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Ventilation and related measures to reduce airborne 
transmission of COVID-19 

 
Background 

COVID-19, caused by the virus SARS-CoV-2, is a new disease, and our understanding of how 
the virus is transmitted continues to evolve. Suppression of COVID-19 requires a risk-based 
approach that maximises all strategies for infection prevention and control. This can be 
achieved by adopting the precautionary principle and mitigating all possible transmission 
routes.   

The three main routes of SARS-CoV-2 transmission are: 

● Close-range transmission - when someone is directly exposed to respiratory droplets 
and aerosols emitted by an infected person within approximately 2 metres. These 
virus-laden particles can enter the body through the nose, mouth, eyes, and infect 
cells of the upper and lower respiratory tract.  

● Long-range airborne transmission - when someone inhales small virus-containing 
respiratory aerosols that are carried in the air to distances more than 2 metres from 
the source.  

● Indirect surface contact transmission – when someone touches a surface or object 
that has been contaminated with the virus (fomite) and transfers it to their nose, 
mouth or eyes.   

 
Although close-range transmission is likely to be the most significant, the relative 
contribution of each route to overall infection risk remains unknown and depends on the 
type of contact with an infected person, the setting, environmental factors and the 
protective measures being used. Although evidence is still being collected, there is some 
data to suggest that infection with new variants, such as B.1.1.7, may generate higher viral 
loads and/or longer periods of shedding infectious virus [1,2]. This, and the increased 
infectivity of these variants, likely impact on all transmission routes, potentially changing the 
balance of their importance in some settings. Given this uncertainty, it is prudent to adopt 
the precautionary principle and use protective measures against all possible ways of 
transmitting the virus in a combined approach (Table 1).  

Current mitigation strategies have predominantly focused on reducing close-range 
transmission through the use of face coverings, physical distancing, respiratory etiquette, 
and hand hygiene. The recent report published by The Health Information and Quality 
Authority (HIQA) [3] highlighted that inadequately ventilated indoor spaces present a risk for 
SARS-CoV-2 transmission and have superspreading potential.  

Where ventilation is inadequate, virus-containing respiratory aerosols can spread 
throughout the available space, and remain in the air for up to several hours, increasing the 
chance of infection. Ventilation and air filtration can remove airborne particles from 
enclosed spaces, thereby reducing the risk from inhalation of virus-laden aerosols. 
Strategies for improving ventilation and filtration are therefore expected to reduce 
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community spread of the virus and support plans for reoccupying buildings and reopening 
society. 

Table 1: A summary of SARS-CoV-2 transmission routes and options for mitigating 
transmission. 

Transmission route Virus source Mitigation options Mechanism of mitigation 

Close-range 
transmission 

Respiratory activity – 
talking, coughing, singing, 
breathing 

Respiratory protective 
equipment / face 
coverings 

Captures droplets and 
aerosols 

Face shields, screens Block large droplets, 
redirects airflow 

Physical distancing Reduces droplets and 
aerosols reaching susceptible 
people 

Long-range airborne 
transmission 

Respiratory activity – 
talking, coughing, singing, 
breathing 

Move outdoors Dispersal and dilution of 
virus, reduces aerosols 
reaching susceptible people Physical distancing 

Reduce occupancy 

Ventilation of indoor 
spaces 

Indirect surface 
contact transmission 

Deposition of respiratory 
droplets and aerosols 
onto surfaces; 
contaminated hands 

Regular handwashing Mechanical and chemical 
inactivation of virus 

Regular cleaning of 
frequently touched 
surfaces 

Respiratory hygiene Reduces droplets and 
aerosols reaching susceptible 
people 

* Medical and Dental procedures may give rise to transmission risks by all the above routes and specialised 

local exhaust ventilation is an important component of infection control (mitigation) in these situations. 

