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Mini-conference “Plasma-based applications to 
ameliorate COVID-19”otivation
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• November 12: TM13 8 talks; VM09 8 talks

• DPP press release is online : Plasma-Based Technology to Fight COVID-19

• Discussed

• various plasma devices for disinfection
• immunological mechanisms of the variability of the antibody responses 
• detecting SARS-CoV-2 in droplets by mass spectrometry and lasers 
• fluid dynamic science associated with contamination and decontamination 
• modeling of SARS-CoV-2 transmission
• UV light disinfection of air and water.

Presenter
Presentation Notes
Here is outline of this talk. I will start from a brief introduction of the project and then focus on the project accomplishments and major scientific results. I will tell you about  unique diagnostics of plasma and nanoparticles which we developed and successfully applied in real synthesis by arc discharge. Then, I will focus on major scientific results. I structured this talk so that it will go through all seven key science questions, which were posed in the proposal and addressed by the project. Finally, I will share with you our ideas for proposal renewal.

https://www.aps.org/newsroom/vpr/dpp/2020/11-09-2020-06.cfm


Take-away message
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• The antibody responses vary and may not be effective

• Infection transmission occurs from presymptomatic and asymptomatic for few 
days up to week.

• Nose breathing is much safer than mouth breathing, because Covid-19 has two 
very different forms: upper respiratory and low respiratory. 

• Breathing and speech produces a lot of particles.

• Small droplets stay for very long time and move with air flow => ventilation 
design is most important factor.

• No safe distance indoors as droplets accumulate.

• UV light disinfection of air and water is the most effective
• 254nm standard lamps are cheap but require (simple) safety protocol
• New 222nm lamps are much safer because they can be used with people in the room 
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• Split system air-conditioning –recirculation in 
space may be a factor

• No ventilation air supply
• Four exhaust fans, none running
• Measured ventilation rate ~0.75 –1 L/s-pers
• No close contact observed on video
• Conclusion: “aerosol transmission of SARS-

CoV-2 due to poor ventilation may explain 
the community spread of COVID-19. “ Li et al. 2020 https://doi.org/10.1101/2020.04.16.20067728doi: medRxiv preprint 



Motivation
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• How many people allowed in a room, train car, lecture hall, prison? See, 
e.g. CDC Reduces Consecutive Minutes Of COVID-19

• Is there a scientific answer?

• Answer should be somewhat quantifiable and depend on how many 
viruses from a potentially infected person can transmit to a healthy 
person above infection dose => need to look at 

• Infection Transmission, Ventilation, Disinfection

https://www.npr.org/sections/coronavirus-live-updates/2020/10/21/926365995/cdc-reduces-consecutive-minutes-of-covid-19-exposure-needed-to-be-a-close-contac


APS Physics COVID Research and Resources Group
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What we know and don’t know about the role of droplets and aerosol in transmission 
of SARS-CoV-2
Speaker: Adriaan Bax, NIH

What we know and don’t know about SARS-CoV-2: origins and evolution
Speaker: Raul Rabadan

Epidemiology of COVID-19: Implications for Control
Speaker: Marc Lipsitch

https://engage.aps.org/events/event-description?CalendarEventKey=e0e98139-c04c-4f18-9162-502b38fa8737&CommunityKey=f6e05446-ccb9-44e2-959f-4b20034f0fa5&Home=%2fcommunities%2fcommunity-home%2frecent-community-events
https://engage.aps.org/events/event-description?CalendarEventKey=0bccb248-7cc3-4989-8e0f-22d311875468&CommunityKey=f6e05446-ccb9-44e2-959f-4b20034f0fa5&Home=%2fcommunities%2fcommunity-home%2frecent-community-events
https://engage.aps.org/events/event-description?CalendarEventKey=da8b73a4-ca37-4f0e-a65d-e4b0ccf96f5c&CommunityKey=f6e05446-ccb9-44e2-959f-4b20034f0fa5&Home=%2fcommunities%2fcommunity-home%2frecent-community-events


The National Academies COVID-19 Responses and Resources 
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https://www.nationalacademies.org/topics/covid-19-resources

Presenter
Presentation Notes
Here is outline of this talk. I will start from a brief introduction of the project and then focus on the project accomplishments and major scientific results. I will tell you about  unique diagnostics of plasma and nanoparticles which we developed and successfully applied in real synthesis by arc discharge. Then, I will focus on major scientific results. I structured this talk so that it will go through all seven key science questions, which were posed in the proposal and addressed by the project. Finally, I will share with you our ideas for proposal renewal.
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Economist 
November 9 

Presenter
Presentation Notes
�https://www.economist.com/graphic-detail/2020/11/07/a-minority-of-people-with-covid-19-account-for-the-bulk-of-transmissionalso attached pdf.��Power of inequality�A minority of people with covid-19 account for the bulk of transmissionIn two Indian states 10% of people caused 60% of subsequent infectionsGraphic detailNov 7th 2020 editionNOV 7TH 2020Vilfredo pareto, a 19th-century economist, famously observed in 1896 that 20% of the people in Italy held 80% of the wealth. Pareto’s law has been found to apply to countless social and natural phenomena. Covid-19 is no exception. Just as economists use the Gini coefficient to measure income inequality, epidemiologists use a dispersion parameter, k, to measure the spread of infections caused by infectious individuals. When k is zero one individual causes all subsequent infections; as it rises so do the number of infectors.While many people worry about the reproduction number, r0—the average number of infections caused by an infectious individual—experts think the dispersion figure matters, too. Research published recently in Science attempts to estimate it more accurately. The paper, by Ramanan Laxminarayan of Princeton University and eight co-authors, gleaned information from test and tracing in two Indian states. The academics used data from 84,965 infected individuals and 575,071 of their known contacts—all of whom were subsequently tested for covid-19.The study finds that covid-19 transmission is highly concentrated. Of all the contacts traced, 7.5% subsequently tested positive for covid-19 (assumed to be caused by exposure to the infected person identified). Yet the academics find that these infections stem from a minority of originally infectious individuals. Fully 71% of infected people did not transmit the virus on. Most new transmissions were from a few “super-spreaders": about 10% of the people caused 60% of new infections, giving covid to three other people, on average.The k-factor does however depend on how people interact. Early on, studies found a k close to zero, as a few highly contagious individuals had ample opportunity to spread the disease. As social distancing is enacted to curb outbreaks, the dispersion parameter tends to increase. This new study, in line with others from Hong Kong and China, finds that k among all 85,000 infectors is around 0.5.The authors’ treasure trove of data gives clues to how those infections happen. Risk of infection is greatest in private homes and among similarly aged people. That is corroborated by evidence from 1,600 covid-19 “super-spreading" events. Such transmission occurs most often in large buildings, while just three documented events have taken place outdoors. ■Sources: “Epidemiology and transmission dynamics of covid-19 in two Indian states”, by R. Laxminarayan et al., Science, 2020; Koen SwinkelsThis article appeared in the Graphic detail section of the print edition under the headline "Power of inequality"



