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Extra Reading Related to Part One 
 
[N.B. These selected articles provide additional information, broader context, or more detail in relation to the main 

presentations.  The readings are not meant to be comprehensive—there is simply too much literature for that.  Text has been 

selected for relevance and editted for clarity.  Citations in the original text have been omitted for ease of reading.  Images 

can be enlarged for easier reading.  Reading is facilitates at 125% zoom.] 
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How We Know the Virus is Real 

 

** 
 

SARS2 is real—it is not imagined or a hoax, as some have claimed.  The virus has been isolated and cultured in vitro by 

independent research teams in various laboratory cell lines.  Uninfected cells have been inoculated with the virus and have 

become infected.  The virus’ RNA has been sequenced by such teams.  The virus has been photographed under electron 

microscopes, including during its exit from infected cells.  Even the virus’ spike proteins have been photographed.  

Antibodies to the virus have been isolated and shown to neutralize the virus.  Cellular damage caused by SARS2 has been 

documented. 

 

The virus has been given to laboratory animals (e.g., macaque monkeys) where it has caused infections similar to what 

happens in humans.  [N.B.  Until it comes to human challenge trials, it remains unethical to introduce the virus into human 

experimental subjects, though one Russian medical researcher is known to have caused himself to become infected, for a 

second time, by coming into close contact with patients he was treating.] 

 

 

 
 

Source 
https://virologydownunder.com/sigh-yes-the-covid-virus-is-real/?s=09 

 

 

Misinformation 

 

** 

 
While Canadians and public health authorities alike are rapidly responding to the COVID19 pandemic, we need to be 

mindful that we are doing so in the midst of an "infodemic."  That is an overabundance of information about COVID19, 

including rumours and misinformation, sometimes deliberately spread. 

https://virologydownunder.com/sigh-yes-the-covid-virus-is-real/?s=09
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False or misleading information can spread as fast as a virus.  Just as we must be vigilant in keeping up proven, effective 

public health measures to slow the spread of COVID19, we must also be vigilant in our efforts to end the infodemic.  Let's 

empower one another to keep learning and stop misinformation in its tracks. 

 

Source 
https://www.canada.ca/en/public-health/news/2020/09/statement-from-the-chief-public-health-officer-of-canada-on-september-28-
2020.html?s=09 

 

 

** 

 
Almost since its emergence, the SARS2 outbreak has also been accompanied by a proliferation of misinformation and 

disinformation, what the World Health Organization (WHO) described as a massive ‘infodemic’—an over-abundance of 

information … that makes it hard for people to find trustworthy sources and reliable guidance when they need it. 

 

Misinformation can be information that is false or inaccurate, whether deliberately or inadvertently so.  Disinformation 

refers to information that is intended to mislead, whether or not the information is literally true. 

 

Misinformation and disinformation about COVID19 fall into several categories, including: 

 The biological origin and nature of the virus.  One false claim is that the virus is the result of Chinese 

efforts to develop a biological weapon. Another is the false claim that COVID19 is caused not by a virus 

but by exposure to 5G wireless signals. 

 Diagnoses and/or treatments for the disease. One false claim suggests that the ability to take a deep breath 

and hold it for more than 10 seconds without discomfort is a reliable indicator of being infection-free.  A 

second false claim was that the US-FDA had approved chloroquine and hydroxychloroquine as treatments 

for COVID19 at a time when it had not. A third false claim was that we are very close to a vaccine.  A 

fourth was that people with the disease get better just by sitting around and even going to work.  An anti-

vaccination disinformation effort based in California released a widely viewed 26-minute conspiracy 

theory video, “Plandemic,” claimed COVID19 responses were a cover for forced mass vaccinations. 

 Public measures to respond to the epidemic.  One false claim made on 24 February was that the 

coronavirus is very much under control in the United States.  A second false claim made on 06 March was 

that any person in USA who wants a SARS2 test can get one.  There are also multiple examples of 

governments dissimulating about the extent to which COVID19-related illnesses and deaths have affected 

their population, including Russia, China, and even the state of Florida (USA). 

 

The combination of the psychology of pandemic (which causes societies to grasp at information) and political polarization 

(which leads people to attribute partisan motivations to public health measures) have made the spread of false information 

about COVID19 particularly problematic.  This combination is compounded by a global information ecosystem that 

combines traditional and social media, interacting with human cognition in ways that accelerates the spread of 

misinformation.  In addition, today’s global media environment makes possible the active spread of disinformation by states 

and other actors on an unprecedented scale to achieve geopolitical objectives or sow confusion among their adversaries, 

amplified by unwitting online communities predisposed to believe in and amplify false information about the pandemic. 

This combination has contributed to the virulent spread of disinformation and misinformation about the novel coronavirus 

on an unprecedented scale, and it challenges the capacity of states and public health authorities to develop, implement, and 

communicate scientific evidence-based responses to the COVID19 pandemic. 

 

Several steps will be necessary to combat misinformation and disinformation campaigns regarding COVID19.  First, private 

sector specialists in risk communications, advertising, linguistics, and social cognition could collaborate in devising 

accurate public health information that is targeted and crafted to overcome psychological mechanisms of resistance. 

 

Second, governments could enact regulations that discourage micro-targeting of social media advertisements and eliminate 

or circumscribe the freedom from liability currently enjoyed by platform and social media companies for the publication of 

information for which they might otherwise be held legally responsible.  Government agencies that regulate medical product 

and device advertising also might expand their oversight to medical claims related to COVID19. 

 

https://www.canada.ca/en/public-health/news/2020/09/statement-from-the-chief-public-health-officer-of-canada-on-september-28-2020.html?s=09
https://www.canada.ca/en/public-health/news/2020/09/statement-from-the-chief-public-health-officer-of-canada-on-september-28-2020.html?s=09
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Third, and perhaps most important, government leaders must respect facts.  It is clear that anti-intellectual populist leaders 

downplayed and minimized the risk of the pandemic for political ends.  That contributed to the current infodemic in ways 

that are inimical to democracy and dangerous to public health.  In democracies, at least, voters can change their leaders. 

 

The first indications of COVID19 were late in December 2019, when the local government of Wuhan (China) said that it 

was treating dozens of cases of pneumonia of unknown cause.  In mid-January 2020, Chinese state media reported the first 

death from COVID19, and the first cases appeared outside China in a number of nations, including USA, Taiwan, Japan, 

Thailand, and South Korea.  By the end of January, the World Health Organization had declared a global health emergency. 

  

In 1990, three crucial elements were described for how human psychology as an epidemic unfolds: fear, explanation, and 

moralization, along with actions both taken and proposed.  Any society involved in an epidemic is likely to have 

simultaneous waves of individual and collective panic, outbursts of interpretation as to why the disease has occurred, rashes 

of moral controversy, and plagues of competing control strategies, aimed either at containing the disease itself or else at 

controlling the further epidemics of fear and social dissolution. 

 

The COVID19 pandemic has evoked all these responses: 

 Fear.  With a new disease (or disease vector), an individual is uncertain about how he or she might 

contract the disease, and the entire environment—people, animals, and inanimate objects—becomes 

potentially infectious.  Fear is an especially important factor among the worried well (who may not have 

any good reason to suspect they have the disease) but who nonetheless seek out medical attention.  Fear 

also underlies the stigmatization of those with the disease and those who are thought—even without 

evidence—to be infectious carriers. 

 Explanation.  If little is known about a disease, the population is likely to have a broad range of views 

about its significance.  Views of the causal factors also vary from the scientifically well-informed (e.g., 

the emergence of a new virus) to the supernatural (e.g., the plague as one of God’s punishments for 

violating a commandment).  We already have seen examples of this latter belief among some Americans.  

One Republican state lawmaker in Pennsylvania introduced a resolution suggesting that the novel 

coronavirus is a “punishment inflicted upon us for our presumptuous sins” and calling upon on lawmakers 

to designate 30 March 2020 as a “A State Day of Humiliation, Fasting, and Prayer.” 

 Proposed actions.  Often, responses to new and unfamiliar epidemics span a large range, inevitably 

impinging on other deeply held values.  Such actions can be unprecedented, or at least unusual, and they 

deeply threaten the status quo of behaviour and practice.  For example: trade, business, and travel may be 

disrupted; compromises of personal privacy and liberty may be seriously advocated; health education or 

even health behaviours (e.g., wearing a mask in public, testing) may be mandated.  Moreover, because 

epidemics are by definition times of societal disruption, they present opportunities for those wishing or 

working for societal change to pursue their advocacy and public messaging. 

 

All these elements are magnified when the disease involved is new or strikes in a new way.  A previously encountered 

disease—influenza, for example—will have induced the development and emergence of a variety of individual and societal 

strategies to deal with it, and the availability of such “scripts” provides citizens with ways to cope.  Without available 

scripts, those affected are free to generate a plethora of vastly different responses.  Some will be more extreme than others, 

and all will compete for attention.  In extreme cases, contagious waves of panic rip unpredictably through individuals and 

society, disrupting all manner of everyday practices, undermining faith in conventional authority, feeding on themselves to 

produce further, more intense panic and collapse. 

 

Epidemics and pandemics have always caused widespread alarm, fear, and overreaction.  The reaction to SARS2 is, 

however, not just that.  Today’s information ecosystem—global in nature and densely interconnected through social media 

and traditional news media—amplifies the significance of psychological vulnerabilities long present in all human beings.  

This ecosystem makes it much easier for people to: reject rational and authoritative explanations for security threats and 

how we should respond; believe in rumours and misinformation, and; be more vulnerable to deliberate misinformation 

campaigns. Today’s reaction is one in which alarm, fear, and overreaction are greatly exacerbated by technology.  

 

The human mind has two systems for processing of information—a heuristic, intuitive system (often designated as System 

1) and a more deliberate analytical system (System 2).  All humans engage in System 1 thought, and do so by default—

System 1 is always on, it acts reflexively, and it does so because it does not take account of all available information.  All 

humans also have the capacity to engage in System 2 processing, which is rule-based, abstract, and linked to language and 

conscious thought and also operates more slowly. 
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System 1 works well in daily life because they exhibit regularities that guide the individual to conclusions with minimal 

mental effort.  On the other hand, because sometimes salient regularities are misleading, System 1 processing will result in 

erroneous conclusions that would have been caught (and suppressed) if System 2 processing had been involved. 

 

As people are capable of both System 1 and System 2 processing, one of the most interesting questions is the nature of the 

psychology underlying belief in misinformation or disinformation.  If System 2 processing is less likely to result in error, 

belief in misinformation or disinformation would correlate with an individual’s failure to engage in System 2 processing. 

 

Many reasons could account for such failure, including motivated reasoning (when individuals are more critical of 

information that is unfavourable to their positions and they are less critical in evaluating favourable information), 

confirmation bias (the tendency to seek out information that is consistent with their beliefs and to ignore information that 

contradicts their beliefs), and time pressure to process a given item of information.  System 1 processing is also less 

demanding of an individual’s cognitive resources, suggesting that individuals under cognitive load (i.e., individuals dividing 

their attention and cognitive resources among multiple tasks) will also find System 2 processing difficult. 

 

Social identity also has an important influence on an individual’s engagement or non-engagement with System 2 processing. 

The evidence suggests that individuals tend to adopt the views of the peer groups that are most important to them, even if 

the “objective” or “factual” information available to them contradicts those views.  Therefore, uncritical System 1 thinking 

is more often active in processing information consonant with the beliefs and attitudes of those groups, and critical and 

skeptical System 2 thinking is more often active in processing information that is dissonant.  In other words, people are 

more willing to accept ideas as true because those in their peer groups believe them to be true, regardless of the actual truth 

or falsity of those ideas.  These effects (that individuals tend to accept important group norms) are even more pronounced in 

an anonymous environment (such as that which characterizes much online interaction). 

 

Finally, emotions and motivations affect cognition.  For example, individuals who are angry tend to rely more heavily on 

simple heuristic cues (suggestive of System 1 thinking).  Individuals are also likely to stereotype people (a form of System 1 

thinking) when that stereotype is consistent with their desired impression of those people.  Negative emotions (such as those 

induced by the receipt of information incongruent with a person’s prior beliefs) can improve the ability of a person to reason 

logically, suggesting that individuals may be very good indeed at being critical of information that causes them distress.  

Thus, a person with a liberal political orientation will likely be good at finding the logical flaws in a conservative policy, but 

less able to find the logical flaws in a liberal policy; the reverse would be true as well. 

 

System 1 and System 2 thinking have been part of the human cognitive architecture for millennia.  However, today’s 

information ecosystem has been shaped by technologies that are only a few decades old.  Remember that the World Wide 

Web has existed for only a quarter century or so. The natural cognitive processing capabilities of human beings have not 

changed in any meaningful way in that short time span. 

 

These technologies provide: high connectivity; low delays in information delivery; high degrees of anonymity; customized 

information searches; exposure to information based on internet browsing history, email content, or demographic details; 

insensitivity to distance and national borders; democratized access to publishing capabilities; and inexpensive production 

and consumption of information content.  These aspects of modern information technologies enable purveyors of 

misinformation to use automated accounts to: amplify messages of misinformation; drown out authoritative and reliable 

information; communicate with large populations at low cost without accountability, and; find sympathetic individuals with 

whom such information resonates no matter how outlandish the information in question. 

 

The deluge of information and a chaotic information ecosystem leads to information overload on individuals, which in turn 

increases reliance on System 1 processes.  Moreover, social media are designed to take advantage of System 1 processing.  

Purveyors of misinformation use this to keep people engaged with System 1 thinking.  It is this information ecosystem that 

has become known as the post-truth society. 

 

Although propaganda has been a tool of conflict for centuries, the intertwining of social media and traditional news media 

on a global scale has made propaganda highly cost-effective and ubiquitous in the digital realm.  Authors of disinformation 

campaigns can propagate falsehood at ranges, speeds, and scales unachievable by previous purveyors of propaganda. 

 

This reality came to the attention of the US public with the realization that the 2016 presidential campaign had been targeted 

by Russian information operations.  However, such information operations have been detected in over 40 countries as of 

2018, and the number is surely higher today.  These operations target not only elections, but are also used to advance 

diplomatic and military objectives, such as Russian campaigns against NATO. 
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Both Russia and China have engaged in disinformation campaigns targeting USA and other NATO nations, promoting the 

notion that the novel coronavirus originated in the United States.  A reasonably comprehensive inventory of disinformation 

themes regarding coronavirus was published by the European External Action Service (EEAS)—the European Union’s 

diplomatic service—in mid-March 2020.  Some of the then-trending false narratives included: 

 SARS2 is a biological weapon that has been deployed 

 SARS2 did not break out in Wuhan, China—the true origin is USA or US-owned labs across the world 

 The outbreak has been caused by migrants and they are spreading the virus in the EU 

 The EU is not ready to provide urgent support to its member states—instead, they have to rely on external 

support, with China mentioned most often as the source of such assistance 

 China is coming to rescue the EU as Brussels abandons EU member states 

 The Schengen area no longer exists—Europeans are in quarantine and can’t move freely through the area, 

but migrants can 

 The coronavirus is a hoax—it does not exist 

 Natural remedies exist to cure the disease—descriptions of those alleged remedies are often combined 

with anti-vaccination narratives. 

 

Politico magazine discovered a particularly interesting disinformation item: Zvezda, a media company controlled by the 

Russian armed forces, ran a story saying that Bill Gates had advance knowledge of COVID19.  The People’s Republic of 

China, meanwhile, has been highly active in casting doubts on the origins of the virus in Wuhan, and leading Chinese 

diplomats have been actively promoting an erroneous narrative that the novel coronavirus originated as a US bioweapon.   

 

Such disinformation campaigns—and many other Internet-based disinformation campaigns—are designed to take advantage 

of the mind hacking that modern information technology makes possible, placing people in an information-processing mode 

in which emotion-, identity-, and faith-based responses.  It is the design of the technology that exacerbates people’s natural 

inclination to use System 1 processes, thus making it harder for people to choose to use System 2 processing. 

 

It is important to note that deliberate disinformation campaigns do not have to do all the work themselves to promote false 

or damaging narratives.  Much of the work of modern propaganda campaigns can be automated on Facebook and Twitter.  

Beyond this, modern campaigns craft messages that appeal to pre-existing beliefs and flood the zone with attractive but 

false narratives, relying on online activist communities of like-minded individuals to echo and amplify their message.  

Moreover, efforts to counter such campaigns run the risk of amplifying them further as fact-checking services refer to false 

narratives to rebut them, further spreading disinformation. 

 

These campaigns are cheap and within the reach of mid-sized countries and well-funded private organizations.  The Russian 

Internet Research Agency, famously tied to the 2016 disinformation campaign on the US presidential election, spent only a 

few million dollars, a sum that even civil society organizations or corporations would be able to afford.  Such campaigns are 

conducted on social media platforms, provided and maintained, generally free, by large technology companies.  The 

platforms are designed to be used with very little training, lowering recruitment costs for disinformation operations. 

 

For their part, platform providers—the social media companies—have little incentive to address the misinformation and 

disinformation problem.  Platform providers rely on advertising for revenue.  When users spend more time on a platform 

(dwell time), platform providers can show more ads and make more money. 

 

Platform providers have found that users spend more time on their platforms when they are shown information that is 

consistent with and congenial to their pre-existing beliefs and ideas as opposed to information that challenges them.  

Research has also demonstrated that false information is more attractive to users, at least as measured by the greater speed 

and reach of such information as compared to true information. 

 

Responses to disinformation campaigns are also difficult.  For the platform providers, the deliberate correction or 

suppression of disinformation not only means losing users who are put off by more reasoned or factual information that 

challenges their worldviews, but risks the platform companies being targeted by political activists accusing them of 

censorship.  For the governments of Western nations, USA in particular, traditions and legal precedents protecting free 

speech generally regard any government action to inhibit expression with suspicion. 

 

The effects of the infodemic can be profound.  Some might argue that disinformation campaigns are not important because 

those in positions of authority are surely too educated and rational to believe propaganda.  On the contrary, leaders and 

educated people are just as likely, and in some cases more likely, to believe false narratives as the general population.  For 

example, the erroneous belief that climate change is unrelated to human activity is more likely to be shared by conservatives 
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with higher degrees of education rather than those with less.  Education does not require people to forego heuristic or 

system 1 thinking processes in favour of more analytical and deliberate thought on all issues—but it may well give them 

more effective tools with which to criticize information that they do not like. 

 

Leaders now have easy access to information from the global information ecosystem, and this is a new phenomenon. During 

the 20th century, just as traditional media acted as gatekeepers for reliable and even-handed information delivered to the 

general public, intelligence agencies, alongside the media, served this purpose for leaders.  However, the democratization of 

information production and the rise of cyber-enabled disinformation campaigns mean that leaders and populations alike now 

access and consume the same attractively packaged and appealing disinformation spread by adversaries. 

 

Indeed, as shown by populist leaders’ widespread attacks on traditional media and President Trump’s questioning of the US 

intelligence community and the so-called deep state, many leaders reject the role of traditional analytical and intelligence 

agencies in providing reliable information.  As a result, some leaders are making decisions based on unvetted and possibly 

maliciously false information as they respond to crises such as the COVID19 pandemic. 

 

Leaders now have even greater incentives to use disinformation campaigns for political, diplomatic, and strategic 

advantage.  Extra-factual information can be used both to rally domestic audiences and to signal commitment to courses of 

action to foreign states.  Paradoxically, this signals can either convince adversaries to back down (to avoid a conflict) or set 

off an escalatory spiral, as rival states engage in their own disinformation campaigns to signal their own commitment and 

steadfastness during a conflict. 

 

Currently, conflicting Chinese and American narratives over the origins of the coronavirus are following such a pattern, 

with each side punishing onlookers who disagree with their preferred narrative.  Chinese diplomats allude to the US origins 

of the coronavirus on Twitter, while some US senators attribute the virus’s origins to Chinese laboratories. China has 

threatened economic retaliation against Australia for advocating for an official investigation into the origins of the novel 

coronavirus, and USA has consistently raised obstacles to G-7 cooperation on pandemic response given its allies’ 

unwillingness to call this the “Wuhan virus.” 

 

There is a risk that leaders will believe their own disinformation campaigns.  For example, Russian officials have openly 

expressed concern that the launch systems for the missile interceptors in Poland could be converted to launch nuclear-armed 

land-attack cruise missiles.  Despite the fact that USA has no plans to use its missile interceptor launch sites in such a 

manner, the Russians have pushed this particular conspiracy theory so long (since the 1980s) that now they might very well 

believe it.  American officials still believe Russia has a secret military doctrine of “escalate to de-escalate” involving the use 

of low-yield nuclear weapons early in a military confrontation with NATO, even though this may well reflect a dated 

understanding of Russian nuclear strategy which has since evolved. 

 

Given the deployment of disinformation campaigns over COVID19, it is not implausible to believe that statements made for 

strategic effect will come to be believed by a wider segment of the American leadership predisposed to accept this 

information because it agrees with long held beliefs.  For example, there is scientific debate over the origin of SARS2.  The 

virus may have escaped from the Wuhan Institute of Virology (WIV) via some mechanism that is as yet unknown.  Another 

theory is that the virus had natural origins, going from bat to some other species to human.  The scientific work has not yet 

been done to ascertain which (if either) of these theories is true. 

  

Successful response to the pandemic requires billions of individual decisions to follow best health and sanitary practices for 

personal protection and to protect the herd.   Sadly, today’s information ecosystem makes it harder now to propagate good 

behavioural practices as compared to pre-internet days.  Many actors in the new information ecosystem erode the credibility 

of authoritative sources of information, especially when leaders fall prey to disinformation and misinformation.  Some of 

leaders even propagate misinformation and disinformation deliberately for political or diplomatic ends.  In addition, the 

openness of the present system to misuse makes targeting disinformation campaigns at both the public and at leaders a low-

cost, low-risk proposition, especially when those looking to sow confusion can co-opt unwitting accomplices to help them.  

The social media companies that provide the platforms on which these campaigns are waged have advertising-based 

business models that reward “engagement” and limit containment of misinformation. 

 

The easiest fix involves dissemination of accurate, science-based information via—somewhat paradoxically—methods that 

appeal to System 1 thinking.  Different audiences could receive the same science-based public health information, but the 

message framing would vary, depending on the nature of the audience.  Such campaigns must involve close collaborations 

among specialists in risk communications, advertising, linguistics, and social cognition, so messages can be devised in ways 

that are less likely to engage psychological mechanisms of resistance.  Tailored information campaigns are the easiest 

defence against misinformation and disinformation because they can be done without government involvement. 
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Regulation could force platform and social media companies to alter their business models by discouraging micro-targeting 

of advertisements (which are nothing more than information-containing messages that some party pays to have presented). 

The key question in restrictions on micro-targeting is the size of the audience that is targeted to receive advertisements.  The 

goal today of companies reliant on advertising is ever-smaller audiences customized and designed for optimal receptivity to 

the content of a specific message.  However, as the audience size goes down, so do the opportunities for critique and the 

presentation of opposing or countering views, and accountability for irresponsible, divisive content is reduced.  Regulation 

could specify a minimum size of audience below which targeting was forbidden. 

 

Regulation could eliminate or circumscribe the freedom from liability currently enjoyed by platform and social media 

companies for publication of information for which they might otherwise be held legally responsible.  Many proposals have 

been advanced to modify these protections, though only one (relating to sex trafficking) has made it into American law. 

 

Another fix would involve actions that increase costs and risks for actors engaged in disinformation campaigns that create 

health risks for the public during the pandemic.  Both the US-FDA and the Federal Trade Commission have some authority 

over advertisements for medical products and devices, and it may be worth exploring the possibility of extending their 

jurisdiction over medical claims related to SARS2. 

  

As for foreign actors engaged in such disinformation campaigns, a variety of mechanisms for cost imposition are available, 

ranging from legal or financial sanctions on the individuals involved to outright cyber-attacks against them.  The downside 

of imposing costs using any of these methods risks escalation and retaliation against innocent US citizens.   Moreover, it 

draws USA into a game of whack-a-mole, and since there are potentially many foreign actors who may wish to conduct 

such campaigns, it is not clear that cost imposition is a viable strategy that will significantly reduce harmful disinformation. 

 

A fourth fix is to restore the vetting, gatekeeper function of governmental intelligence communities.  Of course, leaders 

would have to be willing to trust that gatekeeper function, but even leaders willing to do so might have an interest in a 

channel that would provide unfiltered information straight from their sources, so to speak.  It could be useful for leaders to 

have at their sides people who knew how to interpret unvetted information flowing in—and specifically how such 

information might have been intended to manipulate public or leadership opinion.  It might also make sense for intelligence 

communities to report on disinformation efforts that target national leaders; at the very least, such attempts should be made 

known to the leaders and to the public. 

 

Finally, and perhaps most important, democracies need leaders who respect facts.  It is no accident that the democracies 

with the worst performance during the COVID19 pandemic are USA, UK, and Brazil.  These are all countries led by anti-

intellectual populists inclined to minimize risk of the pandemic for political ends.  To improve the effort against the 

pandemic, voters will have to replace such leaders with those willing to follow the best science-based policy advice. 

 

Source 
https://thebulletin.org/2020/09/the-covid-19-infodemic-what-can-be-done-about-the-infectious-spread-of-misinformation-and-

disinformation/?utm_source=Newsletter&utm_medium=Email&utm_campaign=ThursdayNewsletter09102020&utm_content=DisruptiveTec

hnology_Infodemic_09092020 

 

 

When the Pandemic Started 
 

** 
 

Dramatic spikes in auto traffic around major hospitals in Wuhan last fall suggest the novel coronavirus may have been 

present and spreading through central China long before the outbreak was first reported to the world. 

 

https://thebulletin.org/2020/09/the-covid-19-infodemic-what-can-be-done-about-the-infectious-spread-of-misinformation-and-disinformation/?utm_source=Newsletter&utm_medium=Email&utm_campaign=ThursdayNewsletter09102020&utm_content=DisruptiveTechnology_Infodemic_09092020
https://thebulletin.org/2020/09/the-covid-19-infodemic-what-can-be-done-about-the-infectious-spread-of-misinformation-and-disinformation/?utm_source=Newsletter&utm_medium=Email&utm_campaign=ThursdayNewsletter09102020&utm_content=DisruptiveTechnology_Infodemic_09092020
https://thebulletin.org/2020/09/the-covid-19-infodemic-what-can-be-done-about-the-infectious-spread-of-misinformation-and-disinformation/?utm_source=Newsletter&utm_medium=Email&utm_campaign=ThursdayNewsletter09102020&utm_content=DisruptiveTechnology_Infodemic_09092020
https://abcnews.go.com/alerts/coronavirus
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Source 
https://abcnews.go.com/International/satellite-data-suggests-coronavirus-hit-china-earlier-researchers/story?id=71123270 

 

 

** 
 

A 55-year-old person from Hubei province in China may have been the first person to have contracted SARS2.  That case 

dates back to 17 November 2019, according to the South China Morning Post. 

 

That's more than a month earlier than doctors noted cases in Wuhan (China) which is in Hubei province, at the end of 

December 2019.  At the time, authorities suspected the virus stemmed from something sold at a wet market in the city. 

However, it's now clear that some infected people had no connection to the market.  That included one of the earliest cases 

from 01 December 2019 in an person who had no link to that seafood market, as reported in the The Lancet. 

 

Even with this 17 November case identified, doctors can't be certain the individual is patient zero as there's a chance even 

earlier cases will be found. 

 

Source 
https://www.livescience.com/first-case-coronavirus-found.html 

 

 

** 
 

A startling new coronavirus study from Italy has revealed that SARS2 was actually spreading in the country as early as 

September 2019.  Some 11.6% of 959 healthy volunteers in a cancer screening study developed SARS2 antibodies long 

before February 2020.  This means that the new coronavirus can circulate among the population for long and with a low rate 

of lethality not because it is disappearing but only to surge again. 

 

Source 
https://bgr.com/2020/11/16/coronavirus-number-pandemic-started-earlier-than-we-thought/ 

 
 

** 

 
SARS2 may have circulated in USA as early as December, about a month earlier than believed by the US-CDC. 

 

A UCLA study found a statistically significant increase in clinic and hospital visits by patients who reported respiratory 

illnesses as early as the week of December 22. 

https://abcnews.go.com/International/satellite-data-suggests-coronavirus-hit-china-earlier-researchers/story?id=71123270
https://www.livescience.com/first-case-coronavirus-found.html
https://bgr.com/2020/11/16/coronavirus-number-pandemic-started-earlier-than-we-thought/
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The first known case of COVID19 in the US was thought to be a patient in Washington who had visited Wuhan, China, 

according to the CDC. The case was reported in January. 

 

Researchers examined ~10 million medical records from the UCLA health system, including 3 hospitals and 180 clinics.  

Patients had been asking if the coughs they had in January had been COVID19.  For outpatients, there was a 50% increase 

patients with a cough. It came out to > 1,000 patients above the average of what we would typically see in the period. 

 

Source 
https://www.cnn.com/2020/09/15/health/us-coronavirus-tuesday/index.html?s=09 

 

 

Self-Diagnosis 
 

** 
 

SARS2 infection has a fever of 37.8 C°, a new persistent cough (usually dry), and a loss of their sense of taste and/or smell.  

Patients may also sometimes suffer from fatigue, aches and pains, sore throat, headaches and shortness of breath.  Diarrhoea 

and a runny or stuffy nose are rare.  Symptoms can range from mild to severe. 

 

Colds cause symptoms including sneezing, aches and pains, a runny or stuffy nose and sore throat.  A mild cough can be 

experienced.  There is sometimes fatigue, and it is rare to experience a fever or headaches.  Colds do not cause diarrhoea.  

There is usually a gradual onset of symptoms. 

 

Influenza most commonly consists of a fever, fatigue, a dry cough, aches and pains and headaches.  Patients will sometimes 

experience a runny or stuffy nose or a sore throat.  Diarrhoea can sometimes occur in children.  There is usually no sneezing 

with flu, but a severe shortness of breath can develop, and there is usually a rapid onset of symptoms. 

 

Source 
https://www.theguardian.com/world/2020/oct/25/coronavirus-symptoms-common-cold-flu-or-covid 

 

 

Testing for Infection 

 

** 

 
In an unpublished head-to-head comparison of PCR tests and a rapid a rapid test made by Quidel (called the Sofia test), the 

rapid test could detect > 80% of coronavirus infections found the PCR test.  However, when the rapid test was used 

randomly to screen people who did not feel sick, it detected only 32% of the positive cases identified by the PCR test.  The 

Sofia test takes 15 to 30 minutes and costs ~US$25 compared to several hours and ~US$50 for the PCR test. 

 
Source 
https://www.nytimes.com/2020/11/02/health/coronavirus-testing-quidel-sofia.html?s=09#click=https://t.co/I4S1E81h0W 

 

 

** 
 

CRISPR gene-editing technology is the basis for a new test that detects SARS2 in ~ 5 minutes.  The test does not need 

expensive lab equipment to run and could potentially be deployed at doctor’s offices, schools, and office buildings. 

 

CRISPR tests work by identifying a sequence of RNA—about 20 RNA bases long—that is unique to SARS2.  They do so 

by creating a guide RNA that is complementary to the target RNA sequence and, thus, will bind to it in solution.  When the 

guide binds to its target, the CRISPR tool’s Cas13 scissors enzyme turns on and cuts apart any nearby single-stranded RNA.  

These cuts release a separately introduced fluorescent particle in the test solution.  When the sample is then hit with a burst 

of laser light, the released fluorescent particles light up, signalling the presence of the virus. 

 

https://www.cnn.com/2020/09/15/health/us-coronavirus-tuesday/index.html?s=09
https://www.theguardian.com/world/2020/oct/25/coronavirus-symptoms-common-cold-flu-or-covid
https://www.nytimes.com/2020/11/02/health/coronavirus-testing-quidel-sofia.html?s=09#click=https://t.co/I4S1E81h0W
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The initial CRISPR tests required amplifying any potential viral RNA before running it through the diagnostic to increase 

their odds of spotting a signal.  That added complexity, cost, and time, and put a strain on scarce chemical reagents. 

 

A single guide RNA could detect as few as 100,000 viruses per μL of solution.  If a second guide RNA is added, detection 

of as few as 100 viruses per μL is possible.  That’s still not as good as the conventional PCR test, which can detect 1 virus 

per μL, but the new setup was able to identify a batch of 5 positive clinical samples with perfect accuracy in just 5 minutes 

per test, whereas the standard test can take 1 day or more to return results.  The strength of the fluorescent signal is 

proportional to the amount of virus in a sample, so a medical team can estimate how much virus a patient. 

 

Source 
https://www.sciencemag.org/news/2020/10/new-test-detects-coronavirus-just-5-minutes 

 

 

** 

 
There are hundreds of tests for SARS2 in development or already commercially available.  Some test for the presence of the 

virus.  Others test for our body’s response to the virus.   

 

The PCR test looks for specific genetic sequences that are only found in SARS2.  That makes it very suitable as a screening 

tool as it has such a low false-positive rate.  People are highly unlikely to test positive unless the virus is present in the 

sample.  We know this is true from all the thousands of negative tests done in New Zealand. 

 

We also know the PCR tests really do detect viral sequences as this has been confirmed time and time again by also 

sequencing the entire viral genome from a positive sample.  In New Zealand, analysts now use genome sequencing as an 

extra bit of information to see which cases are linked together.  This can help to define a cluster or even understand how 

someone might have become infected as happened in with the Rydges maintenance worker or the recent community case in 

a person who had tested negative while in managed isolation. 

 

There are now hundreds of versions of the PCR test.  What differentiates them is the equipment they are designed to run on 

and the specific genetic sequences they seek.  Some of the test kits can detect as few as 1 to 10 copies of the specific viral 

gene they are designed to pick up.  That makes them super-sensitive. 

