
-
based settings. 
 
Date of Literature Search: 28 March 2024 
 
This living evidence synthesis (LES) is part of a suite of LESs of the best-available evidence about 
the effectiveness of public health and social measures (PHSMs) (quarantine and isolation, masks, 
ventilation, physical distancing and reduction of contacts, hand hygiene and respiratory etiquette, 
cleaning, and disinfecting), as well as combinations of and adherence to these measures, in 
preventing transmission of respiratory infectious diseases. This is the 2nd version of this LES, which 
includes enhancements in scope from the first version by: 1) expanding the primary outcomes from 
COVID-19 transmission to include other prioritized respiratory infectious diseases (Influenza, 
Measles, Respiratory Syncytial Virus); and 2) expanded searches to include these outcomes and to 
search to further back in time. The next update to this and other LESs in the series is to be 
determined, but the most up-to-date versions in the suite are available 

 Q1.1:What is the effectiveness of different numbers of air changes per hour (ACH) for 
optimal ventilation to minimize transmission of RIDs in community-based settings? 

�x Q1.2:What is the effectiveness of different ventilation and air conditioning (HVAC) 
systems (e.g. displacement, mixing systems) to reduce transmission of RIDs? 

�x Q1.3: What is the effectiveness of different filters and filter ratings to use in a mechanical 
ventilation (MV) system to reduce transmission of RIDs in community-based settings? 

�x Q1.4: What is the effectiveness of portable air cleaners (PAC) in reducing transmission of 
RIDs in community-based settings? 
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�x Through searches, 4,151 articles were identified, from which 77 studies were included that 
addressed question 1.1 (n=35), question 1.2 (n=24), question 1.3 (n=10), question 1.4 (n=6), 
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�x In community settings, 22 studies reported on SARS-CoV-2 transmission reduction outcome 
in the following settings: educational (n=6), industrial settings (n=2), residential (n=2), retail 
(n=1), transport vehicles (n=6), workplace (n=1) and non-specified indoor setting (n=4). Of 
these studies:  

o 2/2 studies found no significant differences between having or not having a ventilation 
system in industrial settings. 

�x When comparing mechanical ventilation (MV) with natural ventilation (NV) in indoor settings, 
one study found greater benefit with MV and one with NV. Mixed ventilation was superior to 
MV in one study. In transport vehicles, natural and mixed ventilation types were superior to 
MV.  

o 4/ 4 studies (educational settings n=3, residential settings n= 1) found greater benefit by 
increasing NV practices such as opening windows/doors or increasing periods in which 
windows are left open. One study (educational setting) reported a benefit by increasing 
NV in response to CO2 sensors. 

o Three studies (transport vehicles or hubs n=1, unspecified indoor settings n=2) 
compared mixed ventilation systems with displacement ventilation (DV). One study 
found the DV system superior, while another found the mixed ventilation system 
superior, and in one study carried out within vehicles, the benefit varied depending on 
the passenger's position. 

o 6/6 studies (settings: retail n=1, workplace n=1, educational n=2 and transport vehicles 
and hubs n=2)) favoured rebalancing HVAC systems to increase airflow or air velocity.  

�x One study in residential settings reported that implementation of a balanced constant airflow 
ventilation system (BV) was superior to exhaust-only ventilation (EV), which was in turn 
superior to the humidity-based demand-controlled ventilation system (RH-DCV). 

�x One modelling study (unspecified indoor setting) found a smart ventilation control strategy 
based on occupant-density detection superior to traditional fixed ventilation.  

�x One study reported that mixed mode ventilation was superior to front mode, MV alone or 
windshield defrosting mode in transport vehicles. 

�x One study reported that complete mixed mode was superior to incomplete mixed mode, and 
partition of zones within complete mixed ventilation was beneficial 
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o One study reported having a low-heat source in restaurants vs not having it increased 
infection risk.  

�x Only one modelling study addressed
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Findings 
Overall, the search identified 4,151 records. 
3,856 were screened in title/abstract, 712 in 
full text, and 77 studies were considered for 
this summary. The reasons for excluding the 
remaining 635 studies are reported in the 
second section of Appendix 2. Figure 1 
presents the PRISMA flow diagram. 
 
Highlights of changes in this report  

�x Scope has been expanded to include 
respiratory syncytial virus (RSV), 
measles and influenza.  

�x Primary question has been divided into 
sub questions that are further divided by 
ventilation, air filtration, and 
disinfection (VAFD) strategies.  

�x A secondary outcome that reports on 
reducing concentration of infectious 
particles in the air has been included.  

�x Table 5 on unintended consequences of 
VAFD was not updated in this version 
of the report.  

�x 62 new studies (highlighted in yellow) 
have been added since the previous 
edition of this living evidence synthesis, 
last updated 28 Mar 2023. The newly 
added studies include results for SARS-
CoV-2 (n=58), Influenza (n=2), measles 
(n=1), and the three of them (n=1). 

Effectiveness of different numbers of air 
changes per hour (ACH) for optimal 
ventilation in community-based settings 

Overall, 35 studies (11�²46) that addressed 
ACH interventions in community settings 
were found (educational=11; transport, 
vehicles and hubs=6; retail=
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aerosolized pathogens even if they are relatively far from infectious individuals, and maximizing the 
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to 0.16%. In multiroom buildings via air handling systems, increasing OA fraction from 0% to 33% 
decreases infection risk from 0.22% to 0.16%. (30).  
 
SARS-CoV-2 viral concentration in air 
In community settings four studies reported on the reduction of SARS-CoV-2 concentration in air 
outcome (41�²45), including one cohort study and three modelling studies:  
 
Increasing ACH: In isolation dorm rooms housing at the University of Oregon, a significant decrease 
in aerosol sample positivity was not observed with increased ACH (P�×=�×0.43). Despite increased 
ventilation reducing detectable viral load, the study suggests that the modest range of ACH values 
tested may not be adequate to reduce viral particles to undetectable levels in enclosed spaces 
(Moderate RoB) (42). A modelling study in indoor settings reported that breathing and coughing 
emitted thousands to millions of virus copies per cubic meter, with higher concentrations in smaller, 
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Effectiveness of different HVAC systems (e.g. displacement, mixing systems) in 
community-based settings 

Overall, 24 studies (15,17,31,33,42,47�²65) that addressed HVAC interventions in community 
settings were found (educational=6; transport, vehicles and hubs=6; retail=1; residential=3; 
workplaces=2; industrial=2; and other non-specified indoor settings=4). Most of the studies were 
modelling designs (n=16), followed by cross-sectional (n=4), cohort (n=3), and case control (n=1) . 
SARS-CoV-2 was the most reported viral infection (n=24), followed by influenza (n=1). No studies 
were found that evaluated measles or RSV. Transmission reduction/infection outcome was the most 
frequently assessed (n=22), while viral concentration in air was assessed in two studies. The RoB 
from non-modelling studies was critical in two of the cohort studies and moderate in one of them. 
In one of the cross-
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HVAC types, modes and adjustments: Three studies compared Mixing Ventilation (MV) versus 
Displacement Ventilation (DV). A modelling study reported that across indoor spaces, DV lowers 
average infection risk by 26%, while partitions reduce risk by approximately 46% (33). One 
modelling study reported that incomplete MV increases infection risk with temperature differences, 
with a notable 15% rise at lower ventilation rates. DV shows underestimation in the single-zone 
model, especially when the susceptible person is standing. Protected zone ventilation (partition of 
zones with mixed ventilation) reduces infection risk in the protected zone but increases it in the 
polluted zone (64). One study assessed aircraft cabin ventilation systems' efficacy in preventing 
SARS-CoV-2 transmission. While DV concentrated particles near windows, MV led to higher 
infection probabilities near aisles. Despite DV's superior pollutant removal, MV showed localized 
advantages in reducing contamination risks. Additionally, higher inlet velocities correlated with 
reduced infection probabilities, suggesting increased gas displacement's potential to lower 
transmission risks in aircraft cabins (56). 
 
Six studies addressed interventions focused on rebalancing HVAC systems to increase airflow/ air 
velocity. In office buildings, results from one study indicate a low infection probability of less than 
5% for full-time and part-time operation modes, suggesting both are effective in minimizing SARS-
CoV-2 transmission risk among indoor personnel (47). In retail settings, Ho et al showed that 
increasing the percentage of fresh air in the supply air (by 10%, 50%, 100%) resulted in lower 
probability of infection (by 11%, 37%, and 51%, respectively) (57).  
 