Epidemiology and transmission dynamics of covid-19 in two Indian 
states”, by R. Laxminarayan et al., Science, 2020
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�https://www.economist.com/graphic-detail/2020/11/07/a-minority-of-people-with-covid-19-account-for-the-bulk-of-transmissionalso attached pdf.��Power of inequality�A minority of people with covid-19 account for the bulk of transmissionIn two Indian states 10% of people caused 60% of subsequent infectionsGraphic detailNov 7th 2020 editionNOV 7TH 2020Vilfredo pareto, a 19th-century economist, famously observed in 1896 that 20% of the people in Italy held 80% of the wealth. Pareto’s law has been found to apply to countless social and natural phenomena. Covid-19 is no exception. Just as economists use the Gini coefficient to measure income inequality, epidemiologists use a dispersion parameter, k, to measure the spread of infections caused by infectious individuals. When k is zero one individual causes all subsequent infections; as it rises so do the number of infectors.While many people worry about the reproduction number, r0—the average number of infections caused by an infectious individual—experts think the dispersion figure matters, too. Research published recently in Science attempts to estimate it more accurately. The paper, by Ramanan Laxminarayan of Princeton University and eight co-authors, gleaned information from test and tracing in two Indian states. The academics used data from 84,965 infected individuals and 575,071 of their known contacts—all of whom were subsequently tested for covid-19.The study finds that covid-19 transmission is highly concentrated. Of all the contacts traced, 7.5% subsequently tested positive for covid-19 (assumed to be caused by exposure to the infected person identified). Yet the academics find that these infections stem from a minority of originally infectious individuals. Fully 71% of infected people did not transmit the virus on. Most new transmissions were from a few “super-spreaders": about 10% of the people caused 60% of new infections, giving covid to three other people, on average.The k-factor does however depend on how people interact. Early on, studies found a k close to zero, as a few highly contagious individuals had ample opportunity to spread the disease. As social distancing is enacted to curb outbreaks, the dispersion parameter tends to increase. This new study, in line with others from Hong Kong and China, finds that k among all 85,000 infectors is around 0.5.The authors’ treasure trove of data gives clues to how those infections happen. Risk of infection is greatest in private homes and among similarly aged people. That is corroborated by evidence from 1,600 covid-19 “super-spreading" events. Such transmission occurs most often in large buildings, while just three documented events have taken place outdoors. ■Sources: “Epidemiology and transmission dynamics of covid-19 in two Indian states”, by R. Laxminarayan et al., Science, 2020; Koen SwinkelsThis article appeared in the Graphic detail section of the print edition under the headline "Power of inequality"
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Proportion of contacts with a 
positive test result stratified by case 
and contact age. Contour plots 
indicate the proportion of exposed 
contacts with a positive test result 
by case and contact age for all 
contacts. 

Presenter
Presentation Notes
Positive test results among tested, exposed contacts are interpreted as evidence of probable transmission from the index case. Also plotted are the age distributions of index cases for all infected contacts and for infected high-risk contacts. �https://www.economist.com/graphic-detail/2020/11/07/a-minority-of-people-with-covid-19-account-for-the-bulk-of-transmissionalso attached pdf.��Power of inequality�A minority of people with covid-19 account for the bulk of transmissionIn two Indian states 10% of people caused 60% of subsequent infectionsGraphic detailNov 7th 2020 editionNOV 7TH 2020Vilfredo pareto, a 19th-century economist, famously observed in 1896 that 20% of the people in Italy held 80% of the wealth. Pareto’s law has been found to apply to countless social and natural phenomena. Covid-19 is no exception. Just as economists use the Gini coefficient to measure income inequality, epidemiologists use a dispersion parameter, k, to measure the spread of infections caused by infectious individuals. When k is zero one individual causes all subsequent infections; as it rises so do the number of infectors.While many people worry about the reproduction number, r0—the average number of infections caused by an infectious individual—experts think the dispersion figure matters, too. Research published recently in Science attempts to estimate it more accurately. The paper, by Ramanan Laxminarayan of Princeton University and eight co-authors, gleaned information from test and tracing in two Indian states. The academics used data from 84,965 infected individuals and 575,071 of their known contacts—all of whom were subsequently tested for covid-19.The study finds that covid-19 transmission is highly concentrated. Of all the contacts traced, 7.5% subsequently tested positive for covid-19 (assumed to be caused by exposure to the infected person identified). Yet the academics find that these infections stem from a minority of originally infectious individuals. Fully 71% of infected people did not transmit the virus on. Most new transmissions were from a few “super-spreaders": about 10% of the people caused 60% of new infections, giving covid to three other people, on average.The k-factor does however depend on how people interact. Early on, studies found a k close to zero, as a few highly contagious individuals had ample opportunity to spread the disease. As social distancing is enacted to curb outbreaks, the dispersion parameter tends to increase. This new study, in line with others from Hong Kong and China, finds that k among all 85,000 infectors is around 0.5.The authors’ treasure trove of data gives clues to how those infections happen. Risk of infection is greatest in private homes and among similarly aged people. That is corroborated by evidence from 1,600 covid-19 “super-spreading" events. Such transmission occurs most often in large buildings, while just three documented events have taken place outdoors. ■Sources: “Epidemiology and transmission dynamics of covid-19 in two Indian states”, by R. Laxminarayan et al., Science, 2020; Koen SwinkelsThis article appeared in the Graphic detail section of the print edition under the headline "Power of inequality"
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Presentation Notes
Positive test results among tested, exposed contacts are interpreted as evidence of probable transmission from the index case. Also plotted are the age distributions of index cases for all infected contacts and for infected high-risk contacts. �https://www.economist.com/graphic-detail/2020/11/07/a-minority-of-people-with-covid-19-account-for-the-bulk-of-transmissionalso attached pdf.��Power of inequality�A minority of people with covid-19 account for the bulk of transmissionIn two Indian states 10% of people caused 60% of subsequent infectionsGraphic detailNov 7th 2020 editionNOV 7TH 2020Vilfredo pareto, a 19th-century economist, famously observed in 1896 that 20% of the people in Italy held 80% of the wealth. Pareto’s law has been found to apply to countless social and natural phenomena. Covid-19 is no exception. Just as economists use the Gini coefficient to measure income inequality, epidemiologists use a dispersion parameter, k, to measure the spread of infections caused by infectious individuals. When k is zero one individual causes all subsequent infections; as it rises so do the number of infectors.While many people worry about the reproduction number, r0—the average number of infections caused by an infectious individual—experts think the dispersion figure matters, too. Research published recently in Science attempts to estimate it more accurately. The paper, by Ramanan Laxminarayan of Princeton University and eight co-authors, gleaned information from test and tracing in two Indian states. The academics used data from 84,965 infected individuals and 575,071 of their known contacts—all of whom were subsequently tested for covid-19.The study finds that covid-19 transmission is highly concentrated. Of all the contacts traced, 7.5% subsequently tested positive for covid-19 (assumed to be caused by exposure to the infected person identified). Yet the academics find that these infections stem from a minority of originally infectious individuals. Fully 71% of infected people did not transmit the virus on. Most new transmissions were from a few “super-spreaders": about 10% of the people caused 60% of new infections, giving covid to three other people, on average.The k-factor does however depend on how people interact. Early on, studies found a k close to zero, as a few highly contagious individuals had ample opportunity to spread the disease. As social distancing is enacted to curb outbreaks, the dispersion parameter tends to increase. This new study, in line with others from Hong Kong and China, finds that k among all 85,000 infectors is around 0.5.The authors’ treasure trove of data gives clues to how those infections happen. Risk of infection is greatest in private homes and among similarly aged people. That is corroborated by evidence from 1,600 covid-19 “super-spreading" events. Such transmission occurs most often in large buildings, while just three documented events have taken place outdoors. ■Sources: “Epidemiology and transmission dynamics of covid-19 in two Indian states”, by R. Laxminarayan et al., Science, 2020; Koen SwinkelsThis article appeared in the Graphic detail section of the print edition under the headline "Power of inequality"
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Virological assessment of hospitalized patients with COVID-2019
Roman Wölfel, et al., Nature 581, 465–469 (2020) 901k Accesses 1102 Citations

