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Abstract: COVID-19 is a mysterious disease associated with a large number of unanswered questions.& nbsp;

In this talk we review what is currently known, what is still a mystery and highlight some of our recent work on the role of climate, blood type and

vaccinations on the transmission of the disease and on& nbsp;the extent of "dark infections’, the asymptomatic and untested proportion of infections.
We end with alist of open research questions that may be amenable to techniques from physics and data science.
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Total Coronavirus Cases in South Africa
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Where did it originate? Is it natural or man-made?

When did it start circulating in humans?

How long are people infectious for?

Does a positive PCR test indicate infectiousness?

Are sicker people more infectious than mild cases?

What factors are important in the spread? Climate, blood type, BCG?
What is the main transmission route? How effective are masks?
How infectious are asymptomatic people?

Is there more than one main strain of the virus?

Are superspreaders responsible for most infections?
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- continued

Why does it affect so many systems in the body?

What are the long term effects and how long does it take to recover?
What fraction of recovered people develop antibodies?

How long will immunity last? Do some people have partial immunity?
Can a vaccine be developed?

How deadly is it? How bad is it to have HIV?
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When did it start circulating in humans?

What are the long term effects and how long does it take to recover?
What factors are important in the spread? Climate, blood type, BCG?
How deadly is it? How bad is it to have HIV?
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How long has it been circulating?

e First case in Paris at least as early as December 27

e "We observe an upward trend in hospital traffic and search volume beginning
in late Summer and early Fall 2019” - i.e. perhaps spreading as early as
August 2019

http://nrs.harvard.edu/urn-3:HUL.InstRep0s:42669767
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How long does it take for mild cases to recover?
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How deadly is the disease?

Sounds like an easy thing to calculate but is actually very difficult to assess for
multiple reasons.
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Common Mistakes in Calculating the IFR

Estimate: Calculate the crude CFR: the number of deaths divide by the number of
cases at the same time.

E.g. On June 16 ltaly has had 34k deaths and 237k infections = 14.3%

Problems...

e Missing cases (like in astronomy; Malmquist bias)
e Delayed deaths (14 day mean time to death)

e Missing deaths (people who die at home/old age homes)
e Fundamentally gauge-dependent
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Missing Cases....

e The disease is very “clever’ - a significant fraction of people have almost no
symptoms (asymptomatic cases). Exact fraction is probably somewhere
between 10 and 80%

e Not everyone can be tested - PCR testing is limited. Typically only the most
severe get tested (Malmquist bias); and the False Negative Rate can be >
50% if delayed.

e How many infections are being missed?

Compare Belgium (60,155 cases and 9,663 deaths on June 16) and Qatar (82,077

cases and 80 deaths). Their Case Fatality Rate (CFR) differs by 100x with
similar testing protocols (90k and 107k tests per Million population)
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Is COVID-19 just like the flu?

The IFR for influenza is typically quoted as being < 0.1%
Can we put a lower bound on the IFR for COVID-197
Yes. Just assume that everyone in a region has been infected.

If we do this for NYC+Lombardy+Madrid we get 21k+16k+9k deaths among 25.1M
people

— average IFR > 6.18% (caveat: overwhelmed healthcare systems)

- bkt 0261 and Linkedin
Slide 14 ~ - B # s

Q&A Motes Pointer  Captions
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Antibody estimates of total infected...

Serological studies suggest:

e Around 5% of Spanish population infected (but inhomogeneous) — 2.35M
infections compared with 289k confirmed positive

e Around 4% infected in Wuhan

Suggests an IFR of around 0.6-1.3% on average...though that doesn’t account for
missing deaths.
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IFR from the Diamond Princess
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How many people will die in South Africa?

To answer this question we need to know two things:

1. What is the average IFR for South Africa
2. How many people will be infected?
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e Where did it originate? Is it natural or man-made?
e \When did it start circulating in humans?
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Total Coronavirus Cases in South Africa
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Where did it originate? Is it natural or man-made?

When did it start circulating in humans?

How long are people infectious for?

Does a positive PCR test indicate infectiousness?

Are sicker people more infectious than mild cases?

What factors are important in the spread? Climate, blood type, BCG?
What is the main transmission route? How effective are masks?
How infectious are asymptomatic people?

Is there more than one main strain of the virus?
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Common Mistakes in Calculating the IFR

Estimate: Calculate the crude CFR: the number of deaths divide by the number of
cases at the same time.

