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EMG-Nervtag Update on Transmission and Environmental and Behavioural 

Mitigation Strategies, including in the context of Delta 

This paper considers the most recent evidence relating to transmission of SARS-CoV-2 and 

the implications for the effectiveness of environmental and behavioural mitigation strategies. 

The paper draws primarily on published evidence from epidemiological studies, animal 

studies, viral emission measurements and modelling studies. While there is still limited 

published evidence relating specifically to the Delta variant, the paper considers the 

implications of this more transmissible variant from the perspective of mitigation. 

While this paper focuses primarily on environmental and behavioural mitigations that can be 

applied in different settings these must continue to be applied alongside a range of other 

strategies including working from home; an effective programme of testing, tracing, and 

isolating; and vaccination. The environmental and behavioural strategies described in this 

paper act to reduce the risk of exposure within a setting, but do not change the probability of 

an infected person being present in a setting. In the context of Autumn 2021 these other 

strategies are predominately considered in other papers, and this paper should be read in 

conjunction with them [A, B].  

Executive summary 

Transmission can happen through close range exposure to aerosols and droplets, exposure 

to aerosols in air, and/or via contaminated surfaces (fomites). Inhalation at close range or in 

shared indoor air is a more likely route of transmission than via fomites, however all routes of 

transmission are possible and should be mitigated. A risk assessment approach that 

considers all activities and modes of transmission remains an important step in managing 

transmission for all variants (high confidence) 

Transmissibility and modes of transmission 

• The Delta variant is more transmissible than previously identified variants (high 
confidence).  

 
• Vaccination has been shown to be one of the most effective strategies in managing the 

pandemic, being highly effective at reducing the risk of severe disease and death and 

reducing transmission (high confidence). Compared to other variants that have circulated 

widely in UK, such as Alpha, Delta is less sensitive to inhibition by neutralising 

antibodies. Therefore, prior SARS-CoV-2 infection or vaccination provides less 

protection against infection with Delta than against previous virus variants (high 

confidence).   

 

• Fully vaccinated people who are infected with the Delta variant may have as high a viral 

load as those who are unvaccinated (high confidence) A vaccinated person who is 

infected may be as likely to transmit virus to others as an unvaccinated person (high 

confidence). Environmental and behavioural mitigations are therefore still needed to 

manage the Delta variant even in settings where there is high vaccine coverage. This 

should be considered in the context of any risk management strategy (high confidence). 

 

• The most commonly reported symptoms of Delta are still cough, fatigue and headache, 

but symptoms are more likely to be mild in vaccinated cases and may be harder to 
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distinguish from the common cold. This may increase the likelihood for onward 

transmission by undiagnosed vaccinated cases (medium confidence) 

 

• There is no evidence that the fundamental mechanisms of transmission are different with 

the Delta variant, however a higher viral load (for example as indicated by Ct values that 

reflect viral RNA levels in a sample) may mean that more virus is emitted by an 

infectious person and transmission can happen more readily (medium confidence). 

Modelling suggests that all modes of transmission remain important but the importance 

of different modes of transmission could change with a more infectious variant for certain 

scenarios. It may be the case that long range airborne transmission could happen more 

frequently and that the infection risk per unit time of exposure could be higher at both 

close range and in shared air (medium confidence). There is currently insufficient data to 

quantify this with any certainty for the Delta variant. 

 

• There is some evidence from studies of human SARS-CoV-2 viral emission rates, animal 

models and air sampling that there may be proportionally more virus within fine aerosols 

(<5 m) than larger aerosols for all virus variants (medium confidence). A small amount 

of data from human and animal models suggests some variants, including Alpha and 

Delta, may result in higher viral aerosol emissions (low confidence). These further add to 

the evidence base for the importance of aerosol transmission at both close range and 

long range (>2m), and the potential for aerosol transmission to be more important for 

more transmissible variants including Delta (medium confidence). 

 

• Measured viral emission levels for all variants increase significantly during talking and 

singing activities. This is consistent with previous studies that have measured aerosol 

particles (but not virus) and is also consistent with reports of large super-spreading 

events associated with talking, singing or aerobic activity (high confidence).  

 

• Some data from animal models suggests that the severity of infection could increase with 

higher exposure dose, and therefore mitigations that reduce exposure to the virus could 

reduce severity as well as overall transmission (low confidence) 

Environmental and Behavioural Mitigations 

• There is no strong evidence to suggest that fundamentally different mitigations are 

required against the Delta variant, but mitigations may be less effective against the Delta 

variant than previous variants (medium confidence). There is a small amount of evidence 

suggesting that large outbreaks of the Delta variant can happen in settings where some 

mitigations have been applied, but the level of mitigation that this entails is unclear. 