Viral load: peak concentrations were reached before day 5, more 5 × 108 copies per swab. 
This suggests active virus replication in tissues of the upper respiratory tract. 
SARS-CoV in sputum at 1.2–2.8 × 106 copies per ml. 
The shedding of infectious virus in sputum continued throughout the first week of 
symptoms. Later in the disease, COVID-19 resembles SARS in terms of replication in the 
lower respiratory tract. Of note, the two patients who showed some symptoms of the lungs 
being affected showed a prolonged viral load in sputum. The combination of very high 
concentrations of virus RNA and the occasional detection of cells in stools that contain 
subgenomic mRNA indicate active replication in the gastrointestinal tract. Our results 
suggest that measures to contain viral spread should aim at droplet-, rather than fomite-, 
based transmission.
The prolonged viral shedding in sputum is relevant not only for the control of infections in 
hospitals, but also for discharge management. 

Presenter
Presentation Notes
The clinical courses in the patients under study—all of whom were young- to middle-aged professionals without notable underlying disease—were mild. Apart from one patient, all cases were first tested when symptoms were still mild or in the prodromal stage (a period in which most patients would present once there is general awareness of a circulating pandemic disease5). Diagnostic testing suggests that simple throat swabs will provide sufficient sensitivity at this stage of infection. This is in stark contrast to SARS; for instance, only 38 of 98 nasal or nasopharyngeal swab samples tested positive by RT–PCR in patients with SARS in Hong Kong15. Viral load also differs considerably between SARS and COVID-19. For SARS, it took 7 to 10 days after the onset of symptoms until peak RNA concentrations (of up to 5 × 105 copies per swab) were reached13,14. In the present study, peak concentrations were reached before day 5, and were more than 1,000 times higher. Successful isolation of live virus from throat swabs is another notable difference between COVID-19 and SARS, for which such isolation was rarely successful16,17,18. This suggests active virus replication in tissues of the upper respiratory tract, where SARS-CoV is not thought to replicate in spite of detectable ACE2 expression19,20. At the same time, the concurrent use of ACE2 as a receptor by SARS-CoV and SARS-CoV-2 corresponds to a highly similar excretion kinetic in sputum, with active replication in the lung. SARS-CoV was previously found13 in sputum at mean concentrations of 1.2–2.8 × 106 copies per ml, which corresponds to observations made here.Whereas proof of replication by histopathology is awaited, extended tissue tropism of SARS-CoV-2 with replication in the throat is strongly supported by our studies of cells that transcribe subgenomic mRNA in throat swab samples, particularly during the first 5 days of symptoms. Notable additional evidence for independent replication in the throat is provided by sequence findings in one patient, who consistently showed a distinct virus in the throat as opposed to the lung. In addition, the disturbance of gustatory and olfactory senses points at an infection of the tissues of the upper respiratory tract.Critically, the majority of patients in the present study seemed to be beyond their shedding peak in samples from the upper respiratory tract when they were first tested, whereas the shedding of infectious virus in sputum continued throughout the first week of symptoms. Together, these findings suggest a more efficient transmission of SARS-CoV-2 than SARS-CoV, through active pharyngeal viral shedding at a time at which symptoms are still mild and typical of infections of the upper respiratory tract. Later in the disease, COVID-19 resembles SARS in terms of replication in the lower respiratory tract. Of note, the two patients who showed some symptoms of the lungs being affected showed a prolonged viral load in sputum. Our study is limited, in that no severe cases were observed. Future studies that include severe cases should look at the prognostic value of an increase of viral load beyond the end of week 1, potentially indicating an aggravation of symptoms.One of the most interesting hypotheses to explain the potential extension of tropism to the throat is the presence of a polybasic furin-type cleavage site at the S1–S2 junction in the SARS-CoV-2 spike protein that is not present in SARS-CoV17. The insertion of a polybasic cleavage site in the S1–S2 region in SARS-CoV has previously been shown to lead to a moderate, but discernible, gain-of-fusion activity that might result in increased viral entry in tissues with a low density of ACE2 expression21.The combination of very high concentrations of virus RNA and the occasional detection of cells in stools that contain subgenomic mRNA indicate active replication in the gastrointestinal tract. Active replication is also suggested by a much higher detection rate compared to the Middle East respiratory system coronavirus (MERS-CoV), for which stool-associated RNA was found in only 14.6% of samples from 37 patients hospitalized in Riyadh (Saudi Arabia)22,23. If SARS-CoV-2 was only passively present in the stool (such as after swallowing respiratory secretions), similar detection rates as for MERS-CoV would be expected. Replication in the gastrointestinal tract is also supported by analogy with SARS-CoV, which was regularly excreted in stool (from which it could be isolated in cell culture24). Our failure to isolate live SARS-CoV-2 from stools may be due to the mild courses of cases, with only one case showing intermittent diarrhoea. In China, diarrhoea was seen in only 2 of 99 cases25. Further studies should therefore address whether SARS-CoV-2 shed in stools is rendered noninfectious though contact with the gut environment. Our initial results suggest that measures to contain viral spread should aim at droplet-, rather than fomite-, based transmission.The prolonged viral shedding in sputum is relevant not only for the control of infections in hospitals, but also for discharge management. In a situation characterized by a limited capacity of hospital beds in infectious disease wards, there is pressure for early discharge after treatment. On the basis of the present findings, early discharge with ensuing home isolation could be chosen for patients who are beyond day 10 of symptoms and have less than 100,000 viral RNA copies per ml of sputum. Both criteria predict that there is little residual risk of infectivity, on the basis of cell culture.The serological courses of all patients suggest a timing of seroconversion similar to, or slightly earlier than, in SARS-CoV infection18. Seroconversion in most cases of SARS occurred during the second week of symptoms. As in SARS and MERS, IgM was not detected considerably earlier than IgG in immunofluorescence; this might in part be due to technical reasons, as the higher avidity of IgG antibodies outcompetes IgM for viral epitopes in the assay. IgG depletion can only partially alleviate this effect. Because immunofluorescence assay is a labour-intensive method, enzyme-linked immunosorbent assay tests should be developed as a screening test. Neutralization testing is necessary to rule out cross-reactive antibodies directed against endemic human coronaviruses. On the basis of the frequently low neutralizing antibody titres observed in coronavirus infection26,27, we have here developed a particularly sensitive plaque-reduction neutralization assay. Considering the titres we observed, a simpler microneutralization test format is likely to provide sufficient sensitivity in routine application and population studies.When aligned to viral load courses, it seems there is no abrupt virus elimination at the time of seroconversion. Rather, seroconversion early in week 2 coincides with a slow but steady decline of viral load in sputum. Whether properties such as the glycosylation pattern at critical sites of the glycoprotein have a role in the attenuation of the neutralizing antibody response needs further clarification. In any case, vaccine approaches targeting mainly the induction of antibody responses should aim to induce particularly strong antibody responses to be effective.
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Basic Facts from Adriaan Bax’s talk (1/2) 
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Infection transmission occurs from presymptomatic and 
asymptomatic for few days up to week.
Nose breathing is much safer than mouth breathing, because 
Covid-19 has two very different forms upper respiratory and low 
respiratory. 
Breathing and speech produces a lot of particles.
Small droplets stay for very long time and move with air.
No safe distance indoors as droplets accumulate.
Probability of virus entering host cell is low 10-4-10-5 hence 
minimum infectious dose ~ 105