 

This document relates to the role of ventilation and other measures for mitigation of long-
range airborne transmission which is predominantly a concern in enclosed spaces, and is a 
factor of the indoor air conditions, occupancy level, infectiousness and susceptibility of 
occupants, duration of contact and the types of infection control measures in place. The 
contents of this document are based on the currently available information, which may 
change as our knowledge of the transmissibility of SARS-CoV-2 continues to evolve. The 
information and advice presented is general in nature and may be applicable to all enclosed 
spaces, although additional specific advice on ventilation in healthcare environments and 
other high risk settings will still be required.  
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It should be emphasized that ventilation alone is not effective at reducing close range (<2 m) 
infection because indoor air currents are too slow moving to deflect exhaled air jets 
produced by unmasked speaking, sneezing, or coughing. As a result, ventilation should be 
employed along with physical distancing, the wearing of well-fitted, multi-layered face 
coverings and good hygiene as part of a layered strategy for reducing spread of the virus.  

 

Ventilation 

Ventilation is the supply of outside air into a building to replace stale or polluted indoor air. 

Where outdoor air pollution is of concern, air cleaning may be required before bringing the 

air into the building. Ventilation is an example of an 'engineering control' in the traditional 

hierarchy of controls and can play a key role in reducing airborne transmission while 

complementing other measures such as administrative controls and the use of personal 

protective equipment. 

Ventilation may be provided by natural or mechanical means or a combination of both.  

 

Natural Ventilation 

This is the process by which airflow through openings is driven by the natural forces of wind 

(wind effect) and temperature difference (stack effect). It consists of openable windows, 

trickle ventilators on windows, ventilation openings on walls, openable roof lights etc. 

Generally, natural ventilation is used in houses, apartments, schools, and other smaller 

buildings. In some cases, natural ventilation may include building management systems 

(BMS) and controls such as actuators to open windows and roof lights. 

 

Mechanical Ventilation 

Mechanical ventilation systems incorporate fans and control systems to drive the ventilation 
process. They are thus able to provide ventilation irrespective of the availability or suitability 
of natural forces. Large buildings (such as public buildings, colleges, offices, shops, hotels, 
and venues for entertainment and sports) are generally mechanically ventilated. In addition 
to providing clean outdoor air, mechanical systems are often used to condition air as part of 
a heating, ventilation and air-conditioning (HVAC) system. For energy efficiency reasons, 
buildings are being made more airtight and mechanical ventilation is relied upon to provide 
adequate ventilation, including in residential settings and smaller public buildings, offices, 
and schools. 

 

Operation and Maintenance 

Effective ventilation is a factor of the operation, maintenance and physical changes made to 

a building, as well as the occupancy, activity and environmental conditions. Ventilation 
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strategies for buildings should be reviewed to ensure they are being operated and managed 

to ensure adequate general ventilation.  

 

Guidance on Ventilation in the context of COVID-19 

A number of technical documents on the role of ventilation and related measures in the 

context of COVID-19 have been published by the following internationally recognized 

professional organisations [4-6]:  

• Federation of European Heating, Ventilation and Air Conditioning Associations 

(REHVA) 

• Chartered Institution of Building Services Engineers (CIBSE) 

• American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE). 

These documents have been used to inform the guidance on ventilation issued by the 

European Centre for Disease Prevention and Control (ECDC) [7], US Centers for Disease 

Control and Prevention (CDC) [8] and the World Health Organization (WHO) [9,10]. National 

public health authorities have also issued similar guidance documents. In Ireland the Health 

Protection Surveillance Centre has published a document on “Guidance on non-healthcare 

building ventilation during COVID-19” [11]. This document contains a good summary of the 

professional advice contained in the technical documents, especially in relation to the 

operation of mechanical ventilation systems. Some additional advice is outlined below.  

• Reduce the occupancy (number of people) and duration (amount of time) in 

enclosed spaces to increase the amount of outdoor air available per person. This 

applies to both natural and mechanical systems of ventilation. 

