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INTRODUCTION

Purpose of This Briefing
• Access to the latest scientific research is critical as libraries, archives, and museums
(LAMs) work to sustain modified operations during the continuing severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic.
• As an emerging event, the SARS-CoV-2 pandemic continually presents new challenges
and scientific questions. At present, SARS-CoV-2 vaccines and variants in the US are
two critical areas of focus. The effects of ventilation-based interventions on the
spread of SARS-CoV-2 are also an interest area for LAMs. This briefing provides key
information and results from the latest scientific literature to help inform LAMs making
decisions related to these topics.
How to Use This Briefing: This briefing is intended to provide timely information about SARS-CoV-2
vaccines, variants, and ventilation to LAMs and their stakeholders. Due to the evolving nature of
scientific research on these topics, the information provided here is not intended to be comprehensive
or final. As such, this briefing should be used in conjunction with other timely resources to ensure
decision-making reflects the latest scientific understanding. Continual re-evaluation of SARS-CoV-2
policies is highly recommended as new scientific discoveries are published.

About This Briefing

• Battelle conducted a systematic search of scientific literature about SARS-CoV-2
vaccines, variants, and ventilation. This briefing summarizes those findings.
• Research questions:
1. What implications does SARS-CoV-2 vaccination in the US have for public health
interventions and policies, especially related to indoor environments?
2. How do SARS-CoV-2 variants currently circulating in the US differ from the original
strain in terms of spread, transmissibility, surface attenuation, and effectiveness of
public health interventions?
3. What effects do ventilation and ventilation-based interventions (e.g., heating,
ventilation, and air conditioning systems (HVAC)) have on the spread of SARSCoV-2 in indoor environments?
• Dates of search: 01 January 2021 to 14 June 2021. Newest items labeled “[New]”
• Additional information about the methods used to conduct the literature search and
create this briefing is included later in the document.

About REALM
REopening Archives, Libraries, and Museums (REALM)
is a research project conducted by OCLC, the Institute of
Museum and Library Services (IMLS), and Battelle to produce
and distribute science-based COVID-19 information that can
aid local decision-making regarding operations of archives,
libraries, and museums.
View reports published by REALM.

BACKGROUND INFORMATION:
VACCINES AND VARIANTS

SARS-CoV-2 Vaccines
• Vaccination efforts in the US are underway.
• The CDC reports updated vaccination numbers daily
on a COVID-19 data tracker.1
• Three safe and effective vaccines are distributed
under the US FDA Emergency Use Authorization:2
– Pfizer-BioNTech: 2-dose series, 21 days apart3
– Moderna: 2-dose series, 28 days apart4
– Janssen (Johnson & Johnson) (J&J): Single
dose5
• CDC recommends individuals get the first vaccine
that is available for their age group.3
• On April 23, 2021, CDC and FDA recommended use
of the J&J vaccine after a brief pause in the US. Both
agencies noted women 50 years of age and younger
should be made aware of an increased risk of a rare
adverse event that involves blood clots. 5

Total Doses Administered Reported to the CDC by State/Territory
per 100,000 of the Total Population (as of 29 June 2021)

**Vaccination rates by county are also available

SARS-CoV-2 Vaccines
• CDC recommends that everyone age 12 or older get a COVID-19
vaccine.6
– [New] CDC noted increased reports of heart-related inflammation
in teens and young adults after COVID-19 vaccination, but
COVID-19 vaccination is still recommended for everyone age 12
or older because benefits continue to outweigh risks.3
• Vaccines are widely available now, and the US government is working
to make vaccines free and available to everyone.6
• CDC has indicated that people who are fully vaccinated can resume
some activities they stopped due to the pandemic. CDC continues to
review infection rates across the country and release guidance on
precautions that both vaccinated and non-vaccinated people should
take to stop the spread of COVID-19.7
– Lists of what may and may not be safe to change after full
vaccination are on the CDC website.

More information
about finding local
vaccination sites: 7
• Vaccines.gov
• Text a zip code
to 438829
• Call 800-232-0233

Variants of SARS-CoV-2
What is a Variant?

• Viruses inherently replicate, which can result in genetic changes or
mutations. After enough mutations occur, the new version is called a
variant. As expected, multiple SARS-CoV-2 variants have been found in
the US and abroad during this pandemic.
• Sometimes new variants emerge and disappear, and other times new
variants emerge and persist.8

Types of Variants9

• There are three types of variants. The types differ based on the possibility of
the variant to affect people negatively, such as increased transmissibility. In
order from least to most negative effects:
– Variants of Interest (VOI)
– Variants of Concern (VOC)
– Variants of High Consequence (VOHC)

• As of this report, in the US there are seven VOI, six VOC, and zero VOHC.9

Why is it important to
track variants?
Monitoring variants can
help find out:
• How the virus changes
over time into new
variants
• How these changes
affect aspects of the
virus
• How the changes
might impact health.10

Variants of SARS-CoV-2
CDC Variants of Concern (VOC)
"A variant for which there is evidence of an
increase in transmissibility, more severe disease
(increased hospitalizations or deaths), significant
reduction in neutralization by antibodies
generated during previous infection or
vaccination, reduced effectiveness of treatments
or vaccines, or diagnostic detection failures.“ 9
Information about reported cases of variants by
region and state is available from the CDC.

Current Variants of Concern in
the US (as of 29 June 2021) 9
Variant

WHO
Label

First Detected

Other
Names

B.1.1.7

Alpha

United Kingdom (UK)

20I/501Y.V1

B.1.351

Beta

South Africa

20H/501.V2

P.1

Gamma

Japan/Brazil

20J/501Y.V3

B.1.427

Epsilon

US – California

20C/S:452R

B.1.429

Epsilon

US – California

20C/S:452R

[New]
B.1.617.2

Delta

India

20A/S:478K

What does neutralization mean?
Neutralization is when antibodies, part of the body's defense, bind to a virus and block infection.
Vaccines cause the body to build up the antibodies that inhibit viruses.10

SUMMARY OF FINDINGS:
SYSTEMATIC SEARCH OF SCIENTIFIC
LITERATURE ABOUT SARS-COV-2
VACCINES, VARIANTS, AND
VENTILATION

Studies About SARS-CoV-2 Vaccines

Studies About SARS-CoV-2 Vaccines

The Kaiser Family Foundation COVID-19 Vaccine Monitor is an ongoing research project that utilizes
surveys and qualitative data to track the public’s attitudes and experiences with COVID-19 vaccines.11
[New] Key Findings from May 2021 Monitor
• Steady progress in vaccine uptake: 62% of U.S. adults reported getting
at least one dose of a vaccine (up from 56% in April).
• Over a third in the "wait and see" category plan to get a COVID-19
vaccine within three months, but one-third plan to wait over a year.
• Younger adults and Black adults remain disproportionately likely to say
they will wait and see before getting a vaccine, while Republicans, rural
residents, and White Evangelical Christians are disproportionately likely
to say they will definitely not get vaccinated.
• 43% of surveyed adults say that CDC guidance on the activities that
vaccinated and unvaccinated people can safely engage in is confusing
and hard to follow.
• 41% of parents with adolescents say their adolescent (ages 12-17) has
already received a COVID-19 vaccine or will right away. About 25% of
parents with children <12 say they will get their children vaccinated as
soon as possible, and 33% say they will "wait and see."

Studies About SARS-CoV-2 Vaccines
Impact of Vaccines
• Long-term impacts of the vaccines are still being studied.
• Studies continue to show that COVID-19 vaccines offer protection against the
infectiousness, transmissibility, and disease burden of SARS-CoV-2.12,13,14[New]
• [New] A recent preprint article on vaccine efficacy (VE) estimates for COVID-19
vaccines found:15
– COVID-19 vaccines reduce transmission rates by approximately 54% (range of
38-66%).
– Average VE against COVID-19 is 85% (95% CI: 71 - 93%) after a full course of
vaccination.
– VE against severe disease, hospitalization, or death averages close to 100%.
• [New] A prospective cohort study of healthcare workers, first responders, and other
frontline workers found that mRNA VE was 90% after 14 days past full vaccination.16

Studies About SARS-CoV-2 Vaccines
Impact of Vaccines (Continued)
• [New] Data from six models found that high vaccine coverage and moderate use of
nonpharmaceutical interventions (e.g., masks and physical distancing) can lead to low
COVID-19 hospitalizations and death in the US. A sharp decline is projected by July 2021.17
• Positive tests for COVID-19 after receiving both doses of vaccine (Moderna or Pfizer) are
rare according to data from two California healthcare systems that studied healthcare
workers’ infection rates after vaccination.18
– Although absolute risk of testing positive for SARS-CoV-2 after vaccination was slightly
higher than the risks reported in clinical trials, the healthcare workers’ demographics
were different than those in the clinical trials and healthcare workers were at higher risk
of exposure.18
• Similarly, a recent study of healthcare professionals at Mayo Clinic sites found that the
adjusted vaccine effectiveness was > 96% following two doses of Moderna or Pfizer.19

Studies About SARS-CoV-2 Vaccines
Impact of Vaccines (Cont.)

