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Summary 

• Environmental monitoring for SARS-CoV-2 has been undertaken to (1) provide 

epidemiological evidence on the extent of outbreaks, and (2) provide evidence on the 

hazard posed by contaminated surfaces, water and air.  

• The main analytical approaches to quantify virus in environmental samples include 

molecular methods (e.g. qPCR) and cell culture. Molecular methods are particularly 

widely used due to their speed, relatively low cost and lower biosafety requirements.  

• RNA is generally more stable in the environment than infectious virus. qPCR may 

therefore overestimate the presence of infectious virus and data need to be 

interpreted carefully.  

• Where possible, risk assessment of transmission via water, surfaces, food or air 

should draw on studies using cell culture (to demonstrate the presence of infectious 

virus) and epidemiological evidence (demonstrating that infection has taken place). 

• In the absence of such evidence, qPCR can provide useful evidence to support 

decision-making on transmission risk if key factors are taken into account (Box 1). 

• Viral particles are often distributed heterogeneously in the environment so robust 

sampling design is crucial for any environmental sampling programme. Key 

considerations for sampling water, air and surfaces are set out in sections 3-5.  

1 Introduction 
This paper provides an overview of the key principles and approaches to monitor SARS-

CoV-2 in the environment. It covers sampling from water (freshwater, wastewater and 

marine), air and surfaces (including surfaces of food), and discusses the strengths and 

limitations of key detection methods. It is intended as a primer for Government officials, 

managers of organisations and those without technical expertise in the subject who may be 

considering the need for assessing Covid-19 risk in a setting for which they are responsible. 

While it is not an in-depth review or a methods manual, it provides some guidance on how to 

interpret research results and environmental monitoring data. References to more detailed 

specialist literature are provided.   

1.1 Objectives for environmental monitoring 

Environmental monitoring of SARS-CoV-2 often has one of two main objectives: 

1. To detect presence, infection trends and/or variants of the virus in a population, or 

2. To inform the assessment of infection risk to people from contaminated water, air, 

objects or surfaces. 

In either case, sampling can be undertaken either as part of a one-off study or through an 

ongoing programme of surveillance. Work to assess risk in a particular setting, for example, 

may not require ongoing monitoring once it has been established whether infectious virus 

can be present.  

Detecting presence/ prevalence: Monitoring viral RNA in the environment can be used to 

complement clinical surveillance by providing information on the prevalence and spread of 

disease in a population. For example, wastewater monitoring is being used in the UK and 

several other countries to track outbreaks of Covid-19. Wastewater-based epidemiology can 

be used either at large scale (e.g. sampling at a sewage treatment works serving thousands 

of people), at sub-catchment scales, or at an institutional level (e.g. in a school or business).  
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Sampling air filters from enclosed spaces, including buildings or aircraft1 could potentially be 

used in the same way but has not yet been proven useful in any reported cases for SARS-

CoV-2, and samples pertain to individual buildings rather than providing data at a community 

or organisational level. 

One important potential application of environmental surveillance is to track the prevalence 

of different viral variants and the emergence of new ones. Viral genome sequencing of 

wastewater samples in particular can be used to analyse the genetic diversity of variants 

circulating in a whole population2. Wastewater samples have the advantage that they could 

contain all the variants of SARS-CoV-2 circulating within a discrete population, including 

those from infected people who do not present clinical symptoms. This information might 

help track the geographical spread of the virus as the pandemic proceeds. It can also 

potentially help detect the emergence of new zoonoses or less pathogenic forms.  

Assessing transmission risk: To assess whether there is an infection risk, environmental 

samples ideally need to demonstrate that the virus is infectious (viable) and present in 

adequate quantity for transmission to take place. In addition, an assessment needs to be 

made of whether people are likely to be exposed to an infectious dose in the particular 

location that has been monitored or sampled, or in the environment where the virus would 

have originated (e.g. virus in wastewater could indicate potential risk in the originating toilet 

environments). The approaches discussed in this paper can be used to build up evidence of 

the presence of infectious virus in the environment and potential infection hazard. 

Most environmental monitoring of SARS-CoV-2 to date uses molecular methods to detect 

viral RNA. Detection of RNA alone, however, does not indicate the presence of infectious 

virus or a risk of infection. RNA is more stable in the environment than infectious virus, and 

there is no clear correlation between RNA abundance and infectiousness. Emerging data 

show that 90% of infectious SARS-CoV-2 in filtered fresh water is lost after approximately 2 

days at 20°C whereas SARS-CoV-2 RNA is effectively stable under similar (laboratory) 

conditions (Wim Meijer, pers. comm.3).  

Despite these limitations, it is feasible, with attention to a number of limitations, to use high 

counts of RNA (low Ct values) as evidence of a potential hazard. RNA is relatively easy to 

measure and must be present if infectious virus is present. The caveats to this approach are 

set out in section 2, Box 1.  

Direct assessment of infectivity and transmission is more challenging. One approach to 

detect infectious SARS-CoV-2 is through cell culture in the laboratory. Studies pursuing this 

approach are currently few in number4. Even culture techniques, which may show that 

infectious virus is present, do not necessarily show that it is present at a sufficiently high 

dose to infect a person. Determining this infection risk requires knowledge of the minimum 

infectious dose of the virus, which for SARS-CoV-2, is currently not known with certainty. 

Ultimately, epidemiological evidence that people have actually been infected in that 

environment is the clearest indicator of risk of transmission, although attributing transmission 

to a specific environment with a high level of certainty is generally challenging (Figure 1). 
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Figure 1. Advantages and limitations of approaches to detect viral presence, infectivity and 

transmission.  

One reason that relatively few studies seek to measure infectious virus is due to the hazards 
such approaches pose. The virus is classed as a hazard group (HG) 3 pathogen by the 
Advisory Committee on Dangerous Pathogens (ACDP), which means any work involving 
growth or propagation of live virus requires the use of high containment biosafety level 3 
(BSL3) laboratories with appropriate controls to reduce risk. Detection of RNA can be carried 
out using BSL2 laboratories which are more widely available and cost less to access.  

2 Monitoring and enumeration of SARS-CoV-2 

2.1 Steps in environmental monitoring  

Detecting and enumerating a virus in the environment requires a number of steps (figure 2). 

 

Figure 2: Steps in environmental monitoring for SARS-CoV-2 and other viruses. 

Each step in this process presents challenges and multiple techniques have been developed 

to overcome them.  

• Sample collection: Standardised protocols are needed to ensure that environmental 

samples are collected in a consistent way. Methods need to avoid the risk of sample 

contamination (e.g. from field staff undertaking sampling). Viruses may degrade 

rapidly so sample storage and transport needs to be carefully controlled – usually at 

low temperature. Storage before analysis should be minimised. Viruses can also be 

inactivated by the presence of chemicals including detergents and cleaning products. 

Vessels used to collect and transport samples therefore need to be free of such 

contaminants.  

• Concentration: Whether in water, air or on surfaces, viral particles are likely to be 

extremely dilute and need to be concentrated before they can be detected. In 

molecular approaches, this can include a stage to concentrate the virus or its RNA 

(e.g. through filtration or precipitation), and an amplification stage (repeated 

replication of RNA to allow its detection).  

• Laboratory assays: Molecular or cell culture approaches can be used, see section 

2.2 below. Most measurements of SARS-CoV-2 in the environment use molecular 

methods.   

• Normalisation: Various approaches can be applied to control for dilution (e.g. by 

rainwater in sewage systems) and sample degradation, including the use of chemical 

and biological population markers.  