 

Despite this, you might have seen people claim that PCR testing only has a sensitivity of 60-70%.  The source and meaning 

of that number is unclear, but people might be trying to quantify how many infected people would wrongly test negative by 

the PCR test.  The reality is that while the test itself is very sensitive, the way it is used most places requires someone to 

have a swab stuck right up to the back of their nose.  This is where things can get a bit tricky.  Depending on how well the 

swab is inserted and moved around, it’s possible to not get enough genetic material for the PCR test, which could mean an 

infected person tests negative.  That’s why it’s utterly farcical that some countries tried to roll out home-swabbing kits in an 

effort to improve their testing capacity.  

 

A new method for testing saliva for the virus instead of using swabs to collect a sample. Spitting into a container sounds 

much easier.  Not only was it easier, but it also picked up people who had tested negative by nasal swab.  The US-FDA has 

granted the method an emergency authorisation so it can be used to test people.  

 

The most crucial thing to understand about the PCR test is that it is asking: was the virus present in sufficient quantities to 

detect when the person was tested?  Let’s recap what happens after someone is exposed to the virus. First, they enter what is 

called the incubation period.  This is the time between exposure and when symptoms develop.  This period can be as short 

as one day or as many as 20 or so.  The overwhelming majority of people develop symptoms within 14 days.  About 1% 

may develop symptoms after 14 days but most develop symptoms within 2 to 10 days.  Those symptoms range from 

unnoticeable to mild to deadly.  At some point, infected people become infectious themselves.  This is how the virus 

spreads, exponentially if we don’t put any distancing measures in place. It remains unclear just how infectious people who 

never develop symptoms are.  The best study I’ve seen was from a while ago and it was small compared to how big the 

pandemic is now, but those people who did not develop symptoms didn’t spread the virus to anyone else. 

 

As for those who get symptoms, we know they will be infectious for a few days before their symptoms appear and for the 

first few days that they have symptoms.  This is the time in which we need to minimise social contacts.  So what’s 

happening with virus levels during this time?  It differs between people.  On average, though, virus levels start rising during 

https://www.sciencemag.org/news/2020/10/new-test-detects-coronavirus-just-5-minutes
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the incubation period.  Levels then peak around when people start to develop symptoms and fall as the person’s immune 

system kicks in to get rid of the virus.  Once that’s happened, they may be left with bits of viral debris floating around. 

 

Many PCR tests available use a method known as quantitative PCR.  The more virus or bits of virus present in the sample, 

the quicker the test becomes positive. You might have heard people talk of cycle threshold values and cycles.  These are 

measures of how quickly a sample tests positive. The higher the threshold value or number of cycles, the lower the levels of 

virus present.  A weakly positive result will have a high threshold and may be from someone early in the incubation period 

where the virus hasn’t quite got started yet, or later once they are no longer infectious and all that’s left is viral debris. 

 

The PCR test captures a point in time.  People can test negative and still be infected, just in the incubation period.  That’s 

why if someone is a close contact, the person still must isolate for 14 days, even if they test negative, and why one must 

monitor for symptoms after 14 days.  People can also test positive but not be infectious anymore.  Test results will help 

decide what advice to give the person testing positive about whether they need to continue isolating or not. 

 

I’ve heard people say that because the PCR test has limitations it’s not worth testing people.  I strongly disagree.  It’s 

important to know who has been infected to learn more about the epidemiology of the pandemic and the potential long-term 

consequences of the virus.  More than that, testing is a crucial part of the test-trace-isolate strategy for stopping the virus. 

 

For the strategy to be successful, people need access to testing as soon as they develop symptoms, and for test results to 

come back within a day or two.  That allows the contact tracers to swing into action, identifying everyone the infected 

person had contact with while they were infectious, and getting those people into isolation if necessary.  That stops further 

spread of the virus.  If it takes more than a few days for test results to come back, you lose the window for isolating both the 

infectious person and their close contacts, and the virus can spread. 

 

The test-trace-isolate strategy also needs to have good contact tracing capacity, and people need to understand the 

importance of isolation and have the means to do so.  In Taiwan, people are paid an allowance when they have to self-

isolate and have to pay a huge amount back if they fail to do so. 

 

Around the world, countries are grappling with how to deal with the pandemic.  People are infectious before they have 

symptoms, and many of the symptoms mimic other infections and health conditions.  Those are not reasons to quit trying to 

prevent the virus from spreading. The PCR test is valuable for this and it’s working really well in New Zealand. 

 

Source 
https://thespinoff.co.nz/science/21-09-2020/how-the-pcr-test-works-and-why-its-such-a-critical-weapon-against-covid-19/?s=09 

 

 

** 
 

Andrea Crisanti was on a 30-hour flight from Italy to Australia for a conference on 22 February 2020 when some disturbing 

news appeared on his phone.  Italy had just had its first COVID19 death, and more cases were accumulating fast.  He asked 

conference organizers to move his talk to the first day, and made the grueling trip back home after that. 

  

Crisanti, head of the microbiology department at the University of Padua, already knew trouble was coming and had geared 

up his lab to do large-scale testing for SARS2.  As it began to devastate Italy, Crisanti put his university and region at the 

forefront of the fight with a campaign of testing and quarantine, even when that meant defying conventional wisdom. 

 

Crisanti’s decisiveness helped rein in his region’s outbreak and show the rest of Italy how to tame the virus. 

 

In late January, when Chinese scientists published the genetic sequence of the new coronavirus,  Crisanti began to test 

university students returning from China, symptomatic or not.  He had conducted a few hundred tests when the regional 

health department told him to stop.  Guidelines from the World Health Organization and Italy’s National Institute of Health 

said to test only patients with symptoms, he was told.  Crisanti says the restriction made no sense since there are very few 

infectious diseases where asymptomatic people do not play a major role. 

 

At the time, anecdotal reports were emerging from China about asymptomatic transmission, but no one had produced 

definitive evidence.  Crisanti saw Vo, where Italy’s first death happened, as an ideal place to conduct an epidemiological 

experiment: a small population, universally tested, whose progress could be monitored closely.  He got approval to retest 

everyone in the village 9 days after the 1st round of testing. 

https://thespinoff.co.nz/science/21-09-2020/how-the-pcr-test-works-and-why-its-such-a-critical-weapon-against-covid-19/?s=09
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The numbers confirmed his thinking about asymptomatic transmission.  In the 1st round of testing, 73 residents were 

positive for the virus and > 40% of them had no symptoms yet had levels of the virus similar to those who were visibly ill. 

The Vo study also confirmed that isolating people helps stem transmission.  Everyone who had tested positive was confined 

to their home, regardless of whether they had symptoms.  By the 2
nd

 round of testing, a week and a half later, the number of 

positives had dropped to 29; they, too, were isolated.  A 3rd round of tests 2 months after that found no positive cases. 

 

If you want to eliminate a cluster, you must lock down the locale, test everybody, and isolate the positives. 

 

Crisanti persuaded the regional government of Veneto to test anyone with even the mildest of symptoms, and to trace and 

test their contacts.  The effort targeted medical personnel and essential workers, such as supermarket cashiers.  It helped that 

Veneto has a long tradition of taking strong public health measures, dating back to the invention of the quarantine during the 

14th century plagues.  The region’s infrastructure was ready for a pandemic, with a health care policy that emphasizes 

decentralized primary care.  In this case, that meant sending well-equipped nurses to test people at home or admitting them 

to small local hospitals with dedicated COVID19 units. 

 

In contrast, neighbouring Lombardy, the prosperous region in which Milan is located, has emphasized large, urban hospitals 

offering first-rate surgical and specialty care.  That system backfired in the pandemic, funnelling sick people into the 

hospitals, which in turn became sources of infection.  Lombardy became the worst affected region of Italy, with 2.5 times 

the number of cases and 4 times the number of deaths per capita as Veneto. 

 

From the beginning, Crisanti was prescient. In late January, he ordered enough reagent to process 0.5 million swabs; he then 

had his lab analyze the reagents and begin to produce its own.  Thus, when other regions were running short, Veneto had a 

surplus of reagents.  Later, he ordered equipment that could process tests at high speed, tracking down a demo machine 

when he couldn’t procure one through the usual means because of heightened demand from the pandemic.  He got the only 

machine in Italy.  It quadrupled his laboratory’s throughput to more than 6,000 swabs per day.  Along the way, Veneto 

became an example of the value of extensive testing, tracing, and isolation—and ensuring the means to do it. 

 

Source 
https://www.sciencemag.org/news/2020/08/how-italy-s-father-swabs-fought-coronavirus 

 

 

** 

 
The presence of viral RNA in sewage is a leading indicator of infection in the community.  Across the USA, cities and 

universities are testing sewage to monitor the virus.  Studies suggest it's a useful way to augment standard person-by-person 

coronavirus testing and while a sewage sample cannot point to an infected individual, it can give an indication that 

infections are circulating in an area, a neighbourhood, or even in an individual building. 

 

Early on in the pandemic, it became clear that SARS2 makes its way into the digestive system and could be found in human 

faeces.  From there, it's just a quick flush into the sewers. 

 

SARS2 breaks down fairly quickly once it's flushed.  Wastewater testing doesn't recover whole virus, but instead pulls out 

two specific pieces of viral RNA.  These pieces cannot infect people, but are easy to identify.   

 

RNA in the sewage reveals someone infected is using the system—the more is there, the more people are infected.  In one 

community, as viral RNA in sewage rose, masks were given to residents in an effort to get the infection rate stabilized.  

Results are pending. 

 

Sewage results can be co-ordinated with saliva tests to indicate when lockdowns should begin. 

 

Source 
https://amp.cnn.com/cnn/2020/10/28/health/covid-sewage-testing-spike/index.html 

 

 

https://www.sciencemag.org/news/2020/08/how-italy-s-father-swabs-fought-coronavirus
https://amp.cnn.com/cnn/2020/10/28/health/covid-sewage-testing-spike/index.html
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** 
 

Domestic dogs can accurately detect SARS2 infections, but large-scale studies are needed before the approach is scaled up. 

 
Source 
https://www.nature.com/articles/d41586-020-03149-9 

 
 

** 
 

Initial diagnostic methods for SARS2 included nucleic acid amplification tests, antigen detection, and serology tests.  

Reverse transcriptase polymerase chain reaction (RT-PCR or simply PCR) is considered the gold standard for diagnosis; 

however, RT-PCR takes several hours, is restricted to specialized laboratories (as it requires viral lysis and RNA 

extraction), and can be limited by supply chain issues.  Nucleic acid amplification methods, such as loop-mediated 

isothermal amplification (RT-LAMP), do not require thermal cycling and can provide results within an hour; however, these 

methods are still subject to similar supply chain issues as RT-PCR.  Rapid (< 30 minutes) immunoassay-based antigen-

detecting tests exist for some viruses (e.g., influenza), but generally have low sensitivities.  There was thus an urgent need 

for new viral detection approaches, particularly ones that can be deployed in non-laboratory settings. 

 
Using a convolutional neural network, SARS2 can now be identified from microscopy images of single intact particles.  The 

assay labels viral RNA with fluorescent DNA markers, images the labelled particles, and allows identification in < 5 

minutes.  The method does not require cell lysis, purification, or amplification.  The neural network accurately differentiated 

SARS2-containing samples from negative clinical samples, and from other respiratory pathogens (e.g., influenza). 

 

 
 

Source 
https://www.medrxiv.org/content/10.1101/2020.10.13.20212035v3.full-text 

https://www.nature.com/articles/d41586-020-03149-9
https://www.medrxiv.org/content/10.1101/2020.10.13.20212035v3.full-text
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Virus Structure 

 

** 

 
SARS2 is a positive-strand RNA [(+)RNA] virus in a large class of viruses that includes Zika, hepatitis C, and chikungunya. 

 

(+)RNA viruses package their genomes in infectious virions as messenger-sense RNA and reproduce these genomes solely 

through RNA intermediates in replication complexes (RCs) formed by rearranging intracellular membranes. 

 

RCs of coronaviruses and some other (+)RNA viruses are ∼250- to 300-nm-diameter double-membrane vesicles (DMVs) 

that contain viral double-stranded RNA (dsRNA) replication intermediates. 

 

A crown-like double-membrane-spanning molecular pore on SARS2 and other coronavirus DMVs likely explains the 

longstanding problem of how progeny (+)RNA genomes are released from DMVs. 

 

Like other (+)RNA viruses, most (∼70%) of the SARS2 genome encodes functions for RNA replication, underscoring the 

importance of this process for understanding and controlling these viruses.  

RCs support genome replication by organizing viral replication proteins, viral RNA templates, specific host factors required 

for RNA replication, and successive reproductive steps.  The RC-bounding membranes sequester RNA replication templates 

and intermediates from translation, virion assembly, RNA decay, and host defences such as RNA interference and 

interferon-stimulated antiviral responses. 

 

Although infection by coronaviruses induces several types of membrane rearrangements, multiple lines of evidence 

identified the dsRNA-containing DMVs as the viral RNA synthesis sites.  However, because DMVs lacked known 

openings, it was unclear how new (+)RNA genomes copied from dsRNA templates in the DMV interior could transit to the 

cytoplasm to be translated, packaged into virions, and potentially form new RCs. 

 

Advanced cryo–electron tomography (cryo-ET) has been used to identify a cylindrical protein pore complex traversing 

DMV double membranes in cells infected by SARS2 or another coronavirus.  This pore contains 6 copies of the large viral 

trans-membrane protein non-structural protein 3 (nsp3), which is essential for RNA replication and induces the formation of 

DMVs with viral nsp4.  Consistent with the interaction of nsp3 with multiple viral replication proteins, images show 

frequent, apparently dynamic interaction of the pore's DMV luminal and cytoplasmic sides with other macromolecules.  

Thus, the pore may interact with the viral RNA polymerase and other luminal RNA replication factors to guide newly 

synthesized RNAs to the cytoplasm, where the interaction of nsp3 with the viral nucleocapsid protein may facilitate RNA 

packaging into new virions. 

 

The DMV pore is also an attractive solution for coronaviral RNA release because of similarities with a product RNA-

release channel first identified in nodaviruses, a well-characterized model for (+)RNA virus replication.  In addition to 

DMVs, another prominent class of RCs is necked spherular membrane invaginations (spherules) that are formed by 

numerous families of (+)RNA viruses including flaviviruses, such as Zika, alphaviruses (such as chikungunya), and 

nodaviruses.  

 

Cryo-ET showed that the < 50- to 80-nm-diameter nodavirus spherules contain viral dsRNA replication templates and that 

the cytoplasmic side of the spherule neck is surmounted by a ring, or crown, of 12 copies of nodavirus RNA replication 

protein A.  These crowns are frequently origins for cytoplasmic filaments that appear to represent new (+)RNA genomes 

being released.  Crown-forming protein A contains all viral activities for RNA synthesis and shares distant sequence 

similarities to alpha-virus RNA replication proteins. 

 

Despite some differences in the membrane organization of DMV and spherule RCs, the DMV pores of coronaviruses show 

multiple parallels with nodavirus spherule crowns.  These include their ringed multimeric structure, their apparent role as 

channels to release progeny RNA replication products, and potential involvement or interaction with active RNA synthesis. 

The cytosolic portion of the coronaviral pore appears as a crown.  However, this intracellular DMV RC crown is unrelated 

to the crown-like halo of virion envelope spike proteins that gave coronaviruses their name. 

 

Recognition that RCs of coronaviruses and nodaviruses share fundamentally similar crown-like channels is notable given 

the considerable evolutionary separation of these viruses.   
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Although the cytosolic portion of the coronavirus crown has 6-fold symmetry, some membrane-interacting regions of the 

pore show rings of 12 similar electron-dense elements.  Whereas the volume of the coronaviral pore complex shows that it 

must contain proteins beyond nsp3, the stoichiometry and symmetry of these regions remains uncertain.  Even if only 6-fold 

symmetric, we don’t know if these 12-member rings bear any similarities to the 12-fold symmetric nodavirus crown. 

 

Detailed interactions of these crowns with membrane lipids will also be of interest and might be more similar than seeming 

differences in DMV and spherule architectures suggest.  The nodavirus spherule membrane folds at the neck into 2 sections 

that independently approach the crown, mirroring the connection of double membranes at nuclear pores.  Similarly, 

hydrophobic surfaces on the coronaviral pore might induce lipids in the 2 DMV membranes to converge or interact, again 

approximating nuclear pores.  Higher -resolution imaging of the nodavirus crown may resolve such questions. 
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Additional questions include what other coronaviral and perhaps host proteins comprise the crown-like DMV channel. Viral 

nsp4 is one attractive candidate because it functions with nsp3 to form DMVs.  Equally enticing is the identity of the 

dynamic RNA and protein interactions at both ends of the DMV channel and how these may promote RNA synthesis, 

transport, and virion assembly.  Perhaps most important, recognizing conserved processes such as crown-mediated release 

of new genomic RNAs should provide a foundation for potentially broader-spectrum control, through pharmacologic or 

genetic means, of ubiquitous (+)RNA virus pathogens. 

  
Source 
https://science.sciencemag.org/content/369/6509/1306 

 

 

Super-spreaders 

 

** 

 
Extensive contact tracing in two southern Indian states offers the strongest evidence yet that a few super-spreading 

individuals are responsible for a disproportionate share of new coronavirus infections.  It also suggests that children are 

more efficient transmitters of the virus than widely believed. 

 

Just 8% of people with COVID19 accounted for 60% of the new infections observed among the contacts.  Meanwhile, 70% 

COVID19 patients were not linked to any new cases. 

 

The finding underscores the essential role of super-spreaders in the pandemic: one individual or event, such as in a poorly 

ventilated indoor space, can trigger a high number of new infections, while others might not transmit the virus at all. 

 

Super-spreading events are the rule rather than the exception, which has lots of implications for modelling the course of the 

pandemic and determining how to keep places safe. 

 

Super-spreading events are influenced by behaviour, proximity to an infected person, length of contact, and ambient 

conditions determine the level of risk.  Whether some infected people spread the virus more efficiently because of biological 

factors is still being studied. 
 

Source 
https://www.latimes.com/world-nation/story/2020-09-30/largest-coVID19-transmission-study-highlights-super-spreaders 

 

 

Reporting of Cases 

 

** 
 

Despite an overall improvement in detection rates as the pandemic has progressed, our estimates showed that, as at 31 

August 2020, the true number of people to have been infected across our sample of 15 countries was 6.2 (95% CI: 4.3–10.9) 

times greater than the reported number of cases. In individual countries, the true number of cases exceeded the reported 

figure by factors that range from 2.6 (95% CI: 1.8–4.5) for South Korea to 17.5 (95% CI: 12.2–30.7) for Italy. 

 

Source 
https://www.policyforum.net/just-how-many-people-really-have-and-have-had-coVID19/ 

 

 

** 

 
[The source below is an internet page that will provide geographically based numbers for cases and deaths in Canada, 

including information down to the postal code level.] 

 
Source 
https://health-infobase.canada.ca/coVID19/covidtrends/?s=09 

https://science.sciencemag.org/content/369/6509/1306
https://www.latimes.com/world-nation/story/2020-09-30/largest-covid-19-transmission-study-highlights-super-spreaders
https://www.policyforum.net/just-how-many-people-really-have-and-have-had-covid-19/
https://health-infobase.canada.ca/covid-19/covidtrends/?s=09
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** 

 
[The source below is an internet page that will provide geographically based total numbers for cases and deaths around the 

globe, including disaggregated data by male, female, and non-traditional genders.] 

 

Source 
https://globalhealth5050.org/the-sex-gender-and-covid-19-project/ 

 
 

Counting Deaths 

 

** 
 

Standard death counts might underestimate mortality in the pandemic.  Excess death has been used to estimate the impact of 

public health pandemics or disasters, particularly when there are questions about deaths attributable to a given event. 

 

Excess deaths are typically defined as the number of people who have died from all causes, in excess of the expected 

number of deaths for a given place and time. 

 

 
 

From January to September, about 300,000 more persons than expected died in the USA.  Excess deaths reached their 

highest points to date during the weeks ending April 11 (40.4% excess) and August 8 (23.5% excess). About 66% of excess 

deaths during the period were attributed to SARS2. 

 

The total number of excess deaths ranged from a low of ~850 in the youngest age group (< 25 years) to a high of ~94,500 

among adults aged 75–84 years.  However, the increase in deaths was largest for adults aged 25–44 years (26.5%).  Overall, 

numbers of deaths among persons aged < 25 years old were 2.0% below average.  However, deaths were higher in other 

age-groups: 

 14.4% for 45–64 year olds, 24.1% for 65–74 year olds, 21.5% for 75–84 year olds, 14.7% for ≥ 85 year olds. 

 

Excess deaths during the period ranged from a low of ~3,400 among Aboriginal persons to a high of ~171,500 among 

Caucasian.  For Caucasian, deaths were 11.9% higher when compared to average numbers during 2015-2019.  However, 

some racial and ethnic subgroups experienced disproportionately higher percentage increases in deaths: 

 53.6% for Hispanics, 28.9% for Aboriginals, 32.9% for Blacks, 36.6% above average for Asians, 34.6% for those 

of other or unknown race or ethnicity. 

 

The age distribution of COVID19 deaths shifted toward younger age-groups from May through August. 

 

Source 
https://www.cdc.gov/mmwr/volumes/69/wr/mm6942e2.htm?s_cid=mm6942e2_w 

https://globalhealth5050.org/the-sex-gender-and-covid-19-project/
https://www.cdc.gov/mmwr/volumes/69/wr/mm6942e2.htm?s_cid=mm6942e2_w
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Reporting Cases and Deaths 

 

** 
 

[N.B. Doctors must assign codes to their patients.  This is done using the International Classification of Diseases.  The latest 

version is ICD-10. The Canadian version is ICD-10-CA.  Codes are reported to public health agencies, the National 

Ambulatory Care Reporting System (NACRS), the Discharge Abstract Database (DAD), and the Canadian Vital Statistics 

Death Database (CVSD).] 

 

[N.B. Codes are reported to the Ontario Mental Health Reporting System (OMHRS), but it is not clear whether 

SARS2/COVID19 coding is in use there at present.] 

 

A confirmed case of COVID-19 is one for which there is a positive COVID-19 lab test result. 

 

A lab-confirmed case of COVID-19 is classified to U07.1 COVID19, virus identified.  U07.1 is assigned only when 

COVID19 is lab confirmed. 

 

Additional codes are assigned for any manifestations, such as pneumonia, that meet the definition of diagnosis type (1) or 

diagnosis type (2). 

 

A suspected COVID-19 case is one that has been diagnosed clinically or epidemiologically but for which COVID19 lab test 

results are inconclusive or not available, or for which COVID-19 testing has not been performed. 

 

A suspected COVID-19 case is classified to U07.2 COVID19, virus not identified.  U07.2 is assigned when COVID19 is 

diagnosed clinically or epidemiologically but COVID19 lab test results are inconclusive or not available, or when 

COVID19 testing is not performed. 

 

[N.B.  Detailed instructions are provided for those who encode patients.] 

 

Source 
https://www.cihi.ca/en/bulletin/webinar-icd-10-ca-coding-direction-for-covid-19 

 

 

Local Situation in Ontario 

 

** 

 

27 Nov 2020 

 

 
 

Source 
https://data.ontario.ca/dataset/status-of-coVID19-cases-in-ontario 

https://www.cihi.ca/en/bulletin/webinar-icd-10-ca-coding-direction-for-covid-19
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** 
 

As of 30 November, Ontario had had ~116,500 total cases. 

 

Source 
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html 

 

 

 

Source of Infection in Eastern Canada 

 

** 
 

A team sequenced and analyzed 734 high-quality SARS2 genome sequences obtained between mid-February and 01 April 

2020.  The sequences were placed these in the context of 21,935 sequences from elsewhere in Canada and internationally, 

including all available in the Global Initiative on Sharing All Influenza Data (GISAID). 

 

Travel-history data showed 32.7% of infections came from Europe, with France the highest at 12.1%.  Some 31% were 

from the Caribbean/Latin America, and 23.9% from USA.  Only 1.2% came from Asia and none from China. 

 

Thus, the origin of the outbreak in Quebec was mostly Europe and the Americas, and not Asia.  Most of the early 

introductions of the virus into Quebec did not give rise to sustained transmission, but a barrage of introductions just after 

spring break eventually gave rise to tens of thousands of cases. 

 
Source 
https://reporter.mcgill.ca/first-genetic-sequencing-of-covid-in-quebec-shows-roots-of-outbreak/?s=09 

 

 

Speed of Spread (Rt) 

 

** 
 

Rt estimates for 26 Sep 2020 had: Canada at 1.24.; ON, AB, CA  at > 1; BC ~1; Atlantic very quiet.  MB/SK smoldering. 

 

 
 

Source 
Dr David Fisman on Twitter @DFisman    https://twitter.com/DFisman/status/1309931079671963650?s=09 

https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html
https://reporter.mcgill.ca/first-genetic-sequencing-of-covid-in-quebec-shows-roots-of-outbreak/?s=09
https://twitter.com/DFisman/status/1309931079671963650?s=09
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** 

 
Since the start of the SARS2 pandemic there has been widespread implementation of local and national restrictions, and 

social, health, and economic devastation from direct and indirect impact of the pandemic.  It is generally agreed that striking 

a balance between resuming economic and social activities and keeping the effective reproductive number (R0) below 1.0 

using non-pharmaceutical interventions is an important goal until and even after effective vaccines become available.  

Achieving this balance requires an understanding of how the virus is spread.  A particular concern are the already stark 

health disparities driven by socioeconomic and racial/ethnic inequities in our societies. 

 

Emerging data suggests that risk of transmission depends on several factors, including contact pattern, host-related 

infectivity/susceptibility pattern, environment, and socioeconomic factors. 

 

Contact tracing studies show that sustained close contact causes most infections.  For instance, living with the case, 

family/friend gatherings, dining, or travelling on public transport were found to have a higher risk for transmission than 

market shopping or brief (< 10 minutes) community encounters.  While people are more likely to recall and disclose close 

and household contacts, and it is easier for tracers to identify the source, household studies provide important information 

about the contact patterns and activities associated with higher attack rates. 

 

Close contacts that pose the highest risk of transmission are typically friends, household members, and extended family, 

with a secondary attack rate that ranges from 4 to 35%.  In the same household, higher attack rates are observed among 

spouses compared to the rest of the household.  One review of 5 studies showed household transmission to spouses (43%; 

95% CI: 27%–59%) was higher than to other relationships (18%, 95% CI: 10%–26%).  Similar results were observed in the 

USS Theodore Roosevelt outbreak in which those sharing the same sleeping space had higher risk of being infected.   

 

 
 
 

The attack rate is higher when the index case is isolated in the same room with the rest of the household or when the 

household members have daily close contact with the index case.  Transmission is reduced when the index case is isolated 

away from the family, or preventative measures such as social distancing, hand hygiene, disinfection, and use of face masks 

at home are applied.  In a study of an outbreak in the largest meat processing plant in Germany, while the universal point of 

potential contact among all cases was workplace, transmission was associated with single shared apartments, shared 

bedrooms, and carpools.  These findings suggest that sleeping in the same room or sharing the same sleeping space, 

increased contact frequency constitutes high risk of transmission. 

 

Large clusters have been observed in family, friend, work-colleague gatherings including weddings and birthday parties.  

Other examples include gatherings in pubs, church services, and close business meetings.  These findings suggest that group 

activities pose a higher risk of transmission.  In non-household contact tracing studies, dining together or engaging in group 
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activities has also been found to involve high risk for transmission.  In the same household, frequent daily contact with the 

index case, and dining in close proximity has been associated with increased attack rates. 

 

Long-term care facilities, such as nursing homes and homeless shelters, have higher rates of infection, in part because of 

patterns of contact among staff and residents.  In nursing home outbreaks in the Netherlands, Boston (USA), and London 

(UK), multiple viral genomes were identified, suggesting multiple introductions to the facilities.  In an investigation of 17 

nursing homes that implemented voluntary staff confinement with residents, including 794 staff members and 1,250 

residents in France, having staff work in a single facility for a week-long period was associated with fewer outbreaks. 

 

Contact tracing and outbreak investigations suggest that many SARS2-infected people either do not contribute to onward 

transmission or have minimal potential to do so, and a large number of secondary cases are often caused by a small number 

of infected patients.  While this may also be due to contact pattern and the environmental factors, host factors strongly 

influence this variation; individual variation in infectiousness is an expected feature of super-spreading events. 

 

Timing of the contact with an index case is crucial.  Viral load peaks early in the disease course, with the highest viral loads 

observed from symptom onset to day 5, indicating an early high level of infectiousness.  Transmission events are estimated 

to occur in a short window, likely a few days prior to and following symptom onset.  For example, a contact tracing study 

that followed up 2,761 contacts of 100 confirmed cases showed infection risk was higher if the exposure occurred within the 

first 5 days after the symptom onset, with no secondary cases after that.  [It can be inferred that] viral dose plays an 

important role in transmission dynamics.  In contrast, higher viral loads in SARS1 and MERS were identified in the second 

week after symptom onset, suggesting that patients had viral load peak after hospitalization.  Therefore, early viral load 

peak also explains efficient community SARS2 spread in contrast to SARS1 and MERS during which community spread 

was put under control; however, nosocomial (in-hospital) spread was an important feature of the SARS1 and MERS 

outbreaks.  In contrast during COVID19, only a small number of hospital-based outbreaks have been reported so far. 

 

 
 

 

Symptoms and severity of illness also influence transmission dynamics.  People with symptoms appear to have a higher 

secondary attack rate compared to pre-symptomatic and asymptomatic index cases.  While asymptomatic patients can 

transmit the virus to others, the findings from nine studies up to July 2020 found secondary attack rates of zero to 2.8%, 

compared with secondary attack rates of 0.7% to 16.2% in symptomatic cases in the same studies, suggesting asymptomatic 

index cases transmit to fewer secondary cases.  Another systematic review of studies up to June 2020 similarly found a 

reduced risk of transmission for asymptomatic versus symptomatic cases (0.3, 95% CI 0.1-1.3) and pre-symptomatic versus 

symptomatic cases (0.6, 95% CI 0.2-.3).  There are also differences in attack rates based on symptom severity.  In one 

study, the secondary attack rate was 3.5% for those with mild symptoms, 5.7% with moderate symptoms, and 4.5% with 

severe symptoms.  In a contact tracing study, contacts of severe cases were more likely to develop severe infections. 

 

Virus transmission is also affected by host factors, including host defence mechanisms, and age.  There is lower 

susceptibility to infection for children aged < 10 years compared to adults given the same exposure, and elevated 

susceptibility to infection in adults aged > 60 years compared to younger or middle-aged adults. 
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Findings from contact tracing studies in Japan suggest ~19-fold higher risk of transmission indoors compared with outdoors. 

 

SARS2 is much more easily spread in enclosed and crowded environments.  Largest outbreaks from across the world are 

reported in long-term care facilities, such as nursing homes, homeless shelters, prisons, and also workplaces including meat-

packing plants and factories, where many people spend several hours working together, dining and sharing communal 

spaces.  In 6 London (UK) care homes experiencing outbreaks, ~40% of residents and ~21% of staff tested positive for 

SARS2.  Among 408 individuals residing at a large homeless shelter in Boston (USA), 6% of those tested were found to be 

positive.  The largest clusters of cases observed in the USA have all been in prisons or jails, likely because of overcrowding, 

poor sanitation and ventilation, and inadequate healthcare. 

 

Global figures show a strong association between socioeconomic deprivation, race/ethnicity, and a higher risk of infection 

and death from COVID19.  People facing the greatest socioeconomic deprivation have a higher risk of household and 

occupational exposure to SARS2, and existing poor health leads to more severe outcomes if infected.  People with lower-

paid and public-facing occupations are often seen as essential workers.  They must work outside the home and often travel 

to work on public transport.  In New York City, there were higher infection rates in neighbourhoods that continued to 

engage in commuting for work.  These occupations often involve greater social mixing and greater exposure risk from 

prolonged working hours, resulting in reduced ability to practice social distancing among low-income families. 

 

Households in socioeconomically deprived areas are more likely to be overcrowded, increasing the risk of transmission 

within the household.  Black, Hispanic, and other marginalised, racial/ethnic and migrant groups have also been shown to 

be at greater risk of infection, severe disease, and death from COVID19.  These increased risks are likely the result of 

socioeconomic conditions, inequitable access to adequate healthcare, and higher rates of co-morbidities from adverse living 

and working conditions and structural racism.  It is not surprising that large outbreaks have occurred in meat-packing plants, 

and most commonly exposed occupations include nurses, taxi and bus drivers, and factory workers.  These disparities also 

shape the strong geographic heterogeneities observed in the burden of cases and deaths.  The COVID19 pandemic is 

strongly shaped by structural inequities that drive household and occupational risks, emphasising the need to tailor effective 

control and recovery measures for these disadvantaged communities proportionate to their greater needs and vulnerabilities. 

 

Clusters have become a prominent with SARS2, which distinguishes it from seasonal influenza.  This emphasises that large 

clusters and super-spreading events may be the driver of the majority of infections, just as they were for SARS1.  In the 

2003 SARS1 outbreak, > 70% of infections were linked to super-spreading events in Hong Kong and Singapore.   

 

Hallmarks for super-spreading events include a combination of factors, typically a highly infectious individual(s) gathered 

with other individuals in enclosed and crowded environments.  An outbreak in China saw 24 out of 67 passengers infected 

during a 50-minute return bus journey, which was linked to an index case who was symptomatic the day before the trip.  In 

contrast, during the event, only 6 people were infected, all of whom were in close contact with the same index case.  In 

Washington state, a mildly symptomatic index case attended a choir practice (the practice was 2.5 hours), and out of 61 

persons, 32 confirmed and 20 probable secondary COVID19 cases occurred with an attack rate of 53% to 87%. 

 

Modelling suggests several independent introductions might be needed before a COVID19 outbreak eventually takes off, 

meaning these large outbreaks occur when multiple infected persons come into the environment.  Other large outbreaks 

have been in crowded night clubs, karaoke bars, pubs where there were likely multiple introductions of the virus. 

 

Contact tracing investigations need to be combined with phylogenetic analysis to understand the settings and activities most 

likely to yield a super-spreading event to inform preventative measures. 