In classrooms, 
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this effect may be so small that other factors, such as a small change in proximity to the infected 
person, could rapidly counter the effect (71). 
 
Temperature: One study found that having a low-heat source in restaurants compared to not having it 
increased infection risk, finding that low-temperature heat sources 2 significantly elevated infection 
risk by 190.9% and 99.6% under displacement and mixing ventilation, respectively, compared to no 
heat source. With high-temperature heat sources, displacement is notably more effective than MV, 
reducing infection risk to only 12.3% of that observed with MV (73). In mechanically ventilated 
indoor rooms, the impact of temperature was complex, showing both positive and negative 
correlations with exposure depending on distance from the infected person. While temperature 
increase generally raised exposure, exceptions occurred, particularly at 2�²3�×m (71). 
 
SARS-CoV-2 viral concentration in air 
Inlet temperature: inlet temperature showed significant effects on CO2 mass fraction, particularly in 
smaller volumes, indicating its potential in controlling pathogen transmission. However, the 
relationship between temperature and concentration was non-linear (65). 
 
Influenza transmission and infection risk  
Two studies evaluated influenza transmission in community settings: 
 
Temperature: One cohort study included 311 children under 12. They found that having a heated 
bedroom3 was associated with lower odds of influenza infection [aOR, 0.43 (95% CI, 0.26�²0.71)]. 
Adjusting for additional factors, such as influenza vaccination and previous respiratory issues, still 
showed reduced odds [aOR, 0.55 (95% CI, 0.32�²0.94)] (Critical RoB) (72).  
 
RH: One modelling study analyzed the impact of indoor RH on infection risk for five respiratory 
viruses. RH ranges of 20�²80% and temperatures of 20�²25 °C were considered. The infection risk 
probability decreased with higher RH in the case of airborne influenza. The effect of RH depended 
on the exposure time and ventilation rate�³ the shorter the exposure time and the higher the 
ventilation rate, the lower impact of RH on the �L�Q�I�H�F�W�L�R�Q���U�L�V�N�����$�W���D���Y�H�Q�W�L�O�D�W�L�R�Q���U�D�W�H���R�I�������K�î������the 
effect of RH can be considered negligible. (13).  
 
Effectiveness of different building/room designs (e.g. number and position of mechanical 
air supplies, exhausts, windows, and doors) and ventilation types in building designs (e.g. 
cross ventilation, single-sided ventilation) for airflow in community-based settings 

Overall, nine studies (65,74�²81) that addressed different building/room designs and ventilation 
types in building designs in community settings were found (educational=2; residential=1; 
workplaces=2; and other non-specified indoor settings=4). Most of the studies were modelling 
designs (n=7), followed by cross-sectional (n=2). SARS-CoV-2 was the only reported viral infection 
(n=9). No studies were found that evaluated influenza, measles or RSV. Transmission 

 
2 Dishes below room temperature, like bar and coffee shops, where 4 °C was defined as the temperature of the low-

RH
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reduction/infection outcome was the most frequently assessed (n=7), while viral concentration in air 
was assessed in two studies. The RoB in the cross-sectional studies was critical in one of them and 
moderate in the other.  
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risk, likely suppressing virus growth, indicating their effectiveness in reducing airborne transmission 
(77) 
 
Repositioning supply/exhaust diffusers: In a carnival event in Gangelt, Germany, on February 15, 2020, 
out of 411 participants, nearly half were infected. Among the factors evaluated, proximity to air 
inlets and air outlets was studied; however, no significant statistical association was found between 
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SARS-CoV-2 transmission and infection risk  
14 studies (12,19,50,59,60,67,79,83�²89) reported on SARS-CoV-2 transmission reduction outcome, 
including modelling (n=13) and cross-sectional designs (n=1). Studies were conducted in 
educational (n=7), transport vehicles or hubs (n=2), workplace (n=1), and other indoor settings 
(n=4).  
 
Ventilation + air filtration: In a modelling study in educational settings, non-pharmaceutical 
interventions (NPIs) like social distancing and ventilation upgrades in mitigating SARS-CoV-2 
transmission in schools were investigated. Findings reveal that ventilation and air filtration 
interventions resulted in a significant reduction (>28%) in mean transmission risk. Comparing 
infectious virus removal rates (IVRR) of 1 vs 2.2, ventilation and air filtration interventions reduce 
mean transmission risk by 25% (89). 

CoV
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Increase ACH + UVGI : In a modelling study in large office buildings under varied ventilation/ 
disinfection strategies, combining 100% OA with Rheem's third generation products (RM3) UV-C 
units likely yielded the most significant risk reduction (87). 
 
PAC + Mitigation strategies: For college classrooms, the highest transmission risks occurred without 
ventilation or mitigation (�ý25% mean), while the lowest risks (�ý3%-5% mean) involved combined 
face coverings, ventilation, and air purification. Elementary classrooms showed lower risks. 
Improved ventilation systems and strategic air purifier use significantly reduced transmission 
probabilities. Combining interventions proved more effective, but exceeding seven measures 
provided no added benefit, especially concerning highly transmissible variants like Delta (84). 
 
Hybrid ventilation systems: In residential and educational buildings, simulations in three climates 
showed varying impacts of control strategies on energy demand and infection risk. NV dominance 
during cooling seasons led to significant energy savings. Enhanced NV reduced infection risk, 
indicating hybrid systems' potential for maintaining healthy indoor environments while reducing 
energy consumption. Overall, well-regulated control strategies can optimize hybrid ventilation 
systems for dual benefits (88). Another study reported that mixed ventilation optimized air exchange 
in indoor settings but could not eliminate transmission risk entirely. Ventilation type III (Mixed 
ventilation with optimization) exhibited the lowest risk. Despite improvements, no ventilation 
method alone fully mitigated transmission risks, highlighting the need for comprehensive preventive 
measures considering space configuration and operational strategies (59). In Tokyo Metro trains the 
combination of open windows and AC/fan turned on, reduced infection risk for a single passenger 
facing a talking infected person to 5.0 × 10�î��  from 8.5 × 10�î�� (when windows are closed, and 
AC/fan is off). Risk in a train car decreased by 91�²94% when windows were open and AC/fan was 
on compared to closed windows and AC/fan off, across varying community infection rates, 
commute times, and passenger numbers (86). 
 
Optimization of Window Openings + Integration of Window-Integrated Fans: In a modelling study, by 
assessing ventilation efficiency and infection probability in a Slovenian educational building, 
installing window-integrated fans significantly enhanced ventilation, reducing infection risk (79). 
 
Dilution ventilation + ventilative cooling (DVVC): In indoor settings, a modelling study proposed a novel 
ventilation control strategy combining dilution ventilation and ventilative cooling. Results showed 
that existing fan flow rates were not sufficient to maintain infection risk below 1%. Despite peak 
occupancy, ventilation rates reached their maximum without further reducing infection risk, 
highlighting limitations in existing ventilation strategies for COVID-19 mitigation. DVVC + Low 
Specific Fan Cooling (LSFP) effectiveness was found dependant on the occupation (85). 
 
Measles transmission and infection risk  
Increase VR +Upgrade central HVAC filter efficiency + Upgrade air purification: In one modelling study, 
combining interventions (all advanced control scenarios: upgrading to HEPA filters, ventilation rates 
higher than the minimum requirements, doubling CADR to 800 CFM) reduced infections by up to 
56%, highlighting the efficacy of integrated control strategies in mitigating airborne disease 
transmission in schools (11). 
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Summary of findings about unintended consequences of VAFD strategies used to reduce 
transmission of respiratory infectious diseases (RIDs) or risk of infection (Primary 
Outcome). 

