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Primary inquiry
Since the COVID-19 outbreak began, many businesses have started offering environmental sampling
services to detect presence of SARS-CoV-2 on environmental surfaces and in the air in a variety of
settings. This field inquiry describes a scenario in which SARS-CoV-2 RNA was detected via surface
sampling in an office setting. While no cases of COVID-19 have been confirmed in the office space or in
the same office building, other occupants in the building are wondering about the validity and
implications of the sampling result, and whether environmental sampling should be adopted more
widely. The following questions will guide the approach used to answer this field inquiry:
1. How are environmental surface and air sampling and analyses performed?
2. What is the value of environmental sampling in the absence of COVID-19 cases, and in
outbreak or case cluster situations?
3. What are some important considerations when interpreting environmental sampling results?
Additionally, this field inquiry expands beyond office settings, and includes brief discussions about the
applicability of environmental sampling in food processing plants and restaurant/bar settings.
Disclaimer: The information provided here is for the purpose of addressing a specific inquiry related to
an environmental health issue. This is not a comprehensive evidence review. The information offered
here does not supersede federal, provincial, or local guidance or regulations.
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Methods
A search was conducted in EBSCOhost databases (includes Medline, Cinahl, Academic Search
Complete, ERIC, etc.) and Google Scholar with the following keywords: (sample OR sampling OR
collecting OR collect OR collection); (air OR surface); (indoor OR space); (detect OR evidence OR
validate OR validation OR detection OR disinfect OR disinfection OR effective OR effectiveness);
(coronavirus OR ncov OR "novel cov” OR COVID-19 OR SARSCOV-2 OR Sars-Cov-19 OR SarsCov-19 OR
SARSCOV2019 OR "severe acute respiratory syndrome cov 2" OR "2019 ncov” OR "2019ncov”); (“viral
RNA” or “whole viable virus”); (transmission OR transmit OR airborne OR travel); (aerosol OR
aerosolization OR aerosolization OR droplet OR crowding OR ventilation OR expel). Only English
language articles were included. A perusal of the title and abstract was performed before the article
was included for review.

Introduction
SARS-CoV-2 is an enveloped, singled-stranded RNA virus that causes COVID-19. The envelope of SARSCoV-2 viruses is covered in protein spikes, which are essential for the virus to enter human cells to cause
infection.1 The protein spikes enable the virus to bind to receptors on the host cell surface, followed by
fusion with the cell membrane and release of the viral genome into the host cell.1
As SARS-CoV-2 is a novel coronavirus, knowledge about its characteristics such as infectious dose,
transmission pathways, and persistence in the environment is still emerging. SARS-CoV-2 is mainly
transmitted via respiratory droplets or aerosols containing viable viruses and generally requires close
and prolonged contact with an infected person. These respiratory aerosols are expelled during
breathing, talking, sneezing, and coughing.
SARS-CoV-2 viral RNA has been found on surfaces in hospital rooms, quarantine rooms, and other
community settings regardless of presence or absence of cases, suggesting that transmission via
surfaces may be possible.2–5 Environmental surfaces may be contaminated by respiratory droplets and
aerosols as they settle from the air, or through contact transfer from an infected person. Contact with
a contaminated surface followed by touching of mucous membranes such as eyes, nose, or mouth may
lead to infection. The infectious dose of the virus, and whether disease severity is correlated with the
number of viruses, is still unknown. Additional transmission pathways, such as fecal-respiratory, are still
being investigated.
To date, most studies of environmental sampling have been conducted in healthcare settings, isolation
rooms, and quarantine rooms for research purposes. Environmental sampling is used in research studies
to determine the persistence of SARS-CoV-2 contamination in the air and on surfaces.6 In outbreak and
cluster scenarios, environmental sampling of surfaces and air helps to determine the extent of
contamination and how surfaces and air may have contributed to an outbreak or cluster situation.
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Presence and persistence in the environment
SARS-CoV-2 RNA is consistently found in environmental surface samples in hospital rooms, healthcare
settings, and residential quarantine rooms.2–4,7 Studies seem to differ on the presence of airborne SARSCoV-2 RNA in patient care areas, likely due to study design, air exchange, ventilation, occupancy, patient
characteristics, patient shedding, and air samplers and protocols used.5,8,9 Some studies have attempted
to isolate viable SARS-CoV-2 from environmental surfaces and air samples using cell culture, but were
either unsuccessful or found weak evidence of viable virus.3,5,10
Studies have examined how long SARS-CoV-2 persists on various types of surfaces and in aerosols in
experimental conditions. It was found that viable SARS-CoV-2 can survive on various surfaces under
experimental conditions ranging from three hours up to greater than seven days.11,12 SARS-CoV-2 has
also been found to be able to remain viable in aerosols from three hours up to 16 hours under
experimental conditions.13,14 However, these surface and air persistence studies were conducted under
different experimental conditions, including temperature and relative humidity. There has also been
criticism on the real-life applicability of these studies, due to the high concentrations and volumes of
the initial virus titres on the surfaces being tested.15 More research is needed to demonstrate how
factors in outdoor and indoor environments may influence the survivability of SARS-CoV-2.