 

One recommendation, then, is that poverty and household crowding need to be addressed with interventions that go beyond 

guidance on social distancing, hand hygiene, and mask use.  Previous research suggests that while social distancing during 

the 2009 H1N1 influenza pandemic was effective in reducing infections, this effect was most pronounced in households 

with greater socioeconomic advantage.  Similar findings are emerging for COVID19, with the ability to practice social 

distancing strongly differentiated by county and household income.  The disproportionate impact of COVID19 on 

households living in poverty, and the racial and ethnic disparities observed in many countries, emphasize the need to 

address these inequities. This includes social and income protection and support to ensure low-paid, non-salaried, and low-

hour contract workers can afford to self-isolate and self-quarantine.  Protective equipment needs to be provided in 

workplaces and community settings, along with appropriate return-to-work guidelines, and testing and opportunities for 

isolation outside of the home to protect those still healthy. 

 

Second, preventing transmission requires quick self-isolation at symptom onset, prompt testing and results with 1 to 2 day 

turnaround, and robust contact tracing.  In many countries, people access testing too late, by which time they may have had 
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multiple contacts while infectious.  While self-isolation with symptoms is crucial, in the UK ~75% of those with symptoms 

and their contacts did not fully self-isolate.  While presymptomatic transmission likely contributes to some transmission, 

over half of transmission is caused by those with symptoms, especially in the first few days after symptom onset.  Public 

health messages should prioritise isolation practice, and policies should include supported isolation and quarantine. 

 

Third, policy makers and health experts can help the public differentiate between lower-risk and higher-risk activities and 

environments, and public health messages should convey risks to the public to support engagement in alternatives for safer 

interaction.  Otherwise, people may fixate on unlikely sources of transmission—outdoor activities—while under-estimating 

higher-risk settings, such as family gatherings, and indoor settings. Enhancing community awareness about risk can also 

encourage symptomatic persons and contacts of ill persons to isolate or self-quarantine to prevent ongoing transmission.  

 

Finally, because crowded, indoor spaces and gatherings likely will continue to be the driver of transmission, public health 

strategies need lessen transmission in settings such as nursing homes, prisons and jails, shelters, meat-packing plants.  There 

needs to be adequate personal protective equipment, routine testing to identify infected individuals early.  Such settings 

need redesign, including improved ventilation, just as improved sanitation was a response to cholera.  Modelling studies and 

computer simulations could contribute to our understanding of transmission dynamics and aero-dynamics of droplets.  

Contact-tracing studies could provide real-life transmission dynamics, and individual and structural factors associated with 

SARS2 transmission, which are essential to control the current pandemic.  More understanding of transmission dynamics is 

critical to reopening businesses, primary and secondary schools, and universities. 

 

Source 
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3692807&s=09 

 

 

Activities Putting People at Risk 

 

** 

 

  
 

Source 
https://www.ottawapublichealth.ca/en/reports-research-and-statistics/daily-covid19-dashboard.aspx 

 
 

** 
 

By early September 2020, Indonesia had recorded more deaths from SARS2 than any other Southeast Asian country.  It also 

has seen by far the most fatalities among medical workers in the region, leading to concerns about the long-term impact on 

the nation’s fragile healthcare system. 

 

The tribulations endured by Indonesian healthcare workers are similar to others globally: long working hours, hospitals 

filled to capacity, and a lack of resources like personal protective equipment. 

 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3692807&s=09
https://www.ottawapublichealth.ca/en/reports-research-and-statistics/daily-covid19-dashboard.aspx
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Indonesia’s government has been able to provide PPE to healthcare workers after an initial shortage that saw doctors 

wearing plastic raincoats while working. 

 

At least 213 healthcare workers have died from COVID19 in Indonesia: 107 doctors and 74 nurses.  The Philippines has had 

> 3,900 deaths, with 33 of its medical workers die from the virus, second-most in the region.  The only other Southeast 

Asian country with more than 100 overall deaths is Malaysia, with 128. 

 

Indonesia also has one of the lowest numbers of doctors per capita in Southeast Asia, at just 4.27 per 10,000 people.  The 

deaths of so many of its doctors from COVID19 will impact the country’s healthcare workforce for years to come. 

 
Source 
https://apnews.com/article/jakarta-indonesia-asia-virus-outbreak-archive-960175dc021340a9d6f9a3bec904c255 

 

 

Dog-walking Might Raise Risk 

 

** 
 

Dog-owners in Spain suffered increased the risk of getting COVID19 by 78% in the case of living those with a dog might 

have been infected because their animals were hosts for the virus and transmitted it directly or might have been infected 

indirectly because of increased exposure of the dogs to fomites.  [It is possible other behaviours of dog-walkers were 

responsible, such as close contact with other dog-walkers.] 

 

Source 
https://scitechdaily.com/are-dogs-spreading-SARS2-study-finds-living-with-a-dog-increases-risk-of-contracting-coVID19/ 

 

 

[It turns out that house pets can get infected by SARS.]  Sporadic detection of natural cases in animals alongside 

successful experimental infections of pets, such as cats, ferrets and dogs, raised questions about the susceptibility 

of animals under natural conditions of pet ownership.  A large-scale study of SARS2 infection in 817 companion 

animals living in northern Italy, sampled at a time of frequent human infection found no animals tested PCR 

positive.  However, 3.4% of dogs and 3.9% of cats had measurable SARS2 antibodies, with dogs from COVID19 

positive households being significantly more likely to test positive than those from COVID19 negative households.  

 

Source 
https://www.biorxiv.org/content/10.1101/2020.07.21.214346v2 

 

 

Getting Home Delivery of Groceries Might Raise Risk 

 

** 
 

People in Spain suffered increased the risk of getting COVID19 by 94% if they got home delivery of products from 

supermarkets. 

 

Source 
https://scitechdaily.com/are-dogs-spreading-SARS2-study-finds-living-with-a-dog-increases-risk-of-contracting-coVID19/ 

 

 

Infectivity of SARS2 on Surfaces 
 

** 
 

Previous laboratory tests have found that SARS2 can be infective for 2 to 3 days on bank notes and glass, and up to 6 days 

on plastic and stainless steel.  However, data published in October show the virus, when kept at 20 C° and in the dark, 

remains infective for 28 days on smooth surfaces, such as glass found on mobile phone screens, and plastic and paper 

banknotes.  In comparison, the flu virus can survive in the same circumstances for 17 days. 

 

https://apnews.com/article/jakarta-indonesia-asia-virus-outbreak-archive-960175dc021340a9d6f9a3bec904c255
https://scitechdaily.com/are-dogs-spreading-sars-cov-2-study-finds-living-with-a-dog-increases-risk-of-contracting-covid-19/
https://www.biorxiv.org/content/10.1101/2020.07.21.214346v2
https://scitechdaily.com/are-dogs-spreading-sars-cov-2-study-finds-living-with-a-dog-increases-risk-of-contracting-covid-19/
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The virus sometimes remained infectious for less time at hotter temperatures than cooler temperatures.  It stopped being 

infectious within 24 hours at 40 C° on some surfaces. 

 

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. 

 

Source 
https://www.bbc.com/news/amp/health-54500673 

 

 

Transmission 

 

** 

 
In March, a Michigan family physician scared people and infuriated food scientists.  During his 13-minute video, which 

went viral on YouTube and has been viewed over 26 million times, he told people that when they come back from the 

grocery store, they should leave groceries outside for 3 days, spray disinfectant onto each product, and soak produce in 

soapy water.  His rationale was that those items might carry SARS2. 

 

We’ve learned a lot about how SARS2 spreads, and it turns out most of those tips are unnecessary and some are flat-out 

dangerous—you should never bleach your food, but hopefully you already knew that.  Instead of obsessing over objects and 

surfaces, scientists now say the biggest infection risk comes from inhaling what someone else is exhaling, whether it’s a tiny 

aerosol or a larger droplet.  While a virus traveling through the air sounds terrifying, the good news is there is a safe, cheap, 

and effective way to stop the spread: wearing a mask.  Here are the three primary pathways of transmission, and what 

experts know about them six months in. 

 

Surfaces don’t seem to matter as much as originally thought.  The surface or fomite theory—that you’ll get infected by 

coming into contact with objects that carry the virus, like door handles, shopping carts, or packages—was the original 

leading contender because that’s how scientists and epidemiologists think most respiratory diseases are spread.  For 

example, when a person sick with a cold coughs or sneezes, tiny mucous and saliva particles that carry the virus go shooting 

out of the nose and mouth and land on nearby surfaces.  If someone else touches that surface and then touches his or her 

mouth, nose, or eyes, the person could become infected.  This is why we’re supposed to wash our hands before eating or 

preparing food, and after using public transportation, or touching door handles, especially during cold and flu season. 

 

While you might get SARS2 that way, a very specific set of events have to occur for that to happen. 

 

Supporting this idea, one early study found that SARS2 survived on various surfaces for several days, including 24 hours on 

cardboard and 72 hours on plastic.  Public health organizations recommended hand hygiene as the first line of defence 

against the virus, and there were runs on Lysol wipes and hand sanitizer at supermarkets and drugstores. 

 

The problem is that the experiments on which those recommendations were based were inadequate because they were not 

representative of how people come into contact with the novel coronavirus in the real world.  Researchers started with an 

unrealistically large amount of virus and, sure enough, they found virus at the end. 

 

It turns out SARS2 is actually quite fragile, and it doesn’t like being out in the open where it can dry up.  The virus’ half-life 

is ~6 hours.  If you start with 100 virions, after 6 hours 50 particles will still be infectious.  Six hours later only 25 will be 

infectious, and 24 hours fewer than 10 will be.  

 

Regardless, it’s critical that people keep washing their hands—although that’s something we should all be doing for normal 

hygiene anyway—but one does not have to do anything excessive, like disinfecting your groceries. 

 

Close range droplets are the new leading theory.  In May, the US-CDC updated its guidelines to state that fomites were not 

a major source of transmission.  Instead, the primary route of infection was probably virus-laden droplets, but instead of 

worrying about them on surfaces, the concern is coming into contact with the droplets while they’re still in the air.  

 

When you expel air—whether it’s by sneezing, coughing, talking, singing, shouting, or even breathing—droplets are 

emitted ranging in size from an imperceptible mist to visible spittle.  Heavier droplets fall to the adjacent surfaces quickly, 

https://www.bbc.com/news/amp/health-54500673
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while the tinier particles stay afloat in the air for longer.  When talking and breathing, the typical droplet trajectory is ~1 to 

2 m, hence the 2-m distancing recommendation.  If the droplets are expelled with more force, like with a sneeze or a cough, 

they can travel further before settling. 

 

Being in close contact with someone raises the risk that you’ll be exposed to the small droplets they’re expelling, and many 

scientists now think that’s how most people become infected with the virus.  One reason is that a virus inside a freshly 

exhaled droplet is more likely to be infectious than a virus that’s been sitting on a surface for hours.  The other reason is that 

breathing in the air that someone else just breathed out is going to expose you to a higher quantity of virus particles. 

 

As a result, social distancing has become one of the recommended ways to prevent transmission, the idea being that if you 

stay > 2 m away from someone, you won’t be hit by the majority of the person’s exhaled droplets.  Supporting this theory, 

most people appear to get the virus from someone with whom they live and presumably are in frequent close contact. In one 

study from China, an infected person had a 17.2% chance of spreading the virus to a person with whom he or she lived, but 

just a 2.6% chance of giving it to someone outside the home. 

 

However, there have been several documented instances of infections that don’t fit with droplet or surface spread because 

they happened even when people maintained their distance.  Perhaps the most famous example is the choir rehearsal outside 

of Seattle (USA), a super-spreader event where 52 out of 61 people were infected during a 2.5 hour practice.  The singers 

maintained distance from each other and used plenty of hand sanitizer, per safety guidance at the time.  Also, the initially 

infected person was presymptomatic, so not coughing or sneezing and projecting droplets.  

 

A study in lab hamsters found similar results in a more controlled environment.  The animals could infect each other not 

only through direct contact when they were housed in the same cage, but also when they were separated in different cages in 

the same room.  Based on these studies and other mounting evidence, many scientists began to believe that the virus is 

transmitted through droplets and aerosols, those tiny particles that can travel farther and remain afloat longer. 

 

Aerosol transmission has gradually gained acceptance.  Despite the evidence, some public health experts were initially 

reluctant to say that the virus is airborne, partly because they didn’t want to alarm the public.  There are also debates 

between epidemiologists, virologists, and aerosol engineers about what the word airborne really means. 

  

Part of the resistance to calling SARS2 airborne is also rooted in history.  For centuries, doctors and scientists didn’t know 

how diseases spread.  One hypothesis was that infections traveled in invisible clouds called miasmas or “bad airs.”  It 

wasn’t until the 1860s that Louis Pasteur’s germ theory of disease began to take hold, cemented in the 1890s with the 

discovery of what we now call viruses.  Scientists waged a campaign during the early 20th century to discredit the idea of 

miasmas and airborne spread with the goal of getting the public to take germs and personal hygiene seriously. 

 

As a result of this legacy, public health experts initially believed that SARS2 couldn’t be spread through the air because the 

presumption was that virtually no diseases were.  There have been a few exceptions made over the years, but those were for 

viruses that are so contagious they couldn’t conceivably be spread any other way—namely, measles and chickenpox.  For 

measles and chickenpox, the evidence became too obvious.  They are so transmissible through the air that it just became 

undeniable, and they were accepted as transmitted through aerosols. 

 

As surprising as it may sound, the novel coronavirus is not very contagious. Each person who gets SARS2 will, on average, 

spread it to 2 or 3 others.  A person with measles will infect 15 others.  The WHO initially cited SARS2’s relatively low rate 

of transmission as a reason why it couldn’t be spread through the air.  They confused an artefact of history with a law of 

nature.  They were thinking it is a law of nature that if a disease goes through the air, it has to be extremely contagious. 

 

It wasn’t until an outcry from > 200 scientists that the WHO finally conceded in July that aerosol transmission was possible. 

 

So if the novel coronavirus is airborne, why isn’t it as contagious as measles?  One reason could be that measles is a hardier 

virus—recall that SARS2 is relatively fragile.  Another potential difference is the infectious dose.  We still don’t know how 

much SARS2 is needed to make someone sick, but it’s likely higher than conventional airborne viruses.  However, it is 

almost certainly the case that probably in the hundreds of virions must be encountered to cause illness. 

 

Another question that needed to be answered before many public health experts could accept that SARS2 was airborne was 

whether it could even survive in aerosols.  Some viruses can’t because they dry up too quickly without a larger liquid 

droplet to support them.  However, many scientists feel this issue has been put to rest with two recent papers that provide 

showed infectious virus in the air of COVID19 patients’ hospital rooms. 
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One can now say that aerosols have both viral RNA and infectious virus in them that is capable of replication in cell culture. 

 

By now, most scientists and public health experts agree that SARS2 can be spread by both droplets and aerosols, 

particularly at close range, although no one knows which is the dominant route of transmission. 

  

What matters more is whether people know how to protect themselves from the virus.  Fortunately, the prevention steps for 

both transmission routes are largely the same: keep your distance and wear a mask.  Evidence of the importance of masks, 

in particular, has been mounting, not only because they trap outgoing particles from escaping, which protects others, but 

also because masks block larger incoming particles from getting into a person’s airways, protecting the mask wearer.  Even 

if some virions do get through, the viral dose will still be much smaller, so the wearer will be less likely to get seriously ill. 

 

A clear example of the benefits of masks is a recent outbreak in South Korea, in which one woman at a Starbucks infected 

27 other customers—whom officials assume were not wearing masks because they were eating and drinking—but none of 

the employees, all of whom were masked the entire time. 

 

Aerosol transmission does increase the importance of one additional protective step, which is proper ventilation and air 

filtration.  Airflow, either introducing new air into a room or filtering the existing air, can disperse and dilute any infectious 

aerosol particles, reducing a person’s potential exposure.  Being outdoors is the ultimate ventilation, and for months public 

health officials have recommended that people socialize outside rather than in.  However, in cold outdoor temperatures, 

people will shelter inside, making occupancy, indoor air filtration, and wearing of masks more important. 

 

Source 
https://elemental.medium.com/amp/p/30430384e5a5 

 

 

** 

 
Early one morning in February, health officials in Hong Kong partially evacuated residents from an apartment block as a 

precaution given fears the coronavirus may have been transmitted via the building's pipes.  Two residents living on different 

floors of a high-rise tower had been infected with coronavirus.  A 62-year-old woman was diagnosed with the virus about a 

week-and-a-half after a 75-year-old man in the same building became infected. 

 

Three more cases have since been linked to Hong Mei House.  The woman's son, his wife, and her father have been 

diagnosed with the virus.  The mother, son, and wife share an apartment. 

 

The two initial cases set off alarm bells among health officials that the virus could have been transmitted through pipes in 

the building.  In densely populated Hong Kong, such transmission could lead to many infections in the supposed safety of 

people’s homes. 

 

In Hong Mei House, the two initial patients with coronavirus lived 10 floors apart, but were on the same vertical block of 

apartments.  Health authorities evacuated residents living in apartments that vertical block on all 30 floors of the building 

because their toilet discharge pipes were linked. 

 

The possibility of the virus being transmitted through pipes immediately drew comparisons to the 2003 SARS1 outbreak, 

when this method became a major source of transmission.  At the Amoy Gardens housing estate, there were more than 300 

infections and 42 deaths after defective plumbing allowed the virus to spread through the building. 

 

The two patients lived directly above one another, and the initial inspection found that a pipe had been disconnected from 

the bathroom's waste pipe, authorities decided to investigate whether the virus could have spread through the building's 

sewage system. 

 

A microbiologist stated in an interview that an improperly sealed pipe could have resulted in a virus transmission by 

carrying infected feces into the building's ventilation system and blowing it into people's bathrooms. 

 

Every toilet, sink, and floor drain has a U-shaped pipe, which prevents sewer gases from entering the home and allows 

waste water and odours to escape.  To work properly, the U-trap needs to hold water in its bend.  These pipes connect to 

what's called a soil pipe or discharge pipe, which washes the waste away from the toilet, sink, or drain.  The soil pipe needs 

https://elemental.medium.com/amp/p/30430384e5a5
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to have a vent pipe connected, which ensures the sewer gases and odours are carried away, usually through a roof vent.  The 

vent pipe also makes sure that pressure in the drain is equalized so waste water keeps flowing. 

 

There is a piping link for all the toilets in the same unit on different floors. 

 

During the SARS crisis, at Amoy Gardens the U-pipes connecting to the floor drains were empty of water.  That allowed 

virus-laden droplets coming down the pipes from other apartments to collect in the U-bend.  Without the water to form a 

liquid plug, nothing stopped it from entering the bathroom. 

 

In Hong Mei House, unlike at Amoy Gardens, floor drains were connected to the sink of kitchens or washing basin, 

meaning the U-bends were always full with water. 

 

As many as 2/3 of the patients in the Amoy Gardens outbreak had diarrhoea, and that meant a large viral load being 

discharged into the faulty drainage system. 

 

In Hong Mei House, authorities are still investigating a modified vent pipe that could have allowed the virus to spread. 

 

One possibility is that infected material from the first patient's apartment could have traveled down the pipes and entered the 

room via the broken vent in the second patient's bathroom. 

 

While the investigation into the building continues, Hong Kong's Center for Health Protection has advised the public to 

maintain drainage pipes by regularly pouring water into drains and to put the toilet lid down before flushing to avoid 

spreading germs. 

 

If it does emerge that the virus can travel through pipes, it will mean that residents staying at home to avoid the virus might 

be at risk in the place they felt most safe. 

 

Source 
https://amp.cnn.com/cnn/2020/02/12/asia/hong-kong-coronavirus-pipes-intl-hnk/index.html 

 

 

** 
 

Passengers on the Ruby Princess cruise ship were about to disembark in Sydney (Australia) on the morning of 19 March 

2020 at the end of a 10-day cruise that took them around New Zealand.  Despite the accelerating pandemic, Australian 

officials had cleared passengers to disembark without restrictions.  By 08:30, > 2,600 passengers had begun filtering into 

taxis, commuter trains, and densely packed airport buses. 

 

The ship turned out to be the single most important vector for the coronavirus in Australia, accounting at one point for more 

than 10% of the country’s cases. In Tasmania, two cruisers were the probable source of an outbreak so severe it forced a 

major hospital to shut down.  Other infected passengers flew to USA, where some ultimately died.  The crew, meanwhile, 

became virtual prisoners on their own vessel, some unable to return home for months. 

 

Though many cruise ships had lots of COVID19 cases in the early stages of the pandemic, the Ruby Princess was unique, 

and not simply because 28 people died of the illness, the most of any voyage.  Two other notorious Carnival Corporation 

ships—the Diamond Princess, which was sealed off for weeks on a Japanese pier, and the Zaandam, which sailed up the 

entire west coast of South America looking for a country that would allow it to dock—were vessels that guests couldn’t 

leave.  The Ruby was the opposite, the incubator of a devastating outbreak discovered only after passengers were on land. 

 

When the Ruby first sailed on 08 March, Carnival said there was no reported community spread of COVID19 in Australia. 

 

That changed after the ship docked.  Until then, the country, with its isolated geography and excellent health-care system, 

had seemed poised to escape the worst of the pandemic.  The ensuing fiasco has prompted a series of efforts to figure out 

what went wrong and whom to blame.  The New South Wales government convened a high-profile public inquiry, and 

police are in the midst of an investigation led by homicide detectives.  Lawsuits by passengers are also under way.  

Everyone is trying to answer a central question: How, at a moment when governments around the world were on high alert, 

were hundreds of infected people allowed to stroll off a cruise ship and into the heart of Sydney? 

 

https://amp.cnn.com/cnn/2020/02/12/asia/hong-kong-coronavirus-pipes-intl-hnk/index.html
https://www.princess.com/deckPlans.do?shipCode=RU
https://www.bloomberg.com/news/articles/2020-05-21/diamond-princess-s-coronavirus-cases-reveal-pattern-of-disease
https://www.bloomberg.com/features/2020-zaandam-pariah-ship/
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That morning, a government epidemiologist had boarded the ship with 7 other staff.  They carried suitcases full of masks, 

gloves, and testing swabs.  The New South Wales health agency wanted to screen arriving passengers who appeared to be at 

risk of having COVID19, whether because they’d reported respiratory symptoms or had recently been in an affected 

country.  They were shocked by the number of passengers gathered in a dining room—more than 300, in all.  The team 

handed out masks, took temperatures, and asked about travel histories.  They decided to test 9 people for SARS2 and allow 

the others to disembark.  Until the results came in, a doctor told the crew, new passengers shouldn’t be allowed on board. 

 

The tests all came back negative that evening.  The Ruby was cleared to depart on its next cruise. 

 

Meanwhile, the bad news from overseas was mounting. Italy had imposed a nationwide lockdown on March 9, and USA 

soon imposed an unprecedented ban on European arrivals. 

 

After arriving in New Zealand after a 2-day sail, the ship passed first through Fiordland, stopped in Dunedin, and then 

began port-hopping northward, with the final stop, in the Bay of Islands. 

 

On March 15, the Ruby stopped in Napier and throngs of passengers spilled into town, hitting souvenir shops and piling 

onto tour buses.  The same day, Australia’s prime minister announced that the country was stepping up its efforts to keep 

out the coronavirus.  Everyone arriving from overseas would have to spend 14 days in isolation.  Cruise ship arrivals from 

foreign ports would be banned as of midnight. 

 

No one at Carnival’s regional office was sure what the announcement meant for vessels such as the Ruby, which was 

carrying a large number of Australian passengers.  However, that evening an announcement went out over the ship’s public-

address system: The cruise would head straight back to Sydney. 

 

The ship sailed at ~24 knots instead of the usual 18.  After the Diamond Princess experience, Carnival managers were aware 

of what could happen to the ship if it was delayed and didn’t want the ship stranded anywhere or to have a protest at a port. 

 

The passenger experience, meanwhile, remained largely unchanged.  With social distancing still a novel concept outside of 

China, restaurants, bars, and other attractions stayed open.  Crowded St. Patrick’s Day celebrations went ahead. 

 

Back in Sydney, officials were assessing whether and how to let the Ruby dock.  The state government’s criteria for 

determining whether a cruise ship could be carrying the virus were based on where passengers had been before, where 

they’d been on their current trip, and, crucially, what share of them had reported “influenza-like illness,” or ILI—generally 

understood to refer to a fever and respiratory symptoms.  If the number exceeded 1% of the guests and crew, and if onboard 

tests for influenza showed that not to be the culprit, a vessel might be deemed high-risk and everyone kept on the ship until 

coronavirus swabs could be tested by an onshore lab.  A medium-risk landing—such as the Ruby’s 08 March arrival, 

flagged in part because some passengers had been in Singapore—involved a more flexible menu of responses, whereas in a 

low-risk scenario passengers could disembark normally. 

 

On the morning of March 18, the day before the Ruby was due to arrive, the government epidemiologist was copied on an 

email from the ship’s senior doctor.  It answered a list of questions about passenger travel histories and conditions, noting 

that medical staff had collected swabs for “a few cases of ‘febrile, influenza-test-negative’ individuals.  The doctor had 

attached the required spreadsheet listing the names, conditions, and temperatures of passengers with flu-like symptoms. 

 

The decision on how to treat the Ruby rested with a panel of public-health experts.  They didn’t find the numbers alarming.  

Many patients had come to the medical clinic during the journey back, but that might have been explained by 

announcements instructing passengers with coughs or other respiratory issues to get checked, rather than because the virus 

was spreading.  No one had recently been to the highest-risk countries, and the ILI ratio was a bit below 1%, with a 

considerable number of people testing positive for the flu. The panel determined that the Ruby was low-risk but advised that 

swabs from some of the symptomatic passengers be tested for coronavirus, just in case. 

 

As the ship neared port, a passenger from Queensland entered an elevator to find a younger man in a hoodie zipped all the 

way up to cover his face.  The woman with him was wearing a surgical mask.  Both were having trouble breathing. 

Another passenger recalled going to the clinic with a cough and sore throat—a doctor swabbed his nose and soon told him 

“you don’t have corona.”  He assumed that meant he was negative for COVID19, but the clinic had no SARS2 testing. 

Late on March 18, a call came in to Vessel Traffic Services (VTS), the office responsible for managing movements in 

Sydney Harbour.  Someone from the state ambulance service was on the line, requesting an update on the Ruby.  A port 

manager found the call unusual.  Ambulances were frequently dispatched to cruise arrivals, given the medical problems that 

could befall elderly passengers, but the office rarely got a heads-up.   
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An ambulance coordinator said, “We’ve got two bookings here for Carnival Australia for a cruise ship that’s coming in at 

2:30 with two suspected corona patients on board.  We just wanted to know if the ship was actually coming into port, and if 

[they’re] allowed to disembark.”  The ambulance official said they’d tried to contact at Carnival but got only voicemail. 

 

Alarmed, VTS started calling people at Carnival.  No one answered.  VTS decided to stop the Ruby from docking.  

 

Port officials ultimately reached Carnival staff.  Carnival said they’d requested the ambulances for a passenger with severe 

leg pain and another with cardiac trouble, not because of suspected coronavirus infections.  Given that and the health 

agency’s designation, the port authority agreed that the Ruby was clear to land.  At 02:30, it moored at Circular Quay. 

Disembarkation was to begin first thing in the morning. 

 

That day, many people at and near the cruise terminal, in lines and on public transit, were coughing.  One woman collapsed 

on the concrete after travelling to the airport—she had been a passenger on the Ruby. 

 

The next morning, results from 3 of the swabs from the ship were positive: a crew member still on board; a Tasmanian 

guest; and a woman passenger who’d been one of the patients taken off in an ambulance, suffering from leg pain.  

 

The Ruby had been anything but low-risk.  The state government rushed to deploy contact tracers while officials convened 

conference calls to figure out what had gone wrong.  

 

Late in the day, some of the people who’d been tested for coronavirus weren’t on the list of symptomatic passengers and 

crew sent on March 18.  By this point, there were at least 4 positive results, including one for the other patient who’d left in 

an ambulance.  The ILI ratio was by then almost 1.3%, well above the 1% threshold that indicated a higher level of risk. 

 

The Ruby’s passengers were all over Australia and beyond, having in some cases caught the final flights before 

international borders closed.  Carnival had provided officials with a list of emails and phone numbers so everyone could be 

reached, but the details weren’t all correct, and some passengers didn’t pick up their phones or had turned them off. 

 

By the evening of 20 March, contact tracers had reached only 44 of the 570 international guests they’d tried.  Qantas 

Airways reported that 170 “close contacts from the Ruby Princess” had flown to USA on 21 March.  It was only the 

following night that Ruby passengers were put on a list that would prompt a “do not board” alert at check-in desks. 

 

SARS2 cases from the Ruby then rose in USA and Australia: some died at home in following days, some were hospitalized.   

 

Only one group aboard the Ruby was treated almost from the start as potential carriers of the virus.  Its 1,000-plus crew 

members, many from countries like Indonesia and the Philippines, weren’t allowed to disembark in Sydney.   

 

With the passengers gone, the crew became their own guests.  On 19 March, a sail-away party took place around one of the 

ship’s pools.  There was a dance performance, and an emcee promised a great cruise ahead.  The Ruby soon left the harbour 

to wait offshore, where its medical staff attended to an increasing number of personnel with respiratory symptoms.  

 

A Filipino crewman recalled that more and more of his colleagues were being transferred from their cramped shared 

accommodations to passenger cabins where they could more easily isolate.  There were several dozen on the first day of 

moving, then hundreds more over the next couple of days.  Only the sickest were returned to Sydney for treatment. 

Australian officials finally allowed the Ruby to dock in early April, at Port Kembla, an out-of-the-way industrial harbour.  

There, the ship became “a five-star floating prison.”  Almost everyone was confined to quarters, permitted to open the door 

only to accept food or attend to medical needs.  Police officers and soldiers guarded the pier.  One night detectives came 

aboard in head-to-toe hazmat gear to seize the vessel’s black box-style data recorder and other evidence. 

 

The state government was desperate to resolve the situation.  They wanted the ship gone, but sending it back to sea full of 

COVID19 patients would have been unconscionable.  By mid-April more than 10% of the crew had tested positive.  It took 

until late in the month to arrive at a solution.  Everyone on board was tested, with a substantial number of those whose 

samples came back negative permitted to depart by air. 

 

Staff from poorer countries had a difficult time.  Despite protests by sympathetic groups who argued that Australia should 

help them get home, about 500 crew—largely from developing nations with limited ability to organize repatriation efforts—

stayed on the Ruby to sail to Manila, the capital of one of the few countries admitting cruise ships to their waters. 
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A Filipino crewman was permitted to disembark on 23 April so he could take a charter flight from Sydney.  Other staff 

endured the 2-week boat trip to the Philippines, then waited weeks for permission to come ashore.  Even so, the crewman 

had to spend > 3 weeks quarantined in a Manila hotel before he was allowed to begin the 18-hour ferry to his home.  He was 

quarantined for a further 2 weeks there and was finally free on 04 June 4, 77 days after the cruise’s guests disembarked. 

  

The Ruby Princess is now anchored off the coast of Malaysia.  It’s not yet clear whether anyone will be held to account for 

what happened on board.  In all, at least 663 guests and 191 crew are known to have been infected with coronavirus.  The 28 

people who died—20 in Australia and 8 in USA—represent a toll twice as large as that of the Diamond Princess, the vessel 

that recorded the next-highest number of fatalities.  Barring stupendous negligence on some future voyage, the Ruby is 

likely to retain the distinction of having incubated its deadliest marine outbreak. 

 

Investigations and lawsuits continue.  The public inquiry published its report on 14 August, finding that Carnival and 

the Ruby’s medical staff had generally complied with public-health requirements.  It did say that the doctor should have 

made sure public-health officials were aware of how many sick passengers had arrived after she sent her initial disease 

log—an oversight that, if avoided, might have changed outcomes.  The report’s sharpest criticism was reserved for the 

process the government used to clear the Ruby to dock, which it said was marked by serious errors.  It called the decision to 

deem the vessel low-risk inexplicable and unjustifiable.   

 

Nowhere were the tragic consequences more apparent than in northwest Tasmania, an economically struggling, largely rural 

corner of Australia’s smallest state.  The first sick passenger from the Ruby Princess arrived at the North West Regional 

Hospital (NWRH), in the town of Burnie, shortly after the vessel got back to Sydney.  Another was admitted about a week 

later.  By early April, an investigation by the state health authority found, one or both of them had likely become “the 

original source” of a chain of COVID19 cases among nurses and other care personnel.  Some continued to work while 

experiencing symptoms, and the virus spread rapidly among departments, infecting staff and patients alike.  Unable to 

contain the outbreak any other way, the Tasmanian government announced on 12 April it would shut down the hospital, 

ordering employees and their families into an immediate 14-day quarantine.  Military doctors had to fly in to handle 

emergencies. In all, 138 people in the region were infected, 10 of whom died. 

 
Source 
https://www.bloomberg.com/news/features/2020-09-15/carnival-s-ruby-princess-cruise-ship-spread-coronavirus-around-the-world 

 

 

Susceptibility 

 

** 
 

The vitamin D levels of 216 hospitalized SARS2 patients were compared to those of a control group of 197 people of 

similar age and sex from a population-based cohort in the same geographical area.  Among those hospitalized, 19 who had 

been taking oral vitamin D supplements for more than 4 months before their admissions were analyzed as a separate group. 

 

Some 82% of the hospitalized patients (who were not taking supplements) were vitamin D deficient, while 47% of the 

control group had the same deficiency.  Patients with a vitamin D deficiency also had raised serum levels of inflammatory 

markers, such as ferritin and D-dimer, which are markers of this hyper-inflammatory response. 

 

The data didn’t show that vitamin D deficiency is a risk factor for contracting the disease.  There was also no association 

between vitamin D levels and the severity of COVID19, such as the need for ICU admission, mechanical ventilation, or 

even death.  However, those who had been taking oral supplements before hospitalization had slightly more favourable 

outcomes, including lower ferritin levels, less need for the immunosuppressive drug tocilizumab, and fewer ICU 

admissions. 