One study was identified that reported on unintended consequences of PAC. 
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Figure 1: Flow diagram for study identification (from Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses, PRISMA)  

 

 
V1 = version 3 (February 10, 2023 �² March 3, 2023) 
* 28th studies excluded in LES 15.1, included in LES 18.2 
MO= Microorganisms  
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RIDs Author, Year 
Country 

Setting and 
time covered 

Study characteristics Summary of key findings in relation to the outcome(s) 
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RIDs Author, Year 
Country 

Setting and 
time covered 

Study characteristics Summary of key findings in relation to the outcome(s) RoB 

ventilation rate between 1.4 and 14 L 
�V�î�����V�W�X�G�H�Q�W�î�� 

Sample: Total = 10,441 classrooms in 
1,419 schools; MVS = 316 classrooms in 
56 schools; Natural (leakage of building 
and manual opening of windows) = 
1,363 classrooms in 10,125 schools; 
classrooms had an average occupancy of 
20 students (total student population 
205,347) 

Key outcomes: incidence cases and 
incidence proportions (number of 
positive students per 1,000); both 
presented as number of positive students 
counted only within clusters for 
classrooms with and without MVSs and 
for 12 different sub-periods. 

�x Analysis by time period showed effectiveness of MVS greater during 
month with high incidence of infection at regional level. 

�x Analyses showed increased effectiveness with higher ACH. 
 
Limitations: This study presented a critical RoB in relation to the 
measurement of outcomes and control of possible confounding 
variables. 

SARS-
CoV-2 

Pokora et al., 
2021 (31) 
 
Germany 

Meat and 
poultry 
processing 
plants in 
Germany 
 
June to 
September 2020 
 

Design: cross-sectional study (self-
administered questionnaire). 

Intervention: multiple risk factors 
including ventilation, quantified as 
outdoor air flow per employee in a 
working area = outdoor air flow / 
(number of employees in a working area 
/ number of shifts in the working area). 

Sample: 22 companies for 19,027 
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RIDs Author, Year 
Country
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RIDs Author, Year 
Country 

Setting and 
time covered 

Study characteristics Summary of key findings in relation to the outcome(s) RoB 

incidence <6 
times. 
Summer period: 
June 23, 2015, to 
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RIDs Author, Year 
Country 

Setting and 
time covered 

Study characteristics Summary of key findings in relation to the outcome(s) RoB 

Odds ratios are adjusted for gender, occupancy level, smoking, hist01Y of 
allergic diseases (asthma or rhinitis) and opening window frequency. Values in 
bold indicate statistical significance, i.e., P < 0.05. 
 
Limitations: The method of measuring the results was a survey and 
from this the comparison groups were defined. The comparators in this 
study were the "case" and "control" bedrooms, differentiated by the 
incidence of respiratory infections among their occu�S�D�Q�W�V�����´�&�D�V�H�µ��
�G�R�U�P�L�W�R�U�L�H�V���K�D�G���D�W���O�H�D�V�W���R�Q�H���R�F�F�X�S�D�Q�W���U�H�S�R�U�W�L�Q�J���D���•��-fold annual 
�L�Q�F�L�G�H�Q�F�H���R�I���L�Q�I�H�F�W�L�R�Q�����Z�K�L�O�H���´�F�R�Q�W�U�R�O�µ���G�R�U�P�L�W�R�U�L�H�V���K�D�G���D�O�O���R�F�F�X�S�D�Q�W�V��
with a <6-fold annual incidence of infection. Through the survey, some 
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RIDs Author, Year 
Country 

Setting and 
time covered 

Study characteristics Summary of key findings in relation to the outcome(s) RoB 

mask use, ventilation practices, surface decontamination) inconsistently 
between the intervention and control groups, these differences could 
influence the outcome regardless of the filters HEPA. Such variations in 
treatment/care could potentially bias results, making it difficult to 
attribute changes in COVID-19 transmission rates directly to the use of 
HEPA filters. 

SARS-CoV-
2 
(Omicron 
variant) 

Cheng et al., 
2022 (68)  
 
China 

Restaurants in 
Hong Kong with 
COVID-19  
outbreaks before 
(R1) and after 
enhancement of 
indoor air 
dilution (R2) 
 
February 19, 
2021, and 
December 27, 
2021  

Design: descriptive epidemiological 
study to evaluate the effect of mandatory 
enhancement of indoor air dilution in 
�U�H�V�W�D�X�U�D�Q�W�V�����U�H�T�X�L�U�H�P�H�Q�W���I�R�U���$�&�+���R�I���•����
in seating areas of restaurants or, if not 
feasible, installation of air purifiers as 
alternate measure)  

Intervention: indoor air dilution 
enhancement by ultraviolet-C air 
purifying system (R2); 14 air purifiers 
mounted at ceiling level near return air 
grilles (post-adjustment ACH was 4.6 in 
seating area of R2 compared with ACH 
1.2 in R1)  
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RIDs Author, Year 
Country 

Setting and 
time covered 

Study characteristics Summary of key findings in relation to the outcome(s) RoB 

Intervention: heating system 

Sample: 311 children under 12 years of 
age (155 children without heating 
system, 156 children with heating 
system) 

Key outcomes: Probability of influenza 
infection (aOR) 

Authors concluded that using a heating system in a child's room during 
winter is a protective factor for influenza infection compared to not 
using a heating system. 
 
Limitations: This study does not have a clear and detailed description of 
how each intervention was handled. They relied on self-report to classify 
individuals into intervention or control groups, without addressing how 
this potential bias was controlled for. The study adjusted for influenza 
vaccination; does not mention monitoring for other potential RID 
protective interventions. The validity of the questionnaires used for data 
collection is unknown. It is not explicitly mentioned whether 
participants were free of confirmed RID infection at baseline. The study 
does not mention any attempt to control for social desirability bias and 
does not mention any verification of compliance with protective 
behaviors/interventions after their implementation. 

SARS-
CoV-2 

Oginawati et 
al., 2022 (78) 
 
Indonesia 

Homes
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RIDs Author, Year 
Country 

Setting and 
time covered 

Study characteristics Summary of key findings in relation to the outcome(s) RoB 

categorized as low (0-50%), intermediate 
(50-99%) and high (100%) 
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RIDs Author, Year 
Country 

Setting and 
time covered 

Study characteristics 
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Table 2: Summary of modelling studies reporting on effectiveness of VAFD in reducing RIDs transmission, infection risk or probability 
(n=55) 

Last updated March 28th, 2024 
RIDs Reference 

Year/  
Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

SARS-
CoV-2 
 

Clements et al., 
2023 (18) 
 

The authors evaluated the 
effectiveness of interventions 
such as ventilation, masking, and 
the use of HEPA air cleaners in 
reducing the transmission risk of 
airborne pathogens, specifically 
in enclosed spaces.  

Methodology:  
�7�K�H���V�W�X�G�\�·�V���P�H�W�K�R�G�R�O�R�J�\��
involves using a Tracer-Scaled 
Bulk Aerosol QMRA Model to 
simulate the survival, transport, 
and decay of aerosolized 
pathogens in indoor 
environments, considering 
multiple-occupant scenarios and 
interventions like ventilation and 
masking. Various exposure 
scenarios were analyzed by 
manipulating variables such as 
ventilation, occupancy, masking, 
and dose-response curves to 
assess the impact on pathogen 
transmission risk. The 
effectiveness of a HEPA air 
cleaner in an ambulatory care 
room was evaluated using DNA 
Tracer Decay Testing, with 
measurements taken before and 
�D�I�W�H�U���W�K�H���F�O�H�D�Q�H�U�·�V���L�Q�V�W�D�O�O�D�W�L�R�Q����
The methodology also accounted 
for particle size dependence in 
emission, removal rates, and 

Numbers of air changes per hour (ACH) for optimal ventilation 



LES 15.2: Effectiveness of VAFD measures 



LES 15.2: Effectiveness of VAFD measures for reducing transmission of RIDs in non-health care community-based settings. 
 
 

42 
 

RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

analyzed to understand cluster 
dynamics. 

SARS-
CoV-2 

Zand et al., 
2023 (39) 
 
United States 

The study aimed to assess the 
impact of ventilation and other 
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RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

to estimate the room airflow 
needed to achieve 4 ACH based 
on room volume. 