• Antibodies produced by the Moderna vaccine lasted for at least 119 days after the first
vaccination.20
• A study on response to the Pfizer-BioNTech mRNA vaccine showed that after a single
dose, persons who had a prior COVID-19 infection saw an antibody response that was
similar to that of people without prior infection who received two doses.21
• Four months of national surveillance data in Israel showed that two doses of PfizerBioNTech were highly effective across all ages (16+) at preventing SARS-CoV-2
infections, COVID-19-related hospitalizations, severe disease, and death, including those
caused by the B.1.1.7 SARS-CoV-2 variant.22
• [New] Data from Israel identified a strong negative association between vaccination rate
at the community level and the risk of infection for unvaccinated members of the
community, but further studies are needed to understand whether and how vaccination
campaigns can impact herd immunity.23

Studies About SARS-CoV-2 Vaccines
Impact of Vaccines: Subpopulations
• Older Adults:
– [New] In the US, there has been a decrease in COVID-19 cases, emergency
department visits, hospital admissions, and deaths among older adults, which
are the age group with the highest vaccination rates.24
– [New] In a multistate network of US hospitals, vaccines (Pfizer-BioNTech or
Moderna) were 94% effective against COVID-19 hospitalization among fully
vaccinated older adults (ages 65 and up) and 64% effective among partially
vaccinated older adults.25
– A recent German study found reduced antibody responses in people ages 80 or
older compared to people ages 60 or younger who received the PfizerBioNTech vaccine. The authors noted that the elderly population needs to be
closely monitored after vaccination and may require earlier revaccination and/or
an increased vaccine dose.26

Studies About SARS-CoV-2 Vaccines
Impact of Vaccine: Subpopulations (Cont.)
• Pregnant women: Preliminary findings of vaccine safety (mRNA vaccines) for pregnant
persons did not show any obvious safety signals to pregnancy or neonatal outcomes, but
continued monitoring was recommended.27-28, 29-30[New]
• [New] Rural: Residents of rural communities are at increased risk for severe COVID-19
outcomes and have less vaccine coverage (38.9%) than urban populations (45.7%).31
• [New] Adolescents: A study found the Pfizer-BioNTech vaccine had a favorable safety
profile and was highly effective against COVID-19 in 12- to 15-year-olds. On May 10,
2021, the FDA emergency use authorization was expanded to include persons 12 years
of age or older based on the data from this study.32

Studies About SARS-CoV-2 Vaccines
Vaccine Hesitancy and Vaccine Safety
• Vaccine safety is assessed during the development process and is still continuously
monitored.33-38 While states have expanded vaccine eligibility, surveys continue to show
"vaccine hesitancy" remains a concern for ensuring equitable vaccination coverage
among all populations.39-40
• Factors potentially related to vaccine hesitancy include concerns over vaccine safety,
trust in government recommendations, perceived political interference, education,
income, race/ethnicity, and perceived threat of COVID-19.41-49
• The CDC and FDA recommended a pause in administration of the J&J vaccine to allow
for a safety review by CDC's Advisory Committee on Immunization Practices (ACIP). The
pause was lifted 10 days later, and vaccinations resumed.50

Studies About SARS-CoV-2 Vaccines
Health Communication and Misinformation

• Scientists have called for efforts to address miscommunication and misinformation on
COVID-19 vaccines and restore trust in health authorities.51-53 Vaccine acceptance will be
impeded by misinformation and poor public health communication strategies.53-56
– [New] Although it’s important to address misinformation, some researchers think
social media companies need to work with public health experts to engage vaccinehesitant groups online rather than ban or censor them from the platforms.57
• Equitable access to COVID-19 vaccines among racial/ethnic minorities is a key
concern. Researchers have identified that COVID-19 continues to disproportionally
impact the Black community, further worsening health disparities already present due to
racism and its effects on social and economic factors.40,58-62[New]
• A rapid expert consultation recommended emphasizing support for vaccines, leveraging
endorsements, focusing on hesitant individuals, and engaging communities to increase
confidence in vaccines.63

What is Still Unknown About SARS-CoV-2
Vaccines?2,7,64
• How long immunity lasts for different vaccines
• How well the vaccines keep people from spreading SARS-CoV-2 to others,
even without symptoms
• How and when vaccines will be available for children under 12 years old
• How well different vaccines will protect against future SARS-CoV-2 variants
• How dosing with two different vaccines for first and second doses can affect
efficacy (e.g., Pfizer then Moderna)
• Efficacy in sub-populations (elderly, pregnant women, children/adolescents)

Key CDC Resources About SARS-CoV-2 Vaccines
•
•
•
•
•

CDC website - Vaccines for COVID-19
Community-Based Organizations COVID-19 Vaccination Toolkit
Interim Public Health Recommendations for Fully Vaccinated People
Key Things to Know About COVID-19 Vaccines
Facts about COVID-19 Vaccines:
• English version
• Spanish version
• COVID-19 Vaccinations in the United States

Studies About SARS-CoV-2 Variants

Studies About SARS-CoV-2 Variants
Spread, Transmissibility, and Infectivity

Legend: Names for Variants
of Concern in the US*

• Several studies suggested that emerging SARS-CoV-2 variants, specifically the
B.1.1.7 and B.1.351 variants, are more transmissible than the early lineage
variant.65-71
– One study found that in the US, the B.1.1.7 variant is ~50% more
transmissible than other circulating variants, has a growth rate of ~7.5%
per day, and has a doubling rate of 1.5 weeks.72
– Another study found that the B.1.1.7 variant has an estimated 43-90%
higher reproduction number than preexisting variants in England, 45–66%
higher than those in Denmark, and 56-63% higher than those in the US.73
– A study in France showed that from 25 January to 16 February 2021,
SARS-CoV-2 infections from variants (B.1.1.7, B.1.351, and P.1) were
associated with more rapid spread of SARS-CoV-2 infections than
anticipated, such that by February 16, more than half of infections in the
country were caused by variants.74

Variant

WHO
Label

B.1.1.7

Alpha

B.1.351

Beta

P.1

Gamma

B.1.617.2

Delta

B.1.427

Epsilon

B.1.429

Epsilon

*as of 29 June 202110

Studies About SARS-CoV-2 Variants
Spread, Transmissibility, and Infectivity (Cont.)
• Certain mutations in the B.1.1.7 and B.1.351 variants and SARS-CoV-2 substrains have
been found to be linked with increased transmissibility and infectivity.75-79
• Findings have shown that the higher infectivity and rapid spread of the B.1.1.7 variant
may be linked to the higher viral load found in samples from people with the variant.80
• A study of the spread of COVID-19 in the US by county found that regions with high
proportions of two SARS-CoV-2 variants with a specific mutation (the G614 mutation)
had higher spread rates than regions with lower proportions of those variants.81
• A study found the stability of the B.1.1.7 variant in aerosols in different environmental
conditions (varying temperature, relative humidity, and simulated sunlight) was similar to
other previously identified variants, suggesting that the increased transmissibility of
B.1.1.7 is not due to an enhanced ability to survive in the environment.82

Studies About SARS-CoV-2 Variants
Spread, Transmissibility, and Infectivity (Cont.)
• [New] A study showed that secondary attack rate (spread of disease within a family or
other group) in households with SARS-CoV-2 variant of concern (VOC) cases (B.1.1.7,
B.1.351, and P.1) was 31% higher than households with non-VOC cases. These results
highlight the increased transmissibility of VOCs.83
• [New] A study examining the outbreaks of the B.1.1.7 variant in childcare centers and
related households found similar secondary attack rates among children and adults: 23%
vs. 30% in childcare centers and 32% vs. 39% in households.84
– The study findings suggest that susceptibility and infectiousness of children ages 1
to 6 years old is higher for B.1.1.7 compared to the early lineage variant and may be
increasing toward adult rates of infection.84

Studies About SARS-CoV-2 Variants
Outcomes Severity for Variants (compared to original version of SARS-CoV-2)
• Studies have found that the B.1.1.7 variant is associated with increased mortality in
England compared to pre-existing variants.85-86
• A study found that SARS-CoV-2 persisted longer in people infected with the B.1.1.7
variant (16 days) compared to those infected with other variants (14 days).87
• [New] Preliminary data from a study of hospitalized patients with severe SARSCoV-2 infection showed that the B.1.351 variant was linked to higher risk for shortterm (60-day) mortality compared to the B.1.1.7.88

Studies About SARS-CoV-2 Variants
Outcomes Severity for Variants (Compared to original version) (Cont.)
• Research suggests that specific mutations that have been identified in SARS-CoV-2
variants are associated with varying severity of COVID-19 illness:
– One study identified five mutations of the virus that were associated with mild
outcomes and 17 mutations that were associated with severe outcomes.89
– One study indicated that a common mutation found in all currently identified VOCs
(the D614G mutation) is not associated with more severe disease outcomes.90
– Two mutations identified in SARS-CoV-2 variants were found to have opposing
outcomes. One mutation (in gene N [P13L]) was associated with decreased deaths
and decreased cases per million, whereas another mutation (in gene ORF3a
[Q57H]) was linked to decreased deaths and increased cases per million.91
• Findings from a study examining global data showed a potential link between a variant
with the S-D614G mutation and increased case severity.92

Studies About SARS-CoV-2 Variants
Risk of Reinfection
• Case reports highlight instances of reinfection with the B.1.1.7 and P.1 SARS-CoV-2
variants following previous infection with the early lineage virus.93-95
• One study reported that the B.1.351 variant has an “unusually large number of
mutations,” some of which might be linked to immunoescape (i.e., the virus escapes
being stopped by the immune system). Thus, it is unclear whether infection for one
SARS-CoV-2 strain offers protection against reinfection by another strain.96
• A study found that the B.1.1.7 and B.1.351 variants are more resistant to neutralization
(i.e., they are less likely to lose infectivity), which suggests there was evidence of the
possibility of reinfection with these strains.97
• Despite there being a possibility of reinfection with VOCs, one study showed no evidence
of increased reinfection rates in the presence of the B.1.1.7 variant.70

Studies About SARS-CoV-2 Variants

Impact of Therapies and Vaccines on the Variants

• A study showed that plitidepsin and ralimetinib, two host-directed drugs used in the
treatment of SARS-CoV-2, as well has remdesivir have antiviral effects against both the
early lineage and the B.1.1.7 variant of SARS-CoV-2.98
• As SARS-CoV-2 variants continue to emerge, it is possible that current COVID-19
vaccines will not be as effective against future variants. However, several studies have
shown that current vaccines are effective against most of the current VOCs.99
– [New] A recent preprint found that the average vaccine efficacy is 86% (95% CI: 65
- 84%) for the B.1.1.7 variant, 61% (95% CI: 43 - 73%) for B.1.1.28 (related to P.1
variant), and 56% (95% CI: 29 - 73%) for B.1.351.15
• The Pfizer-BioNTech vaccine appears to be highly effective against the B.1.1.7,
B.1.351, P.1 lineage, variants of SARS-CoV-2,100-103[New] and the D614G mutation.75,104
– The Pfizer-BioNTech vaccine was found to neutralize the B.1.1.7-spike+E484K
B.1.526-spike virus and B.1.429-spike virus (though slightly lower).105