 

Vitamin D levels were especially lower in men.  Many factors could explain why men had lower vitamin D levels, including 

lifestyle or dietary habits and different comorbidities. 

 

Vitamin D deficiency has also been linked to heart disease, diabetes, cancer, and multiple sclerosis, and there is evidence of 

association between low levels of vitamin D and infections such as influenza, HIV, and hepatitis C. 

 

Source 
https://www.ctvnews.ca/health/more-than-80-per-cent-of-hospitalized-coVID19-patients-had-vitamin-d-deficiency-study-1.5162396 

https://www.bloomberg.com/news/features/2020-09-15/carnival-s-ruby-princess-cruise-ship-spread-coronavirus-around-the-world
https://www.ctvnews.ca/health/more-than-80-per-cent-of-hospitalized-covid-19-patients-had-vitamin-d-deficiency-study-1.5162396
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** 
 

Vitamin D deficiency disease may feature in COVID19 severity and mortality risks.  Vitamin D plasma deficiency 

differentials may help account for mortality rate differences between European countries.  Vitamin D is often low in high-

risk COVID19-groups, such as Black, Asian and Minority Ethnic (BAME), elderly in care-homes, and the obese.  Low 

vitamin D is also increasingly common in young.  Studies suggest low ‘D’ factors in Kawasaki disease and are increasingly 

being linked with COVID19. 

 

Vitamin D is a nutrient-hormone with many roles.  Among vitamin D’s roles are regulation of gene transcription and, inter 

alia, as a crucial factor in immune and respiratory function.  The primary, and evolutionarily determined, source of vitamin 

D, including in; humans (D3), pets, livestock, and plants (D2), is not diet, but appropriate sun exposure.  Dietary sources of 

vitamin D are limited, and particularly so for vegans and non ovo-lacto vegetarians.  Twenty minutes of sensible non-

burning sunbathing by pale-skinned-humans, can produce 20,000 IU, equal to 50 days intake of 400 IU supplementation.  

Production rate depends on skin pigmentation and other factors, including gender.  UVB blocking creams inhibit vitamin D 

production.  Fat tissue accretes and stores vitamin D, reducing vitamin D in plasma. 

 

There are now 7 studies based on COVID19 patient data indicating vitamin D deficiency and insufficiency do indeed factor 

significantly in COVID-19 severity and mortality.  For example, and thought provokingly, 10 to 20 times increases were 

seen in ICU and mortality in Asian studies.  One further study from USA observed vitamin D may factor in COVID-19 

infection.  Whilst differing in, size and exact approach, results of all preprints point clearly in the same direction. 

 South Asia (Raharusun): Unadjusted increased risk of death in ‘D’ insufficient 12.55 (7.63 adjusted) and 

‘D’ deficient 19.12 (10.12 adjusted). 

 South Asia (Alipio): The odds of having a mild clinical outcome rather than a severe outcome were 

approximately 7.94 times (OR = 0.126, p < 0.001), while the odds of having a mild rather than a critical 

outcome were 19.61 times (OR = 0.051, p < 0.001). 

 India (Glicio): The majority of subjects classified as severe had 25(OH)D level below 30 ng/mL. 

 USA (Lau): Vitamin D insufficiency is highly prevalent in severe COVID19 patients.  VDI and severe 

COVID19 share numerous associations including hypertension, obesity, male sex, advanced age, 

concentration in northern climates, coagulopathy, and immune dysfunction. 

 Belgium (De Smet): Male COVID19 patients showed markedly higher percentage of vitamin D 

deficiency than controls (67.0% versus 49.2%, p = 0.0006) and this effect was more pronounced with 

advanced radiological stage ranging from 55.2% in stage 1 to 74% in stage 3. 

 Switzerland (D’Avolio): Significantly lower 25(OH)D levels (p = 0.004) were found in PCR-positive for 

SARS2 (median value 11.1 ng/mL) patients compared with negative patients (24.6 ng/mL).  This was also 

confirmed by stratifying patients according to age >70 years. 

 Ireland (Faul): In patients with SARS2 related pneumonia a baseline serum 25OHD level less than 30 

nmol/L was associated with a hazard ratio (HR) for intubation of 3.19 (95% CI, 1.05 to 9.7), (p = 0.03). 

 

It is thus urgent, even arguably imperative, vitamin D levels in COVID19 patients in hospitals and care-homes, particularly 

the most at risk including, BAME, the elderly, obese, and young including those presenting with Kawasaki disease, are 

collected, related to outcomes, and reported. 

 

Observations, not randomized controlled trials (RCTs), resolved human deficiency related diseases, such as, goitre, rickets, 

beriberi, pellagra, and scurvy.  RCTs were not completed before parachute deployment, recommendations to drink only 

‘clean’ water, sun cream approval, social distancing, steps to discourage smoking, or hand washing for infection control. 

 

Vitamin D deficiency/insufficiency is referred to by some as a pandemic, and is a recognised disorder obliging prescribed 

existing recommended treatments and protocols. 

 
Source 
https://www.bmj.com/content/369/bmj.m1548/rr-19?s=09 

 

 

https://www.bmj.com/content/369/bmj.m1548/rr-19?s=09
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** 
 

Vitamin D status may be a surrogate prognosticator for morbidity and mortality. 

 

The relationship between vitamin D deficiency and adverse prognosis has been suggested by mortality and hospitalisation 

rates for COVID19 seen to be higher in northern latitude countries compared to those closer to the equator.   

 

Institutionalised older adults are inherently at risk of vitamin D deficiency from low sun exposure and dietary insufficiency 

and they may have worse outcomes with COVID19.  

 

There is also growing concern that people in the Black, Asian and Minority Ethnic (BAME) community, who produce less 

vitamin D as a result of higher skin melanin content, are more susceptible to severe presentations of COVID19. 

 

It is established that there is a complex interplay between vitamin D and various components of the innate (enhancement) 

and adaptive (inhibition) immune responses to both bacterial and viral infections.  

 

In addition to anti-inflammatory properties, vitamin D exerts a protective effect on alveolar epithelial cells, preserves 

endothelial integrity, and reduces vascular permeability.  Vitamin D also induces expression of ACE2.  While increased 

ACE2 expression was initially predicted to amplify infection risk and severity, paradoxically, ACE2 has also been shown to 

protect against acute lung injury.  Disruption of any of these defensive mechanisms may explain the association between 

vitamin D deficiency and the need for ventilation—whether there is a causal relationship is unclear. 

 

Regardless of the aetiology, vitamin D deficiency is readably diagnosable and correctable.  Given this reasoning and 

pending results of trials evaluating vitamin D supplementation and appropriate dosing within the context of COVID19, 

efforts to achieve reference nutrient intakes of vitamin D according to national guidelines should be encouraged. 

 

Source 
https://link.springer.com/article/10.1007/s40520-020-01716-8 

 

 

** 
 

As of April 2020, there were no reports on vitamin D status in SARS2 victims.  However, data did show antiviral effects of 

vitamin D, which can interfere with viral replication and act in an immuno-modulatory and anti-inflammatory way.  Such 

effects could be beneficial because SARS2 initially uses immune evasion mechanisms.  In some patients, infection is 

followed by immune hyper-reaction and cytokine storm, as a common pathogenic mechanism of acute respiratory disease 

syndrome (ARDS) and systemic inflammatory response syndrome (SIRS) development. 

 

The protective effect of vitamin D has been reported in many conditions associated with pneumonia, cytokine hyper-

production, and ARDS.  Vitamin D receptor alleles are associated with susceptibility to respiratory infections and 

progression of HIV infection.  As a result, vitamin D has been proposed as a repurposed drug for H5N1 influenza virus-

induced lung injury.  Vitamin D may also be effective as an adjuvant therapy along with antiretroviral agents in HIV-

infected patients.  Vitamin D pre-treatment is beneficial in animal models of ARDS, reducing lung permeability by 

modulation of renin-angiotensin system activity and ACE2 expression.   

 

From the public health aspect, intensive prophylactic vitamin D supplementation could be considered.  Given the good 

tolerability and safety of even high doses of vitamin D, this approach complies with the first-do-no-harm principle. 

 

Source 
https://journals.physiology.org/doi/full/10.1152/ajpendo.00138.2020 

 

 

** 

 
There is a North-South gradient in the numbers of people infected with SARS2.  The high prevalence of older people in 

Northern European populations, predisposing to a higher probability of cardio-pulmonary and metabolic co-morbidities, and 

https://link.springer.com/article/10.1007/s40520-020-01716-8
https://journals.physiology.org/doi/full/10.1152/ajpendo.00138.2020
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this may play a role.  Another possibility might be vitamin D deficiency, which may contribute to airway/gastrointestinal 

infectious illnesses.  Elderly Italians display a very high prevalence of hypo-vitaminosis D, especially during the winter. 

 

Source 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262331/ 

 

 

** 
 

Among 4,510 people tested for SARS2 in hospital, several factors were associated with higher odds of a positive result: 

male gender, BAME ethnicity, higher body mass index, and greater household size.  However, other suspect factors were 

not associated with SARS2 positivity and didn’t explain the strong association with ethnicity: cardiometabolic morbidities, 

vitamin D levels, and material deprivation by sex and ethnicity.  The pattern of associations was similar in men and women. 

 

[N.B. These results for vitamin D differed from those of other studies, meaning more research is needed.] 

 

Source 
https://academic.oup.com/jpubhealth/article/42/3/451/5859581 

 

 

** 

 
Among ~350,000 UK Biobank participants, 449 had confirmed SARS2 infection.  Vitamin D was associated with infection, 

but not after adjustment for confounders.  Ethnicity was associated with infection, and vitamin D concentration in the blood 

made little difference to the magnitude of the association.  The findings did not support a potential link between vitamin D 

concentrations and risk of SARS2 infection, nor that vitamin D concentration may explain ethnic differences in infection. 

 

[N.B. These results for vitamin D differed from those of other studies, meaning more research is needed.] 

 

Source 
https://www.sciencedirect.com/science/article/pii/S1871402120301156 

 

 

** 
 

In mid-October, British Columbia saw > 300 children and youth test positive for SARS2 in two weeks.  In total, there had 

been 438 children < 10 who were positive, 774 cases aged 10 to 19, and 2,726 cases aged 20 to 29. 

 

Source 
https://vancouversun.com/news/local-news/coVID19-b-c-reports-167-new-cases-and-one-death-over-past-day 

 

 

** 

 
A meta-analysis of 32 studies showed children and adolescents < 20 years old had 44% lower odds of secondary infection 

with SARS2 compared with adults 20 years and older.  Lower risk of getting infected was most marked in those younger 

than 10 to 14 years.  Data were insufficient to conclude whether transmission of SARS2 by children is lower than by adults.  

Children appear to have a lower susceptibility to infection than adults, but the role that children and adolescents play in 

transmission of this virus remains unclear as of September 2020. 

 

Source 
https://jamanetwork.com/journals/jamapediatrics/fullarticle/2771181 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262331/
https://academic.oup.com/jpubhealth/article/42/3/451/5859581
https://www.sciencedirect.com/science/article/pii/S1871402120301156
https://vancouversun.com/news/local-news/covid-19-b-c-reports-167-new-cases-and-one-death-over-past-day
https://jamanetwork.com/journals/jamapediatrics/fullarticle/2771181
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** 

 
In mid-July 2020, a previously healthy 9-month-old infant died from COVID19 in Clay County, Minnesota (USA).  It was 

the youngest death caused by SARS2 in the state and the 1st fatality < age 20. 

 
Source 
https://www.sctimes.com/story/news/local/2020/07/20/first-child-dies-covid-19-minnesota-cases-rise-922/3287548001/ 

 

 

** 

 
Data worldwide suggest that schools are not hot spots for SARS2 infections.  Infections did not surge when schools and 

day-care centres reopened after pandemic lockdowns eased, and when outbreaks do occur, they mostly result in only a small 

number of people becoming ill.  However, children can catch the virus and shed viral particles, and older children are more 

likely than very young kids to pass it on to others. 

 

Schools and childcare centres seem to provide an ideal setting for SARS2 transmission because large groups gather indoors 

for extended periods of time, yet SARS2 infections are still much lower among children than among adults. 

 

Data collected globally have previously shown that schools can reopen safely when community transmission is low.
ǂ 

However, even in places where community infections were on the rise, outbreaks in schools were uncommon, particularly 

when precautions were taken to reduce transmission.  More than 65,000 schools in Italy reopened in September, as case 

numbers were climbing in the community, but only 1,212 campuses had experienced outbreaks four weeks later.  In 93% of 

cases, only one infection was reported, and only one high school had a cluster of more than 10 infected people. 

In the state of Victoria, Australia, where a second wave of COVID19 infections surged in July, large outbreaks linked to 

schools and childcare centres were also rare, although schools were only partially open.  Two-thirds of the 1,635 COVID19 

infections in schools were limited to a single case, and 91% involved fewer than 10 people. 

 

In the United States, community transmission remained high in many places when schools started to reopen in August, and 

the proportion of infections in children continued to climb. 

 

Still, it is unclear how often outbreaks that originate in schools contribute to community transmission because other factors, 

including the easing of restrictions on businesses and gatherings, have also contributed to community spread.  Increased 

testing later in the pandemic has probably also boosted case numbers. 

 

Data on school outbreaks in England have shown that adults were often the first to be infected.  Most of the 30 confirmed 

school outbreaks in June involved transmission between staff members, and only 2 involved student-to-student spread. 

Researchers suspect that one reason schools have not become COVID19 hot spots is that children—especially those < 12 to 

14 years old—are less susceptible to infection than adults, according to a meta-analysis of prevalence studies.  Once they 

are infected, young children, including those aged 0 to 5 years, are less likely to pass the virus on to others.  In an 

analysis of German schools, infections were less common in children aged 6 to 10 years than in older children and adults 

working at the schools.  Thus, teenagers and teachers should be the focus of mitigation measures, such as wearing masks or 

a return to online lessons when community transmission is high. 

 

In the United States, the rate of infection is twice as high in children aged 12 to 17 years as it is among 5 to 11 year-olds.  

Among 200,000 school students across 47 US states, incidence was highest in high-school students, followed by those in 

middle school and then elementary school.  However, we don’t actually understand the natural history of transmission in 

children, because we mitigate against it.  Children aren’t in a typical school environment—instead, they’re social distancing, 

wearing masks, and following other precautions. 

 

Evidence gleaned from national COVID19 statistics also has shortcomings. In the United States, for example, asymptomatic 

infections are still being missed because of policies that only people who develop symptoms are tested. 

 

Why young children are less likely to spread SARS2 is unclear.  One possibility is that because they have smaller lungs, 

they are less able to project infectious aerosols than are adults.  This occurs in tuberculosis.  However, with tuberculosis, 

infection is spread from lesions in the lungs.  SARS2 infections are different because the virus infects the upper airways.  

https://www.sctimes.com/story/news/local/2020/07/20/first-child-dies-covid-19-minnesota-cases-rise-922/3287548001/
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Another possibility is that children tend to transmit less virus because they are more commonly asymptomatic.  In a UK 

study of 2 to 15 year-olds, up to 50% of infected children developed no symptoms. 

 

There’s transmission, but the risk of infection at school is low, especially when community transmission is low. 

 

Source 
https://www.nature.com/articles/d41586-020-02973-3?utm_source=Nature+Briefing&utm_campaign=1abac710dc-briefing-dy-
20201029&utm_medium=email&utm_term=0_c9dfd39373-1abac710dc-45004781 
 

ǂ [One citation in the article gave more detail.] 

 

Schools can be high-risk places.  Children are often in poorly ventilated rooms for hours and there’s a lot of mixing 

of children from across the neighbourhood, some on arriving by public transport, and often with their parents. 

 

Early in the pandemic, it appeared that the virus might affect children differently from adults.  Children had milder 

symptoms, so it was assumed they might be less infectious.  However, now there is evidence that children can 

spread the virus to other people, especially those living in the same household.  Several studies show that once 

children are infected, they are no less infectious than adults. 

 

If schools are reopened in areas with high levels of community transmission, major outbreaks are inevitable and 

deaths will occur in the community.  Evidence of this can be seen in the sporadic outbreaks and spill-overs that 

have already occurred, including those at a high school in Israel and a camp in the United States. 

 

Still, studies show that schools can open safely when community transmission is low.  Children in South Korea 

returned to their classrooms in mid-May, when daily confirmed cases dropped to below 50 (~1 case per million 

people).  Even with such low transmission rates, the government used measures to control viral spread, such as 

staged opening of schools, starting with high schools and then junior schools.  At larger schools and those in areas 

where cases were rising, only a portion of students attended.  When someone tested positive, teaching went online. 

With the right policies, we can control transmission in schools in a setting of low community transmission.  

Reopening of schools from mid-May onwards in several European countries was not associated with a significant 

increase in community transmission.  The Australian state of New South Wales (NSW) partially closed schools at 

the peak of the state’s epidemic in March, but kept day-care centres open.  Schools remained open for the children 

of health-care workers or those with no alternatives.  During the study period, the state averaged 193 cases a day 

among 24 per million people, but 58% of the cases were in returning from overseas travellers.  Only 25 of the 

7,700 schools or day-care centres reported a primary infection, and only 4 facilities had secondary infection, but 

the results must be viewed in the context of the state’s strong public-health response.  NSW maintained high levels 

of testing, rapidly identified cases and used contact tracing, and its borders were closed, with strict enforcement of 

quarantines.  If transmission would be occurring unchecked in the community, we are sure it would spill over into 

schools.  In a recent surge in cases in the neighbouring state of Victoria, hotspots have been identified at schools. 

In places where there is ongoing community spread, schools and camps have become sites of major outbreaks. The 

virus swept through an overnight camp in the US state of Georgia in mid-June.  On the first day of camp, Georgia 

reported 993 new cases of COVID19.  Campers slept in cabins in groups of up to 26, did not need to wear masks, 

and sang and cheered every day.  About 75% of the 344 tested participants were positive for SARS2. 

 

Another large outbreak was detected in a high school in Jerusalem, Israel, 10 days after all schools re-opened in 

mid-May.  There were around 127 reported cases a day in the country in early May when some children began 

returning to school (~15 cases per million people).  As temperatures exceeded 40°C, teenagers sat in air-

conditioned rooms with more than 30 other classmates without masks.  The outbreak affected 153 students and 25 

staff members, as well as 87 siblings, parents, and friends of those affected. 

 

The school environment can also increase the risk of further community spread.   In mid-March, a large school in 

Santiago, Chile, had a sizeable outbreak just 9 days after the country detected its first case of SARS2.  The school 

had more than 30 children in a class, and had been busy holding parent–teacher meetings.  Researchers detected 

SARS 2 antibodies in 10% of students and 17% of staff when they were tested about 2 months later. 

 

The school outbreaks in Israel and Chile suggest that large class sizes could play a part in transmission in schools. 

https://www.nature.com/articles/d41586-020-02973-3?utm_source=Nature+Briefing&utm_campaign=1abac710dc-briefing-dy-20201029&utm_medium=email&utm_term=0_c9dfd39373-1abac710dc-45004781
https://www.nature.com/articles/d41586-020-02973-3?utm_source=Nature+Briefing&utm_campaign=1abac710dc-briefing-dy-20201029&utm_medium=email&utm_term=0_c9dfd39373-1abac710dc-45004781


 38 

 

Schools should implement measures for reasonable distancing, by having morning and afternoon shifts to reduce 

the number of children in a room, and by preventing parents and teachers from gathering at school doors. 

 

If schools reopen in areas with a high rate of community transmission, being diligent about masking, class sizes, 

hand washing, and testing and tracing will be essential. 

 

Source 
https://www.nature.com/articles/d41586-020-02403-4 

 

[N.B. It appears the evidence remains mixed.  One cannot conclude it is safe to open and operate schools without 

precautions.] 

 

 

** 
 

To contain the pandemic, Israel closed all educational facilities on 13 March 2020.  Limited schools reopening 

(kindergartens, grades 1 to 3, and grades 11 to 12) only in small groups was approved on 3 May 2020.  Subsequently, all 

school classes reopened on 17 May 2020, with requirement for daily health reports, hygiene, facemasks, social distancing 

and minimal interaction between classes.  Ten days later, the first major COVID19 school outbreak in Israel emerged in a 

high school.  The first case was registered on 26 May and the second on 27 May.  The two cases were not epidemiologically 

linked.  Testing of the complete school community showed 153 students (attack rate: 13.2%) and 25 staff (attack rate: 

16.6%) were SARS2 positive. Some 260 persons were infected (students, staff members, relatives and friends). 

 

Source 
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2020.25.29.2001352 

 

** 

 
[N.B. In late August, I asked a doctor in Switzerland: “With your broad expertise on coronaviruses, and as various bodies of 

evidence accumulate: 

(1) what is your most current appreciation regarding children’s contribution to be pandemic? 

(2) what would be your key recommendations decision makers and to parents?] 

 

She kindly replied in a thread. 

1) Children are underrepresented in current studies due to asymptomatic/mild disease that`s missed in symptomatic 

screening.  True extent of susceptibility & transmission compared to adults not clear yet, but they can get 

#COVID19 & can transmit #SARS2. 

2) Even thought they might not be driving the pandemic based on what we know right now, they are part of 

community transmission & thus their role needs further investigation by scientific studies & by including children 

of all ages in national testing algorithms. 

3) We have recently released a statement from the Society of Virology (German-speaking virologists) on this 

https://t.co/snBRBvvjdY  Here we warn of the assumption that children do not play a role, & promote more 

proactive measures regarding schools & educational institutions. 

4) To safely open schools, a package of measures must be implemented, e.g. appropriate air ventilation in class 

rooms, masks, reduced class size, a mix of digital and in-person lessons, fixed epidemiological groups that don`t 

mix, quick & easy access to tests for kids & teachers. 

5) There will be without doubt positive cases in school this winter, but we can decrease the risk of further 

transmission, and we can decrease the risk of school closures if we prepare NOW.  In my opinion, the more we 

want schools to stay open, the more proactive we have to be. 

6) #Switzerland is not well prepared: Prevention measures vary between cantons & schools, no national strategy or 

guidance & worst, inconsistent testing of children <12 years. @BAG_OFSP_UFSP We need a national strategy 

based on scientific data, accompanied by scientific studies. 

 

[N.B. The acronym is for the Swiss office of public health: Bundesamt für #Gesundheit BAG – Office fédéral de la 

#santépublique OFSP – Ufficio federale della #sanitàpubblica UFSP] 

 

https://www.nature.com/articles/d41586-020-02403-4
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2020.25.29.2001352
https://t.co/snBRBvvjdY


 39 

[N.B. As of 30 November 2020, https://www.worldometers.info/coronavirus/ showed Switzerland (population 8.7 M) had 

had ~327,000 cases and 4,800 deaths, ~37,700 cases per million and 555 deaths per million.  It ranked 33
rd

 by cases, 37
th

 by 

deaths, 14
th

 by case per million, 30
th

 by cases per million.  For comparison, where higher ranking means worse illness: 

 Australia (population 25.6 M) ranked 95
th

 by cases, 78
th

 by deaths, 150
th

 by cases/M, 127
th

 by deaths/M. 

 Canada (population 37.9 M) ranked 29
th

 by cases, 24
th

 by deaths, 89
th

 by cases/M, 48
th

 by deaths/M. 

 UK (population 68 M) ranked 7
th

 by cases, 5
th

 by deaths, 44
th

 by cases/M, 7
th

 by deaths/M. 

 USA (population 332 M) ranked 1
st
 by cases, 1

st
 by deaths, 12

th
 by cases/M, 10

th
 by deaths/M. 

 
Source 
Dr Isabella Eckerle MD, DTM&H   on Twitter @EckerleIsabella    https://twitter.com/EckerleIsabella/status/1297822262305927168?s=19 

 

 

** 

 
Although children younger than 17 were the least likely to die of COVID19, they transmit the virus at rates similar to the 

rest of the population, underscoring the idea that the disease doesn’t spare young people.  One data point in particular holds 

implications for reopening schools: children ages 5 to 17 passed the virus to 18% of close contacts their own age. 

 
Source 
https://www.latimes.com/world-nation/story/2020-09-30/largest-coVID19-transmission-study-highlights-super-spreaders 

 

 

** 
 

Contact tracing studies report that children < 10 years of age are less likely to test positive for SARS2.  These studies 

underestimate the infection rate in children if infected children are more likely to be asymptomatic than infected adults.  In 

an outbreak in Ontario, young children were 3 times more likely to be asymptomatic than older individuals. 

 

Seroprevalence studies found young children less likely to have antibodies against SARS2.  These studies were conducted 

when schools had been closed, therefore children were likely to have fewer social contacts. 

 

The lower susceptibility of younger children to SARS2 infection could be a lower density of ACE2, the receptor used by 

SARS2 to infect cells, in the nasal mucosa.  However, if children have more social contacts or react differently to public 

health interventions than adults, this could offset the potential biological advantage offered by lower ACE2 density. 

 

In an outbreak at an overnight youth camp, younger children were at least as likely as older attendees to be infected with 

SARS2.  This suggests that young children can have attack rates similar to those of older children, adolescents, and adults 

under conditions that are conducive to outbreaks, such as high local transmission and overnight stays in dormitories. 

 

SARS2 RNA levels in swabs from children and adolescents are similar to those in adults, and infectious SARS2 was 

detected in children of all ages. 

 

Ecological studies found that school closures were associated with a containment of the COVID19 pandemic, but it was not 

possible to disentangle the independent impact of school closures from the impact of other public health interventions. 

 

Case studies of school openings in different countries suggest that school openings can be safe provided that local 

transmission is low and appropriate measures are in place to prevent or contain potential outbreaks in schools. 

 

Early suggestions that children are less important drivers of transmission than adults are not confirmed by recent research.  

Children could play a relevant role in transmission and school closures may have been important contributors to the 

containment of the pandemic.  Public health interventions could be as relevant and impactful to control transmission in 

children as in adults. It appears therefore important to include children as part of any surveillance, testing and control 

strategy, while bearing in mind that children are more likely than adults to remain asymptomatic after infection. 

 
Source 
https://covid19-sciencetable.ca/sciencebrief/the-role-of-children-in-SARS2-transmission/ 

 

https://www.worldometers.info/coronavirus/
https://twitter.com/EckerleIsabella/status/1297822262305927168?s=19
https://www.latimes.com/world-nation/story/2020-09-30/largest-covid-19-transmission-study-highlights-super-spreaders
https://covid19-sciencetable.ca/sciencebrief/the-role-of-children-in-sars-cov-2-transmission/
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** 

 
Groups at particular risk from responses to SARS2: 

 Older people—highest direct risk of severe COVID19, more likely to live alone, less likely to use online 

communications, at risk of social isolation 

 Young people—affected by disrupted education at critical time; in longer term most at risk of poor employment 

and associated health outcomes in economic downturn 

 Women—more likely to be carers, likely to lose income if need to provide childcare during school closures, 

potential for increase in family violence for some 

 People of East Asian ethnicity—may be at increased risk of discrimination and harassment because the pandemic 

is associated with China 

 People with mental health problems—may be at greater risk from social isolation 

 People who use substances or in recovery—risk of relapse or withdrawal 

 People with a disability—affected by disrupted support services 

 People with reduced communication abilities (e.g., learning disabilities, limited literacy or English language 

ability)—may not receive key governmental communications 

 Homeless people—may be unable to self-isolate or affected by disrupted support services 

 People in criminal justice system—difficulty of isolation in prison setting, loss of contact with family 

 Undocumented migrants—may have no access to or be reluctant to engage with health services 

 Workers on precarious contracts or self-employed—high risk of adverse effects from loss of work and no income 

 People on low income—effects will be particularly severe as they already have poorer health and are more likely to 

be in insecure work without financial reserves 

 People in institutions (care homes, special needs facilities, prisons, migrant detention centres, cruise liners)—these 

institutions may act as amplifiers 

 
People may have loss of income in several ways because of social distancing.  Although some people can work at home, 

many cannot, especially those in public facing roles in service industries, a group that already faces precarious employment 

and low income.  Others may be affected by workplace closures from government mandate, an infected co-worker, or loss 

of business.  Some may be unable to work because school closures require them to provide childcare.  In the UK, 3.5 

million more people are expected to need universal credit (including unemployment payments) as a result of the pandemic. 

 

The growth of the informal, gig economy in some countries has created a large group of people who are especially 

vulnerable as they do not get sick pay, are on zero hours contracts, or are self-employed.  They can easily lose all their 

income, and even if this is only temporary, they often lack the safety net of savings.  An important risk is housing security, 

with loss of income causing rent or mortgage arrears or even homelessness. 

 

School closure will affect low-income and single-parent families especially hard because they must meet an unexpected 

need for childcare and may lose the benefit of free school meals.  They may also face increased costs for home heating 

during the day.  In some countries, welfare systems impose conditions on recipients that cannot be met by those in isolation. 

 
Income allows people to buy necessities for life, access health enhancing resources, avoid harmful exposures, and 

participate in normal activities of society.  Low income also increases psycho-social stress.  The minimum income for 

healthy living establishes a standard required to maintain health in different settings.  Crucially, not everyone is equally 

likely to lose income.  Women, young people, and those who are already poor will fare worst.  To avoid widening health 

inequalities, social distancing must be accompanied by measures to safeguard the incomes of poor people. 

 

Unemployment has large negative effects on both physical and mental health, with a ~75% increase in all-cause mortality in 

people followed for up to 10 years after becoming unemployed. 

 

Economic downturns are associated with improvements in some health outcomes (especially traffic injuries), but worse 

mental health, homicide, suicide.  However, these harmful effects can be prevented by progressive social policies: it is the 

policy response to a recession, rather than the recession itself, that determines longer term population health. 

 

There is clear potential in the pandemic for price gouging (profiteering through increased prices during supply or demand 

shocks) on essential goods. 
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Once the pandemic recedes, there could be profound changes to the economy that may disadvantage less powerful 

populations, such as through privatisation of public sector services.  However, there may also be opportunities for the 

economy to be rebuilt better, depending on public and political attitudes and power balance. 

 

Advising to or making people self-isolate risks serious social and psychological harm.  Quarantine is associated with 

negative psychological effects, including post-traumatic stress symptoms, perhaps long-lasting.  The effects are exacerbated 

by prolonged isolation, fear of the infection, frustration, boredom, inadequate supplies and information, financial loss, and 

stigma.  These effects are less when quarantine is voluntary and can be mitigated by ensuring clear rapid communication, 

keeping the duration short, providing food and other essential supplies, and protecting against financial loss. 

 
In Scotland, a third of the population lives alone and 40% of this group are seniors.  Older people are also less likely to use 

online communications, making them at particular risk of social isolation.  Social isolation is defined as pervasive lack of 

social contact or communication, participation in social activities, or a confidante.  

 

Long term, social isolation is associated with an increase in mortality of ~30%.  Prolonged periods of social distancing 

could have similar effects.  People who are socioeconomically disadvantaged or in poor physical or mental health are at 

higher risk.  On-line and telephone support needs to be provided for vulnerable groups, especially those living alone. 

 

 
 

Stay-at-home measures will put many people close to family members all or most of the time, which may cause or  increase 

tensions.  There is concern in UK over potential increases in family violence under such restrictions.  Risk factors for 

partner and child abuse include poverty, substance misuse, and previous history of abuse:  Scotland has ~60,000 domestic 

abuse incidents each year, with young women most affected, and > 2,500 children are under child protection. 

 

It is important to maintain social work and community support for vulnerable families, including safety advice for women at 

risk of abuse.  Domestic abuse victims need enhanced support, including allocation of hotel rooms for those at risk. 
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School closures may add to stress in families as parents try to home school children, often juggling this with home working.  

This burden may fall disproportionately on women.  Schools provide more than academic instruction—they support 

development of social and other skills.  Prolonged school closures could cause adverse effects on educational and social 

outcomes for young people in families that lack study space and access to home computing.  Some children who are not at 

school may be at risk of on-line or other forms of exploitation—for example, by drug dealers—or of being recruited into 

gangs.  Realistic expectations of home schooling, replacement of free school meals, and outreach support for the most 

vulnerable children will be needed during school closures.  Many children will need extra support on return to school. 
 

In addition to the direct disease burden from COVID19, the pandemic response is already causing negative indirect effects.  

These are borne disproportionately by people who already have fewer resources and poorer health.  Prolonged or more 

restrictive social distancing measures could increase health inequalities in the short and long term. 

 

In low- and middle-income countries without social safety nets, the effects on population health and health inequalities are 

likely to be worse than in richer countries, as is beginning to be seen in India.  Actions must be targeted to support the most 

vulnerable people.  The extraordinary measures in the UK to allow businesses to continue paying staff will help mitigate the 

harms for many workers.  However, it is important to consider people in precarious work who won’t be covered by these 

measures, and to consider longer term support for those who continue to have problems once the measures expire.  A large 

multiagency response will be needed to deal with the range of needs. 

 

Policy decisions made now will shape the future economy in ways that could either improve or damage sustainability, 

health, and health inequalities.  These include decisions about which sectors to prioritise for support, whether to give 

financial support to businesses or workers, and how to fund the costs.  To protect population health it will be essential to 

avoid a further period of austerity and reductions in social security and public service spending.  Instead we must build a 

more sustainable and inclusive economy. 

In summary: 

 Social distancing measures to control SARS2 are likely to have large effects on health and health inequalities 

 Many things are disrupting society, including behaviours changes to services and education 

 People on low incomes are most vulnerable to the adverse effects 

 Substantial mitigation measures are needed in the short and long term 

 

Source 
https://www.bmj.com/content/369/bmj.m1557?s=09 

 

 

** 

 
There is emerging evidence in quite a few studies of some links between infection with Herpesvirus and SARS2.  Herpes 

zoster is known to break out when people harbouring the virus come under stress.  It now seems some get lesions after 

asymptomatic or mild SARS2 infection.  Herpes may be linked to rashes in long COVID.  Herpes simplex is also 

implicated.  SARS2 may be using a Herpes-like mechanism to infect the brain. 