SARS-
CoV-2 

Takahashi et 
al., 2023 (34) 

The aim is to develop and 
demonstrate the effectiveness of 
the School Virus Infection 
Simulation-Model (SVISM) in 
evaluating the impact of different 
school schedules on the spread 
of virus infection at a school, 
with a focus on reducing the 
maximum number of students 
infected simultaneously and 
maintaining a certain rate of face-
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RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

thermal comfort in U.S. schools 
during the COVID-19 pandemic. 
Through simulations and 
analysis, the study reveals the 
interconnected relationships 
among these factors and 
emphasizes the need for 
balancing them effectively to 
maintain a sustainable indoor 
environment. 
 
Methodology: The 
methodology employed in the 
study involves a comprehensive 
framework designed to analyze 
the trade-off between infection 
risk, energy consumption, and 
thermal comfort in U.S. schools 
during the COVID-19 pandemic. 
This framework is structured 
into three phases: preparation, 
simulation, and trade-off 
analysis. During the preparation 
phase, U.S. school data is 
collected, and building models 
are prepared with modifications 
for energy and thermal comfort 
simulation, considering the 
climate zone of each building. 
The simulation phase utilizes 
EnergyPlus for estimating 
building energy consumption and 
thermal comfort, and a revised 
Wells-Riley model for simulating 
indoor airborne infection risks. 
The trade-off analysis phase then 
compares the outcomes from the 
simulation models to understand 

appropriate indoor air 
environment. 
 
Key Outcomes: 
Infection risk 

�x A linear relationship between air flow rate and infection risk was observed, as 
increased ventilation leads to the dilution of indoor air and a subsequent decrease 
in infection risk. 

�x Ventilation rate governs the variations of infection risks and building energy usage, 
while indoor RH demonstrated negligible impacts.  

Environmental conditions to target for optimal ventilation 
Interventions: increased 
ventilation rate, 
implementation of air 
filtration, and maintaining 
appropriate indoor air 
environment. 
 
Key Outcomes: 
Infection risk 

Numerical results are not reported in the description, only graphs. 
�x Key findings revealed that indoor temperature profoundly influences infection risk, 

energy consumption, and thermal comfort. Ventilation rate governs the variations 
of infection risks and building energy usage, while indoor RH demonstrated 
negligible impacts. Notably, thermal comfort and low infection risk can be 
concurrently realized, albeit at the expense of high energy consumption.  

�x Comparing the optimal and worst environment settings in a typical U.S. climate 
zone, a 43% decrease in infection risks and a 61% increase in thermal comfort are 
observed, accompanied by an over 70% increase in energy consumption. The 
influences and trade-offs among infection risks, energy consumption, and thermal 
comfort are additionally modulated by climate characteristics. 
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RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

Influence of Wearing Surgical Masks on Infection Risk:  
�x The index case-wearing scenario resulted in an average reduction of IRrs by 81.6% 

for buses, 80.3% for subways, and 77.8% for high-speed trains. The both-wearing 
scenario showed a greater average mitigation effect, being 3.6-folds more effective 
than the index case-wearing scenario alone. 

 
Ventilation Improvement:  
Increasing ACH from the minimum to the maximum typical value. 
 
Mask-Wearing Scenarios: 
Index Case-Wearing Scenario: Only the index case wears a surgical mask. 
Both-Wearing Scenario: Both the index case and susceptible individuals wear a surgical 
mask. 
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RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

energy consumption. The study 
evaluates infection risk levels 
under various ventilation 
strategies. 
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Summary of Findings 
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RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

for car cabins. The study aims to 
understand the influence of key 
parameters such as HVAC flow 
rate, ventilation mode, position 
of the infected subject, and 
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RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

air change rates, and outdoor air 
fraction on infection probability 
using a well-mixed modelling 
approach. Additionally, they 
investigated contaminant source 
locations (both indoor and 
outdoor) and their effects on 
aerosol concentration. The study 
also analyzed the air handling 
�V�\�V�W�H�P�·�V���U�R�O�H�����L�Q�F�O�X�G�L�Q�J���P�L�[�L�Q�J��
outdoor and return air, filtering it 
with MERV
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Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

bar/restaurants, nightclubs, and 
wedding venues.  

Methodology: Researchers 
employed a simulation model to 
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RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

Intervention:  
Increasing Filter 
Efficiency (MERV 
rating): This involved 
upgrading the HVAC 
system with filters of 
higher Minimum 
Efficiency Reporting  
 
Key outcomes: Infection 
risk reduction 

Increasing MERV rating  
Office scenario results:  
from 4 to 8 results in 8% fewer infections (from 0.0060 to 0.0055),  
from 8 to 12, results in 5% fewer infections (from 0.0055 to 0.0052)  
from 12 to 16, showed no difference.  
 
Social gathering scenario results:  
 

Increasing filter MERV rating reduce simulated SARS-
CoV-2 infections in the bar/restaurant, wedding 
reception venue, and nightclub with an emission rate of 
3,000 PFU / min. 
MERV Fraction Infected % Change 

Bar 
MERV-4 0.088 6 
MERV-8* 0.054 0 
MERV-12 0.024 -57 
MERV-16 0.021 -61 

UVC** 0.021 -61 
Wedding 

MERV-4 0.153 36 
MERV-8* 0.112 0 
MERV-12 0.069 -38 



LES 15.2: Effectiveness of VAFD measures for reducing transmission of RIDs in non-health care community-based settings. 
 
 

57 
 





LES 15.2: Effectiveness of VAFD measures for reducing transmission of RIDs in non-health care community-based settings. 
 
 

59 
 

RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

ventilation and RH on airborne 
transmission risk. 

SARS-
CoV-2 

Xu et al., 2021 
(12) 
 
United States 

The aim of the study is to 
evaluate the effectiveness of 
different intervention strategies, 
including increased ventilation, 
air filtration, and hybrid learning, 
in reducing the airborne 
infection risk of SARS-CoV-2 in 
U.S. public and private schools 
under different epidemiological 
scenarios.  

Methodology: The study 
involves a comprehensive 
scenario-based analysis of 
111,485 U.S. public and private 
schools during the COVID-19 
pandemic. It predicts both long- 
and short-term infection risks 
under various intervention 
strategies. To explore the impact 
of school characteristics and 
epidemic situations, the study 
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Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

Hybrid Learning 
Comparators: Each 
combined strategy was 
compared against the 
baseline scenario and each 
other. 
 
Key outcomes: Infection 
Risk 

SARS-
CoV-2 

Shen et al., 
2021 (33) 
 
United States 

The paper evaluates various 
control strategies such as 
ventilation, air filtration, and 
mask-wearing at different scales 
to reduce infection risks.  

Methodology: The 
methodology employed in this 
study aims to estimate infection 
probabilities and basic 
reproduction numbers (R0) for 
various indoor spaces and 
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Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

generation rate, size distribution 
of infectious particles, pulmonary 
ventilation rate, filter and mask 
efficiency, and particle 
deposition and inactivation rate. 

SARS-
CoV-2 

Mokhtari & 
Jahangir, 2021 
(27) 
 
Iran 
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Summary of Findings 

characterized by elevated flow 
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Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

most likely came from another 
source. 

Field investigation of outbreak 
with ventilation system not 
working and single window and 
all doors closed, except for 
window being open during 
breaks (masking and social 
distancing requirements were in 
effect). Estimated air renewal 
rate of 0.23 h-1 

Modelling to estimate probability 
of infection under different 
conditions including ventilation 
rate, emission rate, and duration 
of exposure. Simulation with 
variable air exchange rates, 
ranging from 0 to 5 h-1. Assumed 
secondary attack rate of 33-44% 
(3-4/9). 

SARS-
CoV-2 

Li et al., 2020 
(23) 
 
China 

Simulation experiments in 
dormitory buildings according to 
original conditions when two 
COVID-19 outbreaks occurred.  

Epidemiological data were 
collected, and ventilation 
conditions (doors/windows 
open and operation of 
ventilation equipment) were 
investigated at time of 
occurrence. Data was collected 
about date of symptom onset, 
mask wearing, number infected 
and their distributions. 
Ventilation rate was measured by 

Numbers of air changes per hour (ACH) for optimal ventilation 

Key outcomes: Infection 
rate 

Hubei M Zone: ventilation rate = 236 m3/h, average per person was 7.7 m3/h; 
infection rate = 8% 
Hubei N Zone: ventilation rate = 601 m3/h, average per person was 28 m3/h; 
Infection rate = 16% 
-Zone M had lower infection rate with worse ventilation levels, which was attributed 
to mask wearing. 
Shandong: ventilation rate = 178 m3/h, average per person was 21 m3/h; infection 
rate = 74% 
-Difference in infection rates between Shandong and Hubei attributed to mask 
wearing habits. 
-Data from Zone N in Hubei showed a threshold of ventilation rate. When the room 
ventilation rate was > 800 m3/h or 40 m3/h per person, rate of infection was <25%. 
When room ventilation rate was < 800 m3/h or 40 m3/h per person, the highest 
infection rate reached 56%. 
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Summary of Findings 

CO2 tracer concentration decay 
method. 