Detection of viral RNA

• Approaches: Molecular 
techniques (e.g. RT-qPCR). 

• Advantages: rapid, relatively 
cost effective, does not 
require cat 3 labs. qPCR can 
be used to monitor how much 
virus is circulating in the 
population

• Limitations: Does not provide 
evidence on the presence of 
infective virus.

Detection of infectious virus 

• Approaches: Microbiological 
methods (cell culture)

• Advantages: Can detect 
presence of infective virus. 

• Limitations: Presence of 
infective virus does not mean 
that infection is necessarily 
possible through that route. 
Requires cat. 3 containment 
facilities.

Evidence of transmission

• Approaches: Direct 
epidemiological evidence of 
transmission to humans. 
Studies showing infection of 
animal models. 

• Advantages: Shows that 
infection is possible. 

• Limitations: Can be difficult 
to identify exact route of 
infection (e.g. from surfaces, 
airborne droplets etc).

Sample 
collection

Concentration 
Laboratory 

assay
Normalisation Interpretation
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• Interpretation: Data must be analysed, contextualised, and interpreted. This needs 

to consider inherent variability in the detection and concertation of virus through the 

previous steps. 

Laboratory assays are discussed in section 2.2 below. Other steps are discussed in sections 

3, 4 and 5 with respect to water, air and surfaces (including surfaces of food).  

2.2 Laboratory assays 

Analysis of environmental samples for viruses can follow two broad approaches, detecting 

either (i) specific components of the virus (e.g. nucleic acid sequences, antigens or other 

complex polypeptides) or (ii) intact infectious virus particles. In the first, molecular methods 

such as Polymerase Chain Reaction (PCR) detect the presence of short unique sequences 

of RNA present in the genome of the target virus. Results are usually expressed as a cycle 

threshold (Ct) value or as a number of genome copies (GC) per unit of volume, mass or area 

(see section 2.2.1). In the second, intact (and infectious) virus can be detected by cell 

culture. In this case, virus levels are usually expressed as plaque-forming units (pfu) or 

tissue culture infectious doses (TCID50), again commonly normalised by volume, mass, or 

area (see section 2.2.2). 

2.2.1 Molecular methods   

Molecular methods focus on detecting virus nucleic acids: in SARS-CoV-2, this is viral RNA. 

Although present in minuscule amounts, even in a concentrated sample, the nucleic acid can 

be amplified in a quantitative fashion and, since the reaction is highly specific, the RNA can 

be detected preferentially over other similar molecules in the sample. The principal 

technique used is the polymerase chain reaction (PCR), whereby a specific part of the viral 

RNA is targeted using enzymes (reverse transcriptase to generate a DNA strand 

complementary to the RNA and polymerase to replicate the strand repeatedly until it can be 

detected by fluorimetry5). The process is quantitative, hence the term reverse transcription 

quantitative PCR (RT-qPCR). 

Results of qPCR can be expressed as a cycle threshold (Ct) value – the number of 

replication cycles (repeated PCR reactions) before a positive signal of the RNA is seen. The 

lower the Ct value, the higher the concentration of RNA. Ct values can alternatively be 

converted to a number of gene copies (GC) per unit of volume, area or mass using a 

suitable calibration curve. The very low copy numbers found in environmental samples are 

often close to the limits of detection. In such cases, small performance differences between 

individual PCR machines can become significant. Tailored calibration curves for individual 

machines, methodologies and labs are therefore often used to derive GC.  

As with any analytical technique, RT-qPCR methods are subject to performance limits. 

Typically, analytical methods are characterised with a limit of detection (LOD, the lowest 

level of analyte that can be resolved) and a limit of quantification (LOQ, the lowest level that 

can be reliably enumerated, typically 2- 5 times higher than the LOD). In wastewater, early 

estimates are for LODs of a few thousand gene copies per litre with LOQ perhaps 10,000 -

20,000 GC l-1. In comparison, faecal shedding rates range from 108 to 1012 genome copies 

per day from an infected individual. 

Advantages6 of PCR approaches include their potential for use by non-virologists, the 

possibility for automation, cost-effectiveness, speed, and there being less need for 

sophisticated containment facilities and high levels of expertise. 

The disadvantage of molecular approaches is that they do not detect infectious virus. This 

has long been recognised in detecting (for example) noroviruses in aquatic matrices. It must 

therefore be recognised that the detection of SARS-CoV-2 RNA in a sample does not 
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necessarily mean the sample contains infectious virus. Box 1 sets out some of the 

considerations and significant reasons for imprecision that need to be understood when 

interpreting infection risk based on RT-qPCR results. 

Box 1: Interpreting infection risk from RNA detection. 

Although it does not measure the presence of infectious virus, RT-qPCR of environmental 

samples can provide decision makers with valuable information from which to infer 

infection risk. Caution must be taken in the interpretation of results, although this approach 

is routinely used to assess risk in some environments.  

Various studies have examined the relationship between PCR measurement of RNA 

presence and cell culture results for the same samples.  

From clinical studies it has been shown that live virus cannot be recovered from fresh 

samples with Ct values of greater than 347 8. At lower Ct values, the chance of viral 

isolation increases and, at a Ct value of 25 or below, viral isolation is successful from most 

samples. Because RNA is relatively stable, a high Ct value does not necessarily correlate 

to the presence of live virus in environmental samples (Figure 3). 

 
Figure 3: A schematic illustration of the different lifetimes of RNA and infectious virus in the 
environment.  Decision makers interpreting risks from environmental sampling at time points A, B 
and C must consider the time since the virus was added to the environment, and the different 
decay rates of infectious virus and viral RNA. Decay rates, and the relative difference between 
them, are affected by a wide range of environmental factors, including surface type and 
cleanliness, water composition, presence of oxygen, temperature, etc.  
 

Conclusions can be tentatively drawn as followsError! Bookmark not defined. 9:  

• A negative PCR may indicate that no infectious virus is present at the specific 
location and time where the sample was taken if the factors below are taken into 
account.  

• A positive PCR indicates presence of SARS-CoV-2 RNA. This does not 
necessarily mean that infectious virus is present.  

o A Ct value >35 indicates presence of SARS-CoV-2 RNA but probably not 
infectious virus. Ct values over 35 could indicate laboratory contamination. 

o A Ct value of about 25-34 may indicate possible presence of infectious 

virus. The lower the Ct value the higher the probability of presence of 

infectious virus and the higher the potential concentration. 

o A Ct-value <25 indicates possible presence of infectious virus if sample is 
taken from recently touched surfaces or close to infected people. However 
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it is possible to have a Ct value < 25 with no infectious virus (see Figure 3) 
if sampling is some time after the virus was first introduced to the 
environment.  

The main factors to consider when making inferences on infectivity from PCR results 
include:  

(1) Degradation rate of infectious virus: The relationships between Ct values and 
cell culture results have been derived from fresh clinical samples in which viral 
decay is likely to be minimal. The rate at which infectious virus degrades depends 
on ambient conditions. At high temperature, high relative humidity, and in the 
presence of chemicals, contaminants or microorganisms, PCR is likely to 
overestimate the presence of infectious virus, especially if it has been in the 
environment for some time.  

(2) Degradation rate of RNA: In the environment, RNA is much more persistent than 
infectious virus (see section 1.1). Temperature, microbial activity and chemicals 
also affect the rate at which RNA breaks down. In the majority of cases, however, 
RNA can be expected to degrade more slowly than infectious virus as illustrated in 
Figure 3. 