 
Source 
https://www.thailandmedical.news/news/breaking-covid-19-news-dormant-herpes-could-be-reactivated-by-covid-19-and-might-serve-as-an-
indicator-of-latent-covid-19-infection-varied-implicatio 

 

 

** 

 
Various cutaneous manifestations have been observed in patients with SARS2 infection.  Herpes zoster is a viral skin 

disease caused by that remains dormant in the dorsal root ganglia of cutaneous nerves following a primary chicken pox 

infection. Two cases COVID19 first presented with Herpes zoster.  The clinical presentation of HZ during the pandemic in 

patients with mild or no history of upper respiratory symptoms is an alarming sign of recent subclinical SARS2 infection. 

 
Source 
https://onlinelibrary.wiley.com/doi/full/10.1111/dth.13666 

https://www.bmj.com/content/369/bmj.m1557?s=09
https://www.thailandmedical.news/news/breaking-covid-19-news-dormant-herpes-could-be-reactivated-by-covid-19-and-might-serve-as-an-indicator-of-latent-covid-19-infection-varied-implicatio
https://www.thailandmedical.news/news/breaking-covid-19-news-dormant-herpes-could-be-reactivated-by-covid-19-and-might-serve-as-an-indicator-of-latent-covid-19-infection-varied-implicatio
https://onlinelibrary.wiley.com/doi/full/10.1111/dth.13666
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Mechanism of Infection 

 

** 
 

This is a respiratory virus and most people who are infected with it tend to have these respiratory symptoms.  The virus can 

be spread by droplets, or the little particles of liquid that come out of your nose and your mouth when you talk, when you 

cough, when you sing, when you're in close proximity to somebody else. 

 

The virus transmits when you're in close contact with somebody else and when an infected person gets those droplets into 

somebody else's eyes, nose, or mouth.  The other way in which this virus can transmit is through contaminated surfaces.  So, 

if somebody is infected and they have the virus in these droplets, it can fall onto different surfaces, and, if others touch those 

surfaces and then touch their eyes, noses, or mouths, they can infect themselves if they haven't washed their hands. 

 

People can transmit the virus when they don't have symptoms.  It appears that most people are most infectious at or around 

the time that they develop symptoms, which includes a few days before they actually get sick or actually start to feel unwell. 

 

Factors affecting spread of the virus involve the intensity of the exposure, the duration of exposure, and the location.  We 

know the virus is transmitted well in crowded settings, when people are in close proximity to one another, they spend long 

periods of time, and that do not have good ventilation. 
 

[N.B. The interview was published in early September 2020.  WHO acknowledged airborne transmission via aerosols in 

July, but that was not mentioned.  https://www.who.int/news-room/commentaries/detail/transmission-of-SARS2-implications-for-infection-

prevention-precautions] 
 

Source (video and transcript) 
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/media-resources/science-in-5/episode-2?s=09 

 

 

** 
 

SARS2 binds to ACE2.  Initial infection of cells in the upper respiratory tract may be asymptomatic, but these patients can 

still transmit the virus.  For those who develop symptoms, up to 90% will have pneumonitis, caused by infection of cells in 

the lower respiratory tract.  Some of these patients will progress to severe disease, with disruption of the epithelial-

endothelial barrier, and multi-organ involvement. 

 

 
 

Source 
https://science.sciencemag.org/content/369/6503/510?utm_campaign=SciMag&utm_source=JHubbard&utm_medium=Twitter 

https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions
https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/media-resources/science-in-5/episode-2?s=09
https://science.sciencemag.org/content/369/6503/510?utm_campaign=SciMag&utm_source=JHubbard&utm_medium=Twitter
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** 

 
Researchers have profiled 28 SARS2 and coronavirus-associated receptors and factors (SCARFs) using single-cell 

transcriptomics across various healthy human tissues to predict the tropism of human coronaviruses.  SCARFs include 

cellular factors both facilitating and restricting viral entry. Intestinal goblet cells, enterocytes, and kidney proximal tubule 

cells appear highly permissive to SARS2, which is consistent with clinical data.  

 

Analysis also predicts non-canonical entry paths for lung and brain infections.  Spermatogonial cells and prostate endocrine 

cells also appear to be permissive to SARS2 infection, suggesting male-specific vulnerabilities.  Both pro- and anti-viral 

factors are highly expressed within the nasal epithelium, with potential age-dependent variation, predicting an important 

battleground for coronavirus infection.  Analysis also suggests that early embryonic and placental development are at 

moderate risk of infection.  Lastly, SCARF expression is conserved across a subset of primate organs. 

  

 
 

Source 
https://www.cell.com/cell-reports/fulltext/S2211-1247(20)31164-5 

 

 

** 

 
Respiratory infections occur via virus-containing droplets (5 to 10 µm) and aerosols (≤ 5 µm) exhaled from infected victims 

during breathing, speaking, coughing, and sneezing.  Traditional respiratory disease control measures are designed to reduce 

transmission by droplets produced in the sneezes and coughs of infected individuals.  However, a large proportion of the 

spread of SARS2 appears to be occurring through airborne transmission of aerosols produced by asymptomatic individuals 

during breathing and speaking.  Aerosols can accumulate, remain infectious in indoor air for hours, and be easily inhaled 

deep into the lungs.  For society to resume, measures to reduce aerosol transmission must be implemented, including 

universal masking and regular, widespread testing to identify and isolate infected asymptomatic individuals. 

 
Respiratory droplet size has also been shown to affect the severity of disease.  For example, influenza virus is more 

commonly contained in aerosols with sizes below 1 µm, which leads to more severe infection.  In the case of SARS2, it is 

possible that submicron virus-containing aerosols are being transferred deep into the alveolar region of the lungs, where 

immune responses seem to be temporarily bypassed.  SARS2 has been shown to replicate 3 times faster than SARS1 and 

thus can rapidly spread to the pharynx, from which it can be shed before the innate immune response becomes activated and 

produces symptoms.  By the time symptoms occur, the patient has transmitted the virus without knowing. 
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Infected individuals can be highly contagious for several days, peaking on or before symptoms occur.  In Wuhan, 

undiagnosed cases (people who were presumably asymptomatic) were responsible for up to 79% of infections.  Therefore, 

regular, widespread testing is essential to identify and isolate infected asymptomatic individuals. 

 

Outdoors, many factors will determine the virion concentrations and distance travelled, and whether respiratory viruses 

remain infectious.  Breezes can transport infectious droplets and aerosols long distances.  Asymptomatic individuals who 

are speaking while exercising can release infectious aerosols that can be picked up by airstreams.  Viral concentrations will 

be more rapidly diluted outdoors, but few studies have been carried out on outdoor transmission of SARS2.  

 

SARS2 can be inactivated by ultraviolet light.  SARS2 is likely sensitive to ambient temperature and relative humidity, and 

to the presence of atmospheric aerosols that occur in highly polluted areas.  Viruses can attach to other particles such as dust 

and pollution, which can modify the aerodynamic characteristics and increase dispersion.  Moreover, people living in areas 

with higher concentrations of air pollution have been shown to have higher severity of COVID19.  As respiratory viruses 

can remain airborne for prolonged periods before being inhaled by a potential host, studies are needed to characterize the 

factors leading to loss of infectivity over time in a variety of outdoor environments over a range of conditions. 

 

Given how little is known about the production and airborne behaviour of infectious respiratory droplets, it is difficult to 

define a safe distance for social distancing.  Assuming SARS2 virions are contained in submicron aerosols, as is the case for 

influenza virus, a good comparison is exhaled cigarette smoke, which also contains submicron particles and will likely 

follow comparable flows and dilution patterns.  The distance from a smoker at which one smells cigarette smoke indicates 

the distance in those surroundings at which one could inhale infectious aerosols.  In an enclosed room with asymptomatic 

individuals, infectious aerosol concentrations can increase over time.  Overall, the probability of becoming infected indoors 

will depend on the total amount of SARS2 inhaled.  Ultimately, the amount of ventilation, number of people, how long one 

visits an indoor facility, and activities that affect airflow will all modulate viral transmission pathways and exposure.  Thus, 

it is important to wear properly fitted masks indoors even when 2 m apart. 

 

Airborne transmission could account for high transmission rates to medical staff and outbreaks in nursing facilities. 

 

The minimum dose of SARS2 that leads to infection is unknown, but airborne transmission through aerosols has been 

documented for other respiratory viruses, including measles, SARS1, and chickenpox. 

 

Airborne spread from undiagnosed victims will undermine the effectiveness of even vigorous testing, tracing, and social 

distancing programs.  After evidence showed airborne transmission might be a key driver in the global spread of COVID19, 

the US-CDC recommended the use of cloth face coverings.  Masks provide a critical barrier, reducing the number of virions 

in exhaled breath, especially of asymptomatic people and those with mild symptoms.  Surgical masks reduce the likelihood 

and severity of infection by reducing airborne viral concentrations.  Masks can also protect uninfected individuals from 

SARS2 aerosols and droplets.  Thus, it is important to wear masks in places that can accumulate high concentrations of 

viruses, such as health care settings, airplanes, and restaurants.  The filtering efficiency of different materials, thicknesses, 

and layers used in properly fitted homemade masks is similar to that of the medical masks, so universal masking is no 

longer held back by shortages. 

 

Places that have been most effective in reducing the spread of COVID19 have implemented universal masking, including 

Taiwan, Japan, Hong Kong, Singapore, and South Korea.  In the battle against COVID19, Taiwan (~24 million people, 1st 

case 21 January 2020) did not have a lockdown, yet maintained a low incidence of 441 cases and 7 deaths (as of 21 May 

2020).  By contrast, the state of New York (~20 million people, 1st case 01 March 2020), had 353,000 and 24,000 deaths. 

 

By quickly activating its epidemic response plan that was established after the SARS outbreak, the Taiwanese government 

enacted a set of proactive measures that successfully prevented the spread of SARS2.  This included setting up a central 

epidemic command center in January, using technologies to detect and track infected patients and their close contacts, and 

perhaps most importantly, requesting people to wear masks in public places.  The government also ensured the availability 

of medical masks by banning mask manufacturers from exporting them, implementing a system to ensure that every citizen 

could acquire masks at reasonable prices, and increasing the production of masks.  In other countries, there have been 

widespread shortages of masks, resulting in most residents not having access to any form of medical mask.  This striking 

difference in the availability and widespread adoption of masks likely influenced the low number of COVID19 cases. 

 

Aerosol transmission of viruses must be acknowledged as a key factor leading to the spread of infectious respiratory 

diseases.  Evidence suggests that SARS2 is silently spreading in aerosols exhaled by highly contagious infected individuals 

with no symptoms.  Owing to their smaller size, aerosols may lead to higher severity of COVID19 because virus-containing 
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aerosols penetrate more deeply into the lungs.  It is essential that control measures be introduced to reduce aerosol 

transmission.  A multidisciplinary approach is needed to address a wide range of factors that lead to the production and 

airborne transmission of respiratory viruses, including:  

 the minimum virus dose required to cause COVID19 

 viral load emitted as a function of droplet size before, during, and after infection 

 viability of the virus indoors and outdoors 

 mechanisms of transmission 

 airborne concentrations 

 spatial patterns. 

 

Source 
https://science.sciencemag.org/content/368/6498/1422 

 
 

** 
 

A research team has now used two samplers, one ~2 m from COVID19 patients and the other ~5 m from them.  The 

scientists were able to collect SARS2 at both distances and then to show that the virus they had plucked from the air could 

infect cells in a lab dish. 

 

The genome sequence of the isolated virus was identical to that from a swab of a newly admitted symptomatic patient. 

 

The room had 6 air changes per hour and was fitted with efficient filters, ultraviolet irradiation, and other safety measures to 

inactivate the virus before the air was reintroduced into the room.  That may explain why the researchers found only 74 

virus particles per litre of air.  Indoor spaces without good ventilation—such as schools—might accumulate much more 

airborne virus. 

 

Source 

https://www.nytimes.com/2020/08/11/health/coronavirus-aerosols-indoors.html 

 

 

** 
 

SARS2 is still spreading uncontrolled through USA.  Public health authorities including the US-CDC and 

the World Health Organization (WHO) tell us to remain 2 m apart, wash our hands, disinfect frequently touched 

surfaces, and wear masks.  However, compliance with these measures—especially masks—is mixed, and daily we 

hear of cases where people do not know how they were infected.  We hear about super-spreading events, where one 

person infects many, happening in crowded bars and family gatherings, but not at outdoor demonstrations.  

Confusingly, beaches are closed, but gyms and indoor dining at restaurants have reopened.  

  

It is critical to have a clear physical description of the ways in which SARS2 is transmitted, so that individuals and 

institutions are able to understand how to protect themselves.  Contrary to public health messaging, many scientists believe 

that many COVID19 cases are the result of transmission through aerosols.  The evidence in favour of aerosols is stronger 

than for any other pathway, and officials need to communicate this reality if we want to get the pandemic under control. 

 

There are 3 ways the virus could be transmitted, of which 2 have been emphasized by the WHO and the US-CDC.  The first 

is through fomites, objects that are contaminated with the virus (which could include someone else’s skin).  Early in the 

pandemic, concern over fomites drove some people to bleach groceries and packages.  The US-CDC now says fomites are a 

possible means of transmission, but likely not one that is major.  An intensive hand-washing program in the UK led to only 

a 16% reduction in transmission.  Significantly, other viruses that, like SARS2, have a lipid envelope, do not survive long 

on human hands.  That means someone would need to touch his or her eyes, nostrils, or mouth a short time after touching a 

contaminated surface to contract the novel coronavirus. 

 

The second transmission possibility is through droplets, small bits of saliva or respiratory fluid that infected individuals 

expel when they cough, sneeze, or talk.  Droplets—which the WHO and US-CDC maintain are the primary means of 

transmission of COVID19—are propelled through the air, but fall to the ground after traveling 1 to 2 m.  However, research 

https://science.sciencemag.org/content/368/6498/1422
https://www.nytimes.com/2020/08/11/health/coronavirus-aerosols-indoors.html
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shows that droplets are only important when coughing and sneezing.  When it comes to talking in close proximity, which 

appears to play a major role in COVID19 transmission, droplets are less important than the third potential pathway.  

 

Many diseases, including SARS2, infect most effectively at close proximity.  Since droplets are visible and fall to the 

ground between within 2 m, we can readily understand this route of infection.  In fact, it was thought for decades that 

tuberculosis was transmitted by droplets and fomites given the ease of infection at close proximity, but research eventually 

proved tuberculosis can only be transmitted via the 3
rd

 route: aerosols.  We have been making a similar mistake for SARS2. 

 

Aerosol (sometimes referred to as “airborne”) transmission is similar to droplet transmission, except that the bits of fluid are 

so small that they can linger in the air for minutes to hours.  To understand the scale of aerosols, the diameter of a human 

hair is about 80 microns, and aerosols smaller than about 50 microns can float in the air long enough to be inhaled.  SARS2 

is only 0.1 microns in diameter, so there is room for plenty of viruses in aerosols. 

 

Fomites and droplets have dominated our everyday understanding of COVID19 transmission.  While the WHO and 

US-CDC both state that aerosols could lead to transmission under highly specific situations, both organizations 

maintain that they are less important.  In July, some 239 scientists appealed to the WHO to re-evaluate their 

stance.  WHO updated its position in response, but the agency’s language continues to express skepticism.  

 

The unwillingness to acknowledge aerosols are a major means of transmission can be traced to Dr. Charles Chapin, 

an American public health researcher.  Trying to bury once and for all the theory of miasmas (ghostly clouds of 

disease) he argued in his seminal 1910 book The Sources and Modes of Infection that aerosol transmission was 

nearly impossible.  The impact of his book was fortuitous in a way: it came at a time when enough evidence about 

the transmission of different infectious diseases had accumulated since the  discovery of germs by Pasteur in the 

1860s, but before we had the technology to measure aerosols.  Chapin’s notions became the paradigm of infectious 

disease transmission, which has dominated until now. 

 

Given this deeply held disbelief of aerosol transmission, just a few diseases, including  measles and chickenpox, 

have been accepted as being transmitted through aerosols—and only because these are so transmissible that the 

evidence could not be ignored by the medical community.  Some less-contagious respiratory diseases, like 

influenza, were described as due to droplet and fomite t ransmission, even when they clearly had an aerosol 

component.  That stance has, over the years, created an unfounded perception in health care that any disease that is 

transmitted through aerosols has to be extremely contagious.   The nuances and importance of aerosol transmission 

of respiratory diseases are finally becoming mainstream some 110 years later. 

 

When it comes to SARS2, the evidence overwhelmingly supports aerosol transmission, and there are  no strong 

arguments against it.  For example, contact tracing has found that much SARS2 transmission occurs in close 

proximity, but that many people who share the same home with an infected person do not get the disease.  To 

understand why, it is useful to use cigarette smoke (which is also an aerosol) as an analog.  Imagine sharing a home 

with a smoker.  If you stood close to the smoker while talking, you would inhale a great deal of smoke.   Replace 

the smoke with virus-containing aerosols, which behave very similarly, and the impact is similar—the closer you 

are to someone releasing virus-carrying aerosols, the more likely you are to breathe in larger amounts of virus.  We 

know that when individuals talk in close proximity,  aerosols dominate transmission and droplets are negligible. 

 

In a poorly ventilated room, the smoke will accumulate, and people in the room may end up inhaling a lot of smoke 

over time.  Talking, and especially singing and shouting increase aerosol exhalation by factors of 10 and 50, 

respectively.  Indeed, we are finding that outbreaks often occur when people gather in crowded, insufficiently 

ventilated indoor spaces, such as singing at karaoke parties, cheering at clubs, having conversations in bars, and 

exercising in gyms.  Super-spreading events, where one person infects many, occur almost  exclusively in indoor 

locations and are driving the pandemic. These observations are easily explained by aerosols, and are very difficult 

or impossible to explain by droplets or fomites. 

 

Furthermore, droplets move ballistically—they fly like a cannonball from someone’s mouth and then travel through 

the air until they either hit something (worst case someone else’s eyes, mouth , or nostrils) or fall to the ground. 

Aerosols on the other hand, act like smoke: after being expelled, they don’t fall to the groun d, but disperse, getting 

diluted by air currents, and being inhaled by others present in the same space.  Contact tracing shows that, when it 

comes to COVID19, being outdoors is 20 times safer than being indoors, which argues that aerosol transmission is 

much more important than droplets.  Outdoors, there’s plenty of air in which aerosols can become diluted; not so 

indoors. In addition, researchers have demonstrated aerosol transmission of this virus in  ferrets and hamsters. 
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The visual analogy of smoke can help guide our risk assessment and risk reduction strategies.   One just has to 

imagine that others they encounter are all smoking, and the goal is to breathe as little smoke as possible.   SARS2 is 

not very contagious under most situations, unlike, for example, measles.  The US-CDC says that 15 minutes of 

close proximity to a SARS2-infected person often leads to infection, which provides an estimate of how much 

“exhaled smoke” one may need to inhale for infection.   Inhaling a little whiff of “smoke” here and there is OK, but 

a lot of “smoke” for a sustained period of time and without a mask is risky.  

  

We should continue doing what has already been recommended: wash hands, keep 2 m apart, and so on, but that is 

not enough.  A new, consistent and logical set of recommendations must emerge to reduce aerosol transmission.  

These should be based on what models have shown are the important factors in airborne transmission.   

 

I propose the following: Avoid Crowding, Indoors, low Ventilation, Close proximity, long Duration, Unmasked, 

Talking/singing/Yelling (“A CIViC DUTY”).  

 

A CIViC DUTY says we should do as many activities as possible outdoors, as schools did to avoid the spread of 

tuberculosis a century ago.  Given how much being outside reduces SARS2 transmission risk, it is odd that the US 

National Guard is not busy setting up open canopy tents at every school around the country.  That said, stepping 

outdoors is not a magical protection against contagion: a windy day in an open area while keeping our distance i s 

very safe, but an unmasked close conversation with still air in a narrow passage between tall buildings is risky.  

 

Second, masks are essential.  We should pay attention to fitting masks snugly, as they are not just a parapet against 

ballistic droplets, but also a means to prevent “smoke” from leaking in through gaps.  We should not remove masks 

to talk, nor allow someone who is not wearing a mask to talk to us .  This is because we exhale aerosols 10 times as 

much when talking compared to breathing.  Everyone should be careful to not stand behind someone with a poorly 

fitting mask, as the curvature of an ill-fitting mask can cause aerosols to travel behind the person wearing it.  

 

It is important to improve ventilation and air cleaning.  We take operable windows and HVAC systems for granted.  

We need to learn how to best use these systems to decrease risk.  We need to increase the amount of indoor air that 

is replaced by outdoor air, by opening windows or adjusting mechanical systems.  We need better filters installed in 

many ventilation systems that recirculate some of the air.  These interventions can get costly, so it is very important 

to think carefully and prioritize objectively—we can, for example, use affordable CO2 measurements to identify the 

most dangerous, under-ventilated frequently occupied public spaces, and prioritize them.  

 

Portable HEPA air cleaners work well to remove virus-laden aerosols, but they are costly.  Makeshift fan-filter 

cleaners can be made for < $50, work well, and have been used for years in China to reduce the impact of pollution 

in homes.  They can be noisy and are not a long-term solution, but they may help us get through the next few 

months.  Germicidal UV systems can help in some situations, but only if ventilation and filter ing cannot do the job.  

We should also remember that air cleaning is not a silver bullet: if we simulate the  Skagit choir outbreak with an 

added large amount of air cleaning, the infection rate only drops by half.   

 

Spending as much time as possible outdoors, wearing masks, and reducing density will remain critical no matter 

how well we ventilate and clean the air.  It seems clear that aerosols are more important when it comes to 

transmitting SARS2 than we thought 6 months ago—and certainly more important than public health officials are 

currently making them out to be. The WHO and US-CDC, among others, must begin communicating the science 

suggesting aerosol spread of  SARS2—and the risk reduction strategies necessary as a result.  If not, we hamper our 

ability to counter the growing health consequences and increasing death toll of COVID19. 

 

Source 

https://time.com/5883081/covid-19-transmitted-aerosols/ 

 

 

** 
 

Binding of SARS2’s spike protein to host ACE2 triggers viral entry, but other proteins may participate, including 

neuropilin-1 receptor (NRP-1).  Both spike protein and vascular endothelial growth factor-A (VEGF-A) bind NRP-1.  

VEGF-A–triggered sensory neuronal firing is blocked by spike protein and NRP-1 inhibitor EG00229.  Pro-nociceptive 

behaviours of VEGF-A are also blocked via suppression of spinal synaptic activity and reduction of electrogenic currents in 

https://time.com/5883081/covid-19-transmitted-aerosols/
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sensory neurons.  Preventing VEGF-A/NRP-1 signalling is anti-allodynic in a neuropathic pain model.  A silencing of pain 

via subversion of VEGF-A/NRP-1 signalling may underlie increased disease transmission in asymptomatic individuals. 

 

Source 

https://journals.lww.com/pain/Abstract/9000/SARS_CoV_2_Spike_protein_co_opts.98244.aspx 

 

 

** 
 

The SARS2 spike protein interacts with cellular heparan sulfate and ACE2 through its receptor-binding domain (RBD).  

Docking studies suggest a heparin/heparan sulfate-binding site adjacent to the ACE2-binding site.  Both ACE2 and heparin 

can bind to spike protein in vitro, and a complex can be generated with heparin as a scaffold.  Electron micrographs of spike 

protein suggests heparin enhances the open conformation of the RBD that binds ACE2.  On cells, spike protein binding 

depends on both heparan sulfate and ACE2.  Unfractionated heparin, non-anticoagulant heparin, heparin lyases, and lung 

heparan sulfate potently block spike protein binding and/or infection.  Viral attachment and infection appears to involve 

heparan sulfate-dependent enhancement of binding to ACE2.  Manipulation of heparan sulfate or inhibition of viral 

adhesion by exogenous heparin presents new therapeutic opportunities. 

 

 
 

Source 

https://www.cell.com/cell/fulltext/S0092-8674(20)31230-7?s=09 
 

 

Immune Response 

 

** 
 

Within the immune system, the complement subsystem enhances, or complements, the ability of antibodies and phagocytic 

cells to clear pathogens from the body.  This subsystem consists of more than 30 proteins, including factor H and factor D. 

 

Factor H is a control protein that regulates the chemical signals that trigger inflammation and the immune system.  Factor D 

immediately upstream from factor H in the chain of immune events triggered by SARS2. 

 

The spike proteins on the surface allow the virus to attach to healthy cells in the human body.  This happens when spikes 

latch on to heparan sulphate, a large sugar molecule found on the surface of cells in the lungs, blood vessels, and smooth 

muscle of most organs.  Heparan sulfate is on just about every cell in the body. 

 

https://journals.lww.com/pain/Abstract/9000/SARS_CoV_2_Spike_protein_co_opts.98244.aspx
https://www.cell.com/cell/fulltext/S0092-8674(20)31230-7?s=09
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When the virus binds with the cell’s heparan sulfate, it occupies the site where the factor H protein would normally attach to 

protect that cell from the body’s immune response.  Without this protection, cells in the lungs, heart, kidneys and other 

organs can be destroyed by the defence mechanism nature intended to safeguard them. 

 

To prevent the virus from occupying factor H’s spot on cells and leaving vital organs vulnerable to the body’s immune 

response, the attachment sequence might be stopped by inhibiting factor D.  Drugs that could do that are being tested and 

might get to market in about 2 years. 

 

Source 

https://beta.ctvnews.ca/national/health/2020/10/16/1_5147835.html?s=09 

 

 

** 
 

SARS2 enters the body through ACE2 receptors in the nose, where the receptors are abundant.  The virus then proceeds 

through the body, entering cells in other places where ACE2 is also present, especially the intestines, kidneys, and heart, 

which may account for some of the disease’s cardiac and gastrointestinal symptoms.  The virus then causes the body to up-

regulate ACE2 receptors in places where they’re usually expressed at low or medium levels, including the lungs. 

 

The rennin-angiotensin system (RAS) controls many aspects of the circulatory system, including levels of bradykinin, 

which normally helps to regulate blood pressure.  The virus causes the regulation of bradykinin to go haywire—bradykinin 

receptors are sensitized and the body stops breaking down bradykinin, which is normally degraded by ACE.  The result is a 

bradykinin storm, which may be linked to a cytokine storm. 

 

The virus also increases production of hyaluronic acid (HLA) in the lungs.  HLA can absorb more than 1,000 times its 

weight in fluid. When it combines with fluid leaking into the lungs, the result is a hydrogel that fill the lungs in some 

patients, preventing gas exchange.  Ventilation is then useless because, regardless of how much oxygen you pump in, the 

alveoli in the lungs can’t function properly. 

 

Some heart damage in some patients is likely due to the virus infecting the heart directly through its ACE2 receptors, but the 

RAS also controls aspects of cardiac contractions and blood pressure.  A bradykinin storm could create arrhythmias and low 

blood pressure, which are often seen in COVID19 patients. 

 

The bradykinin storm can account for patients’ neurological symptoms, which include dizziness, seizures, delirium, and 

stroke.  Such symptoms are present in as many as 50% of hospitalized patients.  MRI studies have revealed that many 

patients have leaky blood vessels in their brains.  This may be evidence of a breakdown in the blood-brain barrier that could 

allow harmful cells and compounds into the brain, leading to inflammation, potential brain damage, and many of the 

neurological symptoms patients experience.   

 

SARS2 may be causing the same effects that hypertensive patients sometimes get when they take blood pressure–lowering 

ACE inhibiting medications.  ACE inhibitors are known to cause a dry cough and fatigue, two textbook symptoms of 

COVID19, and may increase blood potassium levels, which has also been observed in COVID19 patients.  ACE inhibitors 

also cause loss of taste and smell. 

 

A bradykinin storm may be responsible for COVID toes and thyroid-related symptoms reported in some patients. 

 

Some aspects of the RAS are regulated by genes on the X chromosome, which may explain why women appear to suffer 

less severe illness and death as compared to men. 

 
Source 
https://elemental.medium.com/a-supercomputer-analyzed-coVID19-and-an-interesting-new-theory-has-emerged-31cb8eba9d63 

 

 

** 
 

SARS2 infection generally begins when the virus enters the body via nasal ACE2 receptors.  The receptors, which the virus 

is known to target, are abundant there.  The virus then proceeds through the body, entering cells in other places where 

ACE2 is also present: the intestines, kidneys, and heart.  This likely accounts for at least some of the disease’s cardiac and 

https://beta.ctvnews.ca/national/health/2020/10/16/1_5147835.html?s=09
https://elemental.medium.com/a-supercomputer-analyzed-covid-19-and-an-interesting-new-theory-has-emerged-31cb8eba9d63
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GI symptoms.  However, once SARS2 has established itself in the body, the virus hijacks the body’s own systems, tricking 

it into up-regulating ACE2 receptors where they’re usually expressed at low or medium levels, including the lungs. 

 

The rennin-angiotensin system (RAS) controls many aspects of the circulatory system, including the body’s levels of a 

chemical called bradykinin, which normally helps to regulate blood pressure.  When the virus alters the RAS, it causes the 

body’s bradykinin receptors are sensitized, and the body also stops effectively breaking down bradykinin.  ACE normally 

degrades bradykinin, but when the virus down-regulates it, it can’t do this as effectively.  The result is a bradykinin storm—

a massive build-up of bradykinin in the body.  This storm is responsible for many of COVID19’s effects.  The pathology of 

COVID19 is likely the result of bradykinin storms rather than cytokine storms, though the two may be intricately linked. 

  
Source 
https://elemental.medium.com/amp/p/31cb8eba9d63 

 

 

** 
 

Some antibodies created by the immune system during infection with common cold coronaviruses can also target SARS2 

and may confer a degree of protection against the novel virus. 

 

Some people, notably children, have antibodies reactive to SARS2 despite never having being infected.  These antibodies 

may stem from exposure to other coronaviruses that have structural similarities with SARS2. 

 

Nearly all blood samples analysed from ~300 people had antibodies that reacted with cold coronaviruses, but ~5% of adult 

donors also had antibodies that cross-reacted with SARS2.  Cross-reactive antibodies were found much more frequently in 

blood samples taken from children aged 6 to 16. 

 

Cross-reactive antibodies target the S2 subunit of the viral spike protein.  It had been thought that only antibodies to the S1 

subunit could block infection, but now there is evidence that some antibodies to S2 can be just as effective. 

 

Source 
https://scitechdaily.com/some-people-mainly-children-have-pre-existing-coronavirus-antibodies-that-could-help-protect-against-coVID19/ 

 

 

** 
 

SARS2 disrupts cellular programming.  A typical virus replaces < 1% of the software in the cells it infects.  With SARS2, 

~60% of the RNA in an infected cell is of viral origin. 

 

As part of the non-pathogen-specific innate immune response, a cell sends out two kinds of signals: one, carried by 

interferons, goes to neighbouring cells, telling them to build defences to slow viral spread; the other, transmitted by 

cytokines, tells the circulatory epithelial lining to rally white blood cells that consume invading pathogens, infected cells, 

and their dismembered protein parts.  Elsewhere in the immune system, these fragments are used to create virus-specific 

antibodies, as part of a sophisticated adaptive response that can take 6 or 7 days to develop. 

 

SARS2 seems to block only the interferon response, doing nothing about the cytokines.  It evades the local defences but 

allows the cells it infects to call for reinforcements.  White blood cells arrive on an inflammatory tide, destroying cells on 

every side, clogging up passages with the wreckage.  With SARS2, the white blood cells are deployed too widely and as 

they do their work, inflammation distends the lungs and debris fills the lungs. 

 

This imbalanced immune response gives severe COVID19—which can sometimes cause blood clots, strange swelling in 

children, and ultra-inflammatory cytokine storms—the character of an autoimmune disorder.   

 

In the normal two-phased immune response, phagocytes are often present at infection.  Antibodies in the blood, which could 

take days to emerge, pursue invaders outside the body’s cells, while T cells used MHC to peer inside those cells, destroying 

the ones that had been infected by viruses or corrupted by cancer. 

 

We now know that a vaccine containing an antigen designed to elicit antibodies often will not work unless an extra irritant, 

or adjuvant—usually a harmless chemical or bacterium—has been added to the fluid that is administered.   We do not know 

https://elemental.medium.com/amp/p/31cb8eba9d63
https://scitechdaily.com/some-people-mainly-children-have-pre-existing-coronavirus-antibodies-that-could-help-protect-against-covid-19/
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why the antigen is not sufficient to jump-start the creation of antibodies.  It may be that the process can’t begin unless the 

innate immune system—with its interferons, cytokines, and epithelial cells—had sounded its alarms first.  

 

An innate system has to anticipate its enemies—a seemingly impossible task, given their stupendous variety.  In humans, we 

now know there are at least half a dozen genes coding for what came to be called Toll-like receptors (TLRs), which 

recognize particular molecular motifs—building blocks of bacterial membranes. 

 

Innate immunity kicks off the immune response, as cells at the site of infection use their receptors to recognize and combat 

invaders, and release interferons and cytokines to raise the alarm.  Various types of white blood cells respond, having been 

routed to the infection via the bloodstream.  They identify and eat foreign cells, returning the digested bits, via the lymph 

nodes, to the thymus and the bone marrow.  In the days that follow, antibodies and killer T cells—the weapons of adaptive 

immunity—are built to spec.  Everything plays a double or triple role. Antibodies, for instance, don’t just attach to invaders 

to block their entry into cells; they also tag them so that they’ll be easier for white blood cells to find and eat.  The innate 

and adaptive arms of the immune system ramp up each other’s destructive abilities. 

 

Early in the pandemic, 4 young men who got COVID19 were all found to have an ineffective variant of TLR7, a Toll-like 

receptor that recognizes viral RNA.  When it works, TLR7 helps produce interferons, which tell nearby cells to increase 

their antiviral efforts.  When it doesn’t, the alarm is silent, and the infection spreads. 