The Shandong Province dormitory 
was mainly mechanically 
ventilated with 30 rooms 
averaging 9 residents/room. 
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Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

molar mass, density, temperature, 
mass fraction, dissociation 
number, and osmotic coefficient. 
These parameters are used to 
calculate the droplet absorption 
rate and deposition in the 
respiratory system. Additionally, 
the methods explore how RH 
and ventilation rates affect the 
transmission of respiratory 
viruses in indoor setting 

. 

 

Standard 170 for health 
care facilities. 
 
Key outcomes: Infection 
Risk 

�x Increasing ventilation from 0.5 to 2 h-1 with a constant relative humidity of 20% 
reduced the risk of SARS-CoV-2 infection between 40 and 50.5%. 

�x Increasing the ventilation rate to 6 h�î 1 will dominate the reducing infection risk 
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Summary of Findings 

mechanical ventilation, 
�D�Q�G�������K�î�������Z�K�L�F�K���L�V��
recommended for patient 
rooms by ASHRAE 
Standard 170 for health 
care facilities. 
 
Key outcomes: Infection 
Risk 
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Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

during pandemics like COVID-
19. It compares mechanically 
ventilated and naturally 
ventilated classrooms, proposing 
feedback control strategies based 
on CO2 monitoring. 

Methodology: The study 
presents a methodology for 
managing air quality in 
classrooms to minimize the 
spread of airborne diseases. It 
calculates the Air Exchange Rate 
(AER) based on predefined 
scenarios, including different 
activities and durations. For 
mechanically ventilated 
classrooms, a control unit 
evaluates and sets the required 
AER. For naturally ventilated 
classrooms, manual airing cycles 
are suggested to increase the 
AER, with a feedback control 
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/Outcomes /Scenarios 

Summary of Findings 

such as mixing ventilation, DV, 
and protected zone ventilation.  

Methodology: The article 
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Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

building. This involves dividing 
the building into zones and 
analyzing airflow patterns. The 
CONTAM software is used, 
considering the well-mixed air in 
each area of the apartment, to 
analyze the concentration of 
particles and the air flow. 
Additionally, numerical models 
are combined with real-world 
case study analyzes to investigate 
air flows, particle concentrations, 
and infection risk in multifamily 
buildings. The study focuses on a 
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Country 
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/Outcomes /Scenarios 

Summary of Findings 

to estimate the annual number of 
adverse health outcomes in 
various scenarios, which 
considers the baseline incidence 
rate, effect estimate, change in air 
quality, and the affected 
population. 

SARS-
CoV-2 

Wang et al., 
2021 (49) 
 
China 

The aim of the study is to 
propose and evaluate a smart 
low-cost ventilation control 
strategy based on occupant-
density-detection algorithm with 
consideration of both infection 
prevention and energy efficiency 
to prevent transmission of 
infection diseases, such as 
COVID-19, in public and private 
buildings, and to achieve a 
healthy yet sustainable indoor 
environment.  

Methodology: The study 
presents a smart ventilation 
control strategy that uses a 
camera-based occupant detection 
system with the YOLO 
algorithm for real-time detection. 
It compares three ventilation 
strategies: fixed, demand-
controlled, and the proposed 
smart ventilation. The smart 
ventilation strategy dynamically 
adjusts airflow based on detected 
occupant density and calculated 
infection risk, aiming to optimize 
both energy efficiency and 
infection prevention. A low-cost 
hardware prototype is developed 
based on Raspberry Pi, and its 
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RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

effectiveness is evaluated 
through infection risk and energy 
consumption analysis. The 
feasibility of the smart ventilation 
system for infection prevention 
and energy efficiency is 
demonstrated, providing insights 
into optimizing ventilation 
strategies for healthy yet 
sustainable indoor environments. 

SARS-
CoV-2 
 

Ho et al., 2021 
(57) 
 
China 
 

To develop CFD simulations and 



LES 15.2: Effectiveness of VAFD measures for reducing transmission of RIDs in non-health care community-based settings. 
 
 



LES 15.2: Effectiveness of VAFD measures for reducing transmission of RIDs in non-health care community-based settings. 
 
 

87 
 

RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

It aims to understand the effect 
of a heat source between two 
people on cross-infection risk, 
whether the heat source affects 
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Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

served). The study also validated 
the CFD model with 
experimental data to ensure the 
reliability of the simulation 
results. 

SARS-
CoV-2 

Foat et al., 
2022 (71) 
 
United 
Kingdom 

This work aims to show whether 
the temperature or Relative 
Humidity (RH) effects reported 
for simpler models (analytical or 
more simplified CFD models) 
are still present when realistic 
room airflows are included, and 
exposures are calculated over 5 
min timescales. The study is 
primarily focused on the fluid 
dynamics effects of a change in 
temperature and RH. 

Methodology: The study used 
computational fluid dynamics 
(CFD) modelling to simulate the 
dispersion of exhaled droplets 
from a coughing person in a 
mechanically ventilated room. It 
analyzed how temperature and 
humidity affect the transport and 
evaporation of respiratory 
droplets of different sizes. The 
model considered factors like 
droplet size distribution, 
evaporation rates, airflow 
patterns, and exposure levels to 
viral RNA copies under various 
scenarios involving different 
temperatures, relative humidities, 
and individual positions. The 
models were validated through 
experimental data and sensitivity 
analyses to ensure their reliability 

Environmental conditions to target for optimal ventilation 
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Summary of Findings 

CoV-2 transmission during 
indoor mass gatherings. 

roof, resulting in an ACH 
of 0.85h-1. 
Scenario 1: Pre-pandemic 
state. Participants entered 
and exited the arena 
through two main 
entrances without 
restrictions. They sat with 
no free seats in the 
middle. 
Scenario 2: Moderate 
hygiene measures were 
applied. The arena was 
divided into four 
quadrants. Participants 
entered and exited 
through the entrance/exit 
of the assigned quadrant 
(four entrances/exits) and 
could not change 
quadrants. A seating 
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Summary of Findings 

Increase of SARS-CoV-2 
positive cases 

SARS-
CoV-2 

Zheng et al., 
2021 (81) 
 
Singapore 

The aim of the study is to 
evaluate the effectiveness of 
natural ventilation and the 
dispersion pattern of gaseous 
pollutants between different 
units in a multi-storey building, 
driven by wind-induced natural 
ventilation, and to assess the 
inter-unit infectious risk in the 
worst unit (worker dormitories in 
Singapore) under different 
shading conditions using 
computational fluid dynamics 
simulations. 

Methodology: The methods 
involve creating a geometric 
model of a multi-storey building 
with external shading louvers for 
Computational Fluid Dynamics 
(CFD) simulations. The 
computational domain and 
boundary conditions, including 
wind speed, direction, and 
temperature, are defined. Grid 
resolution and solver settings are 
determined to capture detailed 
airflow patterns and optimize 
simulation accuracy. The 
realizable k-�¥���W�X�U�E�X�O�H�Q�F�H���P�R�G�H�O���L�V��
selected after a sensitivity 
analysis. Numerical simulations 
are validated with experimental 
measurements. 

Building/room designs and ventilation types in building designs  
Intervention:  
Airflow Exchange and 
Pollutant Dispersion: The 
intervention here is the 
presence of external 
shading louvers. The 
comparators in this 
context would be the 
airflow and pollutant 
dispersion patterns in the 
absence of shading 
louvers or with different 
configurations (e.g., 
louver positions).  
Inter-Unit Infectious Risk 
of COVID-19: the re-
entry ratio of tracer gas 
and the airborne infection 
risk of COVID-19 in 
cases with different 
louver locations 
(windward vs. leeward) 
and source units, the 
comparators would be 
scenarios without shading 
louvers or with varying 
positions.  
 