(3) Inhibition of PCR: The presence of some chemicals and biosolids inhibit the PCR 
process which can differentially inhibit virus RNA recovery efficiency and gene 
amplification. The relationship between genetic signal strength (copy number) and 
the presence of infectious virus will be highly dependent on the matrix type, and 
will vary more in environmental than clinical samples. 

(4) Extraction efficiency: There is widespread acknowledgment that the techniques 
used to concentrate RNA prior to PCR analysis can produce different efficiencies 
between laboratories. Inter-laboratory trials are needed to test the robustness of 
(especially) the concentration or detection stages. Trials for SARS-CoV-2 RT 
qPCR have not yet been undertaken under rigorous conditions (such as those 
governed by the United Kingdom Accreditation Service), although informal lab 
inter-comparisons have been undertaken.  

(5) Sampling design: It is difficult to sample the environment in a repeatable way. 
Viral particles are often distributed heterogeneously in the environment so the 
variance between samples is often high.  

(6) Virus shedding patterns: SARS-CoV-2 virus isolation has not yet been 
successful from people more that after 8 days after becoming symptomatic, 
regardless of Ct value10. In contrast, RNA can be shed for up to 83 days from the 
upper respiratory tract and 126 days in stools10. 

(7) Infectious dose: The median infectious dose at which 50% of those exposed to 
SARS-CoV-2 become infected (ID50) has not been yet determined. Even in cases 
where RNA is an indicator of presence of infectious virus, the virus may not be 
present at sufficient levels to infect a person in that environment.   

 

Genome sequencing 

In recent years, high throughput sequencing methods have been developed that allow direct 

elucidation of nucleic acid sequences in an environmental sample without the need for 

culturing of target organisms. Large numbers of relatively short base pair sequences 

(typically 500-700 bp) can be read in this way and combined using specialist software to 

reconstruct entire genomes. As a result, it would be possible to identify any changes in virus 

genomes over time and the emergence of new strains or variants.  

Other methods 

Beyond PCR, other methods exist to detect viral components but are not currently widely 

used in environmental monitoring. These include reverse transcriptase loop-mediated 

isothermal amplification (RT-LAMP), aptamer methods, and laser-based detection. 

Immunoassays such as lateral flow antigen tests can detect specific viral proteins. In this 
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case, antibodies in a test kit bind to the virus creating a coloured band. However, this 

approach is generally not sensitive enough to detect virus levels at the low concentrations 

typically found in environmental samples. 

2.2.2 Cell culture  

To detect infectious virus, cell cultures (mammalian cells grown in flasks and maintained in 

normal physiological conditions) are inoculated with concentrate from the environmental 

sample and observed for specific changes caused by the virus (usually the death of the 

cells). Infectious virus can be enumerated using a variety of cell culture-based assays.  

The important advantage of such an approach is that it detects infectious virus, capable of 

initiating disease in a susceptible individual. Drawbacks are that it is time-consuming (4-5 

days for results), labour-intensive, and requires suitable containment facilities (BSL 3 in the 

case of SARS-CoV-2). It also needs considerable expertise and experience. Other 

pathogenic viruses may also be present in the samples, so assays should ensure that 

SARS-CoV-2 is the main cause of cell death (by measuring the increase in virus in the 

external medium). 

In environmental virology, the choice of cell culture is usually determined by experiment to 

find which is most sensitive to the target virus. The origin of the cells (e.g. monkey, human) 

is largely immaterial. In cell lines such as Vero-E6 (derived from monkey kidney cell lines), 

which are currently used in most SARS-CoV-2 infectivity studies, the cells have become 

transformed through repeated use over many years and have lost many of their original 

characteristics. Detection in cell culture is sometimes less sensitive than detection by 

molecular methods.  This is because it takes more than one virus particle to initiate infection 

in a cell culture.  For example, using influenza virus, Fabian et al.11 found that one TCID50 (a 

statistical measure of virus infectivity) represents approximately 300 genome copies (other 

studies have suggested values from 100-650 copies12 13). Emerging evidence suggests that 

one plaque-forming unit (pfu) is equivalent to c. 300-10000 gene copies of SARS-CoV-2. For 

this reason, cell lines overexpressing the ACE2 receptor (the binding site for SARS-CoV-2) 

and transmembrane protease, serine 2 (TMPRSS2) should ideally be used to improve the 

sensitivity of the assay.  

Lack of sensitivity can also sometimes be compensated for using cell culture to grow up the 
virus, increasing its numbers, followed by PCR where the cell culture harbouring infectious 
growing virus is analysed by PCR (ICC-PCR). This technique combines the advantages of 
both approaches.  

3 Water  
There is no evidence that SARS-CoV-2 is present in drinking water from either a chlorinated 

mains or non-mains supply. However, it is now clear that SARS-CoV-2 RNA is shed in 

faeces from many infected individuals and therefore enters building wastewater systems and 

the sewage network14. The theoretical potential exists for viral material to subsequently enter 

freshwater or marine water bodies, though inactivation rates and dilution are likely to be 

high. The ambient conditions in sewers and natural waterbodies mean that any infectious 

SARS-CoV-2 is likely to degrade rapidly, whereas RNA is relatively persistent. The likelihood 

of detecting infectious virus therefore decreases further from its source. Most measurement 

in water so far has focused on sampling wastewater in the sewage network to monitor 

prevalence of Covid19 in the population. 

The approaches set out below broadly describe the process used in current wastewater 

monitoring for SARS-CoV-2 RNA in the UK, and elsewhere.  Similar approaches could be 

used for other waters such as rivers, lakes and marine; however, detectable numbers in 
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those waters are expected to be many times lower and there is little or no evidence of 

SARS-CoV-2 RNA in such surface waters15. 

3.1 Sample collection  

Sampling in the water environment can be performed at different locations including: 

• Immediately at the sewer exit from a building or location or within a small facility such 

as a septic tank. 

• Within a major sewer, such as at a manhole. 

• At intermediate sewer infrastructure points such as pumping stations or holding 

tanks. 

• At the initial influent to a treatment works. 

• At the point at which treated effluent is discharged from a treatment works. 

• In the wider environment, e.g. rivers, estuaries or seawater. 

Each location comes with its own challenges, including practical issues such as access, 

safety of personnel, sample variability, likelihood of blockages etc. 

Sample collection from water or wastewater can take the form either of a grab sample, 

whereby a sample of water is collected in a clean vessel, providing a snapshot at a point in 

time. Alternatively, an autosampler can be used to collect regular samples over a set period 

(e.g. 24 hours). Such devices can be programmed either to take samples at regular intervals 

or in proportion to flow. Samples can then either be kept separate to provide a time series 

showing how concentrations change during the day, or combined to provide a composite 

sample. The latter may be better when concentrations are highly variable or dependent on 

diurnal human behaviour, as is the case with wastewater.  

Other considerations include: 

• The matrix–wastewater can be a complex mixture of municipal and industrial 
effluents (and is quite different from clinical samples). 

• Differential distribution of virus between solid and liquid phases in different sample 
types. 

• Biosafety considerations when handling samples. 

• Data must be collected for each sampling or analytical step to ensure that the 
appropriate context can be given to subsequent interpretation of results. 

• It is important to report on all of the factors in the study that could impact the result 
(i.e. detection results need to be related to water quality and other metadata). 

3.2 Sample transport, storage, handling and preparation 

Once taken, samples need to be kept cold (4-6 oC) until they can be analysed. Samples of 

wastewater must be handled in secure BSL 2 laboratories with suitable safety cabinets.  