Presenter
Presentation Notes
The clinical courses in the patients under study—all of whom were young- to middle-aged professionals without notable underlying disease—were mild. Apart from one patient, all cases were first tested when symptoms were still mild or in the prodromal stage (a period in which most patients would present once there is general awareness of a circulating pandemic disease5). Diagnostic testing suggests that simple throat swabs will provide sufficient sensitivity at this stage of infection. This is in stark contrast to SARS; for instance, only 38 of 98 nasal or nasopharyngeal swab samples tested positive by RT–PCR in patients with SARS in Hong Kong15. Viral load also differs considerably between SARS and COVID-19. For SARS, it took 7 to 10 days after the onset of symptoms until peak RNA concentrations (of up to 5 × 105 copies per swab) were reached13,14. In the present study, peak concentrations were reached before day 5, and were more than 1,000 times higher. Successful isolation of live virus from throat swabs is another notable difference between COVID-19 and SARS, for which such isolation was rarely successful16,17,18. This suggests active virus replication in tissues of the upper respiratory tract, where SARS-CoV is not thought to replicate in spite of detectable ACE2 expression19,20. At the same time, the concurrent use of ACE2 as a receptor by SARS-CoV and SARS-CoV-2 corresponds to a highly similar excretion kinetic in sputum, with active replication in the lung. SARS-CoV was previously found13 in sputum at mean concentrations of 1.2–2.8 × 106 copies per ml, which corresponds to observations made here.Whereas proof of replication by histopathology is awaited, extended tissue tropism of SARS-CoV-2 with replication in the throat is strongly supported by our studies of cells that transcribe subgenomic mRNA in throat swab samples, particularly during the first 5 days of symptoms. Notable additional evidence for independent replication in the throat is provided by sequence findings in one patient, who consistently showed a distinct virus in the throat as opposed to the lung. In addition, the disturbance of gustatory and olfactory senses points at an infection of the tissues of the upper respiratory tract.Critically, the majority of patients in the present study seemed to be beyond their shedding peak in samples from the upper respiratory tract when they were first tested, whereas the shedding of infectious virus in sputum continued throughout the first week of symptoms. Together, these findings suggest a more efficient transmission of SARS-CoV-2 than SARS-CoV, through active pharyngeal viral shedding at a time at which symptoms are still mild and typical of infections of the upper respiratory tract. Later in the disease, COVID-19 resembles SARS in terms of replication in the lower respiratory tract. Of note, the two patients who showed some symptoms of the lungs being affected showed a prolonged viral load in sputum. Our study is limited, in that no severe cases were observed. Future studies that include severe cases should look at the prognostic value of an increase of viral load beyond the end of week 1, potentially indicating an aggravation of symptoms.One of the most interesting hypotheses to explain the potential extension of tropism to the throat is the presence of a polybasic furin-type cleavage site at the S1–S2 junction in the SARS-CoV-2 spike protein that is not present in SARS-CoV17. The insertion of a polybasic cleavage site in the S1–S2 region in SARS-CoV has previously been shown to lead to a moderate, but discernible, gain-of-fusion activity that might result in increased viral entry in tissues with a low density of ACE2 expression21.The combination of very high concentrations of virus RNA and the occasional detection of cells in stools that contain subgenomic mRNA indicate active replication in the gastrointestinal tract. Active replication is also suggested by a much higher detection rate compared to the Middle East respiratory system coronavirus (MERS-CoV), for which stool-associated RNA was found in only 14.6% of samples from 37 patients hospitalized in Riyadh (Saudi Arabia)22,23. If SARS-CoV-2 was only passively present in the stool (such as after swallowing respiratory secretions), similar detection rates as for MERS-CoV would be expected. Replication in the gastrointestinal tract is also supported by analogy with SARS-CoV, which was regularly excreted in stool (from which it could be isolated in cell culture24). Our failure to isolate live SARS-CoV-2 from stools may be due to the mild courses of cases, with only one case showing intermittent diarrhoea. In China, diarrhoea was seen in only 2 of 99 cases25. Further studies should therefore address whether SARS-CoV-2 shed in stools is rendered noninfectious though contact with the gut environment. Our initial results suggest that measures to contain viral spread should aim at droplet-, rather than fomite-, based transmission.The prolonged viral shedding in sputum is relevant not only for the control of infections in hospitals, but also for discharge management. In a situation characterized by a limited capacity of hospital beds in infectious disease wards, there is pressure for early discharge after treatment. On the basis of the present findings, early discharge with ensuing home isolation could be chosen for patients who are beyond day 10 of symptoms and have less than 100,000 viral RNA copies per ml of sputum. Both criteria predict that there is little residual risk of infectivity, on the basis of cell culture.The serological courses of all patients suggest a timing of seroconversion similar to, or slightly earlier than, in SARS-CoV infection18. Seroconversion in most cases of SARS occurred during the second week of symptoms. As in SARS and MERS, IgM was not detected considerably earlier than IgG in immunofluorescence; this might in part be due to technical reasons, as the higher avidity of IgG antibodies outcompetes IgM for viral epitopes in the assay. IgG depletion can only partially alleviate this effect. Because immunofluorescence assay is a labour-intensive method, enzyme-linked immunosorbent assay tests should be developed as a screening test. Neutralization testing is necessary to rule out cross-reactive antibodies directed against endemic human coronaviruses. On the basis of the frequently low neutralizing antibody titres observed in coronavirus infection26,27, we have here developed a particularly sensitive plaque-reduction neutralization assay. Considering the titres we observed, a simpler microneutralization test format is likely to provide sufficient sensitivity in routine application and population studies.When aligned to viral load courses, it seems there is no abrupt virus elimination at the time of seroconversion. Rather, seroconversion early in week 2 coincides with a slow but steady decline of viral load in sputum. Whether properties such as the glycosylation pattern at critical sites of the glycoprotein have a role in the attenuation of the neutralizing antibody response needs further clarification. In any case, vaccine approaches targeting mainly the induction of antibody responses should aim to induce particularly strong antibody responses to be effective.
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Small droplets stay for very long time and convect with air.
No safe distance indoors as droplets accumulate.
Probability of virus entering host cell and multiplying is low 10-3-
10-4 hence minimum infectious dose ~ 105 103