Studies About SARS-CoV-2 Variants
Impact of Therapies and Vaccines on the Variants (cont.)
• The Moderna mRNA-1273 vaccine has been shown to maintain neutralizing activity
against all circulating SARS-CoV-2 variants except the B.1.351 variant, which has
shown some resistance to the vaccine.106-108
• [New] A study examined the presence of neutralizing antibodies (NAbs) in healthcare
workers who had been vaccinated or infected with SARS-CoV-2 six months prior.109
– Findings showed that 97% of participants who were fully vaccinated with the
Pfizer-BioNTech vaccine had detectable NAbs against the B.1.1.7 and B.1.1351
variants.109
– Only 60% of previously infected participants had detectable NAbs against
B.1.1351.109
– These findings highlight the need for people previously infected with SARSCoV-2 to receive vaccinations.109

Studies About SARS-CoV-2 Variants
Impact of Therapies and Vaccines on the Variants (cont.)
• Findings indicated that a single dose of the Pfizer-BioNTech or Moderna vaccines may
increase neutralizing activity against the B.1.1.7, B.1.351, and P.1 variants for individuals
who were previously infected with SAR-CoV-2.110,111
– A study showed that after two doses of the Pfizer-BioNTech vaccine, people who
were previously infected with SARS-CoV-2 developed increased neutralizing
antibodies by a factor of 5.2 against B.1.1.7, 6.5 against B.1.351, 4.3 against P.1,
and 3.4 against original SARS-CoV-2 (compared to people who had not been
previously infected).112

Studies About SARS-CoV-2 Variants
Continued Use of Established Mitigation Strategies
• Studies show that it is critical to continue existing public health strategies (e.g., physical
distancing, hand hygiene, mask wearing, people quarantining after exposure) to reduce
the transmission of SARS-CoV-2 variants while vaccine coverage expands.113-115
• A study using an epidemiological model showed that – accounting for variants,
reinfection, and optimal control – relaxing mitigation measures early would lead to a
sharp increase in new cases.116
• A model examining the impact of social distancing measures in France on the spread of
SARS-CoV-2 showed that although these measures reduced the effective transmission
rate of previously circulating SARS-CoV-2 strains, they did not lead to a decline in the
spread of the B.1.1.7 variant due to the variant’s more efficient transmission.117
– These findings suggest that maintaining rigorous mitigation strategies alongside
increased vaccination may be the most effective way to minimize the spread of the
B.1.1.7 variant.117

Studies About SARS-CoV-2 Variants
Continued Use of Established Mitigation Strategies (Cont.)
• A study of the spread of the B.1.1.7 variant in Portugal over a six-week period
showed a deceleration in the growth rate of the variant after physical distancing
measures were put in place.118
• [New] A study examining how well various inactivation strategies work against the
B.1.1.7 and B.1.351 variants found that both variants were inactivated by heat,
soap, and ethanol, suggesting that existing disinfection strategies remain
effective.119

What is Still Unknown About SARS-CoV-2
Variants?2,9
• How transmissible some variants of SARS-CoV-2 are for certain
demographics (e.g., older adults)
• The likelihood of reinfection due to SARS-CoV-2 variants
• How the infectious dose (amount of virus needed for infection)
differs between variants and the early lineage
• How these variants may affect existing therapies, such as vaccines.
• How widely variants have spread in the US and abroad
• How well variants are detected using current SARS-CoV-2 tests

Key CDC Resources About SARS-CoV-2 Variants
•
•
•
•

Variants and Genomic Surveillance for SARS-CoV-2
About Variants of the Virus that Causes COVID-19
Variant Proportions (US COVID-19 Cases Caused by Variants)
Science Brief: Emerging SARS-CoV-2 Variants

Studies About the Effects of Ventilation
on SARS-CoV-2

Studies About the Effects of Ventilation on SARS-CoV-2
General Findings

• Many of the studies used carbon dioxide as a proxy for SARS-CoV-2 to measure the degree of
ventilation in a space.120-124 In other words, testing of ventilation methods with active virus was not
conducted.
– Excess CO2 concentration has been shown to trend with relative risk of infection. Carbon dioxide
concentration can serve as a proxy for infection risk, and sensors are relatively inexpensive.125
• Theoretically, many factors influence whether ventilation is successful in the elimination or decrease of
SARS-CoV-2 particles in the air, including
– Activities taking place in the space,
– Number of infectious people in a space and their viral load,
– Air change rate, natural vs. mechanical ventilation, presence of air filtration.126
• Air purification or ventilation alone is not enough to decrease virus particles to below guideline levels,
but ventilation, purification, and implementation of other mitigation measures (mask wearing,
occupancy restrictions, surface cleaning) can reduce risk of infection drastically.127-129

Studies About the Effects of Ventilation on SARS-CoV-2
General Findings (Cont.)

• Researchers created an app to determine exposure times and occupancy levels based on
ventilation, room specifications, and other parameters.130
• A ‘state of the literature’ review published in April 2021 determined that the quality of evidence
was low, in terms of understanding the role of ventilation systems in mitigating or promoting
spread of COVID-19.131
• Modeling research has shown that the probability of infection may be influenced more by how
close a person is to someone carrying SARS-CoV-2 than by the amount of fresh air in a
space.132,133
• [New] HVAC systems tend not to be built for airborne infection control and may only operate at
a small fraction of the room air change rate needed to stop virus spread.133
– [New] Air may need to be circulated more frequently in high traffic areas (e.g., communal
space and bathrooms).134

Studies About the Effects of Ventilation on SARS-CoV-2
Air Purification
• A study using surrogate viruses to test the effectiveness of air purification devices
found that a HEPA H14 filter eliminated 99% of bacteriophages under perfect
conditions.135
• Similarly, another study found that aerosol concentration decreased 90% after 30
minutes of running four air purifiers in a classroom with windows and doors closed.136
• Additionally, the optimal positioning of air purifiers was in front of the source of
aerosols (e.g., an infectious person), on the ground.137
• Another study showed higher viral load concentrations when the air purifier was
placed farther away from the particle emitter (range: 1.2m – 8.4m).138
• The most appropriate air purifiers to use against SARS-CoV-2 are those that use
HEPA filters, ionizers, or ultraviolet germicidal irradiation (UVGI).139

Studies About the Effects of Ventilation on SARS-CoV-2
Air Purification (Cont.)
•

•
•
•

[New] Researchers designed and tested a low-cost air purification device using a box
fan, MERV-13 filter, and a cardboard support.140
– [New] Researchers tested this purification device at approximately two air changes
per hour, which is typical of a classroom built before 1989. This homemade purifier
was found to reduce the risk of airborne transmission in a classroom setting,
lowering the percentage of suspended aerosols in the room to as low as 1% when
placed next to the ventilation source.140
[New] Purification devices that can demonstrate removal of 99.99% of pathogens are
eligible for FDA approval for medical and home-health use.141
[New] Filters should fit snugly in their housings to mitigate filter bypass and should be
replaced according to the instructions on the filter.142
[New] PPE should be worn when replacing air filters to reduce exposure to viral
particles.142

Studies About the Effects of Ventilation on SARS-CoV-2
HVAC Systems
• There is a risk that HVAC systems could worsen spread of COVID-19 if not designed
or modified to maximize circulation of virus-free air into a space.137,143
• Displacement ventilation systems, or those “designed to vertically stratify indoor air
by temperature (warm air at the top of the room, colder air at the bottom) and remove
warmer air” were found most likely to reduce risk of SARS-CoV-2 transmission via
HVAC.134,143-145
• Conversely, another study found that unstable or neutrally stratified air (warm air at
the bottom of the room, or no discriminate layers of warm or cold air) reduced the risk
of infectious aerosols remaining at one height in the breathing environment.113
• Increasing the fraction of outdoor air and using a MERV-13 filter (rather than a
MERV-8 filter) were found to be more likely to reduce spread of SARS-CoV-2
between adjoining rooms.146

Studies About the Effects of Ventilation on SARS-CoV-2
HVAC Systems (Cont.)
• Ventilation at only one point in a room is unlikely to efficiently remove virus particles in
the absence of other precautions (e.g., masks, social distancing, etc.).147
• Inadequate or inappropriately positioned ventilation may lead to virus hotspots or
increased surface deposition.143-144,147
• Incorporation of UV-C light into duct systems was shown to inactivate 99.98% of virus in
the air that passed through the duct.134
– [New] Upper room ultraviolet germicidal irradiation (UVGI) can also be used to
disinfect warm air as it rises toward the ceiling. UVGI can be used with displacement
ventilation or ceiling fans to continually mix and disinfect the air in the room.133-134
– [New] In-duct UVGI used in conjunction with in-duct filters (e.g., HEPA) can
significantly reduce viral load in indoor air.148

Studies About the Effects of Ventilation on SARS-CoV-2
HVAC Systems (Cont.)
• [New] Increasing air change rates can lead to higher energy costs. These costs can
be offset by ‘smart’ systems, which only ventilate rooms when they are occupied, and
also by natural ventilation.149-151
• [New] Air diffusers and return vents located in such a way that circulated air is
contained in one physical space (also called localized flow regimes) may mitigate the
spread of contaminated air.134
• [New] Outdoor air dampers can be opened beyond the minimum settings to reduce
indoor air recirculation (weather and temperature permitting).142
• [New] It may be beneficial to run HVAC at maximum outdoor airflow for a period of
time (e.g., 2 hours) before a space is occupied.142

Studies About the Effects of Ventilation on SARS-CoV-2
Historic Buildings & Natural Ventilation
• In a school system in Switzerland, natural ventilation was performed during breaks and
decreased the amount of carbon dioxide from 1600ppm to 1097ppm.121
• In a study of New York City school buildings, transmission was found to be lower in older
buildings compared to newer buildings, likely due to “greater outdoor airflow” (i.e., drafts).
– Transmission rate was also found to be lower in schools with mechanical ventilation
(when compared to natural ventilation).152
• A study of a historic building in Jeddah (Saudi Arabia) found that the number of windows
opened (large windows with cross ventilation) was positively correlated with ventilation
rates, while wind speed and direction were not.153
• Conversely, it was found that atypically low wind speed and wind direction in a naturally
ventilated building may have contributed to a COVID-19 outbreak in Hong Kong.120