There is also evidence that some other countries (e.g. New Zealand, Vietnam, Japan) 

which have previously managed outbreaks well are finding the Delta variant more 

challenging to control using a level of mitigations that was effective with previous 

variants.1 

 

• It is important that consideration is always given to each route of exposure and each 

activity undertaken using mitigations selected which are appropriate for the specific 

circumstances and are based on a hierarchy of risk controls. The increased 

transmissibility of the Delta variant, and possibility for higher probability of airborne 

 
1 A clarification to wording has been made to this paragraph to reinforce that the level of mitigations applied 
and what this entails are unclear.  
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transmission, should be considered when any risk assessment is undertaken or 

reviewed. The risk assessment should also consider the individual and population risks, 

including particular risks or vulnerabilities in the population of people concerned (high 

confidence).  

 

• Maintaining an emphasis on applying measures consistently and effectively is 

particularly important given that we are heading into Autumn with high prevalence of 

infection and that changes in the weather and dark evenings mean people are more 

likely to mix indoors, in some cases with poor ventilation (medium confidence). 

 

• Tackling unmitigated or poorly mitigated settings is likely to give more benefit than 

applying more stringent environmental guidelines (e.g around ventilation rates) to those 

settings which have already applied good control measures (medium confidence).  

 

• Mitigations need to be applied together; enhancing one measure such as ventilation 

cannot fully compensate for the removal of other measures, especially if they address 

different transmission routes. There are no silver bullets. (high confidence).   

 

• Environmental and behavioural interventions that are likely to be most effective remain 

as previously indicated (in no particular order):  

o Ensuring good airflow by interacting outdoors and improving poor indoor 

ventilation can mitigate airborne transmission (high confidence). Strategies such 

as HEPA or UV-C based air cleaners may be beneficial particularly when it is not 

possible to provide sufficient indoor ventilation (medium confidence).  

o Maintaining a greater distance between people can mitigate direct exposure to 

aerosols and droplets at close range where they are more concentrated (high 

confidence). Consideration and avoidance of small spaces or close interactions 

remains important. It is likely to be beneficial to reiterate the importance of 

physical distancing even in settings where restrictions on numbers of people 

have been removed. 

o Promoting high levels of wearing face coverings or face masks can potentially 

reduce transmission through all transmission routes, especially via close range 

and long-range airborne transmission (high confidence). This is covered 

separately in the SAGE Plan B paper [A]. 

o Ensuring good hand and respiratory hygiene, limiting face touching and using 

face coverings are likely to reduce the small risks of fomite transmission. As 

transmission via surfaces is most likely to occur in a short time period following 

contamination, hand and respiratory hygiene is likely to be more effective than 

enhanced cleaning in most settings (medium confidence). 

 

• Effective mitigation requires individuals and organisations to understand the reasons that 

particular mitigations are being selected for specific activities and specific routes of 

exposure, clear guidance on what to do and when, and effective messaging and 

regulatory approaches to ensure mitigations are applied in line with agreed guidance 

(high confidence). 

 

Evidence summary 

Epidemiological evidence around Delta transmissibility and transmission 
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There is evidence that viral load is higher for Delta variant. An outbreak investigation in 

China (pre-print) involving 167 cases suggested viral loads were around 1000 times higher 

on the day when infections were detected[1], however it is possible that this was influenced 

by the investigation methodology. An analysis of results from 738 COVID-19 patients in 

France assessed relative viral load (VL) from CT values (for ORF1ab and N target genes) 

[2]. For the ORF1ab target gene, the Delta variant presented a VL ten times higher than the 

historical variants (median 7.83 log10 copies/ml). A two-fold difference was also observed 

between the Delta variant and the Alpha and Beta variants.  For the N gene, the Delta 

variant presented a 5-fold higher VL than the historical variants, and a 2.5-fold higher 

difference was observed in VL levels between the Delta variant and the Beta variant; the 

Alpha and Delta variants had similar VL. 

Although vaccination reduces the chance of infection with SARS-CoV-2, analysis has shown 

that people with Delta infections after two vaccine doses had similar peak viral loads to those 

in unvaccinated people[3], [4]; with the Alpha variant, peak viral loads in those infected post-

vaccination were much lower [3]. A recent household study also found similar peak viral 

loads between vaccinated and unvaccinated people, and those who were vaccinated and 

infected with the Delta variant were as likely to transmit virus to others in the household and 

can be an index case in an unvaccinated household. The secondary attack rate for full-

vaccinated contacts exposed to Delta was19.7% (95%CI:11.6-31.3%), compared with 35.7% 

(95%CI:16.4-61.2%) in the unvaccinated [5]. An outbreak in a prison where physical 

distance is challenging affected 74% of 233 prisoners, with a higher rate 39/42 (93%) among 

unvaccinated compared to vaccinated 129/185 (70%). The most severe cases were among 

the unvaccinated group [6]. 