● Regularly air rooms and keep windows open as widely as can be tolerated, but at 

least partly open at all times when occupied. Ensure cross ventilation (by opening a 

door or window on the opposite side of a room) so that air can move through a 

space or building from one side to another and be drawn out. Continuous 

ventilation, even with slightly open windows, can greatly assist the effectiveness of 

natural ventilation and the wind driven effect. Ensure the ventilation strategies do 

not compromise fire safety. Fire doors should not be held open unless fitted with 

automatic-closing devices 

● Take additional precautions in smaller spaces and internal spaces, such as lifts, 

corridors, lobbies, toilets, storerooms, cold rooms, and other spaces without direct 

ventilation. This may include limiting use of the space, additional ventilation, 

filtration or structural changes to the building. 

● Ensure that wall vents and window trickle vents are kept open and not blocked in 

addition to windows or other forms of ventilation.  

● Utilise high level ventilation where available (windows, roof lights and chimneys), to 

provide ventilation without draughts through the localised stack effect. 
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● Where bathroom and kitchen fans are present, set to run permanently to assist in 

the overall air change rate of the building and to extract air. 

● Activities that may generate high levels of respiratory aerosols (shouting, singing, 

playing wind instruments or physical exercise) are likely to pose the greatest risk and 

should be avoided or moved outdoors if the weather permits. 

● Over time, many buildings are adapted to other uses and may have undergone 

structural changes or improvements. Building managers and others involved in the 

safety of the building should be aware that, in cases where the occupancy or activity 

has increased, or where the changes impede the original ventilation design, there 

may be additional risk of inadequate ventilation.  

● Some buildings have systems that recirculate indoor air through air conditioning 

units that change the temperature and humidity, without providing ventilation with 

outdoor air.  This can introduce strong air currents and increase the risk of aerosol 

spread over longer range. These air-conditioning units and warm air-curtain units (at 

entrance doors) should be switched off.  

● External weather conditions (wind speed and direction, temperature) vary regularly 

and can affect naturally ventilated spaces. It is important to remember that a room 

which is well ventilated on one day may be substantially different the next. 

● There is evidence that temperature and humidity are factors in transmission of the 

virus. Certain environmental conditions, particularly at lower temperature and lower 

humidity, are higher risk. Particular precautions (such as additional ventilation and 

filtration) are advised in cold rooms and in low temperature production plants in 

order to mitigate aerosol transmission. 

● Additional ventilation and other precautions may be needed in homes where people 

are infected or self-isolating, to prevent spread within households. 

● In vehicles, ensure that windows are open and ventilation systems are not set to 

recirculate air. In cars, partly opening two windows on opposite sides greatly 

improves ventilation.  

 

Use of carbon dioxide (CO2) monitors to assess ventilation 

Carbon dioxide (CO2) is exhaled when we breathe out and is therefore often used as a 

marker for the bio-effluents or level of human metabolites indoors. Indoor measurements 

and comparisons with outdoor air concentrations (approximately 400-480 ppm) are often 

used as an indicator of ventilation indoors. CO2 measurements form the basis of building 

ventilation standards in many countries around the globe [12].  

Measurements of CO2 indoors are often used as a proxy for air quality, and recommended 

ventilation rates of 8-10 litres per second (l/s) per person in office environments typically 

correspond to indoor CO2 concentrations of between 800 and 1000 ppm [4]. Measurements 
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of CO2 indoors can also be used to estimate the amount of exhaled air in a space, for 

example at indoor CO2 concentrations of 800 ppm CO2, it is estimated that approximately 

1% of the air in the space has been exhaled by someone else [13]. 

In the context of SARS-CoV-2 transmission, CO2 measurements are not a reliable proxy of 

risk to airborne exposure to the virus [14]. Nevertheless, CO2 measurements can be used to 

identify poorly ventilated multi-occupancy spaces e.g. classrooms and offices. However CO2 

measurements are a less reliable measure of ventilation performance in single or low 

occupancy spaces or in very large spaces [14, 15]. Both the AIVC and CIBSE advise that CO2 

concentrations above 1400 – 1500 ppm are likely to be indicative of poor ventilation [5, 15].  

Like any other indoor air pollutant, some precautions need to be observed when making 

and interpreting measurements of indoor CO2 concentrations. Some of the key points in 

relation to measuring CO2 concentrations indoors are provided below; 

● Follow sensor manufacturer advice and instructions on care and use of the sensor. 

