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-acts or
fiction?




Every day 300 articles.......

https://www.ncbi.nlm.nih.gov/research/coronavirus/



Epidemics



Human behavior = epidemics



Acceleration epidemic outbreaks



Corona began in China

‘wet market’
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https://en.wikipedia.org/wiki/List_of epidemics



Molecular
clock
analysis:

OC43 =7



Russian Flu

 Among the top-20 deadliest pandemics
in history: ‘Russian flu’ killed 1M/1.5B
worldwide

e Originally from rodents - cows -
humans

e 200,000 km of railroads in 1890
* First outbreak: Oct 1889 - Dec 1890

e Recurrences:
e Mar-Jun 1891
e Nov 1891 - Jun 1892
 Winter of 1893 — 1894
o Early 1895

https://en.wikipedia.org/wiki/1889%E2%80%931890 pandemic



The Virus



SARS-CoV-2

(severe acute respiratory syndrome)



Large and quite complex RNA virus; 6 open reading frames:
ORF1, ORF2 (16 replication proteins), S, E, M and N (structure)

The virus
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Seven coronas

HCoV-229E (alpha)

HCoV-NL63 (alpha) —  ‘Old’ viruses = URTI, not
HCoV-0C43 (beta) dangerous

HCoV-HKU1 (beta)

SARS-CoV (beta) 2003
MERS-CoV (beta) 2012 _ New viruses = URTI +
SARS-CoV-2 (beta) 2019 LRTI, more dangerous




Coronavirus transmission routes



Pangolin



Worldwide horseshoe bats

Bats are highly diversified
Bats have global distribution
Mammals with 2" largest #
of species

Capable of sustained flight 2
large action radius, enhance
zoonosis possibilities

Bats host >30 different
coronaviruses

Bats only have a and
coronaviruses



Mutants



SARS-CoV-2
mutates



ACE2 mutates too



UK mutants

BBC — Boris Johnson
December 19, 2020

3 weeks progress



Why concern over variants?

* May transmit more easily — increased infectivity
* May be more pathogenic — virulent
 May evade immune response
* May make vaccines less effective
* May enable re-infection
e Diagnostic tests may falil



Geographic spread variants

UK Variant South Africa Variant Brazil Variant



Transmission



COVID Is unique in
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Two-stage rocket

* nasal secretory
cells (mucus
producing
goblets)

e ciliated cells
(moving
particles)

Sungnak et al., Nature Medicine, 2020
https://doi.org/10.1038/s41591-020-0868-6



https://doi.org/10.1038/s41591-020-0868-6

Transmission
pathways

e Larger (100 um) droplots
- 1,5-2,5 m distance; 5
seconds =2 infected
surfaces

e Aerosols (1 um)—>
remain air borne 10 min
- 12 hours (depending
on ventilation)

Prather et al. Science 368, 1422-1424, June 2020.

https://twitter.com/i/status/1317087976757907457



https://twitter.com/i/status/1317087976757907457

Transmission

poorly ventilated area
in Chinese Restaurant



Sewage water monitoring
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COVID-19 clinical

SARS-CoV-2



Incubation period






COVID-19: a disease in stages

If untreated: ~70% death by ARDS, 30% by cytokine storm organ damage/sepsis



https://www.nature.com/articles/s41591-021-01283-z



e COVID-19, is associated with
psychiatric implication

e 56% of the sample (n=402)
presented a clinical score for at
least one mental disorder

e 28% PTSD

* 31% depression
* 42% anxiety

e 40% insomnia

e Psychiatric history, setting, and
length of hospitalization influenced
psychopathology

* Females suffered more than males,
scoring higher in all the measures

 There is the need to diagnose and
treat psychiatric events in COVID-
19 survivors



Neuro-invasion of the brain

* Olfactory neurons are crossing
blood-brain barrier and are in direct
contact with open air

e Explains neural COVID-19 symptoms
(headache, nausea, vomiting,
confusion)?

e SARS-CoV-2 can replicate in neural
cell lines

* Transgenic mice: SARS & MERS can

infect the brain through olfactory
bulb

e Role in respiratory failure of
patients?
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Beck's Depression Inventory (BDI) Score

Normosmics Hyposmics Anosmics

Normosmics vs hyposmics: p<0.0001
Normosmics vs anosmics: p<0.0001
Hyposmics vs anosmics: p=0.0274
BDI: Beck’s Depression Inventory



Post-COVID
syndrome



COVID-19 epidemiology




COVID-19 fatality rates



Su persprea din g e Average RO of SARS-CoV-2 ~2.5

e But: RO is heterogeneous

20% of patients cause 80% of infections
e 1,000 - 2,500 (R0=2.5)

e 200 -> 2,000
e 200 -> 500
e 60020



Superspreading
IS hot rare

https://science.sciencemag.org/content/370/6517/691



Herd immunity
nossible?