Studies About the Effects of Ventilation on SARS-CoV-2
Historic Buildings & Natural Ventilation (Cont.)
• [New] Another study found that natural ventilation from adjacent windows reduced
infection risk better than natural ventilation from opposite windows.154
• [New] Fans can be placed in open windows to increase the effectiveness of natural
ventilation. Air should exhaust to the outdoors.142

Studies About the Effects of Ventilation on SARS-CoV-2
Effects of Temperature & Humidity

• Because ventilation with outdoor air is more difficult in colder months, researchers
have estimated that airborne infection risk is double that of summer months.123,139,155
– During these months, monitoring indoor carbon dioxide as a proxy for ventilation is
recommended and should not exceed 1000 ppm.155
– In the absence of carbon dioxide monitoring, attention should be paid to areas
where stagnant air is more likely.155
• Researchers in another study recommended further research on humidification of air,
which could increase the speed at which SARS-CoV-2 particles drop to the ground or
surfaces.156
• [New] The taller a building is, the more prone it is to stack effect, especially in colder
climates. Stack effect occurs when pressure differences between floors cause air to
stagnate on upper floors. This effect may also cause a reversal of airflow and
contaminants may spread to other areas of the building.157

What is Still Unknown About the Impact of
Ventilation on SARS-CoV-2?
• Consensus on how to best configure, upgrade, or design ventilation systems to
mitigate the spread of SARS-CoV-2
• How proximity to air purifiers (close to emitter vs. far away) impact the amount of
virus particles present in a space
• Whether variants that are more transmissible can be mitigated using the same
ventilation methods that are effective for other strains
• How results may differ if ventilation-related studies used SARS-CoV-2 instead of
surrogate substances (e.g., carbon dioxide)
• [New] How to best to utilize UVGI (upper room and/or in-duct) to reduce the
number of virus particles in a space
• [New] Whether plexiglass barriers do more harm than good by impeding air flow158

Key CDC Resources About Ventilation to
Mitigate SARS-CoV-2
•
•
•
•

Ventilation in Buildings
COVID-19 Employer Information for Office Buildings
Improving Ventilation in Your Home
Ventilation and Coronavirus (COVID-19) (Environmental
Protection Agency resource)

HOW THIS BRIEFING WAS
CREATED (METHODOLOGY)

How This Briefing Was Created

• In January 2021, REALM stakeholders developed Phase 3 research questions. An additional
question related to ventilation was added in May 2021.
• Battelle developed search strings that included variations of the term “SARS-CoV-2” and novel
terms for vaccine and variants using Boolean operators. The Boolean operator “AND” was
used to separate SARS-CoV-2 and research question terms, while different variations of the
virus name and keywords related to the research question were grouped by category using
parentheses and the Boolean operator “OR” (e.g., ["SARS-CoV-2" OR "2019-nCoV" OR
"COVID-19"] AND [vaccine OR variant]). Search strings are included in the appendix.
• Battelle developed research question keywords using ad hoc test searches and comparison
against known relevant articles, and databases were selected (Scopus, SciTech, Web of
Science, and MEDLINE) to provide comprehensive search capacity and inclusion of smaller
databases.
• The initial search string included a time criterion to capture articles published in January 2021
and after. Subsequent searches were executed on two-week durations. Note: when the
ventilation research question was added in May 2021, articles were searched from 01 January
2021 forward to cover the same time period as the other research questions.

How This Briefing Was Created (cont.)
• Battelle staff reviewed the titles and abstracts of search results to select those most
relevant to the research questions for additional examination.
• The DHS Master Question List for COVID-19 and CDC Morbidity and Mortality Weekly
Reports (MMWR) were reviewed to verify the completeness of the search results (i.e.,
to double-check that relevant articles were not missed by the search strings).
• Battelle staff analyzed the relevant articles to identify key subtopics and prioritize highvalue articles. Summaries of the articles, organized by subtopic, were presented to
OCLC, IMLS, and REALM working groups for feedback.
• Battelle summarized the results for this briefing, which is a cumulative report that builds
on prior briefings by adding new relevant research findings published 18 May to 14
June 2021. Additional information was also added from the CDC to provide context on
the key topics.
• Battelle will continue to review articles gathered by the search on a biweekly basis, and
this briefing will continue to be updated iteratively with new information.

REFERENCES CITED IN THIS
BRIEFING

References
1. Centers for Disease Control and Prevention (CDC). COVID data tracker [Internet]. U.S.: CDC; 2021Apr13 [cited 2021Apr14].
Available from: https://covid.cdc.gov/covid-data-tracker/#datatracker-home
2. Department of Homeland Security (DHS) Science and Technology Directorate. Master question list for COVID-19 (caused by
SARS-CoV-2). U.S.: DHS; 2021Mar25 [cited 2021Apr14]. Available from:
https://www.dhs.gov/sites/default/files/publications/mql_sars-cov-2_-cleared-for-public-release_2020_03_25.pdf
3. Centers for Disease Control and Prevention (CDC). Pfizer-BioNTech COVID-19 vaccine overview & safety [Internet]. U.S.: CDC;
2021Apr5 [cited 2021Apr14]. Available from: https://www.cdc.gov/coronavirus/2019-ncov/vaccines/different-vaccines/PfizerBioNTech.html
4. Centers for Disease Control and Prevention (CDC). Moderna COVID-19 vaccine overview & safety [Internet]. U.S.: CDC;
2021Apr5 [cited 2021Apr14]. Available from: https://www.cdc.gov/coronavirus/2019-ncov/vaccines/differentvaccines/Moderna.html
5. Centers for Disease Control and Prevention (CDC). Johnson & Johnson’s Janssen COVID-19 vaccine overview & safety
[Internet. U.S.: CDC; 2021Apr13 [cited 2021Apr14]. Available from: https://www.cdc.gov/coronavirus/2019ncov/vaccines/different-vaccines/janssen.html
6. Centers for Disease Control and Prevention (CDC). Key things to know about COVID-19 vaccines[Internet]. U.S.:
CDC;2021May12 [cited 2021May12]. Available from: https://www.cdc.gov/coronavirus/2019-ncov/vaccines/keythingstoknow.html
7. Centers for Disease Control and Prevention (CDC). When you’ve been fully vaccinated[Internet]. U.S.: CDC;2021May16 [cited
2021May16]. Available from: https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html
8. Centers for Disease Control and Prevention (CDC). About variants of the virus that causes COVID-19 [Internet]. U.S.: CDC;
2021Mar17 [cited 2021Apr14]. Available from: https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant.html

References (cont.)
9.

10.
11.
12.
13.
14.
15.
16.

Centers for Disease Control and Prevention (CDC). SARS-CoV-2 variant classifications and definitions [Internet]. U.S.: CDC;
2021Mar24 [cited 2021Apr14]. Available from: https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/variantsurveillance/variant-info.html
Payne S. Viruses: from understanding to investigation. [book on the internet]. Academic Press; 2017. Chapter 6: Immunity and
resistance to viruses [cited 2021Jun7]; p. 61-71. Available from
https://www.sciencedirect.com/science/article/pii/B9780128031094000064
Hamel L, Kirzinger A, Lopes L, Sparks G, Kearney A, Stokes M, et al. KFF COVID-19 vaccine monitor: May 2021. 2021 [cited
23Jun2021]. Available from https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-april-2021/
Levine-Tiefenbrun M, Yelin I, Katz R, Herzel E, Golan Z, Schreiber L, et al. Initial report of decreased SARS-CoV-2 viral load
after inoculation with the BNT162b2 vaccine. Nature Medicine. 2021.
Jones NK, Rivett L, Seaman S, Samworth RJ, Warne B, Workman C, et al. Single-dose BNT162b2 vaccine protects against
asymptomatic SARS-CoV-2 infection. eLife. 2021;10.
Pritchard E, Matthews PC, Stoesser N, Eyre DW, Gethings O, Vihta K-D, et al. Impact of vaccination on new SARS-CoV-2
infections in the United Kingdom. Nature medicine. 2021.
Shapiro J, Dean NE, Madewell ZJ, Yang Y, Halloran ME, Longini IM. Efficacy Estimates for Various COVID-19 Vaccines: What
we Know from the Literature and Reports. medRxiv. 2021.
Thompson MG, Burgess JL, Naleway AL, Tyner HL, Yoon SK, Meece J, et al. Interim estimates of vaccine effectiveness of
BNT162b2 and mRNA-1273 COVID-19 vaccines in preventing SARS-CoV-2 infection among health care personnel, first
responders, and other essential and frontline workers - Eight U.S. locations, December 2020-March 2021. MMWR.
2021;70(13):495-500.

References (cont.)
17.
18.
19.
20.
21.
22.
23.
24.

Butchering RK, Viboud C, Howerton E, Smith CP, Truelove S, Runge MC, et al. Modeling of future COVID-19 cases,
hospitalizations, and deaths, by vaccination rates and nonpharmaceutical intervention scenarios - United States, AprilSeptember 2021. MMWR;70(19):719-24.
Swift MD, Breeher LE, Tande AJ, Tommaso CP, Hainy CM, Chu H, et al. Effectiveness of mRNA COVID-19 vaccines against
SARS-CoV-2 infection in a cohort of healthcare personnel. Clinical infectious diseases. 2021.
Keehner J, Horton LE, Pfeffer MA, Longhurst CA, Schooley RT, Currier JS, et al. SARS-CoV-2 Infection after Vaccination in
Health Care Workers in California. NEJM. 2021.
Widge AT, Rouphael NG, Jackson LA, Anderson EJ, Roberts PC, Makhene M, et al. Durability of responses after SARS-CoV-2
mRNA-1273 vaccination. NEJM. 2020;384(1):80-2.
Ebinger JE, Fert-Bober J, Printsev I, Wu M, Sun N, Figueiredo JC, et al. Prior COVID-19 infection and antibody response to
single versus double dose mRNA SARS-CoV-2 vaccination. medRxiv. 2021.
Haas EJ, Angulo FJ, McLaughlin JM, Anis E, Singer SR, Khan F, et al. Impact and effectiveness of mRNA BNT162b2 vaccine
against SARS-CoV-2 infections and COVID-19 cases, hospitalisations, and deaths following a nationwide vaccination campaign
in Israel: an observational study using national surveillance data. Lancet. 2021;397(10287):1819-29.
Milman O, Yelin I, Aharony N, Katz R, Herzel E, Ben-Tov A, et al. Community-level evidence for SARS-CoV-2 vaccine
protection of unvaccinated individuals. Nature medicine. 2021.
Christie A, Henley SJ, Mattocks L, Fernando R, Lansky A, Ahmad FB, et al. Decreases in COVID-19 cases, emergency
department visits, hospital admissions, and deaths among older adults following the introduction of COVID-19 vaccine - United
States, September 6, 2020-May 1, 2021. MMWR. 2021;70(23):858-64.