SARS-CoV in sputum at 1.2–2.8 × 106 copies per ml.

⇒ Inhaling 0.01-0.1 ml of infected sputum leads to infection!
⇒ Indoors: need for continuous air disinfection or fast ventilation

Presenter
Presentation Notes
The clinical courses in the patients under study—all of whom were young- to middle-aged professionals without notable underlying disease—were mild. Apart from one patient, all cases were first tested when symptoms were still mild or in the prodromal stage (a period in which most patients would present once there is general awareness of a circulating pandemic disease5). Diagnostic testing suggests that simple throat swabs will provide sufficient sensitivity at this stage of infection. This is in stark contrast to SARS; for instance, only 38 of 98 nasal or nasopharyngeal swab samples tested positive by RT–PCR in patients with SARS in Hong Kong15. Viral load also differs considerably between SARS and COVID-19. For SARS, it took 7 to 10 days after the onset of symptoms until peak RNA concentrations (of up to 5 × 105 copies per swab) were reached13,14. In the present study, peak concentrations were reached before day 5, and were more than 1,000 times higher. Successful isolation of live virus from throat swabs is another notable difference between COVID-19 and SARS, for which such isolation was rarely successful16,17,18. This suggests active virus replication in tissues of the upper respiratory tract, where SARS-CoV is not thought to replicate in spite of detectable ACE2 expression19,20. At the same time, the concurrent use of ACE2 as a receptor by SARS-CoV and SARS-CoV-2 corresponds to a highly similar excretion kinetic in sputum, with active replication in the lung. SARS-CoV was previously found13 in sputum at mean concentrations of 1.2–2.8 × 106 copies per ml, which corresponds to observations made here.Whereas proof of replication by histopathology is awaited, extended tissue tropism of SARS-CoV-2 with replication in the throat is strongly supported by our studies of cells that transcribe subgenomic mRNA in throat swab samples, particularly during the first 5 days of symptoms. Notable additional evidence for independent replication in the throat is provided by sequence findings in one patient, who consistently showed a distinct virus in the throat as opposed to the lung. In addition, the disturbance of gustatory and olfactory senses points at an infection of the tissues of the upper respiratory tract.Critically, the majority of patients in the present study seemed to be beyond their shedding peak in samples from the upper respiratory tract when they were first tested, whereas the shedding of infectious virus in sputum continued throughout the first week of symptoms. Together, these findings suggest a more efficient transmission of SARS-CoV-2 than SARS-CoV, through active pharyngeal viral shedding at a time at which symptoms are still mild and typical of infections of the upper respiratory tract. Later in the disease, COVID-19 resembles SARS in terms of replication in the lower respiratory tract. Of note, the two patients who showed some symptoms of the lungs being affected showed a prolonged viral load in sputum. Our study is limited, in that no severe cases were observed. Future studies that include severe cases should look at the prognostic value of an increase of viral load beyond the end of week 1, potentially indicating an aggravation of symptoms.One of the most interesting hypotheses to explain the potential extension of tropism to the throat is the presence of a polybasic furin-type cleavage site at the S1–S2 junction in the SARS-CoV-2 spike protein that is not present in SARS-CoV17. The insertion of a polybasic cleavage site in the S1–S2 region in SARS-CoV has previously been shown to lead to a moderate, but discernible, gain-of-fusion activity that might result in increased viral entry in tissues with a low density of ACE2 expression21.The combination of very high concentrations of virus RNA and the occasional detection of cells in stools that contain subgenomic mRNA indicate active replication in the gastrointestinal tract. Active replication is also suggested by a much higher detection rate compared to the Middle East respiratory system coronavirus (MERS-CoV), for which stool-associated RNA was found in only 14.6% of samples from 37 patients hospitalized in Riyadh (Saudi Arabia)22,23. If SARS-CoV-2 was only passively present in the stool (such as after swallowing respiratory secretions), similar detection rates as for MERS-CoV would be expected. Replication in the gastrointestinal tract is also supported by analogy with SARS-CoV, which was regularly excreted in stool (from which it could be isolated in cell culture24). Our failure to isolate live SARS-CoV-2 from stools may be due to the mild courses of cases, with only one case showing intermittent diarrhoea. In China, diarrhoea was seen in only 2 of 99 cases25. Further studies should therefore address whether SARS-CoV-2 shed in stools is rendered noninfectious though contact with the gut environment. Our initial results suggest that measures to contain viral spread should aim at droplet-, rather than fomite-, based transmission.The prolonged viral shedding in sputum is relevant not only for the control of infections in hospitals, but also for discharge management. In a situation characterized by a limited capacity of hospital beds in infectious disease wards, there is pressure for early discharge after treatment. On the basis of the present findings, early discharge with ensuing home isolation could be chosen for patients who are beyond day 10 of symptoms and have less than 100,000 viral RNA copies per ml of sputum. Both criteria predict that there is little residual risk of infectivity, on the basis of cell culture.The serological courses of all patients suggest a timing of seroconversion similar to, or slightly earlier than, in SARS-CoV infection18. Seroconversion in most cases of SARS occurred during the second week of symptoms. As in SARS and MERS, IgM was not detected considerably earlier than IgG in immunofluorescence; this might in part be due to technical reasons, as the higher avidity of IgG antibodies outcompetes IgM for viral epitopes in the assay. IgG depletion can only partially alleviate this effect. Because immunofluorescence assay is a labour-intensive method, enzyme-linked immunosorbent assay tests should be developed as a screening test. Neutralization testing is necessary to rule out cross-reactive antibodies directed against endemic human coronaviruses. On the basis of the frequently low neutralizing antibody titres observed in coronavirus infection26,27, we have here developed a particularly sensitive plaque-reduction neutralization assay. Considering the titres we observed, a simpler microneutralization test format is likely to provide sufficient sensitivity in routine application and population studies.When aligned to viral load courses, it seems there is no abrupt virus elimination at the time of seroconversion. Rather, seroconversion early in week 2 coincides with a slow but steady decline of viral load in sputum. Whether properties such as the glycosylation pattern at critical sites of the glycoprotein have a role in the attenuation of the neutralizing antibody response needs further clarification. In any case, vaccine approaches targeting mainly the induction of antibody responses should aim to induce particularly strong antibody responses to be effective.