● CO2 monitors based on non-dispersive infrared (NDIR) technology are 

recommended. ‘Equivalent CO2’ sensors, or monitors that estimate concentrations 

based on measurements of other indoor pollutants are not recommended.   

● It is recommended to check the CO2 readings (i.e. the sensor response) weekly by 

measuring the CO2 concentration outdoors, where recorded values should be 

approximately between 400 and 480 ppm.  

● Portable CO2 monitors capable of working from both battery and mains electricity 

can facilitate measurements in a wider range of locations and allow the user to 

periodically check the response of the sensor in outdoor fresh air.  

● Human exhaled breath contains high concentrations of CO2 (approximately 40,000 
ppm) and CO2 measurements should therefore be made at least 0.5 metres away 
from people, e.g., not placed on a workers desk for example. Similarly, as outdoor air 
contains approximately 400 - 480 ppm of CO2, indoor measurements should not be 
made near windows or ventilation grilles. If practical, CO2 monitors should be placed 
in the centre of the room at head height (1.5 m). 

● It is not recommended to use CO2 measurements as an indicator of building 
ventilation when there are CO2 sources other than people, such as fuel combustion 
(fires and stoves) and cooking. 

● Measurements should be made over a minimum of 1 hour, to allow the readings to 

reach a steady state and to collect a representative sample of data [15]. Short 

term/spot measurements are unreliable and should not be used to interpret 

ventilation performance.  

● Measurements taken over several days or weeks can enable occupants to become 
familiar with the impact of activities, occupancy levels and outdoor weather 
conditions on ventilation. Such detailed investigations could be used to inform a 
strategy for improved ventilation. 
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If the ventilation is controlled by the occupant (for example opening windows in naturally 

ventilated rooms), CO2 sensors may provide a useful visual or audible alert to occupants to 

warn against poor ventilation. They could be used as “traffic-light style” indicators of indoor 

air quality. REHVA recommend setting CO2 sensors to ‘warn’ at concentrations between 800 

pm and 1000 ppm and to ‘alarm’ when concentrations approach and exceed 1000 ppm [5]. 

Where there is potential for high aerosol generation activities, e.g., singing and aerobic 

activity, ventilation rates that can maintain CO2 concentrations < 800 ppm are advised with 

additional mitigations. However, even at CO2 concentrations < 800 ppm it should not be 

assumed that the ventilation rate is sufficient to prevent transmission of SARS-CoV-2; other 

factors such as exposure time, number of infected persons present and airflow patterns will 

impact on risk and so other mitigations may be required.  

 

Supplementary use of air filtration and ultraviolet disinfection 

Air filtration and ultraviolet disinfection have been used successfully for decades to remove 

or inactivate contaminants in indoor air. These air cleaning techniques are typically 

incorporated into heating, ventilation and air conditioning (HVAC) systems used in buildings, 

but they are also being increasingly used in stand-alone devices designed to improve indoor 

air quality at the local (room) level. A large range of portable and fixed air cleaning devices 

are currently available and their potential for reducing the concentration of airborne SARS-

COV-2 has been extensively reviewed by expert groups in the UK [16,17].  

It is important to note that air cleaning devices are not a substitute for ventilation. They can 
play a supplementary role and should never be used as a reason to reduce ventilation in an 
enclosed space. Ventilation should be assessed, and if possible improved, first before 
considering whether there is a need to use an air cleaner [16].  
 

Air filtration  

Air filtration is known to be effective in removing airborne particles, thereby providing a 

similar effect to outdoor air ventilation. SARs-CoV-2 is carried in respiratory droplets and 

aerosols which are typically 0.5-100 microns in diameter. Devices that use high efficiency 

particulate air (HEPA) filters or other high grades of filter (e.g. MERV 13 or higher) will be 

most effective in removing respiratory particles in this size range. While there is no direct 

evidence that use of HEPA filters can reduce the transmission of SARS-CoV-2, it is widely 

accepted that they will be effective at removing a substantial proportion of the airborne 

virus [16].  