Key outcomes: Infection 
Risk 

The study investigated the impact of external shading louvers on airflow 
characteristics, pollutant dispersion, and the risk of airborne infection in a multi-storey 
building, focusing on two main outcomes: the airflow exchange and pollutant 
dispersion through semi-shaded openings, and the inter-unit infectious risk of 
COVID-19.  
 
Airflow Exchange and Pollutant Dispersion Interventions:  
�x The results showed that the airflow is commonly slower in the semi-shaded space 

between louvers and openings. However, the ventilation rate is not always 
consistent with the airflow speed due to the diversion effect from louver slats. This 
indicates that while louvers may slow down the airflow, they do not necessarily 
reduce ventilation effectiveness, which is crucial for pollutant dispersion.  

 
Inter-Unit Infectious Risk of COVID-19 Interventions:  
�x The inter-unit infectious risk in the worst unit rises from 7.82% to 26.17% for 

windward shading, while it rises from 7.89% to 22.52% for leeward shading.  

SARS-
CoV-2 
 

Luo et al., 2023 
(25) 
 

The aim of the study is to 
investigate the ventilation, 
expiratory droplet dispersion, 

Numbers of air changes per hour (ACH) for optimal ventilation 
Intervention: Different 
configurations of open 

The results are shown especially with graphs, but the authors reach the following 
conclusions: 
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RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 
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RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

study compared the infection 
risk reduction when all windows 
were opened, and the AC/fan 
was on versus when windows 
were closed, and the AC/fan was 
off to evaluate the effectiveness 
of ventilation strategies in 
reducing infection risk. 

AC/Fan On, Windows 
Open compared to 
AC/Fan Off, Windows 
Closed. 
 
Key outcomes: Infection 
Risk 

SARS-
CoV-2 

Sha et al., 2024 
(85) 
 
Canada 

The study focused on optimizing 
building ventilation to minimize 
COVID-19 risk and maximize 
energy efficiency. It introduced a 
new strategy that balances energy 
consumption and indoor air 
quality. 

Methodology: The study 
presents a methodology using a 
modified Wells-Riley model to 
calculate a safe ventilation rate 
that minimizes COVID-19 
infection risk, considering factors 
like social distancing, mask 
usage, and initial infection rates. 
It aims to optimize ventilation 
rates for reducing COVID-19 
transmission risk and maximizing 
energy savings in buildings. The 
energy performance of 
mechanical ventilation systems is 
evaluated through nine proposed 
cases, including a baseline and 
variations with different settings. 
These cases consider factors like 
specific fan power, fan flow 
rates, and ventilation control 
strategies. A case study of a high-
rise building in Montreal, 

Combinations of ventilation and filtration strategies 

Intervention: Dilution 
Ventilation and 
Ventilative Cooling 
(DVVC) 
Intervention 1: DVVC 
Control Strategy  
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RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

Canada, is included to 
demonstrate the impact of the 
proposed ventilative cooling 
control strategy on reducing 
transmission risks and energy 
consumption. 

Comparator: DVVC + 
LSFP with non-optimal 
fan flow rates.  
Intervention 5: VCO 
(Ventilative Cooling 
Only)  
Comparator: DVVC 
control strategy without 
exclusive focus on 
ventilative cooling. 
 
Key outcomes: Infection 
Risk 

SARS-
CoV-2 

Tognon et al., 
2023 (88) 
 
Italy and 
Finland 

The aim of the study is to 
evaluate the performance of 
hybrid ventilation systems in 
residential and educational 
buildings, focusing on their 
impact on energy consumption, 
indoor air quality, and the risk of 
airborne infection from COVID-
19. 

Methodology: The paper 
presents a co-simulation 
approach to evaluate control 
strategies for hybrid ventilation 
systems in a residential and an 
educational building. Using 
simulation tools CONTAM and 
TRNSYS, the study models 
ventilation systems and assesses 
strategies to optimize ventilation 
effectiveness and energy 
efficiency. The focus is on 
indoor air quality and COVID-
19 infection risk. The simulations 

Combinations of ventilation and filtration strategies 
Intervention:  
Baseline (Case A): A 
balance between natural 
ventilation (NV) and 
mechanical ventilation 
(MV) based on external 
temperature and 
occupancy.  
NV Dominant (Case B): 
Preference for natural 
ventilation over 
mechanical, adjusting 
control parameters to 
extend NV periods.  
MV Dominant (Case C): 
Preference for mechanical 
ventilation, modifying 
temperature controls to 
favor MV operation.  
 
Key outcomes: Airborne 
Infection Risk from 
COVID-19 

Enhanced Natural Ventilation (NV Dominant - Case B) 
Results for the apartment show that different control strategies do not lead to 
significant variations in the overall heating demand for a given climate. In contrast, 
increasing natural ventilation hours during the cooling season produces savings in both 
sensible (up to 31% in Venice) and latent demand (up to 30% in Rome).  
Fan absorption in the heating season is reduced by 40% and 86% in Rome for the flat 
and classroom, respectively and by 84% in Venice for the apartment in the cooling 
season. Moreover, a control strategy enhancing natural ventilation is promising in 
reducing the infection risk. Therefore, if well-regulated through a suitable control 
strategy, the hybrid ventilation system seems promising in maintaining healthy indoor 
environments while reducing energy consumption. 
Increased Mechanical Ventilation (MV Dominant - Case C) 
Resulted in the highest infection risk levels due to lower ventilation flow rates 
compared to the baseline and NV dominant scenarios. To achieve similar risk 
mitigation as in the NV dominant system, the supply flow rates in the MV dominant 
scenario would need to be increased, which would also raise the energy demand for air 
handling.  
Baseline Scenario (Case A)  
This scenario often resulted in days where both ventilation modes could occur, leading 
to intermediate risk values. The baseline scenario serves as a middle ground, indicating 
that a balance between natural and mechanical ventilation without specific 
enhancements does not optimize energy efficiency or minimize infection risk as 
effectively as the NV dominant strategy. 
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RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

consider seasonal heating and 
cooling demands and electrical 
consumption for air handling. 
The study provides a detailed 
analysis of how different 
ventilation scenarios impact 
energy demand, infection risk, 
and indoor environmental 
quality, aiming to identify 
configurations that reduce energy 
consumption and mitigate 
infection risk. 

SARS-
CoV-2 

Cai et al., 2022 
(83) 
 
United States 

The aim of the study is to 
evaluate the HVAC energy costs 
for reducing COVID-19 
airborne infection risks in public 
and private schools in the U.S. 
under different intervention 
scenarios, integrating infection 
risk modelling and energy 
consumption simulation, to 
provide operational guidelines, 
financial implications, and policy 
insights for schools, community 
stakeholders, and policymakers 
to keep schools safe during the 
ongoing pandemic and improve 
preparedness for future 
epidemics. 

Methodology: The study 
modeled the energy costs for 
school HVAC (Heating, 
Ventilation, and Air 
Conditioning) systems, 
considering the energy required 
for heating, cooling, and fan 
operation. This was done for 
over 100,000 public and private 

Combinations of ventilation and filtration strategies 
Intervention: Ventilation 
Rate Increase with Air 
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RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

schools across the U.S. Different 
strategies to limit infection risk 
were evaluated, focusing on their 
impact on ventilation rates and 
energy costs. Strategies included 
improving ventilation with air 
filtration and implementing 
partial online learning. 

SARS-
CoV-2 

Zafarnejad & 
Griffin, 2021 
(89) 

The study aimed to evaluate the 
effectiveness of non-
pharmaceutical interventions 
(NPIs), including social 
distancing, ventilation upgrades, 
surveillance testing, and contact 
tracing, in reducing the 
transmission risk of SARS-CoV-
2 in school settings. 

Methodology: The 
methodology involves 
developing an agent-based 
simulation model to simulate the 
spread of SARS-CoV-2 in closed 
classroom environments. It 
incorporates factors like local 
quanta spread, student behavior 
compliance, and policy actions, 
extending traditional 
transmission models to include 
these factors and non-uniform 
air mixing. The impact of Non-
Pharmaceutical Interventions 
(NPIs) on transmission risk is 
assessed under various scenarios 
and policy actions. The 
effectiveness of NPIs such as 
social distancing, ventilation 
upgrades, surveillance testing, 
and contact tracing is evaluated. 