Review of fluid dynamic science associated with 
contamination and decontamination

Andrei Khodak, Igor Kaganovich, and Mikhail Shneider
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https://doi.org/10.1016/j.ijmultiphaseflow.2013.02.004Jet: 22-degree angle 



Small Droplets Follow the Flow Around Object
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Small droplets follow the surrounding fluid around the face, 
but large droplet deposit onto face due to inertia

Chen et al. https://doi.org/10.1101/2020.03.16.20037291 
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Turbulent jet profile
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Turbulent submerged jet:  Gaussian 
Profile ucl=6.2 u0dmouth /x Environmental Fluid Mechanics

by Benoit Cushman-Roisin

http://www.dartmouth.edu/%7Ecushman/books/EFM.html


22

VM09.00001: Puff trains in speaking produce long-range turbulent jet-like transport 
potentially relevant to asymptomatic spreading of viruses
Howard Stone, Manouk Abkarian, Simon Mendez, Nan Xue, Fan Yang

https://meetings.aps.org/Meeting/DPP20/Session/VM09.1
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Droplet distribution in cough 
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Droplet distribution in cough 
Feng et al. Journal of Aerosol Science 147 (2020) 105585



Mask Filtration Efficiency
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Droplet time in air 
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Balance of gravity and friction force give estimates of how quickly droplet falls and fall 
(terminal) velocity

Time to fall versus droplet diameter in ϻm Fall velocity versus droplet diameter in ϻm
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Droplet spread in air top no mask, bottom mask is on 1 cm apart from face

National Academies of Sciences, 
Engineering, and Medicine 2020. Airborne
Transmission of SARS-CoV-2: Proceedings of 
a Workshop in Brief. Washington,
DC: The National Academies Press. 
https://doi.org/10.17226/25958
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ANSYS FLUENT simulations  Blocken et al. 2020






Outline

• UVc use for disinfection of surfaces and air  

• The Second Gilbert W. Beebe Webinar: Safety and Efficacy of UVC to Fight 
COVID-19

29

https://vimeo.com/showcase/7568464


UVc use for disinfection of surfaces and air

30

Covid virus ‘survives for 28 days’ in lab conditions bout room temperature, and in the dark. 
The flu virus can survive for 17 days (Virology Journal). It also stayed longer on smooth, non-
porous surfaces than on porous materials such as cloth, which was found not to carry any 
infectious virus past 14 days. Though infectious viruses will only persist for hours in mucus on 
surfaces rather than days.=> Instead of washing everything with chemicals in doctor’s 
offices and other frequented places better use UVc with safety glasses and gloves  

Federal Facilities Council Webinar: Heating, Ventilation, and Air Conditioning Strategies in 
Response to COVID-19
Engineering Controls for COVID-19 Aerosol Risk Mitigation
William P. Bahnfleth, PhD, PE, FASHRAE, FASME, FISIAQ Professor, 
The Pennsylvania State University, USAChair, ASHRAE Epidemic Task Force