Secondary attack rates with Delta in the week commencing 16th August 2021 amongst 

household contacts were estimated at 11.4% (95% CI: 11.2-11.6%) and non-household 

contacts at 4.9% (95% CI: 4.6%-5.2%) [7].  

Some superspreading outbreak reports with the Delta variant are reported with high 

secondary attack rates and despite mitigations being in place. An outbreak in a school in the 

US [8] reported transmission from a symptomatic teacher over 2 days to 50% of children in a 

class, with higher numbers in the front row nearest to the teacher. Six-foot distancing 

between desks and mask mandates were in place for pupils and teacher, but the teacher 

removed her mask to read out loud. The investigation reports that windows/doors were open 

and a HEPA air filter was present, but there is no data on effectiveness of these measures. It 

is also unclear how people interacted in the classroom. An outbreak in a hospital in Finland 

[9] reported symptomatic and asymptomatic infections among vaccinated HCW and 

secondary transmission. The study reports that droplet and contact precautions were 

applied, with surgical face masks and face shields used when caring for COVID-19 patients, 

and suggests that moving to FFP2 respirators when HCW were in close contact with a 

confirmed case was successful in controlling the outbreak2. However the level of application 

of measures such as surgical masks for undiagnosed cases is unclear and the nature of the 

testing regime may have contributed to the lack of detection of cases.3 A similar outbreak 

was reported at a hospital in Israel [10], where rapid nosocomial spread led to 42 cases. 

This occurred from one individual to 15 other patients, 9 staff and two family members, with 

then secondary spread likely from an infected healthcare worker to 9 further staff, 8 patients 

 
2 A clarification to wording in this sentence has been made to expand upon the ways in which droplet and 
contact precautions were applied. 
3 An additional sentence has been added to clarify that the level of application of measures is unclear and that 
the testing regime may have impacted detection. 
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and one family member. The attack rate among all exposed patients and staff was 10.6% for 

staff and 23.7 % for patients in a population with a 92.6% vaccination rate (Comirnaty 

vaccine). Several transmissions probably occurred between two individuals both wearing 

surgical masks, and in one instance using full PPE, including N-95 mask, face shield, gown 

and gloves.  

It is difficult to determine how representative these large outbreak cases are, or whether 

there is bias towards reporting more extreme outbreaks rather than smaller outbreaks. 

These three large reported outbreaks occurred when some (but not all) control measures 

had been applied, while many of the large outbreaks early in the pandemic highlighted the 

absence of control measures or poor adherence to control measures. This suggests that it 

may be harder to contain the Delta variant with environmental and behavioural control 

measures particularly if they are incomplete or there is reduced adherence to these 

measures, and such measures need to be applied with greater rigour and well 

communicated to the individuals who are required to use them.4  

In August 2021 58% of people testing positive for COVID-19 in the UK with a strong positive 

test reported symptoms, which has increased since March 2021 and is similar to levels seen 

in January and February 2021. This is potentially because of a higher average viral load in 

June and July 2021 compared with March 2021. Symptoms reported were more likely to be 

"classic" symptoms than gastrointestinal or loss of taste or smell only. The prevalence of 

“classic” and any symptoms was generally higher in June and July, and January and 

February, compared with March and April where prevalence was lower. This is consistent 

with higher average viral load in January, February, June and July 2020 [11]. The most 

commonly reported symptoms of Delta are still cough, fatigue and headache, but symptoms 

are more likely to be mild in vaccinated cases and may be harder to distinguish from the 

common cold. 

There is also evidence that there are differences in reinfection cases for Delta. Previously 

reinfections were milder, i.e. lower viral load (higher Ct values) and less likely to have 

symptoms [31]. Since Delta, this is no longer the case and there is no longer a significant 

difference between median (or IQR) Ct values between index positives and reinfections and 

no longer a difference in symptoms within 35 days of the first positive in the episode [32]. 

