

SARS-CoV-2 and COVID-19

Virus Exposure
Friends and family have been asking about some of the medical aspects of our current COVID-19 pandemic.  I created this draft document from the latest scientific info available at the time of this writing to answer some of questions.

What do we know about this virus and the disease it causes?
· Different viruses are more or less contagious than others and may range in virulence from mild to life threatening. 
· Currently measles is the most contagious virus in existence.  This is due to a combination of:  a low dose can infect a person; it’s ability to remain infective in a room longer than many others; and it’s spread primarily by aerosol that allows it to go farther and stay in the air longer than those spread primarily by droplets or direct contact (aerosols are less impacted by gravity than droplets, and are more influenced by wind to stay aloft longer and travel farther).
· Some experts believe SARS-CoV-2 (the virus’ name for the corona virus that causes COVID-19 (and COVID-19 is the name for the disease caused by the SARS-CoV-2 virus) can infect people with a dose as few as 1,000 viral particles
· Infection is likely to result if you’re in a room and someone infected with the virus sneezed or coughed just once, or if you’re talking with an infected person “sharing the air” in a larger area but for a longer period of time.  If talking spews ~600 droplets per hour and each droplet contains hundreds or thousands of  viral particles (depending on how forceful the talking is), then talking with an infected person, even if they showed no symptoms, could result in you becoming infected in less than one hour.
· Aerosol Spread is the most common method of infecting others with SARS-CoV-2
· Depending on the force, an exhaled breath may release 50 to 5,000 droplets, each containing many viral particles, at low velocity.  These will fall to the ground quickly due to gravity.  Breathing through the nose reduces the number of droplets released comparted to mouth breathing, and because breathing is “normal” and easy the virus load deep in the lungs is not exhaled.
· Running, speaking loudly to a group, and singing all increase the force of exhaling and increase the number and speed of the droplets exhaled, and increase the dose of virus in each droplet.
· A single cough releases about 3,000 droplets at a velocity of ~50 miles per hour.  These are large droplets that fall quickly due to gravity, but some may stay in the air for seconds.  Because they are forced out at ~50 mph then can easily travel across a room.  
· A single sneeze releases about 30,000 aerosol droplets (smaller than from a cough) at a velocity of ~200 miles per hour.  These droplets can travel for long distances and remain in the air longer than those associated with a cough.  One person in an enclosed room the size of a volleyball court could infect 60 others with a single sneeze.
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· Entering a room where a SARS-Co-V2 infected person sneezed or coughed and then left the room may still be a real exposure threat to your health.

· An infected person can spread the virus without having any symptoms associated with illness.  Current thinking is ~45% of infections are transmitted by people who have not yet developed any symptoms and feel and appear normal.  Another 40% are thought to be transmitted from people who have symptoms.  Some of these people are in care settings, some are out on the streets “toughing it out,” apparently unaware that they should be self-quarantining.  About 10% are thought to be from environmental contamination, such as touching an infected table, chair, etc., and transmitting it to your mouth, eyes or nose where the virus gains entrance to your body and eventually results in disease.  About 5% of infections come from people who never develop symptoms.
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· Comparing SARS-CoV-2 to Flu shows a longer contagious period before the person feels ill with SARS-CoV-2 therefore more transmission from unknowing sources.
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Epidemic potential is estimated by an epidemiology term called R zero (also represented by:  R0, or R0 or R naught).  This letter/number reflects the reproduction potential of the disease organism and informs scientists about what steps need to be taken to minimize the outbreak.  The four variables are used to calculate R0  are:

1)  Duration of the period the host is infectious to others
· Longer infectious periods create more opportunity for spread and will result in a higher R0 number
· SARS-CoV-2 is thought to be infectious for 10 to 14 days, with symptoms becoming apparent around day 4 or 5 from the day of exposure, and the patient no longer shedding virus by day 12 - 15 from the day of exposure.  Variation may occur between patients, but this represents the averages as we understand them at this point in time.

