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Abstract

This collection reviews various strategies for controlling airborne pathogen transmission, including SARS-CoV-2, in indoor en-
vironments. Key approaches encompass advanced ventilation and filtration systems, such as HEPA filters and increased air changes,
alongside germicidal ultraviolet (UVGI) light technologies, including far-UVC and upper-room applications. The papers also ex-
plore portable air cleaners, HVAC modifications in healthcare settings, and the critical role of masks and respirators. Furthermore,
specific methods like disinfectant fogging and aerosol control in dental offices are discussed. Overall, these interventions aim to

reduce pathogen dissemination and protect public health.
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Introduction

Minimizing airborne transmission of respiratory pathogens, includ-
ing SARS-CoV-2, is a critical public health challenge in indoor en-
vironments. A comprehensive understanding of various mitigation
strategies is essential for creating safer spaces. Research consis-
tently points to the crucial role of effective ventilation and filtra-
tion systems in reducing infectious aerosol spread. For instance,
detailed reviews explore how ventilation and filtration strategies,
from natural airflow to advanced mechanical systems incorporating
High-Efficiency Particulate Air (HEPA) filters, are vital for achiev-
ing adequate air changes per hour (ACH) and proper maintenance.
These insights underscore the need for tailored solutions consider-
ing occupancy and building characteristics. [1]

Beyond traditional air circulation and filtration, innovative tech-
nologies offer additional layers of protection. Far-UVC light, for
example, has emerged as a promising technology for inactivating
airborne pathogens like viruses and bacteria. Studies demonstrate
its ability to achieve this without harming human skin or eyes, of-
fering a significant advantage over conventional germicidal UV-C
light, which typically poses direct human exposure risks. The mech-
anisms and potential applications of far-UVC in public spaces are
extensively discussed. [2]

Expanding the technological toolkit for air cleaning, a broad
spectrum of systems mitigates airborne infectious diseases. These
include various filtration types like HEPA and MERV filters,
along with germicidal ultraviolet (UVGI), photocatalytic oxidation
(PCO), and plasma-based systems. Evaluating their efficacy, oper-
ational principles, and applicability across different indoor settings
helps guide effective control strategies. [3]

Specialized environments, such as healthcare facilities, demand
rigorous infection control. Reviews specifically address modifica-
tions to Heating, Ventilation, and Air Conditioning (HVAC) sys-
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tems to enhance control during outbreaks. Approaches often in-
clude boosted filtration, increased outdoor air ventilation, optimized
airflow patterns, and UV-C integration. These modifications are
critical for effectively reducing pathogen dissemination, protecting
both patients and healthcare workers. [4]

Personal protective measures also play an indispensable role.
The efficacy of masks and respirators is extensively reviewed, con-
sidering their dual functions: source control and personal protec-
tion. The discussion covers filtration efficiencies, proper fit, and
correct usage of various face coverings, from basic cloth masks
to NO5 respirators, all critical for controlling aerosolized pathogen
transmission. [5]

Another well-established technology for airborne infection con-
trol is upper-room ultraviolet germicidal irradiation (UR-UVGI).
Systematic reviews analyze its effectiveness in inactivating airborne
pathogens across diverse environments. Research consistently con-
cludes that UR-UVGI is a powerful and reliable technology, par-
ticularly beneficial in high-occupancy spaces, serving as a crucial
supplement to ventilation systems in reducing disease transmission.

[6]

For situations where extensive fixed ventilation upgrades are
impractical or insufficient, portable air cleaners (PACs) provide a
flexible and effective solution. Reviews assess PAC efficacy in re-
ducing airborne transmission of infectious agents. Different types
of PACs and their filtration mechanisms, such as HEPA, are dis-
cussed, highlighting their capacity to augment central ventilation
systems for enhanced pathogen control. [7]

Beyond air treatment, surface disinfection contributes to envi-
ronmental contamination control, especially in healthcare settings.
Systematic reviews evaluate the effectiveness of disinfectant fog-
ging and spraying methods. These aim to reduce both surface and
airborne pathogen loads. Insights into their benefits, limitations,
and the importance of appropriate disinfectant selection, concentra-
tion, and application techniques ensure efficacy and safety. [8]

Dental offices present a unique challenge due to high aerosol
generation during procedures. Targeted strategies for aerosol con-
trol became critical during the COVID-19 pandemic. A range of
measures, including pre-procedural rinses, high-volume evacua-
tors, dedicated air purification systems, rubber dams, and strin-
gent surface disinfection protocols, are discussed as combined ap-
proaches to minimize cross-infection risks. [9]

Ultimately, a holistic approach combining various control
strategies is necessary for managing airborne pathogen risks. This
involves learning from past outbreaks and integrating interventions

from source control, such as masks and social distancing, through
environmental controls like improved ventilation, advanced filtra-
tion, and UVGI, to personal protective equipment. This integrated
framework is essential for managing respiratory virus transmission
in diverse settings. [10]

Description

The mitigation of airborne infectious diseases in indoor environ-
ments relies on a multifaceted approach, drawing from various tech-
nological and behavioral interventions. A primary focus involves
optimizing ventilation and filtration systems, crucial for reducing
the concentration of airborne pathogens like SARS-CoV-2. Re-
search highlights the necessity of achieving adequate air changes
per hour (ACH) and integrating High-Efficiency Particulate Air
(HEPA) filters within mechanical ventilation systems. These strate-
gies often require careful consideration of building specific char-
acteristics and occupancy levels to ensure their efficacy and sus-
tainability [1]. In addition to central systems, the use of portable
air cleaners (PACs) equipped with HEPA filters offers a flexible
solution, particularly in settings where fixed ventilation upgrades
are impractical or insufficient, providing supplementary air clean-
ing capabilities [7].