Samples should be analysed as soon as they arrive at the laboratory. If not possible, long-

term storage of samples should be undertaken at -80°C. 

3.3 Virus Concentration  

RNA from SARS-CoV-2 cannot typically be detected directly in aquatic matrices as it will be 

too dilute. Hence, the virus must first be concentrated. There are many methods for 

concentrating viruses in water16, including those that depend on the size of the virus 

(entrapment filtration), its electrostatic charge (adsorption/elution), its molecular mass 

(ultracentrifugation), and reactions with chemicals such as polyethylene glycol17 and different 

salt solutions. Some methods suit some viruses better than others. SARS-CoV-2 bears a 

lipid envelope on its surface which is necessary for the virus to be infectious, and it is a virus 

of moderate sensitivity to physico-chemical changes. Procedures involving organic solvents 

or marked pH changes are therefore not suitable for concentration of infectious virus18. In the 
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UK wastewater monitoring programmes for SARS-CoV-2, wastewater samples undergo 

initial clarification by centrifugation to remove larger particles and then viral RNA is 

concentrated either by a filtration or a precipitation step (see Ahmed et al for more details19).   

3.4 Laboratory assays  

Once concentrated, the concentrate can be analysed by a variety of techniques to 

demonstrate virus presence. These are discussed in section 2.1 above. Detection methods 

should be optimised for environmental samples, not clinical samples. Molecular approaches 

to detect the presence of RNA are now well established20 21. Ongoing attempts to culture 

SARS-CoV-2 from contaminated sewage or from the wider water environment have so far 

failed.  

3.5 Normalisation 

The main application of wastewater monitoring for SARS-CoV-2 is to infer infection rates in 

the population served by that sewer system. However, once the virus is known to be present 

it perhaps becomes more important to know how prevalent the virus is and how the 

prevalence of infection is changing. This implies that we need to know how many people are 

contributing to the wastewater so that detected amounts of RNA can be compared or 

“normalised” to faecal load. Various options exist which may allow estimation of relative 

human faecal load in different samples. Most of these compare SARS-CoV-2 RNA 

concentrations with the concentration of a marker that is assumed to be generated at a set 

rate per person. If the concentration of the marker decreases, the sample may be more 

dilute, e.g. due to rainwater ingress. Such markers may include biomarkers like human 

mitochondrial DNA, human RNA, or crAssphage (a benign bacteriophage that is common in 

the human gut22 23). Alternatively, organic or inorganic compounds (for example ammonium 

or contaminants such as pharmaceutical products) can be used in the same way. Flow 

volume can also be used to control for dilution. It remains unclear which of these are 

effective and work is ongoing to understand this aspect better.  

3.6 Interpretation and limitations 

The use of wastewater analysis for detection of SARS-CoV-2 in a population is potentially a 

sensitive technique capable of providing a leading indicator in advance of clinical testing, 

particularly where significant numbers of otherwise asymptomatic infections occur. The 

approach can support public health decision making in various ways: 

• To provide early warning of new disease outbreaks in the population in a specific 

sewage catchment area. 

• To identify outbreaks that might not be detected by clinical testing, due to 

asymptomatic infection or reticence to testing, inform the allocation of testing 

resourcing or non-pharmaceutical interventions.  

• To estimate the prevalence and trend in infections at population level. Once Covid-19 

is established in a population then wastewater data may provide a reliable 

confirmation of when infection rates fall.  

• To follow the progress of infections in remote or disengaged communities, or those 

lacking access to formal healthcare24. 

• As a long term, low cost surveillance option which is capable of detecting low 

numbers of infected individuals that might not be detected via random testing. 

• Genetic sequencing of virus in wastewater samples can give an indication of the 

prevalence of different strains or variants circulating within a population, helping 

understand the origin, evolution and spread of the disease. 

Linking Ct values or gene counts per litre to a specific number of people infected in a 

population is difficult. A variety of variables can affect correlation, such as rates of dilution, 

target RNA degradation, and/or PCR inhibition (see section on normalisation above). These 
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issues are often specific to a particular sewage network or waterbody. At present we lack a 

good understanding of the fate of virus in sewers including how virus particles may 

disintegrate or be consumed by bacteria or protozoa, nor how any freed RNA behaves as it 

is transported in the water. It is known that colder temperatures favour preservation and 

virus particle survival, but precise degradation rates are lacking. 

The use of wastewater-based epidemiology to inform real-time public health policy decisions 

in response to a pandemic is still very new. Work is ongoing around the world on how to 

make best deploy it and use the data it generates. However, more work is needed to refine 

techniques25. 

Current studies have demonstrated little success in recovering infectious SARS-CoV-2 virus 
from faecal samples in clinical cases. Therefore, although there is a genetic signal for the 
presence of RNA, there may not be infectious virus present in wastewater.  

4 Air  

4.1 Sample collection  

Sampling the air for the presence of viruses is reliant on the selection of an air sampler to 

collect particles containing the agent of interest. Air samplers operate in a range of methods 

including the following: 

• Impingement – collection in a fluid. 

• Impaction – inertial collection on to a surface. 

• Cyclonic separation – collection onto a swirling film of liquid. 

• Filtration – collection onto a filter. 

• Electrostatic precipitation. 

• Condensation based inertial deposition. 

The process of sampling can damage and inactivate microorganisms and thus reduce their 

viability making them non-culturable, even if they were so prior to sampling. Some samplers 

are designed to reduce stress on microorganisms and allow them to be cultured to assess 

infectivity. If PCR-based measurement of RNA is to be used then most types of air sampler 

can be used as RNA is much more stable than infectious virus, as discussed above. For 

example, pre-existing filtration systems intended to monitor PM10 pollution could be analysed 

for the presence of SARS CoV-2 RNA26. One paper has reported detection of SARS-CoV-2 

RNA from such samplers, but its methods have been criticised26. The Environment Agency 

is currently carrying out a limited study using the filters from VOC monitors for analysis for 

SARS-CoV-2 RNA. There are also large volume biological collectors used by the military 

which could be used for such purposes.  

The main samplers being used in published studies of SARS CoV-2 aerosols in indoor 

environments are the Coriolos sampler and the Sartorius MD8 gelatine membrane filtration 

sampler (for example Zhou et al27 and Moore et al28). Personal samplers have also been 

used over longer periods. A novel Biospot Vivas condensation sampler was the sampler 

used in the only publication claiming to have recovered infectious virus from air29. Various 

other groups have unsuccessfully attempted to recover infectious virus. Other studies have 

used personal samplers operating for longer periods of time such as the NIOSH sampler30.  

Novel techniques are currently being investigated to establish the presence of viral RNA in 

faecal aerosols generated as a result of turbulent wastewater flows in building sanitary 

plumbing systems. There is currently no evidence that viral RNA can be extracted from this 

method, however, the technique has been successfully applied to detect bacteria in faecal 

aerosols31 32. 
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4.2 Interpretation and limitations 

SARS-CoV-2 RNA can be detected from air samples if a large volume of air has been 

sampled over a considerable amount of time. For example, from a pollution sampler or if the 

sampler is situated in a crowded area. This information, however, is of limited value as it is 

impossible to link the presence of RNA to a cause and any infectious virus sampled would 

be inactivated. Detection of RNA from such long-term sampling of ambient air does not 

indicate the presence of infectious virus nor provide much insight on the risk of infection. The 

approach may be more useful in indoor settings where detection of the virus can be linked to 

a specific group of people. The use of high volume samplers in crowded areas could 

potentially detect the virus and give information about potential exposure risk in such a 

setting. 

