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The COVID-19 (SARS-CoV-2) pandemic has not yet ended. The COVID-19 pandemic
has been the worst human health crisis after the Second World War [1]. Over 90% of
SARS-CoV-2 cross-infections occur in confined spaces (e.g., buildings and transportation
cabins), which reveals that confined environments and their associated air systems are
vulnerable to infectious disease transmission. Evidence of SARS-CoV-2 indoor transmission
has been documented, such as in residential buildings [2], hospitals [3], restaurants [4],
offices [5], airport terminals [6], aircraft cabins [7], high-speed trains [8], buses [9], and
ships [10], etc. Vaccination has played a crucial role in dampening the SARS-CoV-2 risk;
however, it still may not be able to terminate the pandemic in the near future due to the
possibility of continuous virus variation. In addition to improving the vaccination rate and
vaccine effectiveness, strategies that can reduce the human exposure to various infectious
pathogens are pressingly needed, both during and after the pandemic. The experience
obtained and lessons learned from one event will always provide great insights into the
handling of similar ones in the future.

Buildings are where people spend most of their time, especially during the pandemic.
If designed and operated properly, they could slow down or even prevent the transmissions
of respiratory infectious diseases. During COVID-19, a variety of control strategies for
buildings have been proven to be very useful [11], including wearing masks, washing
hands, maintaining social distancing, increasing ventilation and air filtration, managing
waste disposal, disinfecting surfaces, etc. After three years of the pandemic, this may
be the time to review some of the lessons learned and experiences accumulated from
representative COVID-19 events in indoor spaces. This effort may be able to not only guide
the current practices for indoor infectious disease control, but also enlighten us on the
development and operation of future buildings and environmental systems.

In light of the above aims, we proposed this Special Issue entitled, “Toward Immune
Buildings: Lessons Learned from the COVID-19 Pandemic and Its Aftermath”, with a call
for broad submissions related to COVID-19 transmission, exposure, infection, and control
in buildings and public transportation vehicle cabins. It was anticipated that pioneering
research and practices could provide new evidence of COVID-19 transmission routes,
methods for infection risk evaluation, and novel strategies to reduce indoor SARS-CoV-2
transmission and exposure by means of building design, environmental system operation,
human behavior management, etc. This Special Issue includes eight cutting-edge research
articles that covered these topics.

These eight papers address two main perspectives: identifying the mechanisms of
disease transmission in various indoor spaces and proposing strategies/technologies to
reduce indoor pathogen exposure. Minimizing indoor particle exposure can provide a
broad protection to indoor occupants by not only reducing the transmission of SARS-CoV-2,
but also reducing the transmission of other unknown pathogens for diseases. Several
articles investigated both the mechanisms of indoor aerosol transport and the correspond-
ing controls. In exploring the fundamentals of virus transmission, aerosol transport and
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exposure risk were analyzed in a restaurant [12], ballroom [12], nasopharyngeal swab
sampling cabin [13], lavatory [14], and farmer’s market [15]. Some interesting findings
deserve attention, such as that the current central air-conditioning systems in commercial
buildings may exhaust only a very small fraction (less than 5%) of the pathogen particles
released from an infector [12], which reveals the vulnerability of most buildings to infec-
tious disease transmission. Additionally, infectious virus transmission due to human close
contact behavior [16] surely merits more concern. Different population groups, e.g., stu-
dents, workers, and non-workers/non-students, presented different infection risks when
they were in close contact with an infector [16].

A few exposure risk mitigation strategies/technologies were analyzed and discussed
in great detail in this Special Issue, such as implementing ventilation [17]: by adopting
the stratum ventilation, zone ventilation, displacement ventilation, etc., by using force
ventilation along with partition boards [13], and by applying portable air filtration and
optimizing the filtration deployment locations [12]; and developing personal protection
equipment (PPE): by improving face masks with a lower leakage rate but a better comfort
feeling [18]. Furthermore, social-psychological responses to infection control and the
effectiveness of human behavior management were also addressed [19]—an often neglected
aspect in the technical analysis-dominated studies.

As a large amount of uncertainty remains around future pandemics, developing
buildings that are resilient and immune to infectious disease transmission is of great
interest and is beneficial to human beings and the whole of society. This Special Issue
may, as one stepping stone, stimulate more interest and discussion, and provoke more
concerns and efforts to investigate human-centered, cost-effective solutions to mitigate
health risks before, during, and after any potential pandemics. This Special Issue could not
have been published without the great efforts of the authors and our invited reviewers. We
are grateful to the editorial team of Buildings, including Ms. Haley Shi and Ms. Astoria Yao.
Their hard work assured wide distribution of this Special Issue, and quick and professional
management of the review of all of the submitted manuscripts.
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