Beyond mechanical air handling, germicidal ultraviolet (UVGI)
technologies represent a powerful tool for inactivating airborne
pathogens. Far-UVC light is presented as an innovative technology
capable of sterilizing air without posing harm to human skin or eyes,
offering a significant advantage for continuous operation in occu-
pied public spaces [2]. Complementing this, upper-room ultraviolet
germicidal irradiation (UR-UVGI) is a well-established and highly
effective method, particularly in high-occupancy areas, serving as
a robust supplement to ventilation systems to further reduce disease
transmission [6]. Overall, a review of air cleaning technologies en-
compasses not only filtration and UVGI but also other systems like
photocatalytic oxidation (PCO) and plasma-based solutions, com-
paring their principles, effectiveness, and applicability across dif-
ferent indoor settings to guide comprehensive control strategies [3].

Healthcare environments demand particularly stringent infec-
tion control measures. Reviews specifically address modifications
to Heating, Ventilation, and Air Conditioning (HVAC) systems tai-
lored for hospitals during outbreaks. These modifications include
enhanced filtration capabilities, increased rates of outdoor air venti-
lation, optimization of airflow patterns to direct contaminants away
from vulnerable individuals, and the strategic integration of UV-C
light within the HVAC ducts or treatment zones. These changes
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are vital for curbing pathogen dissemination and safeguarding both
patients and healthcare personnel [4]. Furthermore, environmental
decontamination methods such as disinfectant fogging and spraying
are evaluated for their effectiveness in healthcare settings, aiming to
reduce surface and airborne pathogen loads. The emphasis here is
on selecting appropriate disinfectants and applying them correctly
to ensure safety and maximum efficacy [8].

Personal protective equipment (PPE) remains a cornerstone of
airborne infection control. A comprehensive review examines the
role of masks and respirators, differentiating between their func-
tions in source control—preventing an infected individual from
spreading aerosols—and personal protection—shielding the wearer
from inhaling pathogens. Key factors like filtration efficiencies, the
importance of a proper fit, and correct usage protocols for various
types of face coverings, including N95 respirators, are critically dis-
cussed as fundamental elements in mitigating aerosolized pathogen
transmission [5]. In specialized, high-aerosol-generating environ-
ments like dental offices, specific protocols have been developed.
These include pre-procedural rinses, the use of high-volume evacu-
ators, implementation of dedicated air purification systems, rubber
dams, and thorough surface disinfection protocols. These combined
measures are essential for minimizing cross-infection risks during
dental procedures [9].

Ultimately, the collective body of research underscores that con-
trolling airborne transmission of respiratory viruses, such as SARS-
CoV-2, requires an integrated framework. This framework draws
lessons from past outbreaks and encompasses a broad spectrum of
interventions. These range from fundamental source controls like
masks and social distancing to sophisticated environmental con-
trols, including advanced ventilation, high-efficiency filtration, and
UVG], all complemented by appropriate personal protective equip-
ment. Implementing these diverse strategies across various settings
is crucial for effectively managing airborne pathogen risks and en-
hancing public health safety [10].

Conclusion

This data compiles research on diverse strategies to minimize air-
borne transmission of pathogens like SARS-CoV-2 in various in-
door settings. A significant focus is on enhancing air quality
through ventilation and filtration. Papers highlight the importance
of adequate air changes per hour (ACH) and high-efficiency par-
ticulate air (HEPA) filters in mechanical systems, advocating for
tailored solutions based on building specifics. Beyond traditional
filtration, advanced air cleaning technologies are explored, includ-

ing germicidal ultraviolet (UVGI) systems—such as far-UVC light,
which inactivates pathogens safely in public spaces, and upper-
room UVGI, recognized as a robust method for high-occupancy ar-
eas. Other air cleaning technologies, like photocatalytic oxidation
and plasma-based systems, are also evaluated for their efficacy.

The collection emphasizes practical applications across differ-
ent environments. In healthcare, HVAC system modifications, in-
cluding enhanced filtration and UV-C integration, are crucial for
infection control during outbreaks. Portable air cleaners offer flex-
ible solutions when fixed ventilation upgrades aren’t feasible. Ad-
ditionally, specialized approaches for high-risk environments, such
as aerosol control in dental offices using pre-procedural rinses and
high-volume evacuators, are detailed. The role of personal protec-
tive measures, specifically masks and respirators, is extensively re-
viewed for both source control and personal protection, considering
their filtration efficiencies and proper usage. Disinfectant fogging
and spraying are also examined for reducing environmental contam-
ination in healthcare. Ultimately, these diverse interventions form
an integrated framework for managing airborne pathogen risks.
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