E.g. On June 16 ltaly has had 34k deaths and 237k infections = 14.3%
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Coronavirus: early-stage case fatality rates by
age-group in China in Data
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Effective CFR’s by region...

[taly - 15,812 - 2.6%
USA -61,276 - 1.9%
UK - 14,128 - 2.1%
Europe - 159,681 - 2.1%
Africa - 70,540 - 0.5%
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Effective CFR’s by region...

Italy - 15,812 - 2.6%
USA - 61,276 - 1.9%
UK - 14,128 - 2.1%
Europe - 159,681 - 2.1%
Africa - 70,540 - 0.5%

For Africa the average IFR might therefore be 0.1%
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Coronavirus: early-stage case fatality rates
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.
How will comorbidity affect South Africa?

8M HIV patients
High hypertension
High TB
Malnutrition
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Percent of deceased patients aged >20 years with different comorbidities by
age group at death
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So how many people will be infected?
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Key Variables: R and R

> RO is the reproductive number initially (when there are no interventions)

For COVID-19 we have something like: 2 < Ro <6

@ Rt is the reproductive number at time t (usually after interventions or after

herd-immunity kicks in). For countries around the world we see 0.5 < Rt <2
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Key Variables: R and R

e IfR > 1then growth will be _ = et
exponential until herd immunity B s SERACD Dats
fraction is infected: 1-1/R_ <
S 061
g
o 041
e Actual number of infected is -
significantly larger though... {-;: 02
€.g. 84% for Rt): 2.2 O 5 D & m % O

Ro

Question: is there a simple predictor of final attack rate for a time-varying R?
(c.f. Dark energy and w(z)
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Key Variables: R - ITALY

4- Interventions

Public events banned
31 School closure

Self isolation

o 2 Social distancing
1 - .
N 50%

95%

01

Imperial Covid Report 13

Pirsa: 20060022 Page 34/55



A bitter pill to swallow...

Fatalities
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Essentially, all models are wrong, but some are
useful.

(George E. P. Box)

izquotes.com
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Going beyond mean-field

e We know there are highly connected people who will have R >> R . Won't this
completely change our mean-field predictions? (Especially if we consider fitting to
early data around the world)
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Going beyond mean-field

e We know there are highly connected people who will have R >> R . Won't this
completely change our mean-field predictions? (Especially if we consider fitting to
early data around the world)

e We have a problem very similar to the averaging/backreaction problem in
cosmology. Does averaging a full inhomogeneous model give the same results as
a homogeneous model with averaged parameters? (R )

e Is it possible that herd immunity will kick in at 20%7? Could it already have kicked
in in Spain, Italy, Sweden, Iran, NYC?
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Places that are opening up...

e Spain and ltaly have already started opening up and have not seen second
waves, but Iran has....

Daily New Cases in Iran
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https://medium.com/@tomaspueyo/coronavirus-should-we-aim-for-herd-immunity-like-sweden-b1de3348e88b

Chart 7.b: Days Between Heavy Lockdown and Peak of Coronavirus Cases
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Some example Rt curves over time...
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Rt over time...
251
How much effect will:
2.0 1
e Climate
e Masks & 15—
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e Contact tracing L0
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e Gov policy 0.5
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Rt over time...

How much effect will:

Climate
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I
Effect of ICU Overwhelm for (30%, 75% )
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BCG, Climate and Testing...
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Testing, blood and UVindex
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The Takeaways...

Precise answers are not possible currently. Model predictions are exponentially
sensitive to assumptions about:

e Virus parameters (infection time, climate dependence, IFR...)

e Future government policy and community compliance

e Effectiveness of interventions in the face of reopening the economy (contact
tracing, quarantining, testing) etc....

Don't rely on predictions of single models or when people claim that "63490
people will die...”
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Conclusions Il

e Covid-19 is definitely worse than 10 f————
the flu (IFR > 0.18%). g SEIR-HCD Data
e No evidence for mitigating effects £ |
of weather/BCG or blood (yet) S ai
e Lots of mysteries still to solve... %
£ 041
% 02 4
Question: what is the optimal £
framework for deciding about ending T e ™ R = =R "R -
lockdown given all the uncertainties? Ro

https://www.linkedin.com/pulse/long-term-covid-19-forecasts-south-africa-bruce-bassett/
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Fitting the death data / /
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Fitting the death data "~ —
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