References (cont.)
25.
26.
27.
28.
29.
30.
31.
32.

Tenforde MW, Olson SM, Self WH, Talbot HK, Lindsell CJ, Steingrub JS, et al. Effectiveness of Pfizer-BioNTech and Moderna
vaccines Against COVID-19 among hospitalized adults aged ≥65 Years - United States, January-March 2021. MMWR.
2021;70(18):674-9.
Müller L, Andrée M, Moskorz W, Drexler I, Walotka L, Grothmann R, et al. Age-dependent immune response to the
Biontech/Pfizer BNT162b2 COVID-19 vaccination. Clinical infectious. 2021.
Shanes ED, Otero S, Mithal LB, Mupanomunda CA, Miller ES, Goldstein JA. Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2) vaccination in pregnancy: Measures of immunity and placental histopathology. Obstetrics and gynecology.
2021.
Shimabukuro TT, Kim SY, Myers TR, Moro PL, Oduyebo T, Panagiotakopoulos L, et al. Preliminary findings of mRNA Covid-19
vaccine safety in pregnant persons. NEJM. 2021.
Bowman CJ, Bouressam M, Campion SN, Cappon GD, Catlin NR, Cutler MW, et al. Lack of effects on female fertility and
prenatal and postnatal offspring development in rats with BNT162b2, a mRNA-based COVID-19 vaccine. Reproductive
toxicology (Elmsford, NY). 2021;103:28-35.
Wang EW, Parchem JG, Atmar RL, Clark EH. SARS-CoV-2 vaccination during pregnancy: A complex decision. Open Forum
Infectious Diseases. 2021;8(5).
Murthy BP, Sterrett N, Weller D, Zell E, Reynolds L, Toblin RL, et al. Disparities in COVID-19 vaccination coverage between
urban and rural counties - United States, December 14, 2020-April 10, 2021. MMWR. 2021;70(20):759-64.
Frenck RW, Klein NP, Kitchin N, Gurtman A, Absalon J, Lockhart S, et al. Safety, immunogenicity, and efficacy of the bnt162b2
covid-19 vaccine in adolescents. NEJM. 2021.

References (cont.)
33.

Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S, Novak R, et al. Efficacy and safety of the mRNA-1273 SARS-CoV-2
vaccine. NEJM. 2020;384(5):403-16.
34. Gee J, Marquez P, Su J, Calvert GM, Liu R, Myers T, et al. First month of COVID-19 vaccine safety monitoring - United States,
December 14, 2020-January 13, 2021. MMWR. 2021;70(8):283-8.
35. Lombardi A, Bozzi G, Ungaro R, Villa S, Castelli V, Mangioni D, et al. Mini Review immunological consequences of
immunization with COVID-19 mRNA vaccines: preliminary results. Frontiers in immunology. 2021;12:657711.
36. Dyer O. Covid-19: Moderna and Pfizer vaccines prevent infections as well as symptoms, CDC study finds. BMJ (Clinical
research ed). 2021;373:n888.
37. Sadoff J, Gray G, Vandebosch A, Cárdenas V, Shukarev G, Grinsztejn B, et al. Safety and efficacy of single-dose Ad26.COV2.S
vaccine against Covid-19. NEJM. 2021.
38. Sadoff J, Davis K, Douoguih M. Thrombotic thrombocytopenia after Ad26.COV2.S vaccination - response from the
manufacturer. NEJM. 2021.
39. Nguyen KH, Srivastav A, Razzaghi H, Williams W, Lindley MC, Jorgensen C, et al. COVID-19 vaccination intent, perceptions,
and reasons for not vaccinating among groups prioritized for early vaccination - United States, September and December 2020.
MMWR. 2021;70(6):217-22.
40. Webb Hooper M, Nápoles AM, Pérez-Stable EJ. No populations left behind: vaccine hesitancy and equitable diffusion of effective
COVID-19 vaccines. Journal of general internal medicine. 2021:1-4.
41. Guidry JPD, Laestadius LI, Vraga EK, Miller CA, Perrin PB, Burton CW, et al. Willingness to get the COVID-19 vaccine with and
without emergency use authorization. American journal of infection control. 2021;49(2):137-42.

References (cont.)

42. Khubchandani J, Sharma S, Price JH, Wiblishauser MJ, Sharma M, Webb FJ. COVID-19 vaccination hesitancy in the united
states: A rapid national assessment. Journal of community health. 2021:1-8.
43. Ruiz JB, Bell RA. Predictors of intention to vaccinate against COVID-19: Results of a nationwide survey. Vaccine.
2021;39(7):1080-6.
44. Unroe KT, Evans R, Weaver L, Rusyniak D, Blackburn J. Willingness of long-term care staff to receive a COVID-19 vaccine: A
single state survey. Journal of the American Geriatrics Society. 2020.
45. Lin C, Tu P, Beitsch LM. Confidence and receptivity for COVID-19 vaccines: A rapid systematic review. Vaccines. 2020;9(1).
46. Kuppalli K, Brett-Major DM, Smith TC. COVID-19 Vaccine Acceptance: We Need to Start Now. Open Forum Infectious Diseases.
2021;8(2).
47. Schrading WA, Trent SA, Paxton JH, Rodriguez RM, Swanson MB, Mohr NM, et al. Vaccination rates and acceptance of SARSCoV-2 vaccination among US emergency department health care personnel. Academic emergency medicine : official journal of
the Society for Academic Emergency Medicine. 2021.
48. Dodd RH, Pickles K, Nickel B, Cvejic E, Ayre J, Batcup C, et al. Concerns and motivations about COVID-19 vaccination. The
Lancet Infectious diseases. 2021;21(2):161-3.
49. Momplaisir F, Haynes N, Nkwihoreze H, Nelson M, Werner RM, Jemmott J. Understanding drivers of COVID-19 vaccine
hesitancy among Blacks. Clinical Infectious Diseases. 2021.
50. Food and Drug Administration (FDA). FDA and CDC Lift Recommended Pause on Johnson & Johnson (Janssen) COVID-19
vaccine use following thorough safety review. U.S.: FDA; 2021Apr23 [cited 2021May12]. Available from:
https://www.fda.gov/news-events/press-announcements/fda-and-cdc-lift-recommended-pause-johnson-johnson-janssen-covid-19vaccine-use-following-thorough

References (cont.)

51. Lin C, Tu P, Beitsch LM. Confidence and receptivity for COVID-19 vaccines: A rapid systematic review. Vaccines. 2020;9(1).
52. Rzymski P, Borkowski L, Drąg M, Flisiak R, Jemielity J, Krajewski J, et al. The strategies to support the COVID-19 vaccination
with evidence-based communication and tackling misinformation. Vaccines. 2021;9(2).
53. Loomba S, de Figueiredo A, Piatek SJ, de Graaf K, Larson HJ. Measuring the impact of COVID-19 vaccine misinformation on
vaccination intent in the UK and USA. Nature Human Behaviour. 2021.
54. Marco-Franco JE, Pita-Barros P, Vivas-Orts D, González-de-Julián S, Vivas-Consuelo D. COVID-19, fake news, and vaccines:
Should regulation be implemented? International journal of environmental research and public health. 2021;18(2):744.
55. Sauer MA, Truelove S, Gerste AK, Limaye RJ. A failure to communicate? How public messaging has strained the COVID-19
response in the United States. Health security. 2021;19(1):65-74.
56. Benham JL, Lang R, Kovacs Burns K, MacKean G, Léveillé T, McCormack B, et al. Attitudes, current behaviours and barriers to
public health measures that reduce COVID-19 transmission: A qualitative study to inform public health messaging. PloS one.
2021;16(2):e0246941-e.
57. Broniatowski DA, Dredze M, Ayers JW. “First Do No Harm”: Effective communication about COVID-19 vaccines. American
Journal of Public Health. 2021;111(6):1055-7.
58. Kirksey L, Milam AJ, Curry CW, Sorour AA. Vaccine hesitance and vaccine access in minority communities. Cleveland Clinic
journal of medicine. 2021.
59. Laurencin CT. Addressing justified vaccine hesitancy in the Black community. Journal of racial and ethnic health disparities.
2021:1-4.
60. Reverby SM. Racism, disease, and vaccine refusal: People of color are dying for access to COVID-19 vaccines. PLoS biology.
2021;19(3):e3001167.

References (cont.)
61. Thompson HS, Manning M, Mitchell J, Kim S, Harper FWK, Cresswell S, et al. Factors associated with racial/ethnic group-based
medical mistrust and perspectives on COVID-19 vaccine trial participation and vaccine uptake in the US. JAMA network open.
2021;4(5):e2111629.
62. Hildreth JEK, Alcendor DJ. Targeting COVID-19 vaccine hesitancy in minority populations in the US: implications for herd
immunity. Vaccines. 2021;9(5).
63. The National Academies of Sciences, Engineering, and Medicine. To increase confidence in COVID-19 vaccines, decisionmakers need to showcase public support, leverage endorsements, focus on hesitant individuals, and engage communities. U.S.:
The National Academies of Sciences, Engineering, and Medicine 2021Feb3 [cited 2021May12]. Available from:
https://www.nationalacademies.org/news/2021/02/to-increase-confidence-in-covid-19-vaccines-decision-makers-need-toshowcase-public-support-leverage-endorsements-focus-on-hesitant-individuals-and-engage-communities
64. Kwok HF. Review of Covid-19 vaccine clinical trials - A puzzle with missing pieces. International journal of biological sciences.
2021;17(6):1461-8.
65. Eurosurveillance Editorial Team. Updated rapid risk assessment from ECDC on the risk related to the spread of new SARS-CoV2 variants of concern in the EU/EEA - first update. Euro surveillance: bulletin Europeen sur les maladies transmissibles =
European communicable disease bulletin. 2021;26(3).
66. Galloway SE, Paul P, MacCannell DR, Johansson MA, Brooks JT, MacNeil A, et al. Emergence of SARS-CoV-2 B.1.1.7 Lineage United States, December 29, 2020-January 12, 2021. MMWR. 2021;70(3):95-9.
67. Leung K, Shum MH, Leung GM, Lam TT, Wu JT. Early transmissibility assessment of the N501Y mutant strains of SARS-CoV-2
in the United Kingdom, October to November 2020. Euro surveillance : bulletin Europeen sur les maladies transmissibles =
European communicable disease bulletin. 2021;26(1).