Failure to detect infectious viruses in air samples does not necessarily demonstrate the 

absence of live virus in samples where viral RNA was detected by molecular methods.  

In contrast to outdoor air monitoring, two different research groups have recently 

demonstrated the presence of infectious SARS-CoV-2 viruses in aerosol samples from 

patient rooms in quarantine and isolation care 33 34. These studies focus on high risk 

environments where virus levels can be expected to be high. They are likely to 

underestimate the amount of viable airborne virus available for inhalation by others35. 

5 Surfaces  

5.1 Sample collection  

Surfaces can be easily sampled using swab or sponge-based systems to detect the 

presence of SARS-CoV-2. Many of these methods have been validated for biological 

agents36 and more recently for SARS-CoV-237. Surface sampling has mainly been carried 

out in hospital environments but publications and pre-prints are being generated which have 

found SARS-CoV-2 RNA in other settings, including outdoors. Harvey et al found that 8% of 

swab samples taken in outdoor public spaces in Massachusetts USA were PCR positive and 

related positivity to population incidence38. However only three of the PCR positives could be 

quantified at between 2.54 and 102.43 gene copies per cm2 suggesting that contamination 

was very low level38. Although the authors suggest that surface sampling could be used for 

surveillance, it would be difficult to sample with the right time and spatial frequency to be 

confident that samples were a reliable predictor of virus in the community. Two ongoing 

UKRI projects examining risk on public transport (TRACK and VIRAL) are conducting regular 

surface sampling on trains, tube and buses and will be able to report on the usefulness of 

this type of surveillance in a few months’ time. 

Swab samples can be analysed for viral presence by PCR or tissue culture and results 

presented as gene copies or plaque forming units per cm2 or per swab. Viral isolation can 

also be attempted from areas with low Ct values.   Kampf suggests that under laboratory 

conditions at Ct value of lower than 30 is generally required for virus isolation39. SARS-CoV-

2 RNA can be found on inanimate surfaces up to 28 days after discharge of patients with 

COVID-19, which further limits the relevance of RNA detection on surfaces39.  

The method used to recover virus from surfaces is very important. Most work to date has 

focused on clinical detection in lung and oral specimens. The effectiveness of approaches to 

sample surfaces in the wider environment is much less clear. We know that surface 

swabbing recovery rates vary widely, depending on factors such as surface roughness, 

surface hydrophobicity, surface organic load, type of swab used, recovery medium affecting 

RNA stability and the presence of compounds that inhibit or affect RT-PCR or LAMP 

assays40 41. 
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If surfaces can be returned to the lab then there are alternatives to swabbing depending on 

composition and surface area including sonication and improved methods such as 

pulsification and vortexing with glass beads. 

5.2 Surface sampling of food 

Recovering either RNA or infectious virus from food presents specific challenges, and 

appropriate methods depend on the type of food. Methods for the recovery of SARS-CoV-2 

or coronavirus RNA from most types of food have not been validated or optimised and 

interpretation is therefore uncertain, although the Food Standards Agency is in the process 

of commissioning research to address this gap. In addition, current international consensus 

is that it is highly unlikely that the ingestion of SARS-CoV-2 will result in illness; there is 

currently no documented evidence that food or food packaging are likely to be a source 

and/or vehicle for the transmission of SARS-CoV-2. Given the lack of evidence associating 

food or food packaging with the transmission of SARS-CoV-2, the testing of food or food 

packaging for SARS-CoV-2 for reasons of food safety is not advised and is not considered to 

add value for food safety purposes42. 

5.3 Interpretation and limitations 

Interpretation of the sample data using PCR is difficult. Environmental factors such as 

temperature and relative humidity affect rate of degradation. It has been shown from the 

Diamond Princess that RNA positives can still be obtained 17 days after a cabin was 

inhabited by a known case43 and 9 days after a surface was treated with bleach44. PHE has 

unpublished data showing that RNA can be detected in surfaces three weeks after drying 

with only minor losses. Therefore, even a low Ct value PCR positive can reflect historical 

contamination and will not contain any viable virus. It can be argued that surface sampling 

for SARS-CoV-2 RNA is of little value use unless combined with observational studies. 

However, SARS-CoV-2 presence on surfaces could be used as an indication of potential 

infectiousness of a space.  

6 Using Environmental samples to assess risk 
Quantifying transmission risk is a challenge, however models such as Quantitative Microbial 
Risk Assessment (QMRA) offers one possible approach45. This is a widely used approach in 
environmental engineering to assess risks from pathogens, particularly in water and food. 
The approach has been used in assessing transmission of viruses, including a number of 
early models that have attempted to analyse the transmission of SARS-CoV-238 46 47. Such 
models require data on the dose-response as well as data on the amount of virus that 
people are exposed too.  

Alongside laboratory data, environmental samples provide a valuable data source for such 
models. However environmental data must be treated with care for the reasons discussed 
above. Models require quantitative data, and as highlighted in this paper this can be difficult 
to determine and may be uncertain, with values dependent on the specific time and location 
of sampling as well as the sampling method. The challenge in relating viral RNA to infectious 
virus means that data is difficult to interpret and use in an appropriate way in a model. It is 
also not clear whether it is appropriate to compare risks calculated using data from surfaces 
with those from viral samples in the air. For example, the study by Harvey et al, used RNA 
surface sample data to calculate the transmission risk via a hand to nose contact38, while 
Wilson et al47 used data from RNA concentrations in air to assess the risk of infection via 
inhalation with different types of masks. Both studies showed low risks, however it is not 
possible to determine whether the analysis is comparable for the two routes of exposure due 
to differences in the sampling methods and ability to detect RNA. Ideally transmission 
models need probability distributions for sampled data to give a realistic understanding of the 
uncertainty in risk; such distributions require significant data for confidence.  
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The challenges with evaluating risk are also compounded by the lack of dose-response data 
for the virus. Data are available for a number of other coronaviruses48, however most of 
these are derived from animal studies. It is not clear how the infectious dose from animal 
studies will correlate to viral RNA or infectious virus sampled from the environment.  

  



Transmission in the Wider Environment Group 

Version: 02/12/2020      14 

7 Authors 
This paper was prepared by the Transmission of Covid-19 in the Wider Environment Group 

(TWEG) of SAGE.  

Dan McGonigle (Defra),  

Allan Bennett (Public Health England),  

Kathryn Callaghan (Defra), 

Stephanie Dancer (NHS Lanarkshire/Edinburgh Napier University),  

Michael Gormley (Heriot Watt University), 
David Graham (University of Newcastle),  

Alwyn Hart (Environment Agency),  

Davey Jones (University of Bangor),  

Dave Kay (University of Aberystwyth),  

Bill Keevil (University of Southampton),  

Frank Kelly (Imperial College London),  

Cath Noakes (University of Leeds),  

Vanessa Pilley (Defra),  

Jonathan Reid (University of Bristol),  

Victoria Robinson (Defra),  

Anthony J Wilson (Food Standards Agency),  

Peter Wyn-Jones (University of Aberystwyth),  

Gideon Henderson (Defra, Chief Scientific Adviser, TWEG Chair). 