Recent evidence around mechanisms for SARS-CoV-2 transmission 

Virus in exhaled breath: Two recently published studies [12], [13] have measured viral RNA 

directly from human exhaled breath using an approach that can size fractionate into fine 

aerosols (<5 micron diameter), large aerosols (likely 5-20 micron diameter), and in one of 

the two studies fomite (aerosols/droplets that deposit out prior to sampling). Both studies 

show a higher proportion of viral RNA in fine aerosols than previously estimated.  

The first study from a group in Singapore [12] measured detectable levels of RNA in 13/22 

(59%) of PCR positive participants. Participants were measured during breathing, talking 

and singing. 6 participants emitted detectable levels during all activities, however 4 only 

emitted during singing or talking. Only 2 patients coughed; one emitted and the other didn’t 

have detectable RNA. Emission rates varied between 63 and 5821 RNA copies per activity 

per participant and very high person-person variation and an increase in emissions with 

talking and singing. Patients with detectable RNA were earlier in the course of illness (day 3 

vs 5), and the two highest emitters responsible for 52% of the total viral load measured 

across all participants were both sampled on day 3; this aligns with several other studies that 

 
4 Clarifications to wording have been made in this paragraph to reflect the certainty of the measures impact.  
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indicate that a small number of people are likely to be responsible for a large proportion of 

infections. Fine aerosols comprised 85% of the total viral load detected, which is a higher 

proportion than would be expected if the virus was evenly distributed by volume in 

respiratory emissions. However it is possible that the relative fraction of virus in different size 

distributions is influenced by the sampling techniques and recovery efficiency at different 

sizes. Talking and singing significantly increased viral emissions compared to breathing 

alone, as shown in Table 1 below. 16/22 participants were infected with a Variant of Concern 

(1 Delta), but there were insufficient numbers for each variant to determine whether there 

were differences in viral shedding. 

 Table 1:  Median viral RNA loads reproduced from Coleman et al 2021 indicating 

variation in emissions with activity

 

A second study [13] using the same method of measuring viral emissions recruited 61 PCR 

positive people, 49 of whom were known seronegative. The majority of participants were 

infected with the original variants, however 4 participants had the Alpha variant (none were 

infected with Delta). Viral RNA was detected in 45% of fine (≤5 µm), 31% of coarse (>5 µm) 

aerosols, and 65% of fomite samples overall including in all samples from four Alpha-variant 

cases. Participants spoke or sung and wore either a surgical mask or their own mask/face 

covering and these reduced fine aerosol by 48% (95% confidence interval [CI], 3 to 72%) 

and coarse by 77% (95% CI, 51 to 89%). Participants with the Alpha variant had significantly 

higher viral emissions compared to earlier B1.1 like strains. Virus was cultured from fine 

aerosol from 2/141 of the samples (one Alpha, one Nextstrain clade 20G), both of which 

were samples from participants who were wearing masks at the time; all coarse aerosol and 

fomite samples were culture negative. Subjects were typically several days after symptom 

onset and hence the most contagious period is unlikely to have been measured. 

Animal models:  Two recent hamster studies show very efficient airborne transmission. A 

pre-print study with the Alpha variant and lineage A variant [14] shows 8/8 transmission (4 

for each variant) at a distance of 2m between cages after 24 hour exposure. Particle 

measurement prior to the study to verify aerosol behaviour shows that at 2m only those 

particles <5 m diameter traversed between cages (>95% of 5-10 m particles did not 

traverse and no particles >10 m were found in the sentinel cage). With just a 1 hour 

exposure the study shows Alpha (3/4 cases) outcompeting the lineage A variant (2/4 cases) 

suggesting lower infectious dose. A second study suggests that hamsters are susceptible 

through intranasal (8 x 104 TCID50), fomite (8 x 104 TCID50) and aerosol (1.5 x 103 TCID50) 

exposure, with intranasal and aerosol inoculation associated with more severe illness and 

earlier onset of viral shedding than fomite exposure [15].  

A non-human primate study [16] with animals exposed by aerosol also suggests a 

relationship between infectious dose and disease severity. The median dose for 

seroconversion (52 TCID50 (95% CI: 23–363 TCID50)) and was significantly lower than the 
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median dose for fever (256 TCID50, 95% CI: 102–603 TCID50). Virus was detected by 

swabs in a subset of the group of animals who didn’t develop clinical signs of disease 

suggesting that asymptomatic infections could potentially be infectious. The authors highlight 

those measures which reduce the received exposure dose could minimise the severity of 

disease in humans.  