References (cont.)
68. Wang P, Liu L, Iketani S, Luo Y, Guo Y, Wang M, et al. Increased resistance of SARS-CoV-2 variants B.1.351 and B.1.1.7 to
antibody neutralization. Research square. 2021.
69. Washington NL, Gangavarapu K, Zeller M, Bolze A, Cirulli ET, Schiabor Barrett KM, et al. Genomic epidemiology identifies
emergence and rapid transmission of SARS-CoV-2 B.1.1.7 in the United States. medRxiv. 2021.
70. Graham MS, Sudre CH, May A, Antonelli M, Murray B, Varsavsky T, et al. Changes in symptomatology, reinfection, and
transmissibility associated with the SARS-CoV-2 variant B.1.1.7: an ecological study. The Lancet Public health. 2021;6(5):e335e45.
71. Volz E, Mishra S, Chand M, Barrett JC, Johnson R, Geidelberg L, et al. Assessing transmissibility of SARS-CoV-2 lineage B.1.1.7
in England. Nature. 2021.
72. Washington NL, Gangavarapu K, Zeller M, Bolze A, Cirulli ET, Schiabor Barrett KM, et al. Emergence and rapid transmission of
SARS-CoV-2 B.1.1.7 in the United States. Cell. 2021;184(10):2587-94.e7.
73. Davies NG, Abbott S, Barnard RC, Jarvis CI, Kucharski AJ, Munday JD, et al. Estimated transmissibility and impact of SARSCoV-2 lineage B. 1.1. 7 in England. Science. 2021.
74. Haim-Boukobza S, Roquebert B, Trombert-Paolantoni S, Lecorche E, Verdurme L, Foulongne V, et al. Detecting Rapid Spread of
SARS-CoV-2 Variants, France, January 26-February 16, 2021. Emerg Infect Dis. 2021;27(5).
75. Hu J, Peng P, Wang K, Liu B-z, Fang L, Luo F-y, et al. Emerging SARS-CoV-2 variants reduce neutralization sensitivity to
convalescent sera and monoclonal antibodies. bioRxiv. 2021:2021.01.22.427749.
76. Wang R, Chen J, Gao K, Hozumi Y, Yin C, Wei GW. Analysis of SARS-CoV-2 mutations in the United States suggests presence
of four substrains and novel variants. Communications biology. 2021;4(1):228.

References (cont.)
77. Zhao S, Lou J, Cao L, Zheng H, Chong MKC, Chen Z, et al. Quantifying the transmission advantage associated with N501Y
substitution of SARS-CoV-2 in the United Kingdom: An early data-driven analysis. Journal of travel medicine. 2021.
78. Zhao S, Lou J, Cao L, Zheng H, Chong MKC, Chen Z, et al. Modelling the association between COVID-19 transmissibility and
D614G substitution in SARS-CoV-2 spike protein: using the surveillance data in California as an example. Theoretical biology &
medical modelling. 2021;18(1):10.
79. Pereira F. SARS-CoV-2 variants combining spike mutations and the absence of ORF8 may be more transmissible and require
close monitoring. Biochemical and biophysical research communications. 2021;550:8-14.
80. Kidd M, Richter A, Best A, Cumley N, Mirza J, Percival B, et al. S-variant SARS-CoV-2 lineage B1.1.7 is associated with
significantly higher viral loads in samples tested by ThermoFisher TaqPath RT-qPCR. The Journal of Infectious Diseases. 2021.
81. Ives AR, Bozzuto C. Estimating and explaining the spread of COVID-19 at the county level in the USA. Communications biology.
2021;4(1):60.
82. Schuit M, Biryukov J, Beck K, Yolitz J, Bohannon J, Weaver W, et al. The stability of an isolate of the SARS-CoV-2 B.1.1.7
lineage in aerosols is similar to three earlier isolates. The Journal of infectious diseases. 2021.
83. Buchan SA, Tibebu S, Daneman N, Whelan M, Vanniyasingam T, Murti M, et al. Increased household secondary attacks rates
with Variant of Concern SARS-CoV-2 index cases. Clinical infectious diseases : an official publication of the Infectious Diseases
Society of America. 2021.
84. Loenenbach A, Markus I, Lehfeld AS, An der Heiden M, Haas W, Kiegele M, et al. SARS-CoV-2 variant B.1.1.7 susceptibility and
infectiousness of children and adults deduced from investigations of childcare centre outbreaks, Germany, 2021. Euro
surveillance : bulletin Europeen sur les maladies transmissibles = European communicable disease bulletin. 2021;26(21).

References (cont.)
85. Grint DJ, Wing K, Williamson E, McDonald HI, Bhaskaran K, Evans D, et al. Case fatality risk of the SARS-CoV-2 variant of
concern B.1.1.7 in England, 16 November to 5 February. Euro surveillance : bulletin Europeen sur les maladies transmissibles =
European communicable disease bulletin. 2021;26(11).
86. Davies NG, Jarvis CI, Edmunds WJ, Jewell NP, Diaz-Ordaz K, Keogh RH. Increased mortality in community-tested cases of
SARS-CoV-2 lineage B.1.1.7. Nature. 2021.
87. Calistri P, Amato L, Puglia I, Cito F, Di Giuseppe A, Danzetta ML, et al. Infection sustained by lineage B.1.1.7 of SARS-CoV-2 is
characterised by longer persistence and higher viral RNA loads in nasopharyngeal swabs. International journal of infectious
diseases : IJID : official publication of the International Society for Infectious Diseases. 2021;105:753-5.
88. Louis G, Goetz C, Mellati N, Dunand P, Picard Y. Preliminary data on severe SARS-CoV-2 infection caused by the 501Y.V2
variant. Anaesthesia, critical care & pain medicine. 2021;40(4):100890.
89. Nagy Á, Pongor S, Győrffy B. Different mutations in SARS-CoV-2 associate with severe and mild outcome. International journal of
antimicrobial agents. 2021;57(2):106272.
90. Groves DC, Rowland-Jones SL, Angyal A. The D614G mutations in the SARS-CoV-2 spike protein: Implications for viral
infectivity, disease severity and vaccine design. Biochemical and biophysical research communications. 2021;538:104-7.
91. Oulas A, Zanti M, Tomazou M, Zachariou M, Minadakis G, Bourdakou MM, et al. Generalized linear models provide a measure of
virulence for specific mutations in SARS-CoV-2 strains. PloS one. 2021;16(1):e0238665.
92. Goyal M, De Bruyne K, van Belkum A, West B. Different SARS-CoV-2 haplotypes associate with geographic origin and case
fatality rates of COVID-19 patients. Infection, genetics and evolution : journal of molecular epidemiology and evolutionary genetics
in infectious diseases. 2021;90:104730.

References (cont.)
93. Harrington D, Kele B, Pereira S, Couto-Parada X, Riddell A, Forbes S, et al. Confirmed reinfection with SARS-CoV-2 variant
VOC-202012/01. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America. 2021.
94. Zucman N, Uhel F, Descamps D, Roux D, Ricard JD. Severe reinfection with South African SARS-CoV-2 variant 501Y.V2: A case
report. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America. 2021.
95. Romano CM, Felix AC, Paula AV, Jesus JG, Andrade PS, Cândido D, et al. SARS-CoV-2 reinfection caused by the P.1 lineage in
Araraquara city, Sao Paulo State, Brazil. Revista do Instituto de Medicina Tropical de Sao Paulo. 2021;63:e36.
96. Leung K, Shum MH, Leung GM, Lam TT, Wu JT. Early transmissibility assessment of the N501Y mutant strains of SARS-CoV-2
in the United Kingdom, October to November 2020. Euro surveillance : bulletin Europeen sur les maladies transmissibles =
European communicable disease bulletin. 2021;26(1).
97. Hu J, Peng P, Wang K, Liu B-z, Fang L, Luo F-y, et al. Emerging SARS-CoV-2 variants reduce neutralization sensitivity to
convalescent sera and monoclonal antibodies. bioRxiv. 2021:2021.01.22.427749.
98. Reuschl AK, Thorne L, Zuliani Alvarez L, Bouhaddou M, Obernier K, Soucheray M, et al. Host-directed therapies against earlylineage SARS-CoV-2 retain efficacy against B.1.1.7 variant. bioRxiv. 2021.
99. Burioni R, Topol EJ. Assessing the human immune response to SARS-CoV-2 variants. Nature medicine. 2021;27(4):571-2.
100.Abu-Raddad LJ, Chemaitelly H, Butt AA. Effectiveness of the BNT162b2 Covid-19 Vaccine against the B.1.1.7 and B.1.351
Variants. NEJM. 2021.