 

8. References 
 
1 T.M. Korves, D. Johnson, B.W. Jones, J. Watson, D.M. Wolk  and G.M. Hwang. 2011. Detection of 
respiratory viruses on air filters from aircraft. Lett Appl Microbiol. 53(3): 306–312. doi: 10.1111/j.1472-
765X.2011.03107.x 
2 Alexander Crits-Christoph, Rose S. Kantor, Matthew R. Olm, Oscar N. Whitney, Basem Al-Shayeb, 
Yue C. Lou, Avi Flamholz, Lauren C. Kennedy, Hannah Greenwald, Adrian Hinkle, Jonathan Hetzel, 
Sara Spitzer, Jeffery Koble, Asako Tan, Fred Hyde, Gary Schroth, Scott Kuersten, Jillian F. Banfield, 
and Kara L. Nelson. (Pre-print: not peer reviewed) Genome sequencing of sewage detects regionally 
prevalent SARS-CoV-2 variants. Pre-print downloaded 07/12/2020 
from https://doi.org/10.1101/2020.09.13.20193805 
3 Wim Meijer, UCD School of Biomolecular and Biomedical Science, UCD Earth Institute and UCD 
Conway Institute, University College Dublin, Dublin 4, Ireland  
4 Criteria for releasing COVID-19 patients from isolation. https://www.who.int/news-
room/commentaries/detail/criteria-for-releasing-covid-19-patients-from-isolation 
5 Gertjan Medema, Leo Heijnen, Goffe Elsinga, Ronald Italiaander, and Anke Brouwer. 2020. 

Presence of SARS-Coronavirus-2 in sewage and Correlation with Reported COVID-19 Prevalence in 

the Early Stage of the Epidemic in The Netherlands. Environmental Science & Technology Letters 

7(7): 511-516 
6 Rosina Girones, Maria Antonia Ferrús, Jose Luis Alonso, Jesus Rodriguez-Manzana, Byron Calgua, 
Adriana de Abreu Corrêa, Ayalkibet Hundesa, Anna Carratala, and Sílvia Bofill-Mas. 2010. Molecular 
detection of pathogens in water - the pros and cons of molecular techniques. Water Research 44: 
4325-4339 
7 La Scola, Bernard, Marion Le Bideau, Julien Andreani, Van Thuan Hoang, Clio Grimaldier, Philippe 
Colson, Philippe Gautret, and Didier Raoult. "Viral RNA load as determined by cell culture as a 
management tool for discharge of SARS-CoV-2 patients from infectious disease wards." European 
Journal of Clinical Microbiology & Infectious Diseases 39, no. 6 (2020): 1059. 
8 Arons, M. M., Hatfield, K. M., Reddy, S. C., Kimball, A., James, A., Jacobs, J. R., ... & Tanwar, S. 
(2020). Presymptomatic SARS-CoV-2 infections and transmission in a skilled nursing facility. New 
England journal of medicine 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Korves%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21707676
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21707676
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jones%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21707676
https://www.ncbi.nlm.nih.gov/pubmed/?term=Watson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21707676
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolk%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21707676
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hwang%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21707676
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7197756/
https://dx.doi.org/10.1111%2Fj.1472-765X.2011.03107.x
https://dx.doi.org/10.1111%2Fj.1472-765X.2011.03107.x
https://doi.org/10.1101/2020.09.13.20193805
https://www.who.int/news-room/commentaries/detail/criteria-for-releasing-covid-19-patients-from-isolation
https://www.who.int/news-room/commentaries/detail/criteria-for-releasing-covid-19-patients-from-isolation


Transmission in the Wider Environment Group 

Version: 02/12/2020      15 

 
9 Preliminary report from the Joint PHE Porton Down & University of Oxford SARS-CoV-2 test 
development and validation cell: Rapid evaluation of Lateral Flow Viral Antigen detection devices 
(LFDs) for mass community testing. November 2020 
https://www.ox.ac.uk/sites/files/oxford/media_wysiwyg/UK%20evaluation_PHE%20Porton%20Down
%20%20University%20of%20Oxford_final.pdf 
10 Muge Cevik, Matthew Tate, Ollie Lloyd. 2020. SARS-CoV-2, SARS-CoV, and MERS-CoV viral load 
dynamics, duration of viral shedding, and infectiousness: a systematic review and meta-analysis. 
Lancet Microbe. Nov. 2020. DOI: https://doi.org/10.1016/S2666-5247(20)30172-5 
11 Patricia Fabian, James J McDevitt. Wesley H DeHaan, Rita O P Fung, Benjamin J Cowling, and 

Kwok Hung Chan. 2008. Influenza virus in human exhaled breath - an observational study. PLoS One 

3(7): e2691 
12 L J van Elden, M Nijhuis, P Schipper, R Schuurman, and A M van Loon. 2001. Simultaneous 

detection of influenza viruses A and B using real-time quantitative PCR. Journal of Clinical 

Microbiology 39(1): 196-200 
13 Ziping Wei, Matt McEvoy, Vladimir Razinkov, Alla Polozova, Elizabeth Li, Jose Casas-Finet, 

Guillermo I.Tous, Palani Balu, Alfred A Pan, Harshvardhan Mehta, and Mark A Schenerman. 2007.  

Biophysical characterization of influenza virus subpopulations using field flow fractionation and 

multiangle light scattering - correlation of particle counts, size distribution and infectivity. Journal of 

Virological Methods 144(1-2): 122-132 
14 Yongjian Wu, Cheng Guo, Lantian Tang, Zhongsi Hong, Jianhui Zhou, Xin Dong, Huan Yin, Qiang 
Xiao, Yanping Tang, Xiujuan Qu, Liangjian Kuang, Xiaomin Fang, Nischay Mishra, Jiahai Lu, Hong 
Shan, Guanmin Jiang, and Xi Huang. 2020.  Prolonged presence of SARS-CoV-2 viral RNA in faecal 
samples. Gastroenterology and Hepatology 5(5): 434-435 
15 David L Jones, Marcos Quintela Baluja, David W Graham, Alexander Corbishley, James E 
McDonald, Shelagh K Malham, Luke S Hillary, Thomas R Connor, William H Gaze, Ines B Moura, 
Mark H Wilcox, and Kata Farkas. 2020. Shedding of SARS-CoV-2 in faeces and urine and its 
potential role in person-to-person transmission and the environment-based spread of COVID-19.  
Science of the Total Environment 749: 141364  
16 Peter Wyn-Jones. 2007. Chapter 9 The Detection of Waterborne Viruses. Perspectives in Medical 