Environmental sampling methods on surfaces and in the air
Sampling protocols vary depending on the purpose of sampling, target organism, type of analytical
method, sampling location and timing/interval, type of surface, and objective.6,16 Sampling protocol
design, implementation, and analysis should be carried out by trained technicians and accredited
analytical laboratories to produce reliable results for meaningful interpretation. Preservation of genetic
material and intact viral structure during sampling is of utmost importance.

Environmental surfaces
For viral pathogens including SARS-CoV-2, a DNA- or RNA-based method such as swabbing is the best
option. It preserves the sample in a buffer solution before DNA/RNA extraction followed by a
polymerase chain reaction process to detect the presence of viral DNA or RNA.17 Swabbing allows easy
maneuvering around uneven surfaces but standardization of swabbing protocol is challenging due to
variation in swab type, surface type, sampling pressure, sampling angle, sampling area size, and
sampling pattern and direction.17

Air
Research studies have used a variety of techniques to collect air samples to detect airborne SARS-CoV2, but the most effective sampling techniques are still being determined.16,18,19 A recently released study
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that has not yet been peer-reviewed, employed a novel sampling approach and successfully isolated
viable SARS-CoV-2 in air samples collected 2-4.8 metres away from COVID-19 patients in a hospital
room.20 However, isolating viable SARS-CoV-2 in cell culture from air samples is difficult due to outcompetition by the growth of other microorganisms or physical stress to the viral envelope during the
sampling process.20

Are there any sampling standards for SARS-CoV-2?
Environmental surfaces
Sampling protocols of food products and environmental surfaces in the food industry are established
by the Canadian Food Inspection Agency.21 The World Health Organization has produced an
environmental surface sampling protocol for the detection of SARS-CoV-2 in settings where a COVID-19
patient is being treated or isolated.6 The US CDC’s Guidelines for Environmental Infection Control in
Health-Care Facilities outlines different sampling protocols for environmental surfaces. However, no
protocols specifically for SARS-CoV-2 exist outside of healthcare settings.

Air
Currently, there is a lack of standardized microbiological air sampling protocols. This contributes to the
difficulty of research on airborne transmission of respiratory viruses such as SARS-CoV-2.19,22 The US
CDC Guidelines for Environmental Infection Control in Health-Care Facilities describes various air
sampling methods and equipment needed, as well as considerations for designing air sampling plans.
The National Institute for Occupational Safety and Health (NIOSH) also describes several methods for
collecting aerosolized viruses in the Manual of Analytical Methods (NMAM).23