 

In the spring of 2020, a clinical trial in the UK gave interferon-beta, a synthetic version of the molecule, to a random 

selection of 101 patients hospitalized with COVID19.  Those who received interferon early in their infection were 79% less 

likely to become seriously ill.  However, if interferon is given later, it might be harmful—at that point, the adaptive immune 

system could already be out of control and an immunosuppressant, such as dexamethasone (a steroid) might be needed.  

 

The genes for TLR7 are on the sex-linked X chromosome.  That could be a partial explanation for why men suffer from 

severe COVID19 more often than women.  However, a TLR7 deficiency is likely to be rare—far rarer than the incidence of 

severe COVID19 among young people.  In mid-September, some COVID19 patients with bad outcomes were reported to 

have auto-antibodies that were attacking their own interferon; at about the same time, a genetic flaw was reported related to 

TLR3, which is also involved in the interferon response.  As many as 14% of severe COVID19 cases may be attributable to 

one of these two conditions.  

 

According to some theories, how things go for you could depend on how many viral particles you’ve inhaled, and on 

whether they reach your lungs when you breathe them in.  If you’ve had a cold recently, it’s possible that the T cells you 

developed to fight it could partially fit the coronavirus.  Vitamin D levels might matter because it can help control 

inflammation.  Harmful auto-antibodies could be responsible for the persistent symptoms suffered by long-haulers. 

  

As the immune system ages, it becomes less responsive, which may be why SARS2 disproportionately affects the elderly.  

The already high case fatality rate for 65 to 74 year-old patients more than triples in people > 75 years old.  This age 

distribution is unique to SARS2.  Kids are more susceptible to the seasonal flu; children and young adults who had the 2009 

H1N1 influenza were hospitalized the most; the pandemic H1N1 influenza of 1918-19 hit adults in their 20s and 30s 

hardest—their immune systems may have overreacted.   The risk profile for SARS2 is one we have not seen before. 

 

Vaccines might not be as effective in older patients, even with double the dose, or after repeated inoculations.  Helping 

older people may require a more fine-tuned approach than routine vaccination, one tailored to the way this virus destabilizes 

the immune system.  It isn’t just that being older makes you weak, and that SARS2 preys on this weakness—the virus’ 

mechanism of action is actually amplified in the aging body.  So, research on SARS2 has now switched from using ferrets 

to using hamsters.  Ferret immune systems are highly responsive, and the animals were getting better too quickly, 

mimicking the response of children.  By contrast, when infected with the virus, some hamsters develop respiratory distress, 

with more infiltration in their lungs.  In older hamsters, as in older people, innate immunity is less likely to contain the virus 

and adaptive immunity is slower to turn on and off.  The hamsters immune systems end up badly regulated.  

 

As we age, our immune systems respond less, but at the same time they become chronically activated.  Cytokines circulate 

at a constant, high level in the blood, as though the body were at all times responding to some attack.  Even in individuals 

who are healthy, well nourished, without disease, and not taking medications, there are some inflammatory markers whose 

concentration increases with aging and inflammation contributes to what geriatricians call frailty. 

 

Cellular senescence is partly responsible for the body’s increasing inflammation with time.  As cells age and divide, small 

errors accrete in their DNA, which could lead to cancer and other maladies.  Cells that detect decay in their DNA stop 
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replicating and emit cytokines calling the immune system to inspect and destroy them.  The accumulation of senescent cells 

may contribute to severe COVID19 by expanding the cytokine storm leading to a spike in inflammation through the body. 

 

Adaptive immunity also suffers with age, but for different reasons.  The thymus itself atrophies.  When young, with a short 

history of exposure to pathogens, the thymus produces new T cells at an extravagant rate, but as one ages, production slows 

and the cells differentiate.  Some live indefinitely as memory T cells, carrying with them a record of their defeated foes. 

 

Certain viruses use up more T-cell memory than others: ~ 20% of an older adult’s T cells are devoted only to fighting 

human cytomegalovirus (HCMV).  It would be ironic if, in some small way, HCMV makes it harder to survive COVID19.  

Unlike SARS2, which spreads without hiding and so causes extensive damage, HCMV is a master of disguise.  When 

infecting a cell, the virus turns off that cell’s MHC system.  No cellular raft delivers evidence of the infection to the surface.  

Still, this isn’t enough to avoid detection.  The immune system developed the natural killer cell that looks specifically for 

cells without functioning MHC systems, so HCMV evolved to create a decoy MHC raft to fool the natural killers. 

 

As a parasite, HCMV is able to spread without attracting attention and doing nothing but consuming resources.  The thymus 

is one place where such cleverness leaves its trace.  The practice of science is another.  Many of the workhorse tools 

employed by molecular biologists—including the enzymes used to sequence RNA, and the CRISPR gene-editing system, 

perhaps the most important scientific discovery of our time—were once either weapons or defences in the microbial arms 

race.  It’s there that biological innovation happens fastest, leaving us with technology for mounting a new kind of defence. 

 

[N.B. MHC is short for major histo-compatibility complex and CRISPR is short for clustered regularly interspaced short 

palindromic repeats.] 

 

Source 
https://www.newyorker.com/magazine/2020/11/09/how-the-coronavirus-hacks-the-immune-system?s=09 

 

 

** 
 
Antibodies against the novel coronavirus declined rapidly in the British population during the summer.  Antibody 

prevalence fell by ~25%, from 6% of the population around the end of June to just 4.4% in September.  This suggests 

protection after infection may not be long lasting and raising the prospect of waning immunity in the community. 

 

Although immunity to SARS2 is a complex and murky area, and may be assisted by T cells and B cells that can stimulate 

the quick production of antibodies following re-exposure to the virus, experience with other coronaviruses suggests 

immunity might not be enduring. 

 

There was no change in the levels of antibodies seen in healthcare workers, possibly due to repeated exposure to the virus. 
 

Source 
https://uk.mobile.reuters.com/article/amp/idUKKBN27C009 

** 

 
The immune response to SARS2 is hugely variable from person to person.  Different people are going to raise different 

levels of different populations of different antibodies to a coronavirus infection, and that’s a big reason why the clinical 

course of disease is so variable.  Even in the few documented re-infection cases we’ve seen, we don’t know the details about 

what their first immune responses were like as there was no reason to profile these people in such detail the first time. 

 

Source 
https://blogs.sciencemag.org/pipeline/archives/2020/10/14/immunity-and-re-infection?s=09 

 

 

** 

 
Two studies have revealed that in many patients with serious COVID19, the interferon response has been crippled by 

genetic flaws or by rogue antibodies that attack interferon itself.  These studies explain ~14% of severe COVID19 cases. 

 

https://www.newyorker.com/magazine/2020/11/09/how-the-coronavirus-hacks-the-immune-system?s=09
https://uk.mobile.reuters.com/article/amp/idUKKBN27C009
https://blogs.sciencemag.org/pipeline/archives/2020/10/14/immunity-and-re-infection?s=09
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The baffling ferocity of SARS2 caused questions about whether type I interferon is missing in action in some severe cases. 

The studies showed many patients with serious COVID19 have an interferon response crippled by genetic flaws or by rogue 

antibodies that attack interferon itself.  Another study found that rogue antibodies underlie COVID19 in 10% of gravely ill 

patients, and this holds for patients from all over the world in all ethnic groups.  Another finding, that 94% of the patients 

with interferon-attacking antibodies were male, also helps explain why men face higher risk of severe disease.   

 

Together, the two studies have immediate practical implications.  Synthetic interferons, long used to treat other diseases, 

might help some at-risk patients, as might other therapies aimed at removing the damaging antibodies.  A common kind of 

antibody test could be readily developed and return answers in hours.  Those found to be at high risk of developing severe 

COVID19 could take precautions to avoid exposure or be prioritized for vaccination. 

 

Convalescent plasma is rich in antibodies and is already given to some patients, but some donations could harbour the 

interferon-neutralizing antibodies.  Patients should not be given such plasma. 

 

Type I interferons are made by every cell and lead the antiviral battle early in infection.  They launch an immediate, intense 

response when a virus invades a cell, triggering infected cells to produce proteins that attack the virus. They also summon 

immune cells to the site and alert uninfected neighbouring cells to prepare their own defences.  The results may explain the 

increased vulnerability of seniors to severe COVID19 as ~50% of severe patients with auto-antibodies were > 65 years old. 

 

The second study also found genetic flaws in patients that led to a grossly inadequate interferon response to SARS2 

infection.  Some 3.5% of the critically ill patients had rare mutations in 8 of 13 genes studied.  In patients for whom blood 

samples were available, interferon levels were vanishingly small.  No controls had any of the mutations.  None of the 

patients who made antibodies against interferon or had the mutations had a history of life-threatening viral illnesses 

requiring hospitalization.  This suggests that we are more reliant on type I interferons to protect ourselves against SARS2 

than with other viral infections, so it may be important to try therapies aimed at boosting type I interferon responses. 

 

Some researchers caution that the interferon-neutralizing antibodies could be a consequence, rather than a cause, of severe 

COVID19.  These antibodies could develop during the disease, which would explain why the patients hadn’t faced life-

threatening viral infections before.  However, there is a strong case for causality.  Pre-existing blood samples from a handful 

of patients showed they had the antibodies in their blood before contracting SARS2.  It’s unlikely that the body could 

quickly generate the high levels of anti-interferon antibodies detected. 

 

Some clinicians have found the results shocking, in part because men were so much more likely than women to carry the 

rogue antibodies.  Confirmatory tests screening for the antibodies can and should be rapidly developed.  Given tens of 

millions of cases worldwide, 10% is such a high figure and the implications are very important. 

 

[N.B. It is not now clear that convalescent plasma helps with recovery from SARS2]. 

 

Source 
https://www.sciencemag.org/news/2020/09/hidden-immune-weakness-found-14-gravely-ill-coVID19-patients 

Alternate Source 
https://medicalxpress.com/news/2020-09-severe-covid-cases-linked-genetic.html?s=09 

 

 

** 

 
[N.B.  This source is a highly technical paper that is very difficult to understand.] 

 

The adaptive immune system responds to pathogens in an antigen-specific manner to develop protective immunity.  The 

adaptive immune system consists of three major lymphocyte types: B cells (antibody producing cells), CD4+ T cells (helper 

T cells), and CD8+ T cells (killer T cells).   All three arms of adaptive immunity can protect against viral infections.  

 

The vast majority of licensed human vaccines are based on protective antibody responses, with neutralizing antibodies being 

the most common mechanism of action.  Thus, most COVID19 vaccine efforts focus on the elicitation of neutralizing 

antibodies, with additional interest in elicitation of CD4+ or CD8+ T cells.  

 

https://www.sciencemag.org/news/2020/09/hidden-immune-weakness-found-14-gravely-ill-covid-19-patients
https://medicalxpress.com/news/2020-09-severe-covid-cases-linked-genetic.html?s=09
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Almost all neutralizing antibody responses, durable antibody responses, and affinity-matured B cell memory depend on 

CD4+ T cell help.  As such, CD4+ T cell responses are critical to the success of most vaccines.  Also, CD4+ T cells have a 

range of different functions beyond helping antibody responses that can be valuable in the context of antiviral immunity.  

 

In a mouse model of SARS1, it was demonstrated that CD4+ T cells alone, in the absence of antibodies or CD8+ T cells, 

could provide protection against lethal challenge with SARS1.  Separately, extensive animal model studies have proven the 

importance of CD8+ T cells in protective immunity against a range of viral infections. Thus, it is important to assess all 

three arms of adaptive immunity in SARS2-infected individuals across the spectrum of COVID19 disease severity in a 

coordinated manner to gain insights into SARS2 protective immunity and potential immuno-pathogenesis. 
 

There is an uncoordinated adaptive immunity in older people associated with scarce naive CD4+ and CD8+ T cells.  Age-

correlated with COVID19 disease severity has been widely observed.  SARS2 immune responses were quite uncoordinated 

in patients ≥ 65 years old.  Changes in ADIM relationships appeared even more altered in patients ≥ 75 years old. 

 

Source 
https://www.cell.com/cell/fulltext/S0092-8674(20)31235-6 

 

 

** 
 

Immunity is tricky.  We think of it like armour—if we’re immune, we’re protected.  However, it’s complicated.  Every day, 

we learn more about immunity to SARS2.  On balance, what we’ve learned is good news, with caveats and implications. 

 

First, the good news: 

1.     Recent laboratory studies suggest immunity from infection with SARS2 may last many years. 

2.    These same studies suggest that antibodies, which have been a focus of research, may not be the only, or even the most 

important component of our immune response. 

3.    Animal studies suggest that infection protects against re-infection, at least in these animals, at least in a laboratory 

model, at least for a few weeks. 

4.    One study suggested that neutralizing antibodies in people may be protective against re-infection, at least for some time 

for some people.  It’s not enough to bet your life on, but it’s enough to be optimistic about the potential for immunity. 

 

Now, the caveats: 

1.     We don’t know how long immunity, if it occurs, will last or how complete the protection is.  Overconfidence could 

lead individuals and communities to let their guard down, which could result in more spread and more death.  Testing 

positive for antibodies does NOT mean you’re immune.  

2.    We don’t know what proportion of people with natural infection will become immune. 

3.    We don’t know if some people who get vaccinated will develop harmful immune over-reaction. 

4.    Even if 20% of the US population has been infected, we’re nowhere near herd immunity.  Not all infected are 

necessarily immune, and, more importantly herd immunity likely requires at least 60% infection rates, and in any case isn’t 

an on-off phenomenon.  When more people are immune, infection spreads more slowly.  However, as spread is uneven, 

communities remain vulnerable even if a high proportion of the population has been infected.  Getting to herd immunity in 

the US would require hundreds of millions of infections and at least a million more deaths.  That’s not a plan, that’s a 

catastrophe.  

 

Now, the implications: 

1.     The likelihood that an effective vaccine will be found is increasing—the ceiling of vaccine efficacy is usually 

protection after natural infection.  Vaccination won’t be quick or simple, and must be safe, effective, available, and trusted. 

2.    We need to be particularly careful about vaccine safety.  Developing immunity through infection or vaccination may 

result in severe illness.  This is why some people get so sick with COVID19, and likely why dexamethasone, a medication 

that weakens the immune system, helps some severely ill patients.  It’s a concern with vaccination, which could potentially 

harm a small proportion of patients because of immune over-reaction—either from the vaccination itself, or from exposure 

to the virus after vaccine-induced immunity.  This is being studied in the vaccines being developed and will need to be 

tracked whenever they are given. 

3.    It’s possible, once vaccination is widely available, that immunity passports—certificates of immunization (or, 

potentially, of protective immunity from infection) will become a reality.  This is already done (not well) for Yellow Fever. 

If it helps us reclaim our education, jobs, and economy, this could be a good thing, but there are important risks to be 

considered (perverse incentives, muddled risk communication messages, violations of patient privacy, diversion of 

resources, fraudulent certificates, and creation and perpetuation of inequalities, among others). 

https://www.cell.com/cell/fulltext/S0092-8674(20)31235-6
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4.    We can get to a new normal if we improve control today, stay apart, work together, and prepare for vaccination when it 

becomes available.  For now, we need to continue to wear masks, watch our distance, and wash our hands.  Our schools and 

universities need to be extraordinarily careful.  In most of USA, we need to keep our bars closed, indoor dining closed, and 

avoid closed indoor spaces with lots of people present.  There may be light at the end of the tunnel, but immunity is 

definitely not just around the corner! 

 

There’s still more we DON’T know than what we do know about immunity to the new coronavirus.  Humility remains very 

much in order.  Learn, share knowledge, discover, move forward carefully, guided by science and a focus on protecting both 

lives and livelihoods.  

 

Source 
https://www.linkedin.com/pulse/dozen-observations-covid-19-immunity-tom-frieden?s=09 

 

** 
 

A dysregulated immune response, a cytokine storm, and cytokine-release syndrome are some of the terms used to describe 

the over-exuberant defence response that is thought to contribute to disease severity in certain people who become seriously 

ill with COVID19.  However, a precise definition of this type of immune dysfunction remains elusive. 

 

Pinpointing early the individuals who have mild symptoms but who are on track to develop the intense defence response 

that is associated with severe disease is important because there is a broad spectrum of clinical disease in people infected 

with SARS2.  Some infected individuals can be asymptomatic, whereas others are at risk of dying, and require 

hospitalization in an intensive-care unit and use of a ventilator machine to breathe.  Identifying those whose dysregulated 

immune-response predicts severe disease would enable more intense monitor to minimize disease progression. 

 

Longitudinal study of 113 people hospitalized with COVID19 and who had moderate or severe disease (with healthy 

controls) has examined molecules in blood plasma and peripheral blood mononuclear cells (white blood cells, such as CD4 

T cells, CD8 T cells, and B cells).  The longitudinal nature of this study enables conclusions to be drawn that wouldn’t be 

possible from analysing cross-sectional studies that don’t follow individuals over time. 

 

Levels of several molecules that promote inflammation (immuno-modulatory molecules termed cytokines, including IL-1α, 

IL-1β, IFN-α, IL-17A and IL-12 p70) were higher in all of the people who had COVID19 than in the controls.  Other 

cytokines (such as IFN-λ, thrombopoietin, IL-21, IL-23 and IL-33) were up-regulated to a greater extent in people with 

severe COVID19 than in those with moderate disease.  Several of the molecules up-regulated in the core COVID19 

signature, as well as those seen in severe disease, have been identified previously as positively correlated with COVID19 

severity.  Severe disease involved prolonged elevation of many of these molecules, whereas the levels of most of them 

subsided in people with moderate disease.  Patients with severe disease showed increased levels of cytokines associated 

with activation of a protein complex called the inflammasome, a component of the immune response that is a driver of 

inflammation. Levels of IL-1Ra, a protein that normally inhibits excessive inflammasome function, were also elevated, 

providing a rare example of an up-regulated molecule that dampens the immune response in severe disease. 

 

Levels of molecules associated with a defence response to viral infection—released by a type of activated CD4 T cell called 

a TH1 cell—were higher in people with severe disease than in those with moderate COVID19.  This occurred even though 

blood levels of CD4 T cells and CD8 T cells, which are generally linked to expression of these molecules, were similarly 

decreased (a condition called lymphopenia) in people with moderate or severe disease.  More remarkably, cytokines 

associated with immune responses to fungi (cytokines released by a type of CD4 T cell called a TH17 cell) were elevated 

and remained so in people with severe disease.   

 

The same was true for cytokines associated with immune responses to parasites, including worms, or with allergic reactions 

(cytokines such as IL-5, released by a type of CD4 T cell called a TH2 cell).  The discovery that parts of the immune system 

unrelated to viral control would be triggered by a viral infection was unexpected.  Less surprising was the finding that levels 

of inflammatory cytokines in the blood (especially the proteins IFN-α, IFN-γ, TNF-α and TRAIL) correlated with viral 

RNA levels in the nasal passage, independently of disease severity. 

 

Patients were then divided into 3 groups based on their subsequent clinical course and disease severity.  In general, at early 

time points after infection, those who went on to have moderate disease had low levels of inflammatory markers and a rise 

in the level of proteins associated with tissue repair.  By contrast, people who went on to develop severe or very severe 

disease had increased expression of IFN-α, IL-1Ra and proteins associated with TH1-, TH2-, and TH17-cell responses, even 

https://www.linkedin.com/pulse/dozen-observations-covid-19-immunity-tom-frieden?s=09
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at early time points (10 to 15 days after the onset of symptoms).  These results were validated using data for the entire 

patient population, across all time points, demonstrating that these characteristic expression patterns persisted over time in 

people with each type of disease severity. 

 

Clearly, the immune response in hospitalized patients with severe COVID19 is characterized by lymphopenia and the 

expression of molecules associated with ongoing inflammation, whereas these same molecules are expressed at a lower 

level in people with mild or moderate disease.  Differences in immune responses between the different categories of disease 

severity are even more evident when people with very mild or subclinical disease are included in the analyses. 

 

Source 
https://www.nature.com/articles/d41586-020-02379-1 

 

 

Pre-existing Immunity from Prior Exposures 

 

** 

 
T cell reactivity against SARS2 was observed in unexposed people, but the source and clinical relevance of the reactivity is 

unknown. It may be that it reflects T cell memory to circulating ‘common cold’ coronaviruses.  It will be important to 

define specificities of these T cells and assess their association with COVID19 disease severity and vaccine responses. 

 

As data accumulate on the detection and characterization of SARS2 T cell responses in humans, it has been reported that 

lymphocytes from 20–50% of unexposed donors display significant reactivity to SARS2 antigen peptide pools. 

 

In one study, there was reactivity in 50% of donor blood samples from USA between 2015 and 2018.  T cell reactivity was 

highest against proteins other than the coronavirus spike protein, but it was also detected against the spike.  The SARS2 T 

cell reactivity was mostly associated with CD4+ T cells, with a smaller contribution by CD8+ T cells. 

 

A study of blood donors in the Netherlands detected CD4+ T cell reactivity to the SARS2 spike in 1 of 10 unexposed 

subjects and to non-spike peptides in 2 of the 10.  CD8+ T cell reactivity was observed in 1 of 10 unexposed donors.  

 

A German study, reported positive T cell responses against spike peptides in 34% of SARS2 seronegative healthy donors.    

 

A study of people in Singapore reported T cell responses to nucleocapsid protein nsp7 or nsp13 in 50% of subjects with no 

history of, or contact with patients with, COVID19. 

 

A study using samples from the UK also detected reactivity in unexposed subjects. 

 

Together, these studies report evidence of pre-existing T cells that recognize SARS2 in a significant fraction of people from 

diverse geographical locations. 

 

These early reports demonstrate that substantial T cell reactivity exists in many unexposed people; nevertheless, data have 

not yet demonstrated the source of the T cells or whether they are memory T cells.  Perhaps the SARS2-specific T cells in 

unexposed individuals might originate from memory T cells derived from exposure to ‘common cold’ coronaviruses 

(CCCs). More than 90% of the human population is seropositive for at least three of the CCCs.  T cell reactivity is highest 

against a pool of SARS2 spike peptides that had homology to CCCs. 

 

Pre-existing T cell immunity to SARS2 could be relevant because it could influence COVID19 disease severity.  It is 

plausible that people with a high level of pre-existing memory CD4+ T cells that recognize SARS2 could mount a faster and 

stronger immune response to SARS2 and get less severe disease.  Memory T follicular helper (TFH) CD4+ T cells could 

facilitate an increased and more rapid neutralizing antibody response against SARS2.  Memory CD4+ and CD8+ T cells 

might also facilitate direct antiviral immunity in the lungs and nasopharynx early after exposure, in keeping with our 

understanding of antiviral CD4+ T cells in lungs against the related SARS1 and our general understanding of the value of 

memory CD8+ T cells in protection from viral infections. 

  

If pre-existing T cell immunity is related to CCC exposure, it will be important to know the patterns of CCC exposure in 

space and time.  It is well known that the 4 main CCCs are cyclical in multi-year cycles that differ across locations.  This 

leads to the hypothesis that differences in CCC geo-distribution might correlate with burden of COVID19 disease severity.  

https://www.nature.com/articles/d41586-020-02379-1
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Furthermore, hypotheses related to pre-existing memory T cells can be proposed regarding COVID19 and age.  Children are 

less susceptible to SARS2, while older people are much more susceptible.  The reasons for both are unclear.  The age 

distribution of CCC infections is not well established and CCC immunity should be examined in greater detail. 

  

Pre-existing CD4+ T cell memory could affect vaccination outcomes, leading to a faster or better immune response, 

particularly the development of neutralizing antibodies, which generally depend on T cell help.  At the same time, pre-

existing T cell memory could act as a confounding factor, especially in small phase I vaccine trials.  For example, if subjects 

with pre-existing reactivity were assorted unevenly in different vaccine dose groups, there might be erroneous conclusions. 

This could be avoided by considering pre-existing immunity as a variable in trial design. 

 

It is often assumed pre-existing T cell memory for SARS2 might be either beneficial or irrelevant.  However, there is also 

the possibility that such immunity might be detrimental because of the propensity to elicit inferior immune responses owing 

to pre-existing immune memory to a related pathogen or through antibody-mediated disease enhancement. 

 

There is data from the influenza literature indicating that pre-existing cross-reactive T cell immunity can be beneficial.  In 

the case of the 2009 H1N1 influenza pandemic, it was noted that an unusual ‘V’-shaped age distribution curve existed for 

disease severity, with older people faring better than younger adults.  This correlated with the circulation of a different 

H1N1 strain decades earlier, which presumably generated pre-existing immunity in people old enough to have been 

exposed.  This was verified by showing that pre-existing immunity against H1N1 existed in the human population. It should 

be noted that if some degree of pre-existing immunity against SARS2 exists in the general population, this could also 

influence epidemiological modelling, and suggests that a sliding scale model of COVID19 susceptibility may be considered. 

 

It is now established that SARS2 pre-existing immune reactivity exists to some degree in the general population.  It is 

hypothesized that this might be due to immunity to CCCs.  This might have implications for COVID19 disease severity, 

herd immunity and vaccine development, which still await to be addressed with actual data. 

 

Source 
https://www.nature.com/articles/s41577-020-0389-z 

 

 

Viral Mutation 

 

** 
 

We do not yet know whether the D614G mutation (or the G614 variant) enhances viral spread. 

 

The G614 variant may be more infectious, but not any deadlier than D614.  After all, a dead host is a dead-end for viruses, 

so it makes evolutionary sense to optimize infectivity without virulence. 

 

Since the G614 variant infects cells more efficiently than D614, cell entry inhibitors might not work so well, but the 

efficacy of other drugs that do not rely on inhibiting the viral spike protein—e.g., dexamethasone, medrol, remdesivir—

should remain the same. 

 

Although the D614G mutation happens in the viral spike protein, it does not change the receptor-binding domain (RBD) at 

the tip of the spike protein.  The RBD binds to the ACE2 receptor on human cells; it is also the main target of the immune 

system.  In essence, the D614G mutation alters the spike protein, but not the critical RBD immunogenic part.  So, vaccine 

mismatching should not be problematic. 

 

In essence, the D614G mutation alters the spike protein, but not the critical RBD immunogenic part.  This mutation likely 

enables the spike protein to prime itself in such a way that the RBD can bind the ACE2 receptor more efficiently. 
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Source 
https://medium.com/microbial-instincts/what-the-d614g-mutation-means-for-covid-19-spread-fatality-treatment-and-vaccine-
7dda1c066f0d?s=09 

 

** 
 

Compared with HIV, SARS2 is changing much more slowly as it spreads.  However, one mutation in the gene encoding the 

spike protein is potentially important.  The mutation codes for the 614th amino-acid of the spike protein, the amino acid 

aspartate (D) was regularly being replaced by glycine (G) because of a copying fault that altered a single nucleotide in the 

virus’ 29,903-base RNA code.  Virologists were calling it the D614G mutation.  D614G may make SARS2 more 

transmissible.  In April, it appeared D614G was quickly increasing in frequency.  It had rapidly become the dominant 

SARS2 lineage in Europe and had then taken hold in USA, Canada, and Australia. 

 

Subsequent experiments suggest viruses carrying the variant infect cells more easily.  Other work revealed the variant might 

mean that vaccines can target SARS2 more easily.  However, many scientists say there remains no solid proof that D614G 

has a significant effect on the spread of the virus, or that a process of natural selection explains its rise.  

 

Soon after SARS2 was detected, researchers began analysing viral samples and posting the genetic codes online.  

Mutations—most of them single-letter alterations between viruses from different people—allowed tracking of the spread by 

linking closely related viruses, and to estimate when SARS2 started infecting humans. 

 

Viruses that encode their genome in RNA, such as SARS2, HIV, and influenza, tend to pick up mutations quickly as they 

are copied inside their hosts, because enzymes that copy RNA are prone to making errors.  After SARS1 began circulating 

in humans, for instance, it developed a kind of mutation called a deletion that might have slowed its spread.  However, 

sequencing data suggest that coronaviruses change more slowly than most other RNA viruses, probably because of a 

‘proofreading’ enzyme that corrects potentially fatal copying mistakes.  A typical SARS2 virus accumulates only two 

single-letter mutations per month in its genome—a rate of change about ½ that of influenza and ¼ that of HIV.  Other 

genome data have emphasized this stability.  More than 90,000 isolates have been sequenced and made public 

(see www.gisaid.org).  Two SARS2 viruses collected from anywhere in the world differ by an average of 10 RNA bases. 

 

Despite the virus’s sluggish mutation rate, researchers have catalogued > 12,000 mutations in SARS2 genomes.  Many 

mutations will have no consequence for the virus’s ability to spread or cause disease because they do not alter the shape of 

the proteins they encode.  Those mutations that do change proteins are more likely to harm the virus than improve it.   

 

D614G was first spotted in viruses collected in China and Germany in late January; most scientists suspect the mutation 

arose in China.  It’s now almost always accompanied by 3 mutations in other parts of the SARS2 genome.  That is evidence 

that most D614G viruses share a common ancestor. 

 

Before March—when much of the continent went into lockdown—both unmutated ‘D’ viruses and mutated ‘G’ viruses 

were present, with D viruses prevalent in most of the western European countries that geneticists sampled at the time.  In 

March, G viruses rose in frequency across the continent, and by April they were dominant. 

 

The European dominance of G variants could be by chance—if the mutation happened to be slightly more common in the 

viruses that arrived in Europe.  A small number of individuals seem to be responsible for most of the virus’s spread, and an 

early, chance tilt in favour of G viruses could explain the lineage’s apparent takeover now. Such ‘founder effects’ are 

common in viruses, especially when they spread unchecked, as SARS2 did in much of Europe until mid- to late March. 

https://medium.com/microbial-instincts/what-the-d614g-mutation-means-for-covid-19-spread-fatality-treatment-and-vaccine-7dda1c066f0d?s=09
https://medium.com/microbial-instincts/what-the-d614g-mutation-means-for-covid-19-spread-fatality-treatment-and-vaccine-7dda1c066f0d?s=09
https://www.gisaid.org/
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Hospitalization data from Sheffield (UK) showed no evidence that viruses carrying G made people any sicker, but those 

infected with G viruses seemed to have slightly higher levels of viral RNA in their noses and mouths.  Many scientists 

weren’t convinced that D614G’s rise was remarkable or all that relevant at that point. 

 

 
 

To examine further whether D614G made the virus more transmissible, researchers used a genetically modified form of 

HIV that used the SARS2 spike protein to infect cells.  Such ‘pseudovirus’ particles are a workhorse of virology labs: they 

enable the safe study of deadly pathogens such as the Ebola virus, and they make it easy to test the effects of mutations. 

 

Several different labs soon reported viruses carrying the G mutation infected cells up to 10 times more efficiently.  In 

laboratory tests, there was agreement that D to G is making the particles more infectious, but these studies come with many 

caveats and their relevance to human infections is unclear.  The pseudoviruses carry only the coronavirus spike protein, in 

most cases, and so the experiments measure only the ability of these particles to enter cells, not aspects of their effects 

inside cells, let alone on an organism.  They also lack the other 3 mutations that almost all D614G viruses carry.  

 

Some labs are now working with infectious SARS2 viruses in which the spike protein differs by only the single amino acid. 

These are tested in laboratory cultures of human lung and airway cells, and in lab animals such as ferrets and hamsters.  The 

first of those studies to be reported (in September) found viruses with the G mutation were more infectious in a human lung 

cell line and in airway tissues, and mutated viruses were present at greater levels in the upper airways of infected hamsters. 

 

The clearest sign that D614G has an effect on the spread of SARS2 comes from the COVID19 Genomics UK Consortium, 

which has analysed genomes of ~25,000 viral samples.  The data showed > 1,300 instances in which a virus entered UK and 

spread, including examples of D and G viruses.  A team studied the spread of 62 COVID19 clusters seeded by D viruses 

and 245 by G viruses.  They found no clinical differences in patients, but G viruses tended to transmit faster than lineages 

that didn’t carry the change, and formed larger clusters of infections. Their estimates of the difference in transmission rates 

was ~20%.  Still, it’s possible that D614G is an adaptation that helps the virus to infect cells or compete with viruses that 

don’t carry the change, while altering little about how SARS2 spreads. This might be a bona fide adaptation to humans or 

some human cells, but that doesn’t mean anything changes.  An adaptation doesn’t have to make it more transmissible. 

 

Most evidence suggests D614G doesn’t stop the immune system’s neutralizing antibodies from recognizing SARS2, 

perhaps because the mutation is not in the spike protein’s receptor-binding domain (RBD).  However, evidence is emerging 

that other mutations could help the virus to avoid some antibodies.  Another team genetically modified the vesicular 

stomatitis virus—a livestock pathogen—so that it used the SARS2 spike protein to infect cells, and grew it in the presence 

of neutralizing antibodies.  Their goal was to select for mutations that enabled the spike protein to evade antibody 

recognition.  The experiment generated spike-protein mutants that were resistant to antibodies taken from the blood of 

people who had recovered from COVID19 and to potent monoclonal antibodies that are being developed into therapies.  

Every one of the spike mutations was found in virus sequences isolated from patients, although at very low frequencies that 

suggest positive selection is not yet making the mutations more common. 
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With most of the world still susceptible to SARS2, it’s unlikely that immunity is currently a major factor in the virus’ 

evolution.  However, as population-wide immunity rises, whether through infection or vaccination, a steady trickle of 

immune-evading mutations could help SARS2 to establish itself permanently, potentially causing mostly mild symptoms 

when it infects individuals who have some residual immunity from a previous infection or vaccination.  It’s also possible 

that our immune responses to coronavirus infections, including to SARS2, aren’t strong or long-lived enough to generate 

selection pressure that leads to significantly altered virus strains. 

 

Te D614G change could make the virus an easier target for vaccines.  A study using mice, monkeys, and humans that 

received one of several experimental RNA vaccines, produced antibodies that proved more potent against G viruses than D 

viruses.  With G viruses now ubiquitous, the finding is good news though we should remain wary of other mutations. 