Virology 17: 177-204 
17 Marina R Alexander, Christina L Rootes, Petrus Jansen van Vuren, and Cameron R Steward. 2020. 
Concentration of infectious SARS-CoV-2 by polyethylene glycol precipitation. Journal of Virological 
Methods 286: 113977 
18 Giuseppina La Rosa, Lucia Bonadonna, Luca Lucentini, Sebastien Kenmoe, and Elisabetta 
Suffredini. 2020. Coronavirus in water environments – occurrence, persistence and concentration 
methods - a scoping review. Water Research 179: 115899 
19 W Ahmed, V J Harwood, P Gyawali, J P S Sidhu, and S Toze. 2015. Comparison of concentration 
methods for quantitative detection of sewage-associated viral markers in environmental 
waters. Applied and Environmental Microbiology 81(6): 2042–2049 
20 Gertjan Medema, Leo Heijnen, Goffe Elsinga, Ronald Italiaander, and Anke Brouwer. 2020. 
Presence of SARS-Coronavirus-2 in sewage and Correlation with Reported COVID-19 Prevalence in 
the Early Stage of the Epidemic in The Netherlands. Environmental Science & Technology Letters 
7(7): 511-516 
21 Polo, David & Quintela Baluja, Marcos & Corbishley, Alexander & Jones, Davey & Singer, Andrew 
& Graham, D. & Romalde, Jesús. (2020). Making waves: Wastewater-based epidemiology for COVID-
19 - approaches and challenges for surveillance and prediction. Water Research. 186. 116404. 
10.1016/j.watres.2020.116404. 
22 Geun Woo Park, Terry Fei Fan Ng, Amy L Freeland, Vincent C Marconi, Julie A Boom, Mary A 
Staat, Anna Maria Montmayeur, Hannah Browne, Jothikumar Narayanan, Daniel C Payne, Cristina V  
Cardemil, Aimee Treffiletti, and Jan Vinjé. 2020. CrAssphage as a Novel Tool to Detect Human Fecal 
Contamination on Environmental Surfaces and Hands. Emerging Infectious Diseases 26(8): 1731-
1739 
23 Farkas, K., Adriaenssens, E.M., Walker, D.I. et al. Critical Evaluation of CrAssphage as a Molecular 
Marker for Human-Derived Wastewater Contamination in the Aquatic Environment. Food Environ 
Virol 11, 113–119 (2019). https://doi.org/10.1007/s12560-019-09369-1 
24 Warish Ahmed, Nicola Angel, Janette Edson, Kyle Bibby, Aaron Bivins, Jake W O'Brien, Phil M 
Choi, Masaaki Kitajima, Stuart L Simpson, Jiaying Li, Ben Tscharke, Rory Verhagen, Wendy J M 
Smith, Julian Zaugg, Leanne Dierens, Philip Hugenholtz, Kevin V Thomas, and Jochen F Mueller. -
2020. First confirmed detection of SARS-CoV-2 in untreated wastewater in Australia - a proof of 

 

https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ox.ac.uk%2Fsites%2Ffiles%2Foxford%2Fmedia_wysiwyg%2FUK%2520evaluation_PHE%2520Porton%2520Down%2520%2520University%2520of%2520Oxford_final.pdf&data=04%7C01%7CDaniel.McGonigle%40defra.gov.uk%7C0e872c41bcb84b8cbb5b08d88f8bf214%7C770a245002274c6290c74e38537f1102%7C1%7C1%7C637417179117116628%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=kosEZQkSSEHznUO1%2Bxdn4pYZcfDDiMb3WpHCpgMiw6U%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ox.ac.uk%2Fsites%2Ffiles%2Foxford%2Fmedia_wysiwyg%2FUK%2520evaluation_PHE%2520Porton%2520Down%2520%2520University%2520of%2520Oxford_final.pdf&data=04%7C01%7CDaniel.McGonigle%40defra.gov.uk%7C0e872c41bcb84b8cbb5b08d88f8bf214%7C770a245002274c6290c74e38537f1102%7C1%7C1%7C637417179117116628%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=kosEZQkSSEHznUO1%2Bxdn4pYZcfDDiMb3WpHCpgMiw6U%3D&reserved=0
https://doi.org/10.1016/S2666-5247(20)30172-5


Transmission in the Wider Environment Group 

Version: 02/12/2020      16 

 
concept for the wastewater surveillance of COVID-19 in the community. Science of the Total 
Environment 728: 138764  
25 Masaaki Kitajima, Warish Ahmed, Kyle Bibby, Annalaura Carducci, Charles P Gerba, Kerry A 

Hamilton, Eiji Haramoto, and Joan B Rose. 2020. SARS-CoV-2 in wastewater - state of the 

knowledge and research needs. Science of The Total Environment 739: 139076  
26 Leonardo Setti, Fabrizio Passarini, Gianluigi De Gennaro, Pierluigi Barbieri, Maria Grazia Perrone, 
Massimo Borelli, Jolanda Palmisani, Alessia Di Gilio, Valentina Torboli, Francesco Fontana, Libera 
Clemente, Alberto Pallavicini, Maurizio Ruscio, Prisco Piscitelli, and Alessandro Miani. 2020. SARS-
Cov-2RNA found on particulate matter of Bergamo in Northern Italy - first evidence. Environmental 
Research 188: 109754 
27 Zhou, J., Otter, J. A., Price, J. R., Cimpeanu, C., & Garcia, D. M. (2020). Investigating SARS-CoV-2 

surface and air contamination in an acute healthcare setting during. Emerging infectious diseases, 26. 
28 Ginny Moore, Helen Rickard, David Stevenson, Paz Aranega Bou, James Pitman, Ant Crook, 
Katherine Davies, Antony Spencer, Chris Burton, Linda Easterbrook,  Hannah E Love, Sian 
Summers, Stephen R Welch, Nadina Wand, Katy-Anne Thompson, Thomas Pottage, Kevin S 
Richards, Jake Dunning, and Allan Bennett. 2020. Detection of SARS-CoV-2 within the healthcare 
environment - a multicentre study conducted during the first wave of the COVID-19 outbreak in 
England. medRxiv 2020.09.24.20191411 
29 John A Lednicky, Michael Lauzardo, Z Hugh Fan, Antarpreet Jutla, Trevor B Tilly, Mayank 
Gangwar, Moiz Usmani, Sripriya Nannu Shankar, Karim Mohamed, Arantza Eiguren-Fernandez, 
Caroline J Stephenson, Md Mahbubul Alam, Maha A Elbadry, Julia C Loeb, Kuttichantran 
Subramaniam, Thomas B Waltzek, Kartikeya Cherabuddi, J Glenn Morris Jr, and Chang-Yu Wu. 
2020. Viable SARS-CoV-2 in the air of a hospital room with COVID-19 patients. International Journal 
of Infectious Diseases 100: 476-482 
30 Joshua L Santarpia, Danielle N Rivera, Vicki L Herrera, M Jane Morwitzer, Hannah M Creager, 
George W Santarpia, Kevin K Crown, David M Brett-Major, Elizabeth R Schnaubelt, M Jana 
Broadhurst, James V Lawler, St Patrick Reid, and John J Lowe. 2020. Aerosol and surface 
contamination of SARS-CoV-2 observed in quarantine and isolation care. Scientific Reports 10(1): 1-8 
31 Gormley M, Aspray TJ, Kelly DA, Rodriguez-Gil C. Pathogen cross-transmission via building 
sanitary plumbing systems in a full scale pilot test-rig. PLoS One. 2017;12(2). 
doi:10.1371/journal.pone.0171556 
32 Gormley M, Aspray TJ, Kelly DA. Aerosol and bioaerosol particle size and dynamics from defective 
sanitary plumbing systems. medRxiv. January 2020:2020.11.01.20223974. 
doi:10.1101/2020.11.01.20223974 
33 Joshua L Santarpia et al. 2020. Aerosol and surface contamination of SARS-CoV-2. 1-8 
34 John Lednicky et al. 2020. Viable SARS-CoV-2 in the air of a hospital room. Published correction 
appears in Scientific Reports 10(1): 13892  
35 J R Brown, J W Tang, L Pankhurst, N Klein, V Gant, K M Laif, J McCauley, and J Breuer. 2015. 
Influenza virus survival in aerosols and estimates of viable virus loss resulting from aerosolization and 
air-sampling. Journal of Hospital Infection 91(3): 278-81 
36 G.F. Piepel, B.G. Amidan, R. Hu. 2012. Laboratory studies on surface sampling of Bacillus 
anthracis contamination: summary, gaps and recommendations. J. Applied Microbiology. 113 (6) DOI: 
https://doi.org/10.1111/j.1365-2672.2012.05381.x 
37 Ceth W Parker, Nitin Singh, Scott Tighe, Adriana Blachowicz, Jason M Wood, Arman 
Seuylemezian, Parag Vaishampayan, Camilla Urbaniak, Ryan Hendrickson, Pheobe Laaguiby, Kevin 
Clark, Brian G Clement, Niamh B O'Hara, Mara Couto-Rodriguez, Daniela Bezdan, Christopher E 
Mason, and Kasthuri Venkateswaran. 2020. End-to-End protocol for the detection of SARS-CoV-2 
from built environments. Msystems 5(5); e00771  
38 Abigail P Harvey, Erica R Fuhrmeister, Molly Cantrell, Ana K Pitol, Jenna M Swarthout, Julie E 
Powers, Maya L Nadimpalli, Timothy R Julian, and Amy J Pickering. 2020. Longitudinal monitoring of 
SARS-CoV-2 RNA on high-touch surfaces in a community setting. medRxiv 2020.10.27.2022090 
doi: 10.1101/2020.10.27.20220905  
39 Kampf, Günter, Sebastian Lemmen, and Miranda Suchomel. "Ct values and infectivity of SARS-
CoV-2 on surfaces." The Lancet Infectious Diseases (2020). 
40 Julian TR, Tamayo FJ, Leckie JO, Boehm AB. (2011). Comparison of Surface Sampling Methods 
for Virus Recovery from Fomites.  Applied and Environmental Microbiology 77: 6918-6925 
41 Parker CW, Singh N, Tighe S, Blachowicz A, Wood JM, Seuylemezian A, Vaishampayan P, 
Urbaniak C, Hendrickson R, Laaguiby P, Clark K, Clement BG, O’Hara NB, Couto-Rodriguez M, 