Portable 
Surface 
Treatment 
UVGI 

• UV disrupts microbial DNA/RNA, prevents
reproduction

• Coronavirus susceptibility is good
• Long record of application
• CDC approved for tuberculosis control as 

adjunct to filtration 

Presenter
Presentation Notes
The clinical courses in the patients under study—all of whom were young- to middle-aged professionals without notable underlying disease—were mild. Apart from one patient, all cases were first tested when symptoms were still mild or in the prodromal stage (a period in which most patients would present once there is general awareness of a circulating pandemic disease5). Diagnostic testing suggests that simple throat swabs will provide sufficient sensitivity at this stage of infection. This is in stark contrast to SARS; for instance, only 38 of 98 nasal or nasopharyngeal swab samples tested positive by RT–PCR in patients with SARS in Hong Kong15. Viral load also differs considerably between SARS and COVID-19. For SARS, it took 7 to 10 days after the onset of symptoms until peak RNA concentrations (of up to 5 × 105 copies per swab) were reached13,14. In the present study, peak concentrations were reached before day 5, and were more than 1,000 times higher. Successful isolation of live virus from throat swabs is another notable difference between COVID-19 and SARS, for which such isolation was rarely successful16,17,18. This suggests active virus replication in tissues of the upper respiratory tract, where SARS-CoV is not thought to replicate in spite of detectable ACE2 expression19,20. At the same time, the concurrent use of ACE2 as a receptor by SARS-CoV and SARS-CoV-2 corresponds to a highly similar excretion kinetic in sputum, with active replication in the lung. SARS-CoV was previously found13 in sputum at mean concentrations of 1.2–2.8 × 106 copies per ml, which corresponds to observations made here.Whereas proof of replication by histopathology is awaited, extended tissue tropism of SARS-CoV-2 with replication in the throat is strongly supported by our studies of cells that transcribe subgenomic mRNA in throat swab samples, particularly during the first 5 days of symptoms. Notable additional evidence for independent replication in the throat is provided by sequence findings in one patient, who consistently showed a distinct virus in the throat as opposed to the lung. In addition, the disturbance of gustatory and olfactory senses points at an infection of the tissues of the upper respiratory tract.Critically, the majority of patients in the present study seemed to be beyond their shedding peak in samples from the upper respiratory tract when they were first tested, whereas the shedding of infectious virus in sputum continued throughout the first week of symptoms. Together, these findings suggest a more efficient transmission of SARS-CoV-2 than SARS-CoV, through active pharyngeal viral shedding at a time at which symptoms are still mild and typical of infections of the upper respiratory tract. Later in the disease, COVID-19 resembles SARS in terms of replication in the lower respiratory tract. Of note, the two patients who showed some symptoms of the lungs being affected showed a prolonged viral load in sputum. Our study is limited, in that no severe cases were observed. Future studies that include severe cases should look at the prognostic value of an increase of viral load beyond the end of week 1, potentially indicating an aggravation of symptoms.One of the most interesting hypotheses to explain the potential extension of tropism to the throat is the presence of a polybasic furin-type cleavage site at the S1–S2 junction in the SARS-CoV-2 spike protein that is not present in SARS-CoV17. The insertion of a polybasic cleavage site in the S1–S2 region in SARS-CoV has previously been shown to lead to a moderate, but discernible, gain-of-fusion activity that might result in increased viral entry in tissues with a low density of ACE2 expression21.The combination of very high concentrations of virus RNA and the occasional detection of cells in stools that contain subgenomic mRNA indicate active replication in the gastrointestinal tract. Active replication is also suggested by a much higher detection rate compared to the Middle East respiratory system coronavirus (MERS-CoV), for which stool-associated RNA was found in only 14.6% of samples from 37 patients hospitalized in Riyadh (Saudi Arabia)22,23. If SARS-CoV-2 was only passively present in the stool (such as after swallowing respiratory secretions), similar detection rates as for MERS-CoV would be expected. Replication in the gastrointestinal tract is also supported by analogy with SARS-CoV, which was regularly excreted in stool (from which it could be isolated in cell culture24). Our failure to isolate live SARS-CoV-2 from stools may be due to the mild courses of cases, with only one case showing intermittent diarrhoea. In China, diarrhoea was seen in only 2 of 99 cases25. Further studies should therefore address whether SARS-CoV-2 shed in stools is rendered noninfectious though contact with the gut environment. Our initial results suggest that measures to contain viral spread should aim at droplet-, rather than fomite-, based transmission.The prolonged viral shedding in sputum is relevant not only for the control of infections in hospitals, but also for discharge management. In a situation characterized by a limited capacity of hospital beds in infectious disease wards, there is pressure for early discharge after treatment. On the basis of the present findings, early discharge with ensuing home isolation could be chosen for patients who are beyond day 10 of symptoms and have less than 100,000 viral RNA copies per ml of sputum. Both criteria predict that there is little residual risk of infectivity, on the basis of cell culture.The serological courses of all patients suggest a timing of seroconversion similar to, or slightly earlier than, in SARS-CoV infection18. Seroconversion in most cases of SARS occurred during the second week of symptoms. As in SARS and MERS, IgM was not detected considerably earlier than IgG in immunofluorescence; this might in part be due to technical reasons, as the higher avidity of IgG antibodies outcompetes IgM for viral epitopes in the assay. IgG depletion can only partially alleviate this effect. Because immunofluorescence assay is a labour-intensive method, enzyme-linked immunosorbent assay tests should be developed as a screening test. Neutralization testing is necessary to rule out cross-reactive antibodies directed against endemic human coronaviruses. On the basis of the frequently low neutralizing antibody titres observed in coronavirus infection26,27, we have here developed a particularly sensitive plaque-reduction neutralization assay. Considering the titres we observed, a simpler microneutralization test format is likely to provide sufficient sensitivity in routine application and population studies.When aligned to viral load courses, it seems there is no abrupt virus elimination at the time of seroconversion. Rather, seroconversion early in week 2 coincides with a slow but steady decline of viral load in sputum. Whether properties such as the glycosylation pattern at critical sites of the glycoprotein have a role in the attenuation of the neutralizing antibody response needs further clarification. In any case, vaccine approaches targeting mainly the induction of antibody responses should aim to induce particularly strong antibody responses to be effective.



UVc use for disinfection of surfaces and air
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• The Second Gilbert W. Beebe Webinar: Safety and Efficacy of UVC to Fight COVID-19

• Very long known and established technology, 

• need fluence in mJ/cm2 for log reduction         1      2         3      4

For 1000 reduction it takes 10mJ/ cm2 fluence. Typical  25W/100cm2= 2.5mJ/ cm2 ($30) 
needs 4s exposure.

=> Instead of washing everything with chemicals in doctor’s offices and other frequented 
places better use Uvc for few seconds with safety glasses and gloves  

https://vimeo.com/showcase/7568464
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UV Light Disinfection of Air and Water

Leonid Vasilyak
Joint Institute for High Temperatures 

of Russian Academy of Sciences, Moscow

Sergey Kostyuchenko
LIT, Moscow

www.lit-uv.com

APS-DPP 2020 Virtual Meeting 
USA

November 12, 2020

LITLIT
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OPEEN UV DISINFECTION SYSTEMS FOR AIR & 
SURFACE

UV irradiator “SVETOLIT 600 “ 
4 lamps  DB500, 

Total electric power - 2 000 W, 
UV power  - 600 W

Treatment time
Room volume 75 m3 ---- 5 minutes

200 m3 ---- 13 minutes

UV system should be able to provide:
a high UV dose (25 mJ/cm2). 