Combinations of ventilation and filtration strategies 
Intervention:  
Social Distancing, High-
Quality Air Filtration and 
Ventilation, Surveillance 
Testing, and Contact 
Tracing vs. Lack of These 
Interventions 
 
Key outcomes: 
Transmission risk 
(reduction in the relative 
mean transmission risk 
%) 

�x Ventilation and air filtration: reduction in the relative mean transmission risk > 
28% (M = 28.44, SD = 11.27) Comparing IVRR = 1 vs 2.2 

 
Author concluded that ventilation and air filtration intervention reduce the mean 
transmission risk by 25%. This indicates that while changes to ventilation can 
significantly impact the reduction of transmission risk in closed environments such as 
classrooms.  
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RIDs Reference 
Year/  

Country 

Objective / Methods Interventions 
/Outcomes /Scenarios 

Summary of Findings 

Key outcomes: 
transmission probabilities 
for the baseline SARS-
CoV-2 and the Delta 
variant. 
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Table 3: Summary of studies reporting on effectiveness of VAFD in reducing the concentration of infectious particles in the air (n=2) 

Last updated March 28th 2024 
RIDs Author 

Year/  
Country 

Setting and time 
covered 

Study characteristics Summary of key findings in relation to the 
outcome(s) 

RoB 

SARS-CoV-2 Horve et 
al., 2022 
(42) 
 
United 
States 

Isolation dorm rooms 
housing residence hall 
students that tested 
positive for COVID-
19. University of 
Oregon 
 
January and May 2021 

HVAC systems (e.g. displacement, mixing systems) 

Design: Cohort. To assess the potential impact of 
window operations on the aerosolized viral load 
�S�U�H�V�H�Q�W���Z�L�W�K�L�Q���W�K�H���V�W�X�G�\���S�D�U�W�L�F�L�S�D�Q�W�·�V���U�R�R�P�V�����V�W�X�G�\��
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Table 4: Summary of modelling studies reporting on effectiveness of VAFD in reducing the concentration of infectious particles in the air 
(n=5)  
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RIDs Reference 
Year / 

Country 

Objective / Methods Intervention / 
Outcome / 
Scenarios 

Summary of Findings 

investigate the number of 
RNA copies contained in 
particles transported to and 
from an indoor space. The 
model assumes that RNA 
copies are generated at a single 
point at a constant rate and are 
mixed rapidly so that the 
change in the number of RNA 
copies in the space, with time, 
is approximately the same 
regardless of the sampling 
point. The number of RNA 
copies in the space is diluted 
by a number of mechanisms 
that can be normalized by the 
volume of the space and 
combined into a single 
removal rate by addition. A 
statistical modelling 
framework is described in the 
Supplementary Materials and is 
used to quantify uncertainty in 
the relative exposure 
associated with a space.  

Skagit Choir 5.26 9.42 12.56 16.50 26.63 13.45 5.53 41 -3.16 Very large 
German 
Meeting 

2.75 5.14 7.00 
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RIDs Reference 
Year / 

Country 

Objective / Methods Intervention / 
Outcome / 
Scenarios 

Summary of Findings 

with varying ventilation 
conditions. 

Methodology: The study 
employed a mathematical 
modelling approach to 
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RIDs Reference 
Year / 

Country 

Objective / Methods Intervention / 
Outcome / 
Scenarios 

Summary of Findings 

the different HVAC operation 
strategies. 

(HEPA) filters, which 
are even more 
efficient than MERV-
13 filters. 
 
The baseline for 
comparison is the 
building average virus 
concentration for the 
MERV-10 case, 
denoted as (c_0). 
 
Key outcomes: Virus 
Concentration 

�x Adoption of MERV-13 filtration led to a further decrease in virus concentration compared to 
MERV-10 filtration. 

�x Application of HEPA filtration resulted in a substantial reduction in virus concentration 
compared to both MERV-10 and MERV-13 filtration. 

 
Scenario Result Strategy Virus generation rates quanta/h 

2  25  50  
Hot 

summer 
day 

Sample Day 
Virus 

Concentration 
reduction 

MERV-10 - - Baseline 
100% Outdoor Air - - Up to 22 

MERV-13 - - Up to 
17% 

HEPA - - Up to 
14% 
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RIDs Reference 
Year / 

Country 

Objective / Methods Intervention / 
Outcome / 
Scenarios 

Summary of Findings 

Evidence gaps 
No data yet Combinations of ventilation and filtration strategies / Portable air cleaners 

Abbreviations: CFD = computational fluid dynamics; CO2 = carbon dioxide 
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Table 5: Summary of studies reporting on negative outcomes of portable air purifiers for reducing COVID-19 infections (n=1) 

Last updated 12th March 2023 
Author 
Year 

Country 

Setting and time 
covered 

Study characteristics Summary of key findings in relation to the 
outcome(s) 

RoB 

Granzin 
(90) 
November 
5, 2022 
 
Germany 

Two schools in Bad 
Homburg 
vor der Hohe, 
Germany 
 
November 2020 �² June 
2021 (monthly 
measurements) 
 
Surveys completed in 
July and December 
2021 

Design: epidemiological study measuring efficiency of mobile air 
purifiers (no transmission outcome); followed by two (summer and 
winter) anonymous cross-sectional surveys on the acceptance of air 
purifiers in classrooms 

Intervention: four different models of air purifiers with HEPA filters 
(all rated >99.97% efficiency); all with mesh + activated charcoal + 
electret HEPA (regular household appliance), except the Trotec TAC 
V+ with F9 + H14 HEPA (commercial device) 

Sample: two schools ranging in classroom size of 8-28 students plus 
one teacher; survey involved staff and students (grades 5-12, ages 10-
19) at one school 

Key Outcomes: acceptance (e.g., noise level, communication, 
concentration) 

Agents assessed: SARS-CoV-2 

Survey #1 
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Appendices 
 

Appendix 1: Detailed search strategy (PubMed) Last updated March 28th 2024 

PubMed Search: 

#1 ("environmental monitoring"[MeSH Terms] OR "sanitary engineering"[MeSH Terms] OR "environment, 
controlled"[MeSH Terms] OR "ventilation"[MeSH Terms] OR "Filtration"[MeSH Terms] OR "air pollution, 
indoor"[MeSH Terms] OR "air filters"[MeSH Terms] OR "air microbiology"[MeSH Terms] OR "air 
ventilation"[Title/Abstract] OR "filters"[Title/Abstract] OR "airframe"[Title/Abstract] OR "air 
purification"[Title/Abstract] OR "air sample*"[Title/Abstract] OR "indoor air"[Title/Abstract] OR "air 
clean*"[Title/Abstract] OR "air condition*"[Title/Abstract] OR "aircondition*"[Title/Abstract] OR "outdoor 
air"[Title/Abstract]) OR "clean air"[Title/Abstract] OR "air disinfection"[Title/Abstract] OR "air filt*"[Title/Abstract] 
OR "air exchange"[Title/Abstract] OR "air change"[Title/Abstract] OR "air flow"[Title/Abstract] OR 
"airflow"[Title/Abstract] OR "return air"[Title/Abstract] OR "building ventilation"[Title/Abstract] OR "ventilation 
system*"[Title/Abstract] OR "indoor ventilation"[Title/Abstract] OR "ventilation rate"[Title/Abstract] OR "ventilation 
improv*"[Title/Abstract] OR "natural ventilation"[Title/Abstract] OR "demand controlled ventilation"[Title/Abstract] 
OR "Filter Cassettes"[Title/Abstract] OR "BioSampler"[Title/Abstract] OR "Button Sampler"[Title/Abstract] OR 
"AerosolSense"[Title/Abstract] OR "hepa filt*"[Title/Abstract] OR "Ultraviolet germicidal irradiation"[Title/Abstract] 
OR "UVGI"[Title/Abstract] OR "HVAC"[Title/Abstract] OR "high efficiency particulate arrestance"[Title/Abstract] 
OR "supply diffusers"[Title/Abstract]  

