, Chandan Swaroop Meena, Binju P. Raj, Lohit Saini, Ashok Kumar, N. Gopalakrishnan, Anuj Kumar
et al. "Indoor air quality improvement in COVID-19 pandemic." Sustainable Cities and Society 70 (2021): 102942.
https://doi.org/10.1016/j.5¢cs.2021.102942</div>

ASHRAE 2007. Standard 52.2, Method of Testing General Ventilation Air-Cleaning Devices for Removal Efficiency
by Particle Size. American Society of Heating, Refrigerating and Air-Conditioning Engineers. Atlanta, GA.
www.ashrae.org

ASHRAE, GUIDANCE FOR RE-OPENING BUILDINGS, 2021.
https://www.ashrae.org/file%20library/technical%20resources/covid-19/ashrae-building-readiness.pdf
Morawska, Lidia, Julian W. Tang, William Bahnfleth, Philomena M. Bluyssen, Atze Boerstra, Giorgio Buonanno,
Junji Cao et al. "How can airborne transmission of COVID-19 indoors be minimised?." Environment
international 142 (2020): 105832.

Atkinson J, Chartier Y, Pessoa-Silva CL, et al., editors. Natural Ventilation for Infection Control in Health-Care
Settings. Geneva: World Health Organization; 2009. 3, Infection and ventilation. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK143278/

Azimi, Parham, and Brent Stephens. "HVAC filtration for controlling infectious airborne disease transmission in
indoor environments: Predicting risk reductions and operational costs." Building and environment 70 (2013): 150-
160.https://doi.org/10.1016/j.buildenv.2013.08.025\

Fennelly, Kevin P., and Edward A. Nardell. "The relative efficacy of respirators and room ventilation in preventing
occupational tuberculosis." Infection Control & Hospital Epidemiology 19, no. 10 (1998): 754-
759.https://doi.org/10.1086/647719

Fisk WJ, Seppanen O, Faulkner D, Huang J. Economic benefits of an econ-omizer system: energy savings and
reduced sick leave. ASHRAE Trans2005;111:673e9 https://eta-publications.lbl.gov/sites/default/files/lbnl-
54475.pdf

Langmuir AD, Jarrett ET, Hollaender A. Studies of the control of acute respi-ratory diseases among naval recruits;
the epidemiological pattern and theeffect of ultraviolet irradiation during the winter of 1946e1947. Am J
Hyg1948;48(2):240e51. https://doi.org/10.1016%2FB978-032304048-8.50035-9

Milton, Donald K., P. Mark Glencross, and Michael D. Walters. "Risk of sick leave associated with outdoor air supply
rate, humidification, and occupant complaints." Indoor air10, no. 4 (2000): 212-221.
https://doi.org/10.1034/j.1600-0668.2000.010004212.x

Correia, G., L. Rodrigues, M. Gameiro Da Silva, and T. Gongalves. "Airborne route and bad use of ventilation
systems as non-negligible factors in SARS-CoV-2 transmission." Medical hypotheses 141 (2020): 109781.
https://doi.org/10.1016/j.mehy.2020.109781.

206