2)  Opportunity is associated with how fast and how sick the victim becomes.  If very they become ill quickly and feel very poorly, they remove themselves from society thereby limiting the number of other people infected.  Going to a concert is a higher risk of infection than listening to the radio at home.  Cruise ships bring a lot of people into small areas and share dining rooms and small spaces.  Working in or visiting meat packing plants; going to weddings; meetings; funerals; birthday parties; graduations; business meeting and going to church or synagogue or mosque or other place of worship, or any gatherings of many people in small areas, all seriously increase the risk of becoming infected. 
· Cultures that make contact with others (hugging, kissing, hand shaking, touching, etc.) are at higher risk than those that do not touch.  Italy was hit hard by COVID-19, partly due to their social behavior.  We would expect less impact in the UK as they are not as “touchy” as the Italians.
· Opportunity for exposure to SARS-CoV-2 depends on: volume of air from which one is breathing.  For example, when outside one is surrounded by a large volume of air and usually fewer people in close proximity therefore fewer virus particles are inhaled with each breath.  Inside air is shared with more people, and in crowded conditions is likely to have more viral particles per unit of air inhaled, therefore is a higher risk. 
· When visiting the mountain gorillas, travelers are asked to stay 7 meters away (~23 feet) because scientists have determined a droplet is unlikely to travel more than 20 feet in that ecosystem.  A visit is also limited to one hour because longer exposures increase the risk of transmission (more breaths with added time equals more viruses spilled into environment or inhaled by a potential victim).  In addition, authorities limit the number of people visiting the gorillas because more people increase risk, and because more people means a denser population of people sharing air with the gorillas there would be more transmission of aerosols and droplets.  

This is why health care providers and people in stores, etc., have higher rates of infection -- because even with PPE to lower their exposure, they are exposed for long periods of time in small areas with recirculated. 
· Dose is related to how many people become sick, which is why heath care professionals are dying.  Higher infectious doses = poorer outcomes.  
· Note, too, that 50% of all hospitalized patients are under 50 years of age, so it’s not just a disease of the old and infirm

3)  Transmissibility, how long the virus remains infective away from the source, how far an infected host travels and sheds the virus, and how susceptible the virus is to environmental forces such as sunshine, temperature, humidity, etc., impact how transmissible it is.
· COVID-19 is spread primarily via aerosol.
· Summer has not lowered case numbers as it does with flu virus.
· Currently the main sources of infection (~90% of cases) are:  home, workplace, public transit, social gatherings and restaurants.

4)  Susceptibility -- the presence or absence of any innate features in a potential victim that enhances or reduces the potential for infection?
· The probably natural reservoir is a species of bat that rarely gets sick from the virus.  A virus that kills its “host”, especially if it kills them quickly, will not endure very long. 
· Pangolins and felines have been shown to become infected, but the disease is asymptomatic or mild.  It doesn’t appear felines can be a source for humans (but can be for other cats).    Most dogs don’t become infected but could carry virus particles on their hair coats.  There is evidence of one dog becoming infected, but it appears to have had a type of cancer which may have allowed the viral infection to occur.
· Humans can be infected, and because we’ve never “seen” this virus before every human on the planet is/was susceptible to infection.
· Humans are the best possible hosts for any virus infection as we’re long lived, travel widely, and there are almost 8 billion of us on Earth.  Humans also provide lots of great opportunities to be carried to others in far-away places to find new susceptible victims. 
· We don’t yet know if once infected whether we become immune (probably), and for how long (varies with different diseases, current thinking is it will be similar to SARS-CoV-1 and MERS (which are also corona family viruses) and that’s thought to be ~2-3 years).  This is an area of great interest and many conflicting articles focus on this area.  Our testing systems have not been as good as desired so there remains confusion over who was really infected.




The graphic below represents the consensus R0 ratings for 14 virus infections.  The higher the number the larger the epidemic threat is to a susceptible population. SARS-CoV-1 is the SARS virus that emerged in Vancouver, Canada and areas of China in 2002, believed to be associated with a jump from wild Civet cats in wet meat markets.  
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The table below is a mathematical estimate of the number becoming sick based on the R0 number.  If the R0 number is one, then a sick person will make one other person sick during their contagious period.  The number with the disease will remain stable, however, because the initial case dies or recovers and is no longer contagious by the time the first victim becomes contagious, therefore there will be only one infectious source at any given time.    