#2 ("coronavirus infections"[MeSH Terms] OR "COVID-19"[MeSH Terms] OR "SARS-CoV-2"[MeSH Terms] OR "Severe 
Acute Respiratory Distress Syndrome"[Title/Abstract] OR "SARS"[Title/Abstract] OR "MERS"[Title/Abstract] OR 
"sars cov"[Title/Abstract] OR "COVID-19"[Title/Abstract] OR "coronavirus disease"[Title/Abstract] OR "novel 
coronavirus"[Title/Abstract] OR "novel 2019 coronavirus"[Title/Abstract] OR "nCoV"[Title/Abstract] OR 
"2019nCoV"[Title/Abstract] OR "19nCoV"[Title/Abstract] OR "h1n1"[Title/Abstract]  

#3 ("respiratory syncytial viruses"[MeSH Terms] OR "respiratory syncytial virus*"[Title/Abstract] OR "Chimpanzee 
Coryza"[Title/Abstract] OR "Orthopneumovirus"[Title/Abstract]) 

#4 "orthomyxoviridae infections"[MeSH Terms] OR "Orthomyxoviridae"[MeSH Terms] OR 
"orthomyxovir*"[Title/Abstract] OR "Influenza"[Title/Abstract] OR "myxoviruses"[Title/Abstract] OR "influenza, 
human"[MeSH Terms] OR "influenza in birds"[MeSH Terms] OR "Avian Flu"[Title/Abstract] OR "avian 
influenza"[Title/Abstract] OR "swine flu"[Title/Abstract] 

#5 ("measles"[MeSH Terms] OR "measles"[Title/Abstract] OR "rubeola"[Title/Abstract]) 
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Appendix 2: Detailed study eligibility criteria 

Last updated March 28
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Appendix 4: Definitions 

Acceptable indoor air quality: Air in which there are no known contaminants at harmful concentrations as determined 
by knowledgeable �D�X�W�K�R�U�L�W�L�H�V���D�Q�G���Z�L�W�K���Z�K�L�F�K���D���V�X�E�V�W�D�Q�W�L�D�O���P�D�M�R�U�L�W�\�����•�����������R�I���W�K�H���S�H�R�S�O�H���H�[�S�R�V�H�G���G�R���Q�R�W���H�[�S�U�H�V�V��
dissatisfaction (91). 
Air changes per hour (ACH): The ratio of the volume of air flowing through a space in a certain period of time (the 
airflow rate) to the volume of that space (the room volume). This ratio is expressed as the number of ACH (91). 
Air change/exchange rate (ACR or AER): volume of air supplied to and removed from a space, via mechanical 
systems or through the building enclosure, per unit of time divided by the volume of the space, using the same units for 
volume such that the unit is inverse time. (91). 
Air filtration : refers to removing unwanted matter (e.g., particles) from the air stream by passing the airflow through 
fine mesh obstructions. In principle, some fraction of the unwanted matter will stay upstream of the filter and relatively 
cleaner air will flow downstream of the filter. 
Air purification: The process of removing contaminants, such as dust, pollen, mold, bacteria, viruses, and VOCs, from 
the air. 
Air mixing:  The degree to which air supplied to a room mixes with the air already in the room, usually expressed as a 
mixing factor. This factor varies from 1 (for perfect mixing) to 10 (for poor mixing). It is used as a multiplier to 
determine the actual airflow required (i.e., the recommended ACH multiplied by the mixing factor equals the actual 
ACH required) (91). 
ASHRAE: 
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Negative pressure: Air pressure differential between two adjacent airspaces such that air flow is directed into the room 
relative to the corridor ventilation (i.e., room air is prevented from flowing out of the room and into adjacent areas) (91). 
Outdoor air: Air taken from the external atmosphere and, therefore, not previously circulated through the ventilation 
system (91). 
Particulate matter (particles): A state of matter in which solid or liquid substances exist in the form of aggregated 
molecules or particles. Airborne particulate matter is typically in the size range of 0.01�²���������¬�P���G�L�D�P�H�W�H�U (91). 
Portable Air Cleaners (PAC): also known as air purifiers or air sanitizers, are designed to filter the air in a single room 
or area.  
Positive pressure: Air pressure differential between two adjacent air spaces such that air flow is directed from the room 
relative to the corridor ventilation (i.e., air from corridors and adjacent areas is prevented from entering the room) (91). 
Quanta levels: �7�K�H���D�P�R�X�Q�W���R�I���L�Q�I�H�F�W�L�R�X�V���P�D�W�H�U�L�D�O���W�R���L�Q�I�H�F�W�����î�������H�����R�I���W�K�H���S�H�R�S�O�H���L�Q���D�Q���H�Q�F�O�R�V�H�G���V�S�D�F�H�����$���S�K�\�V�L�F�D�O��
measure of the infectious material present, which effectively indicates both the quantity and pathogenicity of an 
infectious material present in the air (94). 
Recirculated air: Air removed from the conditioned space and intended for reuse as supply air (91). 
Relative humidity (RH) : The ratio of the amount of water vapor in the atmosphere to the amount necessary for 
saturation at the same temperature. RH is expressed in terms of percent and measures the percentage of saturation. At 
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Appendix 5: Data extraction form 

Last updated March 28th 2024 
 
Data extraction form (Table 1) 

Data extraction category Data extraction element 
Reference details Study Title 

First author 
Date of publication 
PMDI or DOI 
Country of publication 
Funding 

Study characteristics Aim 
Design 
Methods 
Intervention 
Frequency  
Comparator 
Frequency 
Cointerventions 
Agents assessed 

Population characteristics Sample description. 
Any PROGRESS+ considerations? 
N 
Female (%) 
Setting 

Results Key outcomes 
Time of reporting 
Adjusted (Regression, stratification, matching and associated variables) Y or N, and 
explain. 
Summary of key findings in relation to outcome 
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Critical appraisal tool for case-control studies 
Questions Possible 

responses 
Were the groups comparable other than presence of disease in cases or absence of disease in 
controls? 
The control group should be representative of the source population that produced the cases. This is usually 
done by individual matching; wherein controls are selected for each case on the basis of similarity with 
respect to certain characteristics other than the exposure of interest. Frequency or group matching is an 
alternative method. Selection bias may result if the groups are not comparable. 

NA = not 
applicable;  
Y = yes;  
N = no;  
U = unclear 
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Was the exposure period of interest long enough to be meaningful? 
It is particularly important in a case control study that the exposure time was sufficient enough to show an 
association between the exposure and the outcome. It may be that the exposure period may be too short or 
too long to influence the outcome. 

 

Was appropriate statistical analysis used? 
As with any consideration of statistical analysis, consideration should be given to whether there was a more 
appropriate alternate statistical method that could have been used. The methods section should be detailed 
enough for reviewers to identify which analytical techniques were used (in particular, regression or 
stratification) and how specific confounders were measured. 
For studies utilizing regression analysis, it is useful to identify if the study identified which variables were 
included and how they related to the outcome. If stratification was the analytical approach used, were the 
strata of analysis defined by the specified variables? Additionally, it is also important to assess the 
appropriateness of the analytical strategy in terms of the assumptions associated with the approach as 
differing methods of analysis are based on differing assumptions about the data and how it will respond. 
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For all modelling and simulation studies reporting on ventilation effectiveness, a completeness and 
appropriateness assessment was applied using a self-constructed tool. 
 

Question 

Are the description of the population and interventions adequate? 
The description of the population and demographic characteristics important to the model being evaluated should be clearly 
described. The description of the characteristics of the intervention, especially the aspects that affect the model, should be clearly 
described.  
Is the description of the model used complete and appropriate? 
The purpose of the model and the parameters used in the model should be clearly stated.  
 Were all assumptions assumed in the model published? 
It should be assessed whether there is an explicit mention of all assumptions underlying the model or related to the parameters of 
the model, such as viral load, transmission rates or specific occupant behaviors, etc.  
Were the formulas associated with the model published? 
Mathematical formulas or algorithms implemented in the models should be included in the publication.  
Are the results and conclusions consistent? 
The consistency and validity of the results and conclusions will ultimately depend on the accuracy and transparency with which the 
model was applied, including the specific modifications of the study and the robustness of the data collected, however, if the 
results and conclusions are not consistent with the objectives and scope of the model, they will not be considered consistent.  
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