We recommend to use powerful mobile UV 
irradiators (with a total UV power of at least 
200-300 W and an electric power of at least 
600 W) 

Slide curtesy of L. Vasilyak
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UV DISINFECTION IN THE VENTILATION AND AIR 
CONDITIONING SYSTEM OF THE SUBWAY CAR

Slide curtesy of L. Vasilyak
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UV AIR RECIRCULATOR AEROLIT 550 m3/h, 
high UV dose of 30 mJ/cm2

For the disinfection of indoor air in the presence of people
(who are possible sources of continuous air contamination)

Air recirculation rate of at least 5 times per hour is
required.

35

Slide curtesy of L. Vasilyak
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LOCATION OF UV LAMPS RELATIVE TO THE FLOW

UV lams in quartz sleaves

Lamps along the (air or 
water) stream. Longitudinal 

flow.

Lamps across the (air or water) stream. 
Cross-flow.

Slide curtesy of L. Vasilyak
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UFA city, Russia.  3 UV units UDV-216A.

UV units UDV-216A: Capacity 3600 m3/h. 216 UV lamps DB 300

WASTE WATER: CLOSED UV UNITS

Slide curtesy of L. Vasilyak
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WASTE WATER: MOSCOW WWTP.
ASIA AND EUROPE’S LARGEST UV SYSTEM.  

3,125,000 m3/day (180,000 m3/hr)

17 channels,
170 UV units,

6,120 UV lamps DB600



UVc use for disinfection of air
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• The Second Gilbert W. Beebe Webinar: Safety and Efficacy of UVC to Fight COVID-19

• Upper room germicidal irradiation was successfully used to prevent measles

• It was shown that germicidal UVc prevented TB infection of gunea pigs breathing infected 
air for 3 days. Guidelines for dosing M. Mphaphele … Ed Nardell Am J Respir Crit Care 
Med.

Guidelines are well developed to reduce scattering from ceiling. 

https://vimeo.com/showcase/7568464
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UVc 220 nm use for disinfection of air
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• UVC  220 nm were shown to be safe on people skin and eyes can be used in 
rooms with people

• Hiroki Kitagawa, Toshihito Nomura, Tanuza Nazmul, Keitaro Omori, Norifumi Shigemoto, 
Takemasa Sakaguchi, Hiroki Ohge. Effectiveness of 222-nm ultraviolet light on disinfecting 
SARS-CoV-2 surface contamination. American Journal of Infection Control, 2020; DOI: 
10.1016/j.ajic.2020.08.022 

https://www.sciencedaily.com/releases/2020/09/200917105345.htm


Intranasal fusion inhibitory lipopeptide prevents direct 
contact SARSCoV-2 transmission in ferrets. 

44

• Rory D. de Vries. Intranasal fusion inhibitory lipopeptide prevents direct contact SARS-
CoV-2 transmission in ferrets | bioRxiv

• Daily intranasal administration to ferrets completely prevented SARS-CoV-2 direct-contact 
transmission during 24-hour co-housing with infected animals, under stringent conditions 
that resulted in infection of 100% of untreated animals.

https://www.biorxiv.org/content/10.1101/2020.11.04.361154v1


Use of various ointments to protect infection 
through nasal passages

45

• Oxolini unguentum (have been used in 
Russia against flue for decades)

• Plasma-activated water with nanoparticles 
(stomach infection, possibly effective for 
nasal wash)



Plasma treated water
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Role of PH in water
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Peng Sun, et al. 
Plasma Process. 
Polym. 9, 157 
(2012)

b) untreated and c) treated with PAW-Air-30 for 3 h

PAWs killed bacteria through the same mechanism as 
plasma by inducing cell membrane damage

Tung-Po Chen et al., Environ Sci Pollut Res (2018)

Plasma treatment
?

Evidence

M.N. Shneider, M. Pekker, J. Appl. Phys. 123, 204701 (2018)

TM13.00008: Osmotic pressure on cell or virus membranes 
in a saline interacting with weakly ionized plasma. Mikhail 
Shneider, Mikhail Pekker 



Pulsed arc system for in-
flow production of plasma-
activated water with silver 
nanoparticles for biological 
applications

Pavel Dourbal, Tatiana Aristova, Igor D. 
Kaganovitch

APS-DPP 2020 abstract Abstract: 
VM09.00005 48



Efficient in-water plasma generation 
on silver electrode

• Plasma is controlled with a magnetic amplifier
• Control loop feedback directly proportional to an impedance of the plasma: 

positive feedback by voltage, negative by current not clear
• Matches plasma power to water conductivity not clear
• Ignites and maintains plasma; No separate plasma igniter circuit is required
• US Patent 9,343,996
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Healing psoriasis, eczema, dry skin
Topical application 2 times daily with coconut oil. These psoriatic skin lesions 

existed  for over 45 years. 

August 2018
November 2018, and 

counting
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Two size populations of silver 
nanoparticles are present

Size - 40% of 42.05nm 
60% of 155.49nm

Average Size 110.114nm
Surface Area 0.108cm^2/mL

Sample data:

Summary results:

51



Questions?

Contact Inventor
Pavel Dourbal
Dourbal Electric,  Inc.

Tel 2153507072
Email:
pdourbal@yahoo.com
Plainsboro, NJ 08550
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Conclusions

53

For indoor safety integrating approach 
estimating allowable infection dose should 
be studied taking into account ventilation, 
possible aerosol spread and active UV 
disinfection (254nm with safety glass and 
gloves, <222nm possibly safe as is!).

Use of nasal treatments/washes to prevent 
virus binding could be effective mean to 
prevent infection. 

FIGURE 5 Schematic showing 
arrangement of restaurant tables and air 
conditioning airflow at site of a COVID-19 
outbreak in Guangzhou, China, 2020. 
NOTE: Red indicates seating of future 
case patients; blue indicates the index 
case patient. SOURCE: Li et al. 2020.



BACK UP SLIDES
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Adriaan Bax
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Adriaan Bax
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Adriaan Bax
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Adriaan Bax
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Adriaan Bax
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