 

 
 

Source 
https://www.nature.com/articles/d41586-020-02544-6?s=09 

 

 

** 

 
Coronaviruses are RNA viruses that develop mutations in three different ways: by mistake from copying errors during viral 

replication, through interactions with other viruses infecting the same cell (recombination or reassortment), or by induction 

of t RNA modification systems which are part of host immunity. 

 

A global dataset of virus genomes from 46,723 people with SARS2, collected up until the end of July 2020, identified 

12,706 mutations.  For 398 of the mutations, there is strong evidence that they have occurred repeatedly and independently. 

Of those, 185 mutations which have occurred at least three times independently during the course of the pandemic.  There is 

no evidence that any of the common mutations are increasing the virus’s transmissibility.  Most common mutations are 

neutral for the virus, including one mutation in the virus spike protein called D614G, which has been widely reported as 

being a common mutation that may make the virus more transmissible.  The new evidence finds that this mutation is in fact 

not associated with significantly increasing transmission. 

 

https://www.nature.com/articles/d41586-020-02544-6?s=09
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Most of the common mutations appear to have been induced by the human immune system, rather than being the result of 

the virus adapting to its novel human host.  This situation is in contrast with another analysis by the same team of what 

happened when SARS2 later jumped from humans into farmed minks. 

 

We may have missed this period of early adaptation of the virus in humans.  We previously estimated SARS2 jumped into 

humans in October or November 2019, but the first genomes we have date to the very end of December.  By that time, viral 

mutations crucial for the transmissibility in humans may already have emerged and become fixed. 

 

While news on the vaccine development is promising, SARS2 may well acquire vaccine-escape mutations in the future, but 

we’re confident we’ll be able to identify them promptly, which would allow updating the vaccines in time if required. 

 

[N.B. RNA is short for ribonucleic acid (which is based on the sugar ribose).  DNA is short for deoxyribonucleic acid 

(which is based on the sugar 2-deoxyribose)] 

 

Source 
https://scitechdaily.com/good-covid-news-none-of-the-SARS2-genetic-mutations-appear-to-increase-transmissibility/ 

 

 

** 

 
In the largest bioinformatics analysis to date, from 48,635 genomes of SARS2 isolated from laboratories across the world, 

353,341 mutational events were identified.  This actually confirms a low mutation rate of the virus, with an average of 7.23 

mutations per sample with respect to the reference 2 genome sequences. 

 

The most prevalent mutation in this study is D614G, where the amino acid at position 614 changed from D (aspartic acid) to 

G (glycine).  The prior D614 now becomes the G614 variant.  Other studies agree that G614 is the dominant variant that 

represents 75.7% of all circulating SARS2 worldwide as of July. 

 

There are 68 variants or strains of SARS2 that each comprise < 1% of circulating viruses, while the D614G mutation has  > 

70% prevalence.  Of all variants, D614G is of particular note.  As RNA viruses mutate all the time and some variants may 

only appear during a certain period of time, whereas others could emerge in an unpredictable fashion, continued analyses of 

the circulating strains in terms of the mutation frequency and temporal pattern are warranted. 

 

Source 
https://medium.com/microbial-instincts/many-strains-of-covid-19-are-out-there-but-only-one-is-important-878b1ee1f829 
 

 

Asymptomatic Victims 

 

** 
 

About 20% of infected people will have no symptoms, and they will transmit the virus to fewer people than those with 

symptoms, but researchers are divided about whether asymptomatic infections are acting as a silent driver of the pandemic. 

 

Early research suggested the rate of asymptomatic infections could be as high as 81%, but a meta-analysis (13 studies 

involving 21,708 people) calculated the rate of asymptomatic presentation to be 17%.  The analysis defined asymptomatic 

people as those who showed none of the key COVID19 symptoms during the entire follow-up period, and the authors 

included only studies that followed participants for at least 7 days.  Evidence suggested that most people develop symptoms 

in 7 to 13 days.  Asymptomatic individuals were 42% less likely to transmit the virus than symptomatic people. 

 

A large population study in Switzerland reported that the risk of an asymptomatic person passing the virus to others in their 

homes is ~25% of the risk of transmission from a symptomatic person. 
 

Source 
https://www.nature.com/articles/d41586-020-03141-3?utm_source=Nature+Briefing&utm_campaign=dfed4a7f39-briefing-dy-
20201119&utm_medium=email&utm_term=0_c9dfd39373-dfed4a7f39-45004781 

 

 

https://scitechdaily.com/good-covid-news-none-of-the-sars-cov-2-genetic-mutations-appear-to-increase-transmissibility/
https://medium.com/microbial-instincts/many-strains-of-covid-19-are-out-there-but-only-one-is-important-878b1ee1f829
https://www.nature.com/articles/d41586-020-03141-3?utm_source=Nature+Briefing&utm_campaign=dfed4a7f39-briefing-dy-20201119&utm_medium=email&utm_term=0_c9dfd39373-dfed4a7f39-45004781
https://www.nature.com/articles/d41586-020-03141-3?utm_source=Nature+Briefing&utm_campaign=dfed4a7f39-briefing-dy-20201119&utm_medium=email&utm_term=0_c9dfd39373-dfed4a7f39-45004781
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Comparison of COVID19 Symptoms to Seasonal Allergies 

 

** 
 

 
 

Source 
https://www.cdc.gov/coronavirus/2019-ncov/faq.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-
ncov%2Fneed-extra-precautions%2Fpeople-with-seasonal-allergies-faqs.html#People-with-Seasonal-Allergies 

 

 

Complications of SARS2 Infection 

 

** 
 

There are at least 3 reports of hospitalized patients (aged 35, 45, and 58 y) with clinical parkinsonism, either in isolation or 

with other neurological deficits, within 2 to 5 weeks of contracting SARS2.  Their brain imaging revealed reduced function 

of the nigro-striatal dopamine system, which happens with Parkinson’s disease.  There are several proposed mechanisms: 

blood vessel damage, neuro-inflammation causing death of nigral dopamine neurons, and the virus may be neurotropic 

(migrating into nerves and going to the brain).  If the latter is happening, Parkinson’s disease may develop later in life. 

 

Source 
https://www.cell.com/trends/neurosciences/fulltext/S0166-2236(20)30242-
3?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0166223620302423%3Fshowall%3Dtrue&s=09 
 

 

** 
 

Initially, children were thought to be spared from disease caused by SARS2.  However, a month into the epidemic, a novel 

multisystem inflammatory syndrome in children (MIS-C) emerged. Among 9 MIS-C cases, all patients had evidence of 

prior SARS2 exposure, mounting an antibody response with intact neutralization capability.  Cytokine profiling identified 

elevated signatures of inflammation (IL-18 and IL-6), lymphocytic and myeloid chemotaxis and activation (CCL3, CCL4, 

and CDCP1), and mucosal immune dysregulation (IL-17A, CCL20, and CCL28).  Immuno-phenotyping of peripheral blood 

revealed reductions of non-classical monocytes, and subsets of NK and T lymphocytes, suggesting extra-vasation to 

affected tissues.  Profiling the auto-antigen reactivity of MIS-C plasma revealed both known disease-associated auto-

antibodies (anti-La) and novel candidates that recognize endothelial, gastrointestinal, and immune-cell antigens.  All 

patients were treated with anti-IL-6R antibody and/or IVIG, which led to rapid disease resolution. 

 

Source 
https://www.cell.com/cell/fulltext/S0092-8674(20)31231-9?s=09 

 

 

https://www.cdc.gov/coronavirus/2019-ncov/faq.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fneed-extra-precautions%2Fpeople-with-seasonal-allergies-faqs.html#People-with-Seasonal-Allergies
https://www.cdc.gov/coronavirus/2019-ncov/faq.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fneed-extra-precautions%2Fpeople-with-seasonal-allergies-faqs.html#People-with-Seasonal-Allergies
https://www.cell.com/trends/neurosciences/fulltext/S0166-2236(20)30242-3?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0166223620302423%3Fshowall%3Dtrue&s=09
https://www.cell.com/trends/neurosciences/fulltext/S0166-2236(20)30242-3?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0166223620302423%3Fshowall%3Dtrue&s=09
https://www.cell.com/cell/fulltext/S0092-8674(20)31231-9?s=09
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** 
 

Health officials said in late August 2020 that 8 suspected cases of Multisystem Inflammatory Syndrome in Children (MIS-

C), a rare condition that's been linked to COVID19, were suspected in British Columbia.  The condition is similar to 

Kawasaki disease and toxic shock syndrome, and has been associated with SARS2.  Symptoms of MIS-C can include 

prolonged fever, red eyes, skin rash, abdominal pain, vomiting, diarrhoea, fatigue, and even cardiac issues.  There were 5 

boys and 3 girls.  The median age of the group was 4 years.  All the children were hospitalized, 2 children were admitted to 

intensive care, but all have recovered. 

 

None of the cases is considered to be confirmed, in part because none of the children tested positive for COVID19.  The 

children did not have antibodies either, and they had no known exposures to COVID19 cases. 

 

The cases were revealed as a result of updated reporting criteria in Canada.  Previously, only cases involving children and 

adolescents who had COVID19 or were in contact with a known case were reported. 

 

Source 
https://bc.ctvnews.ca/b-c-reports-8-suspected-cases-of-multisystem-inflammatory-syndrome-in-children-1.5082451 

 

 

Long COVID 

 

** 

 
Most people who have COVID19 recover completely within a few weeks, but some people—even those who had mild 

versions of the disease—continue to experience symptoms after their initial recovery.  These people sometimes describe 

themselves as long-haulers and the condition has been called post-COVID19 syndrome or long COVID19. 

Older people and people with many serious medical conditions are the most likely to have lingering symptoms, but even 

young, otherwise healthy people can feel unwell for weeks to months after infection.  The most common signs and 

symptoms that linger over time include: fatigue, shortness of breath, cough, joint pain, chest pain.  Other long-term signs 

and symptoms may include: muscle pain or headache, fast or pounding heartbeat, loss of smell or taste, memory, 

concentration or sleep problems, rash or hair loss. 

As it's difficult to predict long-term outcomes from the new COVID19 virus, scientists are looking at the long-term effects 

seen in related viruses, such as SARS1. 

Source 
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/coronavirus-long-term-effects/art-20490351 

 

 

** 
 

A physician researcher observed that ~10% of people infected with SARS2 were not recovering as expected.  That 

researcher surveyed 1,400 SARS2 victims, most of whom were women.  Their average age is 44.  Most were formerly 

fit and healthy.  They look very different from the typical portrait of a COVID19 patient —an elderly person with pre-

existing health problems.  In places where the virus is surging, young people going out thinking they’re invincible, 

and this could easily knock them out for months.  For some, months of illness could turn into  years of disability. 

 

Our understanding of COVID19 has accreted around the idea that it kills a few and is mild for the rest.  That 

caricature was sketched before the new coronavirus even had a name.  It affected the questions scientists sought to 

ask, the stories journalists sought to tell, and the patients doctors sought to treat.  It excluded long -haulers from help 

and answers.  One patient’s initial symptoms were so unlike the official description of COVID19 that her first doctor 

told her she had acid reflux and refused to get her tested.  The doctor told her if you did have COVID19, you’re 32, 

you’re healthy, and you’re not going to die. 

 

Long-haulers had to set up their own support groups and started research projects.  They formed alliances with people 

who have similar illnesses, such as dysautonomia and myalgic encephalomyelitis  (chronic fatigue syndrome).  A 

British group—LongCovidSOS—launched a campaign to push the government for recognition, research, and support. 

 

https://bc.ctvnews.ca/b-c-reports-8-suspected-cases-of-multisystem-inflammatory-syndrome-in-children-1.5082451
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/coronavirus-long-term-effects/art-20490351
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Experts and officials should stop referring to all non-hospitalized cases as mild.  They should agree on a definition of 

recovery that goes beyond being discharged from the hospital or testing negat ive for the virus, and accounts for a 

patient’s quality of life.  Death is not the only thing that counts.  We must also count lives changed.  

 

Only then will we truly know the full stakes of the pandemic. As many people still fantasize about returning to t heir 

previous lives, some are already staring at a future where that is no longer possible.  

 

In an Italian study, 87% of hospitalized patients still had symptoms after 2 months; a British study found similar 

trends. A German study that included many patients who recovered at home found that 78% had heart abnormalities 

after 2 or 3 months.  A team from the US-CDC found that ~33% of 270 non-hospitalized patients hadn’t returned to 

their usual health after 2 weeks.  For comparison, ~90% of people who get influenza recover in that time-frame. 

 

Long-haulers are still paying the price for early pandemic failures.  Many long-haulers couldn’t get tested when they 

first fell sick, because such tests were scarce.  Others were denied tests because their symptoms didn’t  conform to a 

list we now know was incomplete.  False negatives are more common as time wears on; when many long-haulers 

finally got tested weeks or months into their illness, the results were negative.  On average, long -haulers who tested 

negative experienced the same set of symptoms as those who tested positive, which suggests that they truly do have 

COVID19.  However, their negative result still hangs over them, shutting them out of research and treatments.  

 

The researcher who surveyed the long-haulers found ~65% of those who had had antibody tests got negative results, 

though they had COIVD19 symptoms.  If you’re negative for antibodies it doesn’t mean you didn’t have SARS2. 

 

The Body Politic group has a research team whose survey of 640 long-haulers remains the most illuminating study of 

the long COVID.  It catalogued the full range of symptoms, and explored problems with stigma and testing.  

 

Many long-haulers start feeling better in their 4th or 5th month, but recovery is tentative, variable, and not guaranteed.  One 

still has fever, facial numbness, brain fog, and rapid heartbeats whenever she stands up, but she’s sleeping better, at least.  

At the end of July, she had her first relatively normal day since mid-March.  Another has only regained the ability to read 

without shooting pain in August, but still has debilitating headaches and fatigue.  A third has recovered from her 

neurological symptoms, but not the scars the coronavirus left on her lungs.  She may be living with this lasting damage. 

The physical effects of long COVID come with an equally debilitating co-morbidity of disbelief.  Employers have told 

long-haulers that they couldn’t possibly be sick for that long.  Friends and family members accused them of being 

lazy.  Doctors have refused to believe they had COVID19.  In one emergency room, a long-hauler was referred for a 

psychiatric evaluation, even though her symptoms were of heart attack and stroke.  

 

This medical gas-lighting, where physiological suffering is downplayed as a psychological problem such as stress or 

anxiety, is especially bad for women, and even worse for women of colour.  When one woman sought medical help 

for her symptoms, doctors in 2 hospitals assumed she was having a drug overdose.  

 

Such gas-lighting still occurs, but has been reduced by the recent spate of media attention.  One long-hauler burst into 

tears after her new primary-care provider instantly believed her.  

 

Many long-haulers have symptoms that resemble dysautonomia.  This is an umbrella term for disorders that disturb 

the autonomic nervous system, which controls bodily functions such as breathing, heart rate, blood pressure, and 

digestion.  Damage to this system, whether inflicted by the virus itself or by an overly intense immune response, 

might explain why many long-haulers struggle for breath when their oxygen levels are normal, or have unsteady 

heartbeats when they aren’t feeling anxious. Things that were once automatic are now erratic.  

 

As many as 90% of long-haulers also have post-exertional malaise.  Even mild bouts of physical or mental exertion 

can trigger a severe physiological crash.  This may involve being out of commission for 2 days after something so 

simple as walking up a flight of stairs.  This is the defining symptom of myalgic encephalomyelitis, or chronic fatigue 

syndrome.  For decades, people with ME/CFS have endured the same gendered gas-lighting that long-haulers are now 

experiencing.  They’re painfully familiar with both medical neglect and a perplexing portfolio of symptoms.  

Many, not all, cases of ME/CFS are triggered by viral infections, and new clusters have emerged after outbreaks. 

 

Some long-haulers are skeptical—and even angry—about the ME/CFS connection.  They won’t countenance the 

prospect of being chronically disabled.  They don’t want to be labelled with a condition that has long been trivialized.  

However, COVID19 is still a new disease, and ME/CFS is just one of several possible outcomes.  Some long -haulers 

recover before the 6-month threshold.  Some don’t have post-exertional malaise. Some have lung damage and 

http://www.dysautonomiainternational.org/page.php?ID=34
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breathing problems that aren’t traditional ME/CFS symptoms.  Some have symptoms that more closely fit with other 

chronic illnesses, including dysautonomia, fibromyalgia, or mast cell activation syndrome. 

 

Source 
https://www.theatlantic.com/health/archive/2020/08/long-haulers-covid-19-recognition-support-groups-symptoms/615382/?s=09 

 

 

** 
 

Some COVID19 victims report serious symptoms weeks and months after infection, even many who were never ill enough 

to be hospitalized.  Nearly 100 different long-term problems, detailed in the chart below, were reported to Indiana 

University Medical School in a survey of more than 1,500 patients.  Some of these issues go well beyond typical symptoms. 

 

This is concerning because perhaps as many as 10 times as many people have been infected as are acknowledged in officials 

records.  Many, even those who are or were asymptomatic, may have long-lasting health problems. 

 

 
 

Source 
https://www.bloomberg.com/graphics/2020-opinion-covid-long-haulers-chronic-illness/ 

 

 

** 
 

The damage caused by SARS2 can be brutal and the burden of care will weigh for years.  Many who recover suffer 

lingering effects, including scarred lungs, heart damage, post-viral fatigue, and other debilitating conditions. 

 

https://www.theatlantic.com/health/archive/2020/08/long-haulers-covid-19-recognition-support-groups-symptoms/615382/?s=09
https://www.bloomberg.com/graphics/2020-opinion-covid-long-haulers-chronic-illness/
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Post-viral syndromes occur after many infections, including the common cold, influenza, and Epstein-Barr.  What’s new 

with SARS2 is the broad spectrum of symptoms being reported and the duration of months, not weeks.  The long-term, 

multi-organ effects may prolong the pandemic’s economic legacy, adding to its unprecedented global cost—predicted by 

Australian National University scholars to reach as much as $35.3 trillion through 2025. 

 

The first wave of the virus in the UK saw ~300,000 people experience symptoms for a month and ~60,000 do so for 3 

months or more.  Caring for the long-haulers could turn out to be a bigger public-health problem than excess deaths. 

 

Studies have shown younger patients may not only sustain organ damage, but also be oblivious to the need to take steps to 

prevent further harm.  A small study in September found signs of myocarditis, a potentially fatal inflammation of the heart 

muscle, in 4 of 26 college sports athletes, including in 2 whose coronavirus infection caused no obvious symptoms. 

 

Source 
https://www.bloomberg.com/news/features/2020-11-09/coronavirus-long-haulers-tell-us-their-symptoms-and-the-aftereffects-of-disease 

 

 

** 

 
29 Aug 2020.   We’re already seeing it in our ERs and clinics.  So many who survived #COVID19 but continue to 

experience long-term symptoms and disability.  We urgently need more research and resources dedicated to better 

understanding how to support their recovery.  

 
Source 
Dr Craig Spencer MD MPH on Twitter @Craig_A_Spencer   https://twitter.com/Craig_A_Spencer/status/1299915971923148800?s=09 
 

 

** 

 

It’s day 182 after being infected by SARS2 and Charlie Russell is not doing the things that other 27-year-olds are doing.  

He’s not running 15 km a week as he used to, not going to the pub, not working.  He’s also not getting better. 

 

He says if he had known that he’d be this ill, he’d have taken everything a lot more seriously back in March. 

 

Instead, Russell has suffered from chest pains, excruciating migraines, severe breathlessness, dizziness and exhaustion, one 

of the legions of long COVID sufferers who have experienced long-term symptoms from the coronavirus.  Russell was in 

good condition before the virus hit.  Now he struggles to climb stairs. 

 

Record numbers of people in their 20s are testing positive for SARS2 in England [and elsewhere]. 

  

Although people under 40 years of age face a lower risk of dying from the illness, 20-somethings like Russell are catching 

SARS2 in far higher numbers than other age groups: 20- to 29-year-olds make up nearly 28% of all new infections. 

 

Few will need hospital treatment, but long-COVID support groups and medical experts fear that a significant minority will 

end up with a severely debilitating condition that scientists do not yet understand. 

 

There is a risk that if younger people catch the disease, they may not end up in hospital but a significant minority could have 

an illness that leaves them exhausted with post-COVID syndrome.  

 

About 12% of sufferers report symptoms for longer than 30 days; 0.5% say the effects last for more than 90 days. 

 

The tentative theory is that the coronavirus disrupts the immune systems, causing a cytokine storm, or an overreaction of the 

body’s protective system, which is thought to also be a factor in myalgic encephalomyelitis and chronic fatigue syndrome. 

 

This is the first time you can follow people almost from day one.  Researchers are building large cohorts, they have got 

blood samples, and they can, for the first time, follow patients almost from infection to post-viral fatigue.  

 

Source 
https://amp.theguardian.com/world/2020/sep/13/i-was-infected-with-coronavirus-in-march-six-months-on-im-still-unwell 

https://www.bloomberg.com/news/features/2020-11-09/coronavirus-long-haulers-tell-us-their-symptoms-and-the-aftereffects-of-disease
https://twitter.com/Craig_A_Spencer/status/1299915971923148800?s=09
https://amp.theguardian.com/world/2020/sep/13/i-was-infected-with-coronavirus-in-march-six-months-on-im-still-unwell
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** 

 

Coronaviruses are a frequent cause of the common cold.  Most of us bounce back from colds without any lasting health 

effects.  So, one might think survivors of other infectious diseases caused by coronaviruses—including COVID19—would 

also return to normal relatively quickly.  While that can be the case for some people, others who’ve survived even relatively 

mild COVID19 are experiencing health challenges that may last for weeks or even months.  In fact, the situation is so 

common, that some of these folks have banded together and given their condition a name: the COVID long-haulers. 

 

Among the many longer-term health problems that have been associated with COVID19 are shortness of breath, fatigue, 

cognitive issues, erratic heartbeat, gastrointestinal issues, low-grade fever, intolerance to physical or mental activity, and 

muscle and joint pains. COVID19 survivors report that these symptoms flair up unpredictably, often in different 

combinations, and can be debilitating for days and weeks at a time.  Little is known about what causes the persistence of 

symptoms, what is impeding full recovery, or how to help the long-haulers. 

 

Top 10 Symptoms: Respondents were asked to rank their most common symptoms and their relative severity. From highest 

to lowest, they were: mild shortness of breath, mild tightness of chest, moderate fatigue, mild fatigue, chills or sweats, mild 

body aches, dry cough, elevated temperature, mild headache, and brain fog/concentration challenges. There is an initial list 

of 62 symptoms that long-haulers often discuss in support groups, including brain fog, poor concentration, and dizziness. 

 

Making a Recovery: Of the 60 long-haulers surveyed, the average time to recovery was 27 days.  The respondents who had 

not recovered had managed their symptoms for 40 days on average, with most dealing with health problems for 5 to 7 

weeks.  The chance of full recovery by day 50 is < 20%. 

 

Exercise Capacity: ~65% of respondents now consider themselves mostly sedentary.  Most had been highly physically 

active before infection. Many long-haulers expressed concern that overexertion causes relapses 

 

Testing: Respondents who reported testing positive for SARS2 were tested on average earlier in their illness (by day 10) 

than those who reported testing negative (by day 16).  This finding parallels recent scientific study, which found false-

negative rates for current PCR-based assays rose as the time between SARS2 infection and testing increased.  By day 21, 

the false-negative rate reached 66%.  Only two symptoms (loss of smell and loss of taste) occurred more frequently in 

respondents who tested positive; the other 60 symptoms were statistically the same between groups. The citizen scientists 

speculate that testing is not capturing a subset of COVID patients, and more investigation is required. 

 

Source 
https://directorsblog.nih.gov/2020/09/03/citizen-scientists-take-on-the-challenge-of-long-haul-covid-19/amp/ 

 

 

Re-infection 
 

** 

 

An 89-year-old woman in the Netherlands became the first to die after getting SARS2 a second time.  She was being treated 

for Waldenström’s macroglobulinemia.  She went to the emergency department suffering from a fever and severe cough.  

She was positive for SARS2 and stayed in hospital 5 days, after which her symptoms subsided except for persisting fatigue. 

 

Nearly 2 months later, 2 days after starting a new round of chemotherapy, she developed a fever, cough, and shortness of 

breath (dyspnea).  When she was admitted to hospital, her oxygen saturation was 90% with a respiratory rate of 40 breaths 

per minute.  She again tested positive for coronavirus while tests for antibodies were negative at days 4 and 6.  At day 8, her 

condition deteriorated.  She died 2 weeks later. 

Only 23 cases of re-infection have been documented.  All prior patients recovered. 

People with SARS2 may continue to test positive for months, though they may pose little or no risk of being infectious. 

Source 
https://bnonews.com/index.php/2020/10/dutch-researchers-report-first-death-from-coVID19-reinfection/?s=09 

https://directorsblog.nih.gov/2020/09/03/citizen-scientists-take-on-the-challenge-of-long-haul-covid-19/amp/
https://bnonews.com/index.php/2020/10/dutch-researchers-report-first-death-from-covid-19-reinfection/?s=09
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** 
 

Researchers have looked at serum samples from 30,576 individuals in Iceland using 6 different types of antibody testing 

(since different techniques often produce conflicting results). 

 

Of 1,797 people tested who had recovered from COVID19, ~91% had detectable levels of antibodies.  These levels hadn’t 

declined four months after the diagnosis.  The immune response was higher among older individuals (who are at greater risk 

of severe illness) and those who presented the worst symptoms. 

 

While it’s also theoretically good news for herd immunity, that doesn’t mean we’re anywhere near achieving that happy 

state.  It is thought that about 70% of a population would need to have antibodies to stop the spread of the virus.  The study 

estimates that less than 1% of the Icelandic population had been in contact with SARS2.  This is even lower than the 

corresponding estimates for Spain, UK, and Italy, and shows how far many countries are from group immunity. 

 

It is also too early so say if these antibody findings will hold over a longer period.  It’s possible that immunity will fade. 

 

Source 
https://www.bloomberg.com/opinion/articles/2020-09-03/coronavirus-iceland-gives-us-some-good-covid-
19?srnd=opinion&sref=2o0rZsF1&utm_medium=social&utm_content=view&cmpid%3D=socialflow-twitter-view&utm_campaign=socialflow-
organic&utm_source=twitter 

 

 

Organ Damage Caused by SARS2 

 

** 
 

Although COVID19 is seen as a disease that primarily affects the lungs, it can also damage many other organs. 

 

 Heart.  Imaging months after recovery has shown lasting damage to the heart, even in people who had 

mild  symptoms.  This may increase the risk of heart failure or other heart complications in the future. 

 Lungs.  The type of pneumonia often associated with COVID19 can cause long-standing damage to the 

tiny air sacs (alveoli) in the lungs.  The resulting scar tissue can lead to long-term breathing problems. 

 Brain.  Even in young people, COVID19 can cause strokes, seizures, and Guillain-Barre syndrome 

(temporary paralysis).  It may also increase the risk of Parkinson's disease and Alzheimer's disease. 

 Blood vessels.  COVID19 can make blood cells more likely to form clots. While large clots can cause 

heart attacks and strokes, much of the heart damage caused by COVID19 stems from small clots that 

block tiny blood vessels (capillaries) in the heart.  Other parts of the body affected by blood clots include 

the lungs, legs, liver, and kidneys. COVID19 can also cause blood vessels to leak, which contributes to 

potentially long-lasting problems with the liver and kidneys. 

 Mood and fatigue.  People with severe symptoms often have to be treated in a hospital's intensive care 

unit, with mechanical assistance such as ventilators to breathe.  Simply surviving this experience can 

make a person more likely later to develop post-traumatic stress syndrome, depression and anxiety.  Many 

people who have recovered from SARS1 went on to develop chronic fatigue syndrome, a complex 

disorder characterized by extreme fatigue that worsens with physical or mental activity, but doesn't 

improve with rest.  The same may be true for people who have had COVID19. 

 

Source 
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/coronavirus-long-term-effects/art-20490351 

 

 

** 
 

Of 88 COVID19 patients, skin manifestations were seen in ~20% of a group of hospitalized patients in Lecco (Italy).  Eight 

of the 18 (44%) had skin eruptions at symptom onset, and the rest after hospitalization.  Fourteen (78%) had red rashes, 

three had widespread urticaria, and one had chickenpox-like vesicles.  The most commonly affected area was the trunk.  

Itching was mild or absent, and lesions healed in a few days.  The manifestations did not correlate with disease severity. 

https://www.bloomberg.com/opinion/articles/2020-09-03/coronavirus-iceland-gives-us-some-good-covid-19?srnd=opinion&sref=2o0rZsF1&utm_medium=social&utm_content=view&cmpid%3D=socialflow-twitter-view&utm_campaign=socialflow-organic&utm_source=twitter
https://www.bloomberg.com/opinion/articles/2020-09-03/coronavirus-iceland-gives-us-some-good-covid-19?srnd=opinion&sref=2o0rZsF1&utm_medium=social&utm_content=view&cmpid%3D=socialflow-twitter-view&utm_campaign=socialflow-organic&utm_source=twitter
https://www.bloomberg.com/opinion/articles/2020-09-03/coronavirus-iceland-gives-us-some-good-covid-19?srnd=opinion&sref=2o0rZsF1&utm_medium=social&utm_content=view&cmpid%3D=socialflow-twitter-view&utm_campaign=socialflow-organic&utm_source=twitter
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/coronavirus-long-term-effects/art-20490351
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The skin manifestations were similar to cutaneous involvement occurring during common viral infections. 

 

Such manifestations can cloud diagnosis.  A case of SARS2 infection in a Bangkok (Thailand) hospital masqueraded as 

dengue fever.  A person there presented with only a skin rash, petechiae, and a low platelet count, and was diagnosed with 

Dengue because that’s exactly what it looked like.  The correct diagnosis, COVID19, was made at a tertiary care center after 

the patient was admitted with respiratory problems. 

 

There are similar reports in USA.  COVID19 can feature signs of small blood vessel occlusion.  These can be petechiae or 

tiny bruises, and transient livedoid eruptions (skin discolourations).  One 67-year-old patient presented with a low fever, 

nasal congestion, postnasal drip, and a wet cough, but no shortness of breath.  It looked like a common cold.  However, a 

week later, the man had a nonpruritic blanching livedoid vascular eruption on his right anterior thigh, and blood in his urine, 

and he felt weak.  The vascular eruption and bloody urine resolved in 24 hours, but the COVID19 test came back positive, 

his cough became dry and hacking, and the weakness persisted. 

  

The skin discolouration suggests vaso-occlusion.  Whether it’s neurogenic, microthrombotic, or immune-complex-mediated 

is unknown, but it’s important for clinicians to understand its association with SARS2 infection. 

 

Source 
https://www.mdedge.com/dermatology/article/220183/coronavirus-updates/skin-manifestations-are-emerging-coronavirus-pandemic 

 

 

** 

 
A cardiac magnetic resonance imaging study of 100 patients recently recovered from COVID19 showed cardiac 

involvement in 78 patients and on-going myocardial inflammation in 60 patients.  The results were independent of pre-

existing conditions, severity and overall course of the acute illness, and the time from diagnosis. 

 

Source 
https://jamanetwork.com/journals/jamacardiology/fullarticle/2768916?s=09 

 

 

** 
 

Among ~85,000 people studied, those recovering from COVID19 may suffer significant brain function impacts, with the 

worst cases of the infection linked to mental decline equivalent to the brain ageing by 10 years. 

In some severe cases, coronavirus infection is linked to substantial cognitive deficits for months. 

People who had recovered, including those no longer reporting symptoms, exhibit significant cognitive deficits. 

One caution with the results was that there were no comparisons of test scores before and after infection, which would 

have made the results more robust. 

Source 
https://www.reuters.com/article/idUSL8N2HI38G?s=09 

 

** 

 
Though COVID19 is considered primarily a respiratory disease, SARS2 affects many organ systems, including the central 

nervous system.  Three independent approaches to probe the capacity of SARS2 to infect the brain have now shown it does.   

 

First, in human brain organoids, there is clear evidence of infection with accompanying metabolic changes in the infected 

and neighbouring neurons.  However, no evidence for the type I interferon responses was detected.  Neuronal infection can 

be prevented either by blocking ACE2 with antibodies or by administering cerebrospinal fluid from a COVID19 patient.  

 

Second, using mice over-expressing human ACE2 in vivo, SARS2 neuro-invasion, but not respiratory infection, was found 

to be associated with mortality.   

https://www.mdedge.com/dermatology/article/220183/coronavirus-updates/skin-manifestations-are-emerging-coronavirus-pandemic
https://www.reuters.com/article/idUSL8N2HI38G?s=09
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Finally, in brain autopsy from patients who died of COVID19, SARS2 has been detected in the cortical neurons, and note 

pathologic features associated with infection with minimal immune cell infiltrates. 

 

These results provide evidence for the neuroinvasive capacity of SARS2, and an unexpected consequence of direct infection 

of neurons by SARS2. 

 
Source 
https://www.biorxiv.org/content/10.1101/2020.06.25.169946v2 

 

 

** 

 
SARS2 has marked tropism for the heart (ability to infect the cells of the heart) and can lead to myocarditis (inflammation 

of the heart), necrosis of its cells, mimicking of a heart attack, arrhythmias, and acute or protracted heart failure (muscle 

dysfunction).  These complications, which at times are the only features of COVID19 clinical presentation, have occurred 

even in cases with mild symptoms and in people who did not experience any symptoms.  Recent findings of heart 

involvement in young athletes, including sudden death, have raised concerns about the current limits of our knowledge and 

potentially high risk and occult prevalence of COVID19 heart manifestations. 

 

 
 

Source 
https://science.sciencemag.org/content/370/6515/408 

 

 

** 
 

A bout of the novel coronavirus can cause men's testicles to swell and may reduce their fertility.  Since SARS2 emerged 

numerous unusual symptoms have been widely detailed, including loss of taste, brain fades, and the chills.  Now doctors 

have reported another sign of the virus: they have treated a 37-year-old man who complained of having aching testicles, 

fever, fatigue, and a cough.  The genital pain had followed a week of the more familiar COVID19 symptoms and had 

continued for three days before he sought medical help. 