Virus in the environment: A number of further studies have measured viral RNA in the 

environment, usually on surfaces. A systematic review of contamination in workplaces 

suggests higher detectable air contamination is associated with surface contamination, 

suggesting a link to deposition [17]. A study on banknotes suggests that transmission via 

contact with cash is unlikely as it would require very high viral loads and events to happen in 

the right sequence [18]. Further study of viral stability on surfaces confirms earlier findings 

that viral RNA is most stable on non-porous surfaces [19]. Although RNA can be detected on 

surfaces for up to 3 weeks, the expected levels of viable SARS-CoV-2 surface contamination 

from the Ct values obtained from environmental sampling data would lead to undetectable 

levels within short periods of time (i.e. two days) and hence presence of RNA on surfaces is 

more likely to be a marker of past contamination rather than an indicator of viable virus even 

at low CT threshold values. The spatial variation in surface contamination may make it very 

difficult to detect the highest levels of contamination. Another study showed no significant 

differences in surfaces stability between variants (Alpha, beta and England) [20]. An 

unpublished study by the same group (UKHSA) has shown no difference in the surface 

stability of the Delta variant at room temperature 

Two recent studies have sampled air in the vicinity of infected people, both using size 

fractionation. A study in a healthcare setting detected SARS-CoV-2 RNA (original variant) in 

all samples and successfully cultured virus from three sub-micron aerosol samples [21]. A 

study of two volunteers in residential settings indicated a CT value of 38 for one participant 

indicating a very low amount of airborne virus, but air and surface (mobile phone) samples 

for the other participant had much lower CT values indicating active shedding. Culture of 

virus was unsuccessful [22], however a small number of previous studies have detected 

viable virus on surfaces. 

A small number of new studies provide further evidence that aerosol transmission between 

two spaces can occur. This includes room-to-room transmission in a quarantine hotel that 

was likely due to continuous flow between the room of the index case and secondary case 

due to ventilation pressure differences [C] and a study that shows vertical transmission 

between two apartments in a high-rise block that was associated to drainage stacks [23].  

Recent evidence on mitigations  

A substantial amount of information on the principles behind different mitigation strategies 

has been set out in previous papers including:  

• Ventilation [D], air cleaning [E], and CO2 monitoring [F] 

• Screens and barriers [G] 

• Physical distancing and face coverings [H] 

An updated paper on the use of face coverings, including some context around the Delta 

variant is also covered in a companion paper [A].  

Here we focus on new evidence relating to the effectiveness of mitigations and evidence 

relating to application of mitigation measures applied in combination.  As highlighted above, 

there is some evidence that transmission happens at scale for the Delta variant even when 

mitigations appear to have been applied. There is no quantitative analysis of the quality of 
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the mitigations and how well they were implemented in these studies, but they provide some 

indication that the Delta variant may be harder to mitigate.  

A number of studies provide new evidence to support the importance of enabling effective 

ventilation strategies, including the use of air cleaning devices to boost the effective 

ventilation in a room; none of these focus on the Delta variant. A recent small-scale study 

(pre-print) [24] suggests that the application of portable air filtration devices in a repurposed 

COVID ward and surge ITU (both relatively poorly ventilated) were effective at reducing the 

concentration of SARS-CoV-2 viral RNA in the air as well as reducing the concentration of 

other microbial bioaerosols in the air. The study does not relate the reduction in airborne 

contamination to any changes in infection risk, as this requires a significantly larger and 

longer study. However, it provides evidence that air filtration devices may be effective at 

reducing airborne viral concentrations. A NIOSH led study [25] using surrogate particles also 

suggests that the use of portable filtration devices can be very effective at reducing exposure 

to experimentally simulated aerosol emissions. Modelling and mechanistic studies suggest 

ventilation and air cleaning interventions are likely to be effective, with combined 

interventions using ventilation and masks together most beneficial [26], [27]. While it is hard 

to determine the real-world effectiveness of many of these interventions, these modelling 

and mechanistic studies give further support to the use of these strategies, particularly in 

poorly ventilated spaces. 

A small number of studies provide further evidence that transmission may be influenced by 

temperature and humidity. A study analysing the first wave of the outbreak in Buenos Aires 

identified that cases increased as relative humidity decreased, with a lag of around 9 days 

between the meteorological observation and the positive case reports [28]. A study from the 

US show that while population mitigation strategies such as lockdown and restricted mobility 

have the greatest impact on transmission rates, lower temperatures and higher population 

densities are correlated with increased transmission[29]. An analysis of outbreaks in meat 

processing plants in Germany [30] found an association between lower ventilation, lower 

temperature and reduced physical distance and the odds of testing positive for COVID-19. 

While these studies are not fully conclusive, they further add to evidence that lower 

temperature and lower humidity conditions, as experienced during winter months, may 

increase transmission risks.  
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