For a disease to disappear on its own, without intervention, the R0 number needs to be less than one.  By day 15 the numbers of cases are growing apart geometrically as R0 values increase arithmetically.  By day 35 a R0 of 3 = 2,287 infected, while an R0 of 4 = 16,384 infected.  

	R0 value
	1st Patient 
	Numbers infected every 5 days across a month 
if Patient is infectious for 5 days

	
	Day 
0
	By Day 5
	By Day 10
	By Day 15
	By Day 20
	By Day25
	By Day 30
	By Day 35

	0.5
	1
	0.5
	0.25
	0.125
	0.068
	0.034
	0.017
	0.0085

	1
	1
	1
	1
	1
	1
	1
	1
	1

	2
	1
	2
	4
	8
	16
	32
	64
	128

	3
	1
	3
	9
	27
	81
	243
	729
	2,187

	4
	1
	4
	16
	64
	256
	1,024
	4,096
	16,384






The graph below the table is same data in the table above presented in a different form, and you can see quite a difference with time!
R02
R0 1 & .5



Humans have modified their susceptibility by
· Becoming sick and surviving with long lasting natural immunity.
· Isolating those with the disease to lower opportunity to expose others (think of tuberculosis sanitariums which were useful in the early 1900’s).
· Using prophylactic medications (think malaria – no vaccine but a number of pharmaceuticals that prevent infection) have been identified that prevents or minimizes the impact of an infectious agent.
· Becoming immune before being exposed to the real pathogen through vaccination
· No other single medical breakthrough has done more for human health, longevity, and quality of life than vaccination. 
· We live in a microbial world, and our health would be seriously degraded without effective vaccines.

“Herd Immunity” is an indication of how many in a population are resistant to infection.  The disease is spread by an infected person coming in contact with a susceptible person.  The R0 number for this SARS-CoV-2 virus is about 3, so one infected person will infect on average three others.  If one of those “others” is immune, the R0 number drops to 2 and the number of resulting infections a month later is reduced by 90% based on the table above.  To control measles does not mean 100% of kids need to be vaccinated, but because measles is so contagious a very high percentage of immune kids is required to prevent an outbreak.  Not every vaccinated person develops antibodies that will prevent infection, so perhaps 75 or 80% of a susceptible population needs to be vaccinated to achieve the goal of 60%+ resistant to SARS-CoV-2 which moves the R0 value to one or less than one and stops the epidemic.

Think about it like you would a forest fire.  If there is a lot of fuel (wood/grass for the fire, susceptible people for the fire) available it becomes very difficult to put the fire out.  Natural herd immunity isn’t likely to save us, we must develop effective and safe vaccines to ultimately control this disease

Here are some recent estimates of herd immunity.  The first circle on the left represents 60% of population immune, slightly lower than what is believed to be needed to control COVID-19.  We are a long way away from having herd immunity impact our safety!
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Sorting by Temperature will certainly identify people who are sick and have a fever, and we would expect these people are feeling sick and made the personal decision to remain active in society rather than self-quarantine to protect others.  Those that are doing this generally are using a temperature of 100.4 or higher to exclude from travel or  participation.  

Because about half of the time COVID-19 patients transmit the virus before they feel sick, and before they have a fever, sorting people by temperature may help reduce but doesn’t stop transmission.  Half is better than nothing.

“Testing” numbers are meaningless unless we know which tests are being reported, and who is being tested.  With inadequate availability of tests, percentages of positives are increased because they are allocated to those who appear to need the test the most.
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In those countries who tested early and adequately it appears the case fatality rate is between 0.5 and 2%.  When a country or area is reporting a higher percentage of positive viral tests it’s likely they are not adequately testing, therefore their denominator is too small and they’re only testing probable positives, resulting in the high rate. I can’t tell if the USA has been reporting a number including both viral tests and antibody tests.  To be useful we need to know which tests are being used and what populations are being surveyed.