References (cont.)
101.Liu Y, Liu J, Xia H, Zhang X, Fontes-Garfias CR, Swanson KA, et al. Neutralizing Activity of BNT162b2-Elicited Serum. NEJM.
2021.
102.Sansone E, Tiraboschi M, Sala E, Albini E, Lombardo M, Castelli F, et al. Effectiveness of BNT162b2 vaccine against the B.1.1.7
variant of SARS-CoV-2 among healthcare workers in Brescia, Italy. The Journal of infection. 2021.
103.Zani A, Caccuri F, Messali S, Bonfanti C, Caruso A. Serosurvey in BNT162b2 vaccine-elicited neutralizing antibodies against
authentic B.1, B.1.1.7, B.1.351, B.1.525 and P.1 SARS-CoV-2 variants. Emerg Microbes Infect. 2021;10(1):1241-3.
104.Zou J, Xie X, Fontes-Garfias CR, Swanson KA, Kanevsky I, Tompkins K, et al. The effect of SARS-CoV-2 D614G mutation on
BNT162b2 vaccine-elicited neutralization. NPJ vaccines. 2021;6(1):44.
105.Liu Y, Liu J, Xia H, Zhang X, Zou J, Fontes-Garfias CR, et al. BNT162b2-elicited neutralization against new SARS-CoV-2 spike
variants. NEJM. 2021.
106.Wu K, Werner AP, Moliva JI, Koch M, Choi A, Stewart-Jones GBE, et al. mRNA-1273 vaccine induces neutralizing antibodies
against spike mutants from global SARS-CoV-2 variants. bioRxiv. 2021:2021.01.25.427948.
107.Shen X, Tang H, Pajon R, Smith G, Glenn GM, Shi W, et al. Neutralization of SARS-CoV-2 Variants B.1.429 and B.1.351. NEJM.
2021.
108.Edara VV, Hudson WH, Xie X, Ahmed R, Suthar MS. Neutralizing antibodies against SARS-CoV-2 variants after infection and
vaccination. JAMA. 2021.
109.Marot S, Malet I, Leducq V, Abdi B, Teyssou E, Soulie C, et al. Neutralization heterogeneity of United Kingdom and South-African
SARS-CoV-2 variants in BNT162b2-vaccinated or convalescent COVID-19 healthcare workers. Clinical infectious diseases : an
official publication of the Infectious Diseases Society of America. 2021.

References (cont.)

110.Lustig Y, Nemet I, Kliker L, Zuckerman N, Yishai R, Alroy-Preis S, et al. Neutralizing response against variants after SARS-CoV-2
infection and one dose of BNT162b2. NEJM. 2021.
111.Stamatatos L, Czartoski J, Wan YH, Homad LJ, Rubin V, Glantz H, et al. mRNA vaccination boosts cross-variant neutralizing
antibodies elicited by SARS-CoV-2 infection. Science. 2021.
112.Leier HC, Bates TA, Lyski ZL, McBride SK, D XL, Coulter FJ, et al. Previously infected vaccinees broadly neutralize SARS-CoV-2
variants. medRxiv. 2021.
113.Galloway SE, Paul P, MacCannell DR, Johansson MA, Brooks JT, MacNeil A, et al. Emergence of SARS-CoV-2 B.1.1.7 Lineage
- United States, December 29, 2020-January 12, 2021. MMWR. 2021;70(3):95-9.
114.Grubaugh ND, Hodcroft EB, Fauver JR, Phelan AL, Cevik M. Public health actions to control new SARS-CoV-2 variants. Cell.
2021;184(5):1127-32.
115.Moore JP, Offit PA. SARS-CoV-2 vaccines and the growing threat of viral variants. JAMA. 2021;325(9):821-2.
116.Arruda EF, Pastore DH, Dias CM, Das SS. Modelling and optimal control of multi strain epidemics, with application to COVID-19.
Ithaca: Cornell University Library, arXiv.org; 2021.
117.Di Domenico L, Sabbatini CE, Pullano G, Lévy-Bruhl D, Colizza V. Impact of January 2021 curfew measures on SARS-CoV-2
B.1.1.7 circulation in France. Euro surveillance : bulletin Europeen sur les maladies transmissibles = European communicable
disease bulletin. 2021;26(15).
118.Borges V, Sousa C, Menezes L, Gonçalves AM, Picão M, Almeida JP, et al. Tracking SARS-CoV-2 lineage B.1.1.7
dissemination: insights from nationwide spike gene target failure (SGTF) and spike gene late detection (SGTL) data, Portugal,
week 49 2020 to week 3 2021. Euro surveillance : bulletin Europeen sur les maladies transmissibles = European communicable
disease bulletin. 2021;26(10).

References (cont.)

119.Meister TL, Fortmann J, Todt D, Heinen N, Ludwig A, Brüggemann Y, et al. Comparable environmental stability and disinfection
profiles of the currently circulating SARS-CoV-2 variants of concern B.1.1.7 and B.1.351. The Journal of infectious diseases.
2021.
120.Tung CW, Mak CM, Niu JL, Hung K, Wu Y, Tung N, Wong HM. Enlightenment of re-entry airflow: The path of the airflow and the
airborne pollutants transmission in buildings. Building and Environment. 2021 May 15;195:107760.
121.Vassella CC, Koch J, Henzi A, Jordan A, Waeber R, Iannaccone R, Charrière R. From spontaneous to strategic natural window
ventilation: Improving indoor air quality in Swiss schools. International Journal of Hygiene and Environmental Health. 2021 May
1;234:113746.
122.Burridge HC, Fan S, Jones RL, Noakes CJ, Linden PF. Predictive and retrospective modelling of airborne infection risk using
monitored carbon dioxide. arXiv preprint arXiv:2009.02999. 2020 Sep 7.
123.Vouriot CV, Burridge HC, Noakes CJ, Linden PF. Seasonal variation in airborne infection risk in schools due to changes in
ventilation inferred from monitored carbon dioxide. Indoor air. 2021 Mar 8.
124.Deng X, Gong G, He X, Shi X, Mo L. Control of exhaled SARS-CoV-2-laden aerosols in the interpersonal breathing
microenvironment in a ventilated room with limited space air stability. Journal of Environmental Sciences. 2021 Oct 1;108:175-87.
125.Peng Z, Jimenez JL. Exhaled CO2 as a COVID-19 Infection Risk Proxy for Different Indoor Environments and Activities.
Environmental Science & Technology Letters. 2021;8(5):392-7.
126.Jones B, Sharpe P, Iddon C, Hathway EA, Noakes CJ, Fitzgerald S. Modelling uncertainty in the relative risk of exposure to the
SARS-CoV-2 virus by airborne aerosol transmission in well mixed indoor air. Building and environment. 2021 Mar 15;191:107617.
127.Blocken B, van Druenen T, Ricci A, Kang L, van Hooff T, Qin P, Xia L, Ruiz CA, Arts JH, Diepens JF, Maas GA. Ventilation and
air cleaning to limit aerosol particle concentrations in a gym during the COVID-19 pandemic. Building and Environment. 2021 Apr
15;193:107659.

References (cont.)
128.D'Orazio M, Bernardini G, Quagliarini E. A probabilistic model to evaluate the effectiveness of main solutions to COVID-19
spreading in university buildings according to proximity and time-based consolidated criteria.
129.Kennedy, M.; Lee, S. J.; Epstein, M., Modeling aerosol transmission of SARS-CoV-2 in multi-room facility. Journal of Loss
Prevention in the Process Industries 2020, 104336.
130.Bazant MZ, Bush JW. Beyond six feet: A guideline to limit indoor airborne transmission of COVID-19. medRxiv. 2020 Jan 1.
131.Goodwin L, Hayward T, Krishan P, Nolan G, Nundy M, Ostrishko K, Attili A, Cárceles SB, Epelle EI, Gabl R, Pappa EJ. Which
factors influence the extent of indoor transmission of SARS-CoV-2? A rapid evidence review. Journal of global health. 2021;11.
132.Guo Y, Qian H, Sun Z, Cao J, Liu F, Luo X, et al. Assessing and controlling infection risk with Wells-Riley model and spatial flow
impact factor (SFIF). Sustainable cities and society. 2021;67:102719.
133.Nardell EA. Air disinfection for airborne infection control with a focus on COVID-19: why germicidal UV is essential.
Photochemistry and photobiology. 2021;97(3):493-7.
134.Sodiq A, Khan MA, Naas M, Amhamed A. 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. 2021;199:111329.
135. Zacharias N, Haag A, Brang-Lamprecht R, Gebel J, Essert SM, Kistemann T, Exner M, Mutters NT, Engelhart S. Air filtration as
a tool for the reduction of viral aerosols. Science of The Total Environment. 2021 Jun 10;772:144956.
136. Curtius J, Granzin M, Schrod J. Testing mobile air purifiers in a school classroom: Reducing the airborne transmission risk for
SARS-CoV-2. Aerosol Science and Technology. 2021 Mar 25;55(5):586-99.

References (cont.)
137. Narayanan SR, Yang S. Airborne transmission of virus-laden aerosols inside a music classroom: Effects of portable purifiers and
aerosol injection rates. Physics of Fluids. 2021 Mar 1;33(3):033307.
138. Burgmann S, Janoske U. Transmission and reduction of aerosols in classrooms using air purifier systems. Physics of Fluids. 2021
Mar 23;33(3):033321.
139. Agarwal N, Meena CS, Raj BP, Saini L, Kumar A, Gopalakrishnan N, et al. Indoor air quality improvement in COVID-19
pandemic: Review. Sustainable cities and society. 2021;70:102942.
140. He R, Liu W, Elson J, Vogt R, Maranville C, Hong J. Airborne transmission of COVID-19 and mitigation using box fan air cleaners
in a poorly ventilated classroom. Phys Fluids (1994). 2021;33(5):057107.
141. Brown D. Some consumer-friendly air purifiers destroy the coronavirus, and they have FDA certification to prove it. The
Washington Post; 2021 [cited 2021Jun23]. Available from https://www.washingtonpost.com/technology/2021/05/11/fda-approvedair-purifiers-coronavirus/?utm_source=rss
142. Afshari A, Hultmark G, Nielsen PV, Maccarini A. Ventilation system design and the coronavirus (COVID-19). Frontiers in Built
Environment Front Built Environ. 2021;7(April):662489.
143. Farthing TS, Lanzas C. Assessing the efficacy of interventions to control indoor SARS-Cov-2 transmission: an agent-based
modeling approach. medRxiv. 2021 Jan 1.
144. Qiao Y, Yang M, Marabella IA, McGee DAJ, Aboubakr H, Goyal S, et al. Greater than 3-log reduction in viable coronavirus
aerosol concentration in ducted ultraviolet-c (UV-C) systems. Environ Sci Technol. 2021;55(7):4174-82.
145. Barbosa BPP, Brum NdCL. Ventilation mode performance against airborne respiratory infections in small office spaces: limits and
rational improvements for Covid-19. Journal of the Brazilian Society of Mechanical Sciences and Engineering. 2021;43(6):1-19.