 

https://www.sciencedirect.com/science/article/pii/S0048969720325936?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0048969720325936?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0048969720325936?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0048969720325936?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0048969720325936?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0048969720325936?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0048969720325936?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0048969720325936?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0048969720325936?via%3Dihub#!
https://www.sciencedirect.com/science/journal/00489697
https://sfamjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Piepel%2C+GF
https://sfamjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Amidan%2C+BG
https://sfamjournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Hu%2C+R
https://doi.org/10.1111/j.1365-2672.2012.05381.x
https://dx.doi.org/10.1101%2F2020.10.27.20220905


Transmission in the Wider Environment Group 

Version: 02/12/2020      17 

 
Bezdan D, Mason CE, Venkateswaran K. 2020. End-to-end protocol for the detection of SARS-CoV-2 
from built environments. mSystems 5:e00771-20. https://doi.org/10.1128/mSystems.00771-20 
42 International Commission on Microbiological Specifications for Foods (ICMSF). (2020). 
https://www.icmsf.org/wp-content/uploads/2020/09/ICMSF2020-Letterhead-COVID-19-opinion-final-
03-Sept-2020.BF_.pdf 
43 Takuya Yamagishi, Makoto Ohnishi, Nobuaki Matsunaga, Kensaku Kakimoto, Hajime Kamiya, 
Kiyoko Okamoto, Motoi Suzuki, Yoshiaki Gu, Mikiyo Sakaguchi, Taichi Tajima, Saho Takaya, Norio 
Ohmagari, Makoto Takeda, Shuyoku Matsuyama, Kazuya Shirato, Naganori Nao, Hideki Hasegawa, 
Tsutomu Kageyama, Ikuyo Takayama, Shinji Saito, Koji Wada, Retsu Fujita, Hiroki Saito, Keiji 
Okinaka, Mathew Griffith, Amy Elizabeth Parry, Brenda Barnetson, James Leonard, and Takaji 
Wakita. 2020. Environmental sampling for severe acute respiratory syndrome coronavirus 2 during a 
COVID-19 outbreak on the Diamond Princess cruise ship. The Journal of Infectious Diseases 222(7): 
1098-1102 
44 Parker CW, Singh N, Tighe S, Blachowicz A, Wood JM, Seuylemezian A, Vaishampayan P, 

Urbaniak C, Hendrickson R, Laaguiby P, Clark K, Clement BG, O’Hara NB, Couto-Rodriguez M, 
Bezdan D, Mason CE, Venkateswaran K. 2020. End-to-end protocol for the detection of SARS-CoV-2 
from built environments. mSystems 5:e00771-20. https://doi.org/10.1128/mSystems.00771-20 
45 https://www.gov.uk/government/publications/principles-of-understanding-of-transmission-routes-to-

inform-risk-assessment-and-mitigation-strategies-updated-14-may-2020  
46 Jones RM, Relative contributions of transmission routes for COVID-19 among healthcare personnel 

providing patient care, Journal of Occupational and Environmental Hygiene, 17(9) 408-415, 2020 
47 Wilson AM, Abney SE, King M-F, Weir MH, Lopez Garcia M, Sexton JD, Dancer SJ, Proctor J, 

Noakes CJ, Reynolds KA (2020) COVID-19 and non-traditional mask use: How do various materials 
compare in reducing the infection risk for mask wearers? Journal of Hospital Infection 105:640-642 
48 Watanabe T., Bartrand T.A., Weir M.H., Omura T., Haas C.N. Development of a dose–response 

model for SARS coronavirus. Risk Anal. 2010;30:1129–1138 
 

https://doi.org/10.1128/mSystems.00771-20
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.icmsf.org%2Fwp-content%2Fuploads%2F2020%2F09%2FICMSF2020-Letterhead-COVID-19-opinion-final-03-Sept-2020.BF_.pdf&data=04%7C01%7CDaniel.McGonigle%40defra.gov.uk%7C5a7c2e96867448924dbe08d88fc2ad8f%7C770a245002274c6290c74e38537f1102%7C1%7C1%7C637417414548093073%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=lTgTEZSEbGVsJWTSp6uAXfd6rlWTaehmI08xKpYExfo%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.icmsf.org%2Fwp-content%2Fuploads%2F2020%2F09%2FICMSF2020-Letterhead-COVID-19-opinion-final-03-Sept-2020.BF_.pdf&data=04%7C01%7CDaniel.McGonigle%40defra.gov.uk%7C5a7c2e96867448924dbe08d88fc2ad8f%7C770a245002274c6290c74e38537f1102%7C1%7C1%7C637417414548093073%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=lTgTEZSEbGVsJWTSp6uAXfd6rlWTaehmI08xKpYExfo%3D&reserved=0
https://doi.org/10.1128/mSystems.00771-20
https://www.gov.uk/government/publications/principles-of-understanding-of-transmission-routes-to-inform-risk-assessment-and-mitigation-strategies-updated-14-may-2020
https://www.gov.uk/government/publications/principles-of-understanding-of-transmission-routes-to-inform-risk-assessment-and-mitigation-strategies-updated-14-may-2020

	1 Introduction
	1.1 Objectives for environmental monitoring

	2 Monitoring and enumeration of SARS-CoV-2
	2.1 Steps in environmental monitoring
	2.2 Laboratory assays
	2.2.1 Molecular methods
	2.2.2 Cell culture


	3 Water
	3.1 Sample collection
	3.2 Sample transport, storage, handling and preparation
	3.3 Virus Concentration
	3.4 Laboratory assays
	3.5 Normalisation
	3.6 Interpretation and limitations

	4 Air
	4.1 Sample collection
	4.2 Interpretation and limitations

	5 Surfaces
	5.1 Sample collection
	5.2 Surface sampling of food
	5.3 Interpretation and limitations

	6 Using Environmental samples to assess risk
	7 Authors