There are three kinds tests being used widely at this time, two that are designed to determine if a patient currently has the virus present in their body, and one designed to indicate if the individual has antibodies against the virus as a consequence of having an infection (probably a week or more prior to the test).  	
· Tests that tell you if you currently have the virus in your body (and are, therefore a danger to others) are:
· RT-rPCR, a molecular test using a swab of your nose or throat that collects materials from which the lab extracts viral nucleic acids (if present), converts the RNA to DNA and uses a probe to amplify a very small part of the viral genome.  It identifies the presence of the SARS-CoV-2 virus and a danger to others but does not indicate that you have COVID-19, the illness.
· An antigen test that uses antibodies made in a lab to detect SARS-CoV-2 viral particles in your mucus and spit.  It is simple to use (similar to a pregnancy test but uses mucous or spit rather than urine) and a rapid reader that will change color or produce a + or – sign.  Like the first one described, this test also identifies if you currently harbor the virus and are a danger to others, but not if you’re sick.
· The second type of test takes a sample of your blood and tests it for antibodies to the SARS-CoV-2 virus.  There are more than 200 manufacturers currently producing these tests for the USA and they differ widely in their accuracy.  
· If you have antibodies to the virus you have seen the virus before, your body responded with antibodies and you should have some level of protection from reinfection.  You are not a danger to others, but similar to other diseases high exposure rates may overcome low levels of resistance so one should not think of themselves as being “bullet proof”.  Because of the lack of accuracy (up to 40% false positives and a similar number of false negatives) and consistency, these tests are not sufficiently trustworthy to be meaningful at this point in time.  
· Experts believe that positive test results of 3% or higher represents inadequate testing.

Contact Tracing, identifying who a sick person has come in contact with and following up with those people to isolate them when needed, and identify who they came in contact with and following up with their contacts, etc. is critical especially when the epidemic curve is in decline.  The relaxation of social distancing only makes sense if there is a robust contact testing effort.  

Work in the China outbreak showed contact tracing reduced the time an infected person was spreading the disease by 2 days.  If the infectious period was about 8 days that would be a 25% reduction in spread and moves the R0 number down significantly.  Without contact tracing the disease will continue at a higher rate with occasional major outbreaks.

Different systems of contact tracing produce different results because we generally don’t pay attention to with whom we are in contact.  The chart below represents contacts identified by various methods.

[image: ]
 	Here’s an example of a true case:
True Example:  “Bob” is infected but doesn’t know it.  He shares a takeout meal, served from common serving dishes (family style) with 2 family members during a 3-hour family event.  The next day Bob goes to a funeral, hugging family members and others in attendance to express his condolences.  Bob went on to a birthday party with 9 other people.  They hugged and shared food across a 3-hour party.  Within 4 days of the dinner, both family members who shared the meal are sick.  A third family member who hugged Bob at the funeral became sick.  Seven of the birthday party attendees became sick.  Three of the people that went to the birthday party went to church where they sang, passed the tithing dish, etc., and many members of the church became sick.  In all Bob infected 16 people between the ages of 5 and 86, three of whom died, and Bob didn’t know he was sick.

How rapidly contacts are identified and isolated is crucial.   The graphic below shows that an outbreak of COVID-19 can be controlled by isolating 60% of those infected as soon as they have symptoms, and contact tracing and quarantining 50% of the infected individual’s contacts immediately.  
[image: ]
A contact tracing process that takes longer, illustrated below with no delay (the graphic on the previous page), and delays of 1, 2 or 3 days shows the impact on the disease’s spread. 

[image: ]

As R0 goes us, so does the number of contacts that must be traced in order to get the R0 below the number 1.  In the graphic below you’ll see a R0 of 2.5 (the estimate for SARS-CoV-2 may be higher), requires 70% of contacts to be rapidly traced and quarantined to get the R0 to 1.  If the R0 is 3.5, that figure jumps to more than 90% needing to be traced to move the R0 to 1. 

[image: ]
· How deadly is COVID-19?  This is hard to estimate at this point of the epidemic.  USA early numbers suggested a case fatality rate of about 5%.  This is calculated by dividing the number of deaths associated with COVID-19 by the number of people who have had the virus.  