The ECDC [7], US CDC [8]and WHO [10) all recognise that stand-alone air cleaning devices 

equipped with a HEPA filter may be useful in reducing airborne transmission in spaces with 

insufficient ventilation. The US CDC also states that portable HEPA filtration units are a 

“great option for auxiliary air cleaning, especially in higher risk settings such as health clinics, 

medical testing locations, workout rooms, or public waiting areas”. It is important to note 

that airflow through HEPA filter devices can vary and users need to select a system that is 
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appropriately sized for the area in which it is installed. REHVA recommends that the airflow 

capacity of the unit (at an acceptable noise level) should deliver at least two air changes per 

hour (ACH) and will have a positive effect up to five ACH. However, air cleaners will be less 

effective in larger spaces, and if used, they need to be positioned close to the people 

occupying the room. The amount of noise created by the devices also needs to be 

considered and, in some cases, the deployment of several devices might be required to 

provide effective coverage. Finally, it should be noted that a HEPA filter will not remove 

exhaled carbon dioxide or many other indoor air pollutants.  

In summary, stand-alone HEPA filter devices can be useful in reducing airborne transmission 

in spaces with insufficient ventilation. They are an easy-to-apply and cost-effective short 

term mitigation measure, but in the longer run, improvements to ventilation should be 

made to ensure adequate outdoor air ventilation rates are delivered.  

 

Ultraviolet disinfection  

Ultraviolet disinfection uses germicidal ultraviolet radiation (UV-C at a wavelength around 

254 nm) to inactivate microorgansims such as bacteria and viruses. Based on existing 

knowledge, it may be expected that UV-C radiation is effective against airborne SARS-CoV-2 

[6, 16], but whilst some experimental studies show promising results there are no studies 

that have tested this technology in real-life settings [17]. Nevertheless, the ECDC and CDC 

both recognise the potential for germicidal UV irradiation to play a supplementary role in 

reducing airborne virus when installed in the ducts of HVAC systems or placed sufficiently 

high in rooms. It is likely to be most useful in healthcare settings where additional 

ventilation is not readily available. The design and sizing of effective germicidal UV 

disinfection systems requires specialised knowledge. Experienced professionals should be 

consulted prior to installation and use of the systems to ensure the optimum set-up, 

operating conditions and necessary safety measures are put in place. 

 

Conclusions and Recommendations  

• Ventilation is an important factor in reducing the risk of long-range airborne 

transmission of SARS-CoV-2, particularly in enclosed spaces. 

• Simple strategies to ensure adequate ventilation can help to reduce the spread of 

COVID-19 in many settings, including homes, schools, workplaces, public buildings 

and vehicles. Moreover, these strategies can also reduce the risk of superspreading 

events where many people become infected at the same time.  

• Ventilation is one part of a layered strategy to reduce transmission and should be 

used in conjunction with other mitigations. 

• Measurements of carbon dioxide levels in indoor air are an effective method for 

identifying inadequate ventilation in multi-occupant spaces.  



10 
 

• Stand-alone HEPA filter devices may be useful in reducing airborne transmission in 

spaces with insufficient ventilation. They are an easy-to-apply and cost-effective 

short term mitigation measure, but in the longer run, improvements to ventilation 

should be made to ensure adequate outdoor air ventilation rates are delivered.  

• The information and advice contained in this report should be used to update 

guidelines and sectoral advice, inform public health campaigns and strategies for re-

opening.   

• Improvements in ventilation and indoor air quality in general have wider positive 

benefits for health and wellbeing outside of COVID-19. Such improvements should 

be seen as an investment in achieving the overall objectives of healthier buildings 

and greater energy efficiency. 

• It is recognised that many improvements in ventilation may require architectural, 

engineering or operational changes. They may need to be completed over a longer 

time frame, in order to balance the requirements of occupant comfort, energy 

efficiency and ventilation for public health. It is therefore important that longer term 

strategies are considered in this context, and that steps are taken now to plan and 

prepare for next autumn and winter. 
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