How are SARS-CoV-2 environmental samples analyzed?
Viral RNA
Sample processing and analysis should only be conducted in accredited laboratories. The standard
accreditation for calibration and testing laboratories is ISO/IEC 17025.24,25 Samples collected through
environmental surface and air sampling can be analyzed for presence of SARS-CoV-2 RNA through
several analytical methods. Real-time reverse transcription polymerase chain reaction (RT-PCR) is the
most frequently used method to detect not only SARS-CoV-2 RNA, but also a variety of other pathogens,
in both surface and air samples.26,27 RT-PCR helps to detect the presence and approximate amount of
viral RNA in a sample.28,29 Other methods include whole-genome sequencing, nanopore target
sequencing, antibody-based immunoassay techniques, use of paper-based biomolecular sensors, and
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the clustered regularly interspaced short palindromic repeats-Cas system-based technology.27 The
World Health Organization provides a list of RT-PCR protocols for the detection of SARS-CoV-2 RNA.30

Whole viable virus
The presence of viral RNA does not always equate to infectiousness. Viral RNA may be present as a
remnant regardless of the presence or absence of a viral envelope, and whole viable virus is required to
infect human cells.20,31 To verify the presence of infectious virus in an environment, the culturing of
environmental samples in live cells would be necessary.31,32 SARS-CoV-2 was first successfully isolated
and cultured in human airway epithelial cells.33 Subsequently, SARS-CoV-2 has been found to be
culturable in Vero cells (a type of monkey kidney cell line), Huh7 cells (a type of human liver cell line),
as well as other engineered cell lines.34

What factors may affect the reliability and validity of
sampling and analysis?
The challenges with sampling for surface and airborne SARS-CoV-2 are multi-fold. The concentration of
airborne SARS-CoV-2 in an indoor space is affected by ventilation, occupancy level, activity level and
type, presence of aerosol-generating procedures, and other environmental factors. Other factors that
influence the outcomes of air microbial sampling include indoor traffic, relative humidity, temperature,
and presence of other particles or microorganisms.16 The size of aerosols and the concentration of viable
viruses within each aerosol droplet also affect the likelihood of infection, and this may further
complicate the interpretation of air sampling results.16 Although protocols for surface sampling are
comparatively well established, air sampling for airborne SARS-CoV-2, especially for viable SARS-CoV-2,
remains problematic. Other challenges in isolating viable viruses from air sampling include lack of
appropriate sampling techniques, the sensitivity or limit of detection of the analytical methods, or other
environmental and technological factors.
RT-PCR and cell culture of samples are not always successful due to out-competition by other
microorganisms, stresses during the sampling process, sampling method, and sample preservation,
among other factors.20 Other environmental factors such as temperature, UV light, and humidity may
also inactivate the virus 22 Therefore, due to external factors that may influence the viability of SARSCoV-2 viruses in a surface or air sample, a negative cell culture result does not indicate an absence of
live infectious virus. More research on surface and air sampling methods is needed to verify the
effectiveness of these methods to capture SARS-CoV-2 virus. Nevertheless, even in the absence of viable
cell cultures from a surface or air sample, the presence of viral RNA in the sample indicates that the
virus was once present in that specific sampling location, whether in viable or inactivated form.

National Collaborating Centre for Environmental Health

5

Environmental Surface and Air Sampling in the
November 16, 2020

Context of the COVID-19 Pandemic

What is the applicability of SARS-CoV-2 environmental
sampling?
Environmental sampling is an effective and useful tool in research studies and in epidemiological
investigation of outbreaks or cluster of cases (gastrointestinal or respiratory). Environmental sampling
can also be used to confirm the presence of a hazardous biological agent, to validate the effectiveness
of biological hazard mitigation, and to verify that a modification in equipment or infection control
protocols produce desired outcomes.6,16 However, in the context of the COVID-19 pandemic, the
decision to undertake environmental sampling should be carefully considered and weighed against
other interventions. Environmental surface and air sampling may divert time and money away from
effective interventions and control measures to prevent SARS-CoV-2 transmission. The objectives,
chosen methods, sampling strategy, and follow-up actions based on the sampling outcomes should be
planned prior to implementing environmental sampling. In the present inquiry, the value of
environmental sampling for selected settings in the COVID-19 context will be discussed in the following
sections.