References (cont.)
146. Pease LF, Wang N, Salsbury TI, Underhill RM, Flaherty JE, Vlachokostas A, Kulkarni G, James DP. Investigation of potential
aerosol transmission and infectivity of SARS-CoV-2 through central ventilation systems. Building and Environment. 2021 Jan
29:107633.
147. Shao S, Zhou D, He R, Li J, Zou S, Mallery K, Kumar S, Yang S, Hong J. Risk assessment of airborne transmission of COVID19 by asymptomatic individuals under different practical settings. Journal of aerosol science. 2021 Jan 1;151:105661
148. McGowan MK. Debunking UVGI Myths. ASHRAE Journal. 2021;63(2).
149. Allen JG, Ibrahim AM. Indoor Air Changes and Potential Implications for SARS-CoV-2 Transmission. Jama. 2021;325(20):21123.
150. Wang J, Huang J, Feng Z, Cao SJ, Haghighat F. Occupant-density-detection based energy efficient ventilation system:
Prevention of infection transmission. Energy and buildings. 2021;240:110883.
151. Schibuola L, Tambani C. Performance comparison of heat recovery systems to reduce viral contagion in indoor environments.
Applied Thermal Engineering. 2021;190:116843.
152. Pavilonis B, Ierardi AM, Levine L, Mirer F, Kelvin EA. Estimating aerosol transmission risk of SARS-CoV-2 in New York City
public schools during reopening. Environmental Research. 2021 Apr 1;195:110805.
153. Alaidroos, A., Almaimani, A., Baik, A., Al-Amodi, M. and Rahaman, K.R., 2021. Are Historical Buildings More Adaptive to
Minimize the Risks of Airborne Transmission of Viruses and Public Health? A Study of the Hazzazi House in Jeddah (Saudi
Arabia). International Journal of Environmental Research and Public Health, 18(7), p.3601.
154. Abbas GM, Dino IG. The impact of natural ventilation on airborne biocontaminants: a study on COVID-19 dispersion in an open
office. Engineering, Construction and Architectural Management. 2021.

References (cont.)
155. Burridge HC, Bhagat RK, Stettler ME, Kumar P, De Mel I, Demis P, Hart A, Johnson-Llambias Y, King MF, Klymenko O,
McMillan A. The ventilation of buildings and other mitigating measures for COVID-19: a focus on wintertime. Proceedings of the
Royal Society A. 2021 Mar 31;477(2247):20200855..
156. Arias FJ, De Las Heras S. The mechanical effect of moisturization on airborne COVID-19 transmission and its potential use as
control technique. Environmental research. 2021 Jun 1;197:110940.
157. McKeen P, Liao Z. The influence of airtightness on contaminant spread in MURBs in cold climates. Building simulation. 2021:116.
158. Addleman S, Leung V, Asadi L, Sharkawy A, McDonald J. Mitigating airborne transmission of SARS-CoV-2. CMAJ : Canadian
Medical Association journal = journal de l'Association medicale canadienne. 2021.

APPENDIX: SEARCH STRINGS

Database

Strategy: Vaccines and Variants of SARS-CoV-2

Scopus

( ( TITLE-ABS ( coronavir* OR covid OR "COVID-19" OR "SARS-CoV-2" OR "2019-nCoV" ) AND TITLE-ABS (
spread* OR transmi* OR infect* OR reinfect* OR virulence OR neutraliz* OR sever* OR evad* OR airborne OR
aerosol* OR occupation* OR infectiv* OR mortality OR morbidity OR death* ) AND TITLE-ABS (
variant OR vaccine OR mutat* OR mutant* OR lineage OR immun* OR strain ) ) AND NOT TITLE-ABS (
receptor OR inflamm* OR peptide* OR nanomaterial OR ace2 OR polymerase OR "IgA" OR patient* OR assay*
OR ligand* OR protease OR hiv ) )

SciTech

(ti,ab(coronavir* OR covid OR "COVID-19" OR "SARS-CoV-2" OR "2019-nCoV") AND ti,ab(spread* OR transmi* OR
infect* OR reinfect* OR virulence OR neutraliz* OR sever* OR evad* OR airborne OR aerosol* OR occupation* OR
infectiv* OR mortality OR morbidity OR death*) AND ti,ab(variant OR vaccine OR mutat* OR mutant* OR lineage OR
immun* OR strain)) NOT ti,ab(receptor OR inflamm* OR peptide* OR nanomaterial OR ace2 OR polymerase OR "IgA"
OR patient* OR assay* OR ligand* OR protease OR hiv)

Web of Science

TS=(coronavir* OR covid OR "COVID-19" OR "SARS-CoV-2" OR "2019-nCoV") AND TS=(spread* OR transmi* OR
infect* OR reinfect* OR virulence OR neutraliz* OR sever* OR evad* OR airborne OR aerosol* OR occupation* OR
infectiv* OR mortality OR morbidity OR death*) AND TS=(variant OR vaccine OR mutat* OR mutant* OR lineage OR
immun* OR strain) NOT TS=(receptor OR inflamm* OR peptide* OR nanomaterial OR ace2 OR polymerase OR "IgA" OR
patient* OR assay* OR ligand* OR protease OR hiv)

MEDLINE

(TI ( coronavir* OR covid OR "COVID-19" OR "SARS-CoV-2" OR "2019-nCoV" ) AND TI ( spread* OR transmi* OR infect*
OR reinfect* OR virulence OR neutraliz* OR sever* OR evad* OR airborne OR aerosol* OR occupation* OR infectiv* OR
mortality OR morbidity OR death* ) AND TI ( variant OR vaccine OR mutat* OR mutant* OR lineage OR immun* OR
strain ) NOT TI ( receptor OR inflamm* OR peptide* OR nanomaterial OR ace2 OR polymerase OR "IgA" OR patient* OR
assay* OR ligand* OR protease OR hiv )) OR (AB ( coronavir* OR covid OR "COVID-19" OR "SARS-CoV-2" OR "2019nCoV" ) AND AB ( spread* OR transmi* OR infect* OR reinfect* OR virulence OR neutraliz* OR sever* OR evad* OR
airborne OR aerosol* OR occupation* OR infectiv* OR mortality OR morbidity OR death* ) AND AB ( variant OR vaccine
OR mutat* OR mutant* OR lineage OR immun* OR strain ) NOT AB ( receptor OR inflamm* OR peptide* OR
nanomaterial OR ace2 OR polymerase OR "IgA" OR patient* OR assay* OR ligand* OR protease OR hiv ))

Database

Strategy: Effects of Ventilation on Spread of SARS-CoV-2

Scopus

( TITLE-ABS ( coronavir* OR covid OR "COVID-19" OR "SARS-CoV-2" OR "2019-nCoV" ) AND TITLE-ABS (
spread* OR transmi* OR persist* OR mitigat* OR purif* OR reduc* ) AND TITLE-ABS
(indoor OR office OR "climate controlled" OR ambient OR air OR airborne OR aerosol* OR hvac
OR merv OR filter* OR filtrat* OR ventilat* OR hepa ) ) AND NOT TITLE-ABS (pollution OR particulate*
OR hospital* OR nosocomial OR animal OR wastewater OR sewage OR "intensive care"
OR patient OR phenotype OR clinical OR polymerase ) AND ( LIMIT-TO ( PUBYEAR , 2021 ) )

SciTech

( TS=( coronavir* OR covid OR "COVID-19" OR "SARS-CoV-2" OR "2019-nCoV" ) AND TS=(
spread* OR transmi* OR persist* OR mitigat* OR purif* OR reduc* ) AND TS=(
indoor OR office OR "climate controlled" OR ambient OR air OR airborne OR aerosol* OR hvac
OR merv OR filter* OR filtrat* OR ventilat* OR hepa ) ) NOT TS=(pollution OR particulate* OR hospital*
OR nosocomial OR animal OR wastewater OR sewage OR "intensive care" OR patient OR
phenotype OR clinical OR polymerase ) AND PUB YEAR= 2021

Web of Science

(TI ( coronavir* OR covid OR "COVID-19" OR "SARS-CoV-2" OR "2019-nCoV" ) OR AB ( coronavir* OR covid OR
"COVID-19" OR "SARS-CoV-2" OR "2019-nCoV" ) ) AND (TI ( spread* OR transmi* OR persist* OR mitigat* OR
purif* OR reduc* ) OR AB ( spread* OR transmi* OR persist* OR mitigat* OR purif* OR reduc* ) ) AND (TI ( indoor
OR office OR "climate controlled" OR ambient OR air OR airborne OR aerosol* OR hvac OR merv OR filter* OR
filtrat* OR ventilat* OR hepa ) OR AB ( indoor OR office OR "climate controlled" OR ambient OR air OR airborne OR
aerosol* OR hvac OR merv OR filter* OR filtrat* OR ventilat* OR hepa ) ) NOT (TI ( pollution OR particulate* OR
hospital* OR nosocomial OR animal OR wastewater OR sewage OR "intensive care" OR patient OR phenotype OR
clinical OR polymerase ) OR AB ( pollution OR particulate* OR hospital* OR nosocomial OR animal OR wastewater
OR sewage OR "intensive care" OR patient OR phenotype OR clinical OR polymerase ) ) Date of Publication:
20210101-20211231

MEDLINE

(ti,ab(coronavir* OR covid OR "COVID-19" OR "SARS-CoV-2" OR "2019-nCoV") AND ti,ab(spread* OR transmi* OR
persist* OR mitigat* OR purif* OR reduc*) AND ti,ab(indoor OR office OR "climate controlled" OR ambient OR air OR
airborne OR aerosol* OR hvac OR merv OR filter* OR filtrat* OR ventilat* OR hepa)) NOT ti,ab(pollution OR
particulate* OR hospital* OR nosocomial OR animal OR wastewater OR sewage OR "intensive care" OR patient OR
phenotype OR clinical OR polymerase) Date: After January 01 2021