Using the USA as an example, in mid-May there were between 700,000 and 800,000 people diagnosed with the virus and experts believe there were between 5 and 25 million that had been infected.  750,000/10M = ~8%, and 750,000/25M = ~3%.  Most experts are expecting ~1% deaths.  They say if the case fatality rate is 3% then not enough testing is occurring and tests are being “saved” to use on those thought to be sick, rather than sampling the public at large and identifying asymptomatic positives and others that are true negatives.  In addition, age, health status, living conditions, access to health care, etc. all play a significant role in outcomes, so some areas and some populations have much higher death rates.

The USA stumbled with testing from the onset, but that testing reported ~ 20% infection rates, where other countries with more robust testing had rates of about 2%.  The difference is the lack of access to tests in the USA meant we tested mostly those with the disease in hospitals and those meeting the ill-advised criteria set by CDC that allowed those thought to be sick (with symptoms) to be tested rather than those that may have been asymptomatic.  


We don’t yet appreciate what kinds of impacts the infection may have in the long term.  The syndrome affecting children is being recognized weeks after the active infection, and there may well be other impacts in all populations of which we’re not yet aware.  We need to watch the numbers of renal failure patients we see over the next year or two compared to our pre-COVID-19 “normal”.  Filtering organs like the lungs, kidneys, spleen and liver may have long-term impacts as a result of the inflammatory aspects of COVID-19.

· Don’t let anyone tell you this is “like the flu”.  See the chart below for deaths per week between 2013 and 2019.  In 2009 the very serious Swine flu killed about 12,500 Americans over a year, while we’re losing more than that in a week from COVID-19.  This virus is putting 10-20X more people in the hospital than the flu, and so far more Americans have died than from the Korean and Vietnamese wars combined.  We’re not out of this yet, and it’s likely SARS-CoV-2 is here to stay.
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· People may be tiring of social distancing, but the reality is in our modern USA we lack the hospital capacity to handle an outbreak like this.  Hospitals don’t want to invest in infrastructure and beds that are empty as it cuts into their profits.  Currently the USA has the worst citizen to ICU bed ratio in the developed world.  Without social distancing our hospitals and health workers would have been overwhelmed and the health outcomes would have been much worse.  
· The results below show the impacts on deaths for three countries that had robust programs of testing, contact tracing and social distancing.  Note that South Korea relaxed its social distancing and as a consequence the number of deaths continued at a higher rate (the blue tail to the right of the peaks under the yellow arrow) compared to Australia and New Zealand both of which maintained social distancing while increasing contact tracing.  

[image: ]



What’s this all mean?
· The virus is still out there waiting for a susceptible person to infect and is likely to remain a threat forever (not be eradicated).
· The population in the USA, and of every other part of the world, are still overwhelmingly susceptible to infection -- we’re not even close to having sufficient herd immunity from natural infection to slow the virus’ spread – we need a vaccine!
· Wear your mask to protect yourself, and equally important, to protect others.  About half of the virus transmission is from people who don’t know they are sick.  It seems personal rights should not include the right to make other people sick.  N95 masks protect you and others, while regular surgeon’s masks and cloth masks protect others but not you so much (aerosols can get through think masks, droplets not so much).
· Be cautious about eliminating social distancing until we have effective treatments (helps survival but still huge costs for health care) and vaccines (the best answer).
· While most of the danger is from aerosol spread (masks on, social distancing), washing hands often, keeping your hands away from your face, and using sanitizers is still very useful.
· We need to hope the USA gets better and faster tests that will tell us if we have the virus quickly and accurately, with low false positives and low false negatives.  
· We need to hope the USA will create a robust contact tracing system to quickly find people who are unknowingly spreading the virus, and test and quarantine any newly infected people from that source immediately.  This is the next missing step and is very important to lower the R0 number of the virus and control the outbreak.  The graph on when contact tracing needs to be done (above) demonstrates that slow results negates much of the benefits from contact tracing.
Cases by R0  across Time 
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