Office environment
In the absence of confirmed COVID-19 cases, non-pharmaceutical control measures such as increased
cleaning and disinfection, physical distancing, physical barriers, office design, respiratory etiquette, and
face coverings are recommended.35 No recommendations for surveillance and validation using
environmental surface and air sampling to prevent COVID-19 transmission have been found.
Environmental surface and air sampling may be a crucial component of an epidemiological investigation
of an outbreak or a cluster of cases to determine the mode of transmission, extent of exposure and
contamination, as well as to identify those at greatest risk of being infected.36–38 This is especially
important for a novel virus such as SARS-CoV-2, for which knowledge is still emerging. As each situation
is unique, it is up to the local public health department to develop the outbreak investigation framework
with other public health partners such as occupational health, epidemiologists, and infection control
practitioners.37

Food processing plant
Due to the complexity of operations in food processing plants that include receiving, processing,
packaging, and storage, as well as opportunities for cross-contamination from equipment, staff, and
pests in all areas, environmental sampling of surfaces and food products for foodborne pathogens is
well-established as part of routine food safety assurance in food processing plants.39
Although there is currently no evidence of SARS-CoV-2 transmission via food or food packaging, a
COVID-19 outbreak at a food processing plant is still of great concern for the workers and the public. In
the event of an outbreak or a cluster of COVID-19 cases, environmental surface and air sampling for
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SARS-CoV-2 is an important tool to determine mode and source of transmission and contributing factors
that would help to identify those who are at greater risk of infection.37 The sampling results would also
assist practitioners and operators to determine whether it is safe for staff to return to work.

Local restaurant/bar
Similar to an office building, non-pharmaceutical control measures such as increased cleaning and
disinfection, physical distancing, physical barriers, increased ventilation, respiratory etiquette, and face
coverings are recommended in the absence of COVID-19 cases.
During a COVID-19 outbreak investigation, environmental surface and air sampling may be utilized to
identify potential modes and sources of transmission and the extent of contamination. In foodborne
outbreak situations in food service settings, food and environmental surface sampling is similarly used
to determine which foods were implicated epidemiologically in the outbreak as well as potential sources
of environmental cross-contamination.

Summary and conclusion
•

•

•

•

•

There is a dearth of robust evidence about SARS-CoV-2 characteristics, such as its infectious
dose, modes of transmission, and survivability on various surfaces. This presents challenges for
interpreting environmental surface and air sampling results.
While analytical methods such as RT-PCR can provide information about the presence and
quantity of SARS-CoV-2 RNA in surface and air samples, the infectiousness of the viruses in the
sample is unknown without culturing the virus in live cells.
Environmental sampling is an undertaking that may compete with resources for other
interventions that may be more effective. Therefore, environmental sampling should be
carefully considered against other interventions.
Environmental sampling may be more useful for specific purposes, such as in epidemiological
investigations in outbreaks or case clusters, food safety assurance in food processing plants, to
validate the effectiveness of a new cleaning and disinfection protocol, to protect vulnerable
populations such as seniors in long-term care facilities, or as periodic surveillance of the
effectiveness of control measures.
It is prudent to perform a risk assessment of the facility in question, determine the potential for
risk mitigation, and consider the most cost-effective control measures that can be implemented
to reduce the risk of transmission. The Public Health Agency of Canada has developed a
framework for risk assessment and mitigation, as well as some control measures that may be
applied in various community settings.35 The hierarchy of controls framework outlined in our
recently published document “COVID-19 in indoor environments — Air and surface disinfection
measures” may also help public health practitioners determine the best measures to reduce
the risk of COVID-19 transmission in their facilities.40
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Environmental sampling should not replace appropriate cleaning and disinfection protocols or other
control measures to reduce COVID-19 transmission. Only approved cleaning and disinfectant products
should be used. As environmental sampling of SARS-CoV-2 may not provide conclusive results about the
presence of infectious virus, non-pharmaceutical public health measures such as physical distancing,
face coverings, proper hand hygiene, and appropriate respiratory etiquette to reduce the likelihood of
COVID-19 transmission should continue to be used wherever possible.
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