 

Source 
https://www.mirror.co.uk/news/uk-news/coronavirus-cause-testicles-swell-could-22605806.amp?s=09 

 

 

https://www.biorxiv.org/content/10.1101/2020.06.25.169946v2
https://science.sciencemag.org/content/370/6515/408
https://www.mirror.co.uk/news/uk-news/coronavirus-cause-testicles-swell-could-22605806.amp?s=09
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** 

 
As the pandemic evolved, it became evident that infection with SARS2 results in multi-organ disease, with a high incidence 

of acute kidney injury (AKI).  Early reports did not describe the incidence and aetiology of AKI in COVID19.  However, 

subsequent studies from China, USA, and UK report an incidence of AKI ranging from 17% to 43% in hospitalized 

patients.  In critically ill patients, the incidence of AKI is 61% to 76%.  Now, an association has been found between 

SARS2 infection of kidney cells and clinical outcomes in patients with COVID19. 

 

The very high incidence of AKI in this disease prompted speculation that direct SARS2 transduction of tubular epithelial 

cells and perhaps podocytes contributes to kidney injury.  This suspicion was fuelled by the fact that angiotensin-converting 

enzyme 2 (ACE2), to which SARS2 binds and which acts as the primary means of entry of the virus into the lung 

parenchyma, is highly expressed in the proximal kidney tubules.  Additional evidence suggesting possible kidney tropism of 

SARS2 included multiple reports of collapsing focal segmental glomerulosclerosis (FSGS) in patients with COVID19. 

In one series of 6 patients, kidney histology showed collapsing glomerulopathy and tubular injury.  Even though virions 

were not seen in the kidney tissue in this series, the manifestation of collapsing FSGS in COVID19 is reminiscent of 

podocytopathies associated with other viruses such as HIV, parvovirus B19 (Parvo-19), BK virus, and cytomegalovirus 

(CMV), where direct viral involvement has been documented. 

 

The earliest evidence of direct viral transduction of the kidneys in COVID19 came from a study that identified virus-like 

inclusions in tubular cells on electron microscopy in autopsy specimens.  Initially, this finding could not be replicated and 

putative SARS2 particles seen by electron microscopy have been alternatively interpreted as clathrin-coated vesicles, 

microvesicular bodies or extruded microvesicles by other researchers.  In the first study to confirm the kidney tropism of 

SARS2, investigators showed viral RNA by in situ hybridization and PCR in all kidney compartments at autopsy, most 

highly in glomeruli.  However, this study did not correlate viral RNA in the kidney with clinical characteristics. 

 

Another recent study was the first to correlate SARS2 kidney tropism with clinical outcomes.  Post-mortem kidney tissue 

from 63 COVID19 patients showed ~60% of the kidney samples contained SARS2 mRNA.  Patients whose kidney samples 

were SARS2 positive were older, had more comorbidities, and died sooner after SARS2 diagnosis than patients with 

undetectable viral mRNA in the kidney.  The presence or absence of AKI could be ascertained based on clinical data in 39 

patients.  Among 32 who developed AKI, SARS2 mRNA could be detected in the kidney in 72%, whereas in the 7 without 

AKI , viral mRNA could only be detected in 43%.  

 

 

 

The presence of SARS2 mRNA in post-mortem kidney specimens suggests that the virus can transduce kidney parenchyma, 

but does not provide direct evidence for such transduction.  Thus, the researchers homogenized kidney specimens to release 

SARS2 virions and then incubated the homogenate with cultured primate kidney tubular epithelial cells.  After 2 days, they 

could detect intracellular SARS2 protein and a 1,000-fold increase in viral mRNA.  This gave definitive evidence that 

kidney tissue in the patients contained infective SARS2.  So, there is now a strong implication is that SARS2 can replicate 

in human kidney.  However, formal proof of viral replication in human kidney cells remains to be shown. 

 

The recovery of viable SARS2 from kidney provides the strongest evidence yet that the kidney is a target of SARS2.  The 

implication is that urine testing for viral mRNA might help to risk-stratify patients with COVID19.  The observation that 
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SARS2 kidney tropism is associated with premature death is consistent with the hypothesis that the virus might directly 

cause kidney injury.  Chronic kidney disease has recently been identified as the strongest risk factor for SARS2-related 

death, stronger even that chronic heart or lung disease, and this finding may also reflect SARS2 kidney tropism. 

 

Source 
https://www.nature.com/articles/s41581-020-00354-7 

 

Many Long-term COVID19 Effects Are Still Unknown 

 

** 
 

Much is still unknown about how COVID19 will affect people over time.  However, researchers recommend that doctors 

closely monitor people who have had COVID19 to see how their organs are functioning after recovery. 

 

Source 
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/coronavirus-long-term-effects/art-20490351 

 
 

How Extensive Will the Epidemic Get 

 

** 

 
[In some places, the numbers of deaths early in Wave 2 may have been lower than in Wave 1.  This may have been for any 

number of reasons, alone or in combination, including: 

 better protection of elders 

 harvesting of susceptible people 

 spread among younger people who suffer less intense illness 

 less virulence (deadliness) in the virus. 

 

In October 2020, two studies are showing a sharp drop in mortality among hospitalized COVID19 patients.  The drop is 

seen in all groups, including older patients and those with underlying conditions, suggesting that physicians are getting 

better at helping patients survive their illness. 

 

In one hospital system, among 5,000 patients, mortality dropped by 18 percentage points since the pandemic began.  

Patients in the study had a 25.6% chance of dying at the start of the pandemic, but now have a 7.6% chance.  Still, the death 

rate remains higher than many infectious diseases, including the seasonal influenzas. 

 

Source 
https://www.npr.org/sections/health-shots/2020/10/20/925441975/studies-point-to-big-drop-in-coVID19-death-rates?s=09 

 

** 
 

Without any interventions, 64.6% (95% credible interval [CrI] 63.9%–65.0%) of Canadians will be infected with SARS2 

(total attack rate) and 3.6% (95% CrI 2.4%–3.8%) of those infected and symptomatic will die.  If case detection and contact 

tracing continued at baseline levels without maintained physical distancing and reimplementation of restrictive measures, 

this combination brought the total attack rate to 56.1% (95% CrI 0.05%–57.1%), but it dropped to 0.4% (95% CrI 0.03%–

23.5%) with enhanced case detection and contact tracing.  Combining the latter scenario with maintained physical 

distancing reduced the total attack rate to 0.2% (95% CrI 0.03%–1.7%) and was the only scenario that consistently kept 

hospital and intensive care unit bed use under capacity, prevented nearly all deaths and eliminated the epidemic.  Extending 

school closures had minimal effects but did reduce transmission in schools.  However, extending closures of workplaces and 

mixed-age venues markedly reduced attack rates and usually or always eliminated the epidemic under any scenario. 

Controlling SARS2 transmission will depend on enhancing and maintaining interventions at both the community and 

individual levels. Without such interventions, a resurgent epidemic will occur and may overwhelm our health-care systems. 
 

Source 
https://www.cmaj.ca/content/192/37/E1053 

https://www.nature.com/articles/s41581-020-00354-7
https://www.nature.com/articles/s41581-020-00354-7
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/coronavirus-long-term-effects/art-20490351
https://www.npr.org/sections/health-shots/2020/10/20/925441975/studies-point-to-big-drop-in-covid-19-death-rates?s=09
https://www.cmaj.ca/content/192/37/E1053
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** 
 

COVID19 in USA is growing so fast that if the exponential rate of doubling keeps up, it will cross > 330,000 new cases per 

day in the next ten days.  That’s 0.1% of the population every day or 1% every ten days, and then faster and faster than that.  

At such rates, the entire country will be infected in less than two and a half months, shortly after the New Year.  

Exponential growth is no joke.  That is why you don’t want to mess around with pandemics. 

 

The mortality rate in USA is also no joke: ~2.2% (244,000 deaths out of 10.8 million cases at the time of publication).  The 

seasonal flu, by way of comparison, has a mortality rate of 0.1 to 0.2%.  SARS2 is 10 to 20 times deadlier.  At the current 

mortality rate, if the virus goes on to infect just 50% of America, the death toll will be 3.75 million. 

 

Source 
https://eand.co/covid-is-devastating-america-and-americans-are-in-denial-about-it-ccc59bf301e2 

 

 

** 

 
By the end of June 2020, ~1.1% of Ontarians (~160,000 people) had been infected and recovered from SARS2.  After 

testing > 7,000 blood samples tested during the month of June, 79 showed the presence of COVID-19 antibodies. 

 

The lab found a higher prevalence of antibodies in those > 80 years (2.6%) and no presence of antibodies in children < 9.  

The lab also found a great disparity in the presence of antibodies between different regions of the province.  In Toronto and 

the eastern GTA, ~1.5% of people have antibodies.  In northern and eastern Ontario, only ~0.3% have them. 

 

Up until June 30, Ontario labs had confirmed 35,200 cases of novel coronavirus infection, using a PCR test which detects 

the actual presence of the virus in the body at a single point in time. 

 

That > 4 times more people could show proof of prior infection in their blood is because various factors, including lack of 

access to testing and the fact that many people experience infection with few or no noticeable symptoms. 

 

A similar serological study conducted in New York found up to 20% of people in the New York City area showed 

antibodies, even though < 3% of residents ever tested positive during PCR testing. 

 

Earlier blood screening by federal officials and Canadian Blood Services found antibodies in < 1% in 10,000 samples from 

across the country. 

 

Source 
https://toronto.ctvnews.ca/blood-tests-indicate-one-per-cent-of-ontario-s-population-had-covid-19-1.5049457 

 

 
[N.B.  Canadian Blood Services shows information by province, but it appears not to have been updated since the summer.  
https://www.blood.ca/en/stories/covid-19-antibody-testing-shows-few-healthy-canadians-have-had-virus] 

 

 
[N.B.  At the end of June, the Public Health Agency of Canada reported that Ontario had had only ~35,000 cases.  PHAC is 

reporting ~116,500 at the end of November.  If the ratio derived from the data above (35,200:160,000) is still valid, it is 

likely the number of people infected is ~530,000.] 

 

 

https://eand.co/covid-is-devastating-america-and-americans-are-in-denial-about-it-ccc59bf301e2
https://toronto.ctvnews.ca/blood-tests-indicate-one-per-cent-of-ontario-s-population-had-covid-19-1.5049457
https://www.blood.ca/en/stories/covid-19-antibody-testing-shows-few-healthy-canadians-have-had-virus
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** 
 

 
 

Source 
https://twitter.com/jkwan_md/status/1321096416735961088/photo/1 

 
 

 

Transport of Infected People 
 

** 
 

As of early September 2020, ~1,000 flights in Canada have carried at least one SARS2-positive passenger since February 

according to the Public Health Agency of Canada. 

 

More than 370 domestic flights and ~600 international flights had > 1 passenger who tested positive for SARS2. 

 

The 14-day quarantine period has proven difficult for the air travel industry to handle as they continue to lose money.  

Efforts to encourage more people to fly have included a pilot project using voluntary testing, the project intends to figure 

out how many international travellers arriving in Canada test positive for SARS2 during the 14-day quarantine period.  This 

work was undertaken because there is modelling work from the UK that suggests that Day One and Day Seven testing picks 

up almost all the cases that you would just otherwise be quarantining for 14 days. 

  

As of 01 Sep 2020, the RCMP had issued 20 fines totalling just over $18,000 to individuals under the Quarantine Act. 

 

In addition, 2 people have been charged under the Quarantine Act.  They entered Canada and did not quarantine themselves 

in accordance with instructions given at entry into Canada and did not stay in quarantine for 14 days. 

 

[N.B. Flying continues to introduce infection into new communities and communities that are struggling to reduce their 

burdens of infection.] 

 

Source 
https://www.ctvnews.ca/health/coronavirus/nearly-1-000-flights-in-canada-have-carried-covid-positive-passengers-since-february-1.5092178 

 

 

Herd immunity 

 

** 

 

Herd immunity is the condition in which a virus is unable to find enough susceptible hosts to survive, fading out wherever it 

briefly emerges.  Estimates of when herd immunity is reached are based on R(t).  A few scientists have suggested her 

immunity could occur when the proportion of the population that is immune is as low as 10 to 20%.  One model puts the 

value at 43%.  Most epidemiologists think the level needs to be 70%. 

 

Source 

https://www.nytimes.com/2020/08/17/health/coronavirus-herd-immunity.html  

https://twitter.com/jkwan_md/status/1321096416735961088/photo/1
https://www.ctvnews.ca/health/coronavirus/nearly-1-000-flights-in-canada-have-carried-covid-positive-passengers-since-february-1.5092178
https://www.nytimes.com/2020/08/17/health/coronavirus-herd-immunity.html
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** 

 

Herd immunity happens when a virus can’t spread because it keeps encountering people who are protected against infection. 

Once a sufficient proportion of the population is no longer susceptible, any new outbreak will wane.  You don’t need 

everyone in the population to be immune—you just need enough people to be immune. 

 

Typically, herd immunity is a desirable result for vaccination programmes.  High levels of vaccination-induced immunity 

benefit those who can’t receive or sufficiently respond to a vaccine, such as people with compromised immune systems.  

Many medical professionals use the alternative term “herd protection” because the phenomenon doesn’t actually confer 

immunity to the virus itself—it only reduces the risk that vulnerable people will come into contact with the pathogen. 

 

The formula for calculating the herd-immunity threshold is 1–1/R0.  The more people who become infected by each 

individual who has the virus, the higher the proportion of the population that needs to be immune to reach herd immunity.  

 

In June, researchers estimated the Rt in > 30 countries, using data on the daily number of new cases from March.  The 

calculated thresholds for herd immunity in each country ranged from as high as 85% in Bahrain (Rt at the time of 6.64) to as 

low as 5.66% in Kuwait (Rt at the time of 1.06).  Kuwait’s low numbers reflected the fact that it was putting in place lots of 

measures to control the virus, such as establishing local curfews and banning commercial flights from many countries.  

 

Estimates of the thresholds for SARS2 range from 10 to 70% or more, but models that calculate numbers at the lower end of 

that range rely on dubious assumptions about how people interact in social networks.  Low-end estimates imagine that 

people with many contacts will get infected first and that, because they have a large number of contacts, they will spread the 

virus to more people.  As these super-spreaders gain immunity to the virus, the transmission chains among those who are 

still susceptible are greatly reduced.  As a result, the herd-immunity threshold is quickly reached.  However, if it turns out 

that anybody could become a super-spreader, the herd-immunity threshold will be closer to 60 to 70%. 

 

From super-spreader events in prisons and on cruise ships, it is clear that SARS2 spreads widely initially before slowing 

down in a contained, unvaccinated population.  At San Quentin State Prison in California (USA), > 60% of the population 

was infected before the outbreak was halted, so it wasn’t as if it magically stopped after 30% of people got the virus. 

  

Studies of antibodies in blood in Manaus (Brazil) showed ~66% of the population had been exposed to SARS2 in the 1st 

wave of infection.  This led to hope that herd immunity might have been reached.  However, pursuing herd immunity by 

avoiding public health measures designed to limit the spread of infection is effectively surrendering to the virus, an 

indefensible plan that will lead to a great loss of human lives without necessarily speeding up society’s return to normal.  

We have never successfully been able to do it before, and it will lead to unnecessary human death and suffering. 

 

In any case, deaths are only one part of the equation.  Individuals who become ill with the disease can experience serious 

medical and financial consequences, and many people who have recovered from the virus report lingering health effects. 

More than 58,000 people were infected with SARS2 in Manaus, which translates to a lot of human suffering. 

 

Earlier in the pandemic, media reports claimed that Sweden was pursuing a herd immunity strategy by essentially letting 

people live their lives as normal, but the country’s Minister for Health and Social Affairs has said that idea is a 

misunderstanding.  Herd immunity is a potential consequence of how the spread of the virus develops, in Sweden or in any 

other country, but it is not a part of Sweden’s strategy.  Sweden’s approach uses similar tools to most other countries: 

promoting social distancing, protecting vulnerable people, carrying out testing and contact tracing, and reinforcing our 

health system to cope with the pandemic.  Despite this, Sweden is hardly a model of success—statistics show the country 

has had more than 10 times the number of COVID19 deaths per 100,000 people than in neighbouring Norway (58 per 

100,000 in Sweden compared with 5 per 100,000 in Norway).  Sweden’s case fatality rate, which is based on the number of 

known infections, is also at least 3 times the rate in Norway and Denmark. 

 

Source 
https://www.nature.com/articles/d41586-020-02948-4?s=09 

 

 

https://www.nature.com/articles/d41586-020-02948-4?s=09
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Severity of Past Pandemics 

 

** 
 

The 1957–1958 H2N2 influenza A pandemic (known as Asian flu) is thought to have killed 1.1 million people.  This was a 

novel strain of the virus.  The case fatality rate was ~0.67%.  There were major waves in the autumn of each year.  As many 

people may have been infected as for the 1918-19 H1N1 influenza. 

 

Source 
https://en.wikipedia.org/wiki/1957%E2%80%931958_influenza_pandemic 

 

 

** 

 
The 1968–1969 H3N2 influenza A pandemic (known as Hong Kong flu) is thought to have killed 1 to 4 million people.  

This was a novel strain of the virus.  The case fatality rate was ~0.67%.  There were major waves in the autumn of each 

year, the second more severe than the first in some place, the reverse in others.  R0 was estimated at 1.8. 

 
Source 

 https://en.wikipedia.org/wiki/Hong_Kong_flu 

 

 

** 

 
In 2018, ~37.9 million people were living with HIV, including 1.7 million children.  Global HIV prevalence was 0.8% 

among adults and ~ 21% of them do not know that they have the virus. 

 

Since the start of the HIV/AIDS epidemic, ~74.9 million people have become infected and ~32 million people have died of 

AIDS-related illnesses.  

 

In 2018, ~0.8 million people died of AIDS-related illnesses.  This annual death count in down > 55% since the peak of 1.7 

million in 2004. 

 
 

 
 

Source 
https://www.avert.org/global-hiv-and-aids-statistics 

 

 

** 
 

A new study using modern day scientific technology delved through literature published in The Lancet at the time of the 

1918-19 H1N1 influenza A pandemic. 

  

https://en.wikipedia.org/wiki/1957%E2%80%931958_influenza_pandemic
https://en.wikipedia.org/wiki/Hong_Kong_flu
https://www.avert.org/global-hiv-and-aids-statistics
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The authors traced the origins of the pandemic as it emerged in 1915 and 1916 in the Etaples Administrative District in 

northern France.  At the time, ~30,000 soldiers were admitted each year to British army hospitals in France and England 

suffering from typical influenza symptoms.  In early 1917, however, a medical group in Etaples treated hundreds of patients 

infected with what they described as an unusually fatal disease presenting complex respiratory symptoms.  In Aldershot, in 

the south of England, 3 senior physicians were also tackling an outbreak that looked very similar.  In both instances, the 

disease was characterized by a 'dusky' cyanosis, a rapid progression from quite minor symptoms to death.  Death usually 

resulted from a secondary infection of the lungs involving staphylococcus, streptococcus, or a similar bacterium.  Both 

medical groups were encountering a case fatality in the order of 50%, and they were learning from colleagues in England 

and France, who were publishing in The Lancet in 1917, that the malady was occurring elsewhere. 

 

The authors felt they have identified long-neglected outbreaks of infection: outbreaks which, judged as minor at the time, 

can now be seen as increasingly important, and a portent of the disaster to come. 

 

"The research included the usual examinations of tissue and sputum, but also post-mortem examination of every single 

soldier dying of disease, throughout a period of seven weeks in early 1917. 

 

Phylogenetic studies and molecular clock analyses also point to all 8 genes of the H1N1 family of influenza A viruses as 

emerging in 1915-1916. 

 

These modern studies have also shown that the 'emerging virus' began with aquatic geese, ducks, and swans as a reservoir. 

It is likely that this disease was then passed on to the soldiers through the faeces of migrating water birds. 

 

Sometime around 1916, the virus must have mutated.  It lost a great deal of its virulence, but gained a marked ability to 

spread.  Recent experiments with an H5N1 influenza, deliberately altered in the laboratory, have shown that as few as 5 

mutations could have permitted this major change. 

 

The teams at Etaples and Aldershot, although strong in clinical diagnosis, were misled by the lack of spread of this 

infection. Accordingly, they failed to pinpoint influenza as the underlying cause. 

 

Researchers in USA and France tried to construct the first universal vaccines against the pandemic influenza. 

 

Once the virus was able to spread from human to human, disaster struck.  With a generation time of 2 to 3 days, from just 3 

index patients, a million infections can be caused in around 40 days, this is probably what happened in 1918-19. 

 

Something similar to what happened at the beginning of the 20th century could easily be repeated.  As a precaution, 

governments everywhere are stockpiling vaccines against the pneumococcus that usually develops as a secondary infection 

after the flu, and which causes fatalities on a very large scale. 

 

[N.B. There is a detailed history of the outbreak at Etaples.  The index case there was in January 1916.] 

 

Source 
https://www.sciencedaily.com/releases/2019/05/190523202557.htm 

 

 

** 

 
My observations early on 30 July 2020: there were 59 countries that reported no new cases the previous day; there were 14 

countries with no active cases. 

 

All countries had had some cases.  Anguilla (population ~15,000) had had the fewest cases (3, which was ~200 per million 

people).  Laos (population ~7.3 M) had had the lowest case rate (~3 per million people). 

 

With ~0.67 M dead so far, and the infections and deaths still climbing, this will eventually rank among the top ten for global 

pandemics.  There will be at least ~1.5 M officially acknowledged deaths. 

 

Wait and see whether this gets as bad as some past epidemics in terms of killing large proportions of the population. 

 

[Without travel restrictions, lockdowns, social distancing, medications, and vaccines, the virus will be with us forever.] 

https://www.sciencedaily.com/releases/2019/05/190523202557.htm
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My observations early on 30 November 2020: there were 46 countries that reported no new cases the previous day; there 

were 2 countries with no active cases. 

 

All countries had had some cases.  Anguilla (population 15,000) had had gone from 3 to 6 cases.  Laos had gone from 3 

cases per million to 5 cases per million.  Vanuatu (population ~315,000) had become the country with the fewest cases (1) 

and it then had the lowest case rate (3 per million people). 

 

With 63.8 M cases (19.6 M of which were unresolved) and ~1.5 M dead so far, and the infections and deaths still climbing 

in the last two weeks, this will definitely rank among the top ten for global pandemics.  There will be at least ~3 M 

officially acknowledged deaths. 

 

While the pandemic continues, the first indications that it may be slowing had appeared in the last week. 

 

 
 

Source 
https://www.worldometers.info/coronavirus/ 

 

 

** 
 

Deaths from some past pandemics by year:  

 

 1346 Plague ~100 M 

 1918 Flu ~50 M [perhaps 100 M] 

 2005 HIV ~38 M 

 541 Plague ~25 M 

 165 Plague ~5 M 

 1956 Flu ~2 M 

 1968 Flu ~1 M 

 1889 Flu ~1 M 

 1852 Cholera ~1 M 

 1910 Cholera ~0.8 M 

 

Source 
https://www.mphonline.org/worst-pandemics-in-history/ 

 

 

https://www.worldometers.info/coronavirus/
https://www.mphonline.org/worst-pandemics-in-history/
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Comprehensive Coverage of Infection and Prevention 

 

** 

 
Some may find this 1.5 h video worth watching.  It was done at UCSF School of Medicine and posted on 16 July 2020 and 

reflected knowledge at the time.  The title is “COVID19: How the Virus Gets in and How to Block It: Aerosols, Droplets, 

Masks, Face Shields, & More.”  There are 3 medical researchers who give presentations in the video. 

 

Source 
https://www.youtube.com/watch?v=Cio3rh6ta3w  

 

 

** 
 

US-CDC has a comprehensive webpage that covers most aspects of SARS2 and COVID19. 

 

Source 
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-seasonal-allergies-faqs.html?s=09 

 

 

** 
 

PHAC has a comprehensive webpage that covers most aspects of SARS2 and COVID19.  This includes a visual data gallery 
https://health-infobase.canada.ca/covid-19/visual-data-gallery/ 

 

 
 

[N.B. Do not be misled by the shaded area at the right.  It does not indicate a prediction that cases are about to decline 

quickly.  Rather, it shows that many cases have not yet been included in the data—this is a reporting lag.] 

 

There is good detail in the detailed weekly epidemiologic reports.  The following chart, also showing a reporting lag, is 

from the week ending 27 November 2020.  https://www.canada.ca/content/dam/phac-aspc/documents/services/diseases/2019-novel-
coronavirus-infection/surv-covid19-weekly-epi-update-20201127-eng.pdf 
 

https://www.youtube.com/watch?v=Cio3rh6ta3w
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-seasonal-allergies-faqs.html?s=09
https://health-infobase.canada.ca/covid-19/visual-data-gallery/
https://www.canada.ca/content/dam/phac-aspc/documents/services/diseases/2019-novel-coronavirus-infection/surv-covid19-weekly-epi-update-20201127-eng.pdf
https://www.canada.ca/content/dam/phac-aspc/documents/services/diseases/2019-novel-coronavirus-infection/surv-covid19-weekly-epi-update-20201127-eng.pdf
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Source 
https://www.canada.ca/en/public-health/services/diseases/coronavirus-disease-covid-19.html 

 

 

Key Questions 

 

** 
 

In July 2020, there were 5 key questions [among many others] being addressed through research: 

 What is the origin of the virus? 

 Why do people respond so differently? 

 What’s the nature of immunity and how long does it last? 

 Has the virus developed any worrying mutations? 

 How well will a vaccine work? 

 
Source 
https://www.nature.com/articles/d41586-020-01989-z?utm_source=Nature+Briefing&utm_campaign=beb9f70649-briefing-dy-
20200827&utm_medium=email&utm_term=0_c9dfd39373-beb9f70649-45004781 

 

** 
 

[N.B. This is a very long article (58 pp.), with extensive citations (>360), that may be of interest to some readers.] 

 

Scientists across disciplines, policymakers, and journalists have voiced frustration at the unprecedented infodemic, the lack 

of transparency and openness in public health communication, and the extreme politicization of response plans during the 

COVID19 pandemic caused SARS2.  False dichotomies have been used to represent hot debates stemming from different 

views on evaluating the content and sufficiency of the evidence on which to draw conclusions.  

 

Six months into the pandemic, this is the evidence, including knowledge gaps, about 6 common false dichotomies with 

COVID-19:  

1) Health and lives vs. economy and livelihoods 

2) Indefinite lockdown vs. unlimited reopening 

3) Symptomatic vs. asymptomatic infection 

4) Droplet vs. aerosol transmission 

5) Masks for all vs. no masking 

6) SARS2 re-infection vs. no re-infection.  

 

https://www.canada.ca/en/public-health/services/diseases/coronavirus-disease-covid-19.html
https://www.nature.com/articles/d41586-020-01989-z?utm_source=Nature+Briefing&utm_campaign=beb9f70649-briefing-dy-20200827&utm_medium=email&utm_term=0_c9dfd39373-beb9f70649-45004781
https://www.nature.com/articles/d41586-020-01989-z?utm_source=Nature+Briefing&utm_campaign=beb9f70649-briefing-dy-20200827&utm_medium=email&utm_term=0_c9dfd39373-beb9f70649-45004781
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Basic concepts, complexities, and nuances are presented for each topic. Key points and insights for the COVID-19 

conundrums discussed in this article are outlined.  

 

Science, public health, and several aspects of pathogen transmission, infection, and disease are and fraught with uncertainty.  

They exist on a spectrum of gray shades between the extremes of black and white—they are not binary, simple, settled, or 

uniform, and should not be framed as such.  In light of the challenges surrounding the science-policy interface for 

COVID19 and the need for interdisciplinary integration (health, social, and physical sciences), black-or-white messaging, 

all-or-nothing guidance, and one-size-fits-all approaches are not appropriate.  There is a need for culturally appropriate 

public health communication, science-informed tailored policies, and health journalism that reckon with shades of gray, 

uncertainties, local contexts, and social determinants. 

 

Table 1.  Key points and insights of the COVID19 false dichotomies addressed in this review. 

 

Science, public health, policy, uncertainty, and communication aspects of COVID-19 

• The pandemic is a stark reminder of ignored yet important gaps, challenges, and opportunities regarding scientific 

communication, health education, and policy implementation. 

• Debunking misinformation and discouraging black-or-white messaging, all-or-nothing guidance, and one-size-fits-all 

approaches are valuable endeavours. 

• False dichotomies are pervasive and attractive—they offer an escape from unsettling complexity and enduring uncertainty. 

• Tailored strategies and balanced perspectives fall squarely within the purview of public health and aid in honing our 

understanding of and response to COVID19. 

• Transparent public health communication is critical to fill gaps between the scientific community and society, by building 

both scientific literacy and public trust. 

 

1. Health and lives vs. economy and livelihoods 
• Widespread infectious disease transmission negatively impacts both health and the economy. 

• Context-sensitive public health strategies that lessen the spread of SARS2 safeguard both health and the economy. 

• The pandemic response must involve economic, psychological, and sociological components to ensure overall well-being. 

• Public health experts, economists, social scientists, and bioethicists must work jointly to assist governments in evaluating 

comprehensive policies that protect the multifaceted well-being of society. 

 

2. Indefinite lockdown vs. unlimited reopening 
• Targeted approaches to a safer normality, while still lacking in many regions, are needed to navigate the pandemic. 

• Lockdowns and other stringent public health measures have catastrophic unintended consequences, especially if they are 

implemented in long, generalized, or careless manners. 

• Harm reduction, as a nuanced and realistic approach to risk, serves a more sustainable role in the long term compared to 

stringent public health measures. 

• Community outreach and personal exposure risk self-assessment practices are of utmost importance. 

• Shaming and condemnation must be avoided to stop relocation of safe outdoor behaviours to dangerous indoor settings. 

 

3. Symptomatic vs. asymptomatic infection 

• SARS2 infection causes a mostly mild disease with a broad presentation, ranging from asymptomatic, through mild and 

moderate, to severe and critical. 

• Differentiating asymptomatic, presymptomatic, post-symptomatic, and pauci-symptomatic individuals has major 

implications in research and policy. 

• Asymptomatic SARS2 infection can only be fully distinguished from presymptomatic infection in prospective longitudinal 

studies of well-established populations via 14-day follow-up, systematic and ambispective COVID19 symptom 

ascertainment, and serial testing, in addition to considering comprehensive case definitions, population selection criteria, 

extent of contact tracing, and testing platforms. 

• Presymptomatic individuals—not those persistently asymptomatic—seem to contribute substantially to SARS2 

transmission.  Is not correct to say that most coronavirus cases are transmitted by people without symptoms. 

• Only with symptom-based strategies in place the pandemic may nonetheless unfold. 

• The epidemiology and control measures of this pandemic need to look beyond readily observable symptomatic cases or 

entirely asymptomatic individuals presumed to be infected.  A nuanced characterization of the COVID19 severity spectrum 

would enable a wider understanding of the transmissibility, pathogenesis, and immunity differences between 

presymptomatic and asymptomatic individuals and their role in driving the pandemic. 

 

4. Droplet vs. aerosol transmission  

• Transmission occurs via respiratory droplets and aerosols under certain conditions—the virus is not simply in the air. 
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• Available epidemiological and empirical data provide more reliable evidence of how SARS2 spreads than theoretical 

modelling, laboratory-based, and in silico studies, especially if the latter do not investigate SARS2 infectivity or are not 

simulated in scenarios akin to real-life situations. 

• Indirect contact transmission (via fomites) and long-range aerosol transmission play a minor role in the pandemic. 

• Minimum infectious dose, and virus concentrations and viability in respiratory particles are unknowns germane to 

elucidating transmission modes 

• Airborne fear-mongering and adversarial positions against public health agencies are decidedly unhelpful. 

• Disagreement between epidemiologists/virologists and aerosol engineers over SARS2 transmission is largely related to 

semantics.  Interdisciplinary integrative efforts seeking a classification framework that recognizes both technical knowledge 

and practical implications are needed. 

 

5. Masks for all vs. no masking 

• “Smart masking” is a more accurate and legitimate term than hitherto used universal masking.  Masks have their place, but 

not on everyone, all the time, and during all activities. 

• The case for mask-wearing policies is strongest (not exclusive) in risky scenarios such as crowded spaces, indoor venues, 

and unventilated places. 

• The case for mask-wearing policies is weakest and counterproductive in negligible-risk settings and activities such as 

outdoor and uncrowded environments. 

• A sustainable masking culture is not created via mask shaming and coercion.  Rather, a social norm of masking should be 

built through well-crafted mask directives plus permanent education campaigns on proper mask wearing, right settings and 

times to wear a mask, and safe exceptions to masking. 

• To encourage mask adherence and gain public acceptability, the society must be informed honestly about the likely real-

world benefits, potential yet small downsides and caveats, and uncertainties. 

• The purpose of acknowledging concerns and downsides of masks is not to stand and err on the side of caution, but to 

maximize the benefits. 

 

6. SARS2 re-infection vs. no re-infection 

• SARS2 re-infection remains an overall infrequent event, though it may be underestimated. 

• Studies suggest that immune protection following coronavirus infections is short-lived, lasting from 6 months to 2 years. 

• Further data are needed to establish whether re-infections occur because of poor or absent antibody responses following 

first infection episodes. 

• Differentiating re-infection, re-detection, and recrudescence is not easy and sometimes is not possible. 

• Serial molecular testing (e.g., RT-PCR) plus genetic characterization (e.g., via next-generation sequencing) may allow 

differentiating re-infection from persistent viral shedding and recrudescence. 

• More studies of patients with re-infection will shed light on immune correlates and implications in vaccine development. 

 

[N.B. Some of the points presented could be contradicted by what we now know (as of December).  In view of long 

COVID, the point about COVID19 being mild is especially troublesome.] 