. There is
uneven
willingness in
the world to
get vaccinated

. Today mutants
have RO=5 -2
heard
immunity only
at 80%
coverage

https://www.nytimes.com/2021/05/03/health/covid-herd-immunity-vaccine.html?campaign_id=154&emc=edit_cb_20210503&instance_id=30160&nl=coronavirus-
briefing&regi_id=159673391&segment_id=57134&te=1&user_id=3dee7e9dca784a37060233df65d96b61



World Statistics

July 6, 2020



https://covid19.who.int/



https://covid19.who.int/

Over 150 million.... how accurate?



Worldwide COVID antibody prevalence

8%

8% of 7.8 billion people = 624 million COVID infections (5x)

https://www.thelancet.com/journals/langlo/article/P115S2214-109X(21)00026-7/fulltext



Vaccines



Vaccine speed record

e years of previous research on
related viruses and faster ways
to manufacture vaccines

e enormous funding that
allowed firms to run multiple
trials in parallel

* regulators moving more
quickly than normal
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https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html



https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html

Vaccine efficacy
clinical trials versus real-life

https://www.youtube.com/watch?v=K3odScka55A



First real-life effectiveness studies: Scotland

e Effectiveness of first dose of COVID-19
vaccines against hospital admissions in
Scotland: national prospective cohort
study of 5.4 million people

e Pfizer (BNT162b2) - 85% prevention of
COVID-19 related hospitalization at 28-34
days post-vaccination

* AstraZeneca (ChAdOx1) =2 94%

e For >80 years: combined vaccine effect for
prevention of COVID-19 related
hospitalization: 81% at 28-34 days post-
vaccination

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3789264



Risk of blood clots AstraZeneca



6 months of full protection Pfizer
(to be submitted for publication)



Funding COVID vaccine development

https://www.bbc.com/news/business-55170756 Private: Gates Foundation, Alibaba founder Jack Ma, etc.



How do RNA vaccines work?

BeithuMer m and T-re
potyclonal activation O g
Na T cells
aive Effecter T cells

proliferation




Ptfizer Vaccine ingredients
1. mRNA - specifically codes for SARS-CoV-2 S-protein

— Lipid nanoparticle

Potassium chloride N

Potassium dihydrogen phosphate

Sodium chloride — Salts to prevent lipid nanoparticle from disintegrating

O o N O

Di sodium phosphate hydrate
10. Sucrose = antifreeze
11. Water = dissolve



WHO working group

https://www.who.int/groups/smart-yellow-card-working-group






Africa



CDC Africa dashboard

O Africa hosts 1/6t of the world population: 1.2B out of 8B
https://africacdc.org/covid- 0 Africa hosts only 1/30t of the COVID cases: 3.5M out of 100M



https://africacdc.org/covid-19/

COVID-19 CASES IN AFRICA | TRENDS

15 February 2020 — 28 April 2021

>32,000

>4.3M cases/day
: >18,000

cases/day
7-day moving average
>3.9M

recoveries
(90%)

>116K

deaths
CFR: 2.7%

cases










MOST COUNTRIES ARE NOW EXPERIENCING THE SECOND WAVE
OF COVID-19

= 44 (80%) Member
States have experienced
or are experiencing a
2"d wave of cases

- 22 waves
D < 1 wave only

D No Data



Most African COVID from Europe

https://nextstrain.org/ncov/africa?l=clock&p=grid



Emergence of South African variant 501Y.V2



Emergence of South Africa variant



COVID test positivity
week 53 (27 Dec — 2 Jan)

T. De Oliveira, Jan 2021



As of 28 April 2021:

First reported in South
Africa in October 2020




As of 28 April 2021:

20

Countries reported B.1.1.7

First reported from the
UK in September 2020




Low fatality in Africa

https://worldmapper.org/covid-19-coronavirus/



Early and strict lockdowns?



Younger age distribution?



Mortality underreporting?

https://theconversation.com/flaws-in-the-collection-of-african-population-statistics-block-covid-19-insights-142669



Helminths
orotect?




Herd immunity in (parts of) Nairobi



Genetics?

Geographic distribution Neanderthal risk genes

Zeberg H, Paabo S. Nature, Sept 2020
https://doi.org/10.1038/s41586-020-2818-3



Limited diagnostic testing?



Vaccine challenges for Africa

Ordered vaccines per citizen

e RNA vaccines (dependent on -70°C
cold chain) are very difficult to
implement

e (Oxford AstraZeneca vaccine does not
need such cold-chain, like Sputnik

e African immune systems are different
due to persistent immune activation

e How to compete with other countries
in the world with more purchase
power? = COVAX

Canada ordered 360 million doses for 38 million
citizens: 9.5 doses per person = 5x overdosis






Sputnik in Africa



The world in 3 years ....



Diagnostics



https://www.bmj.com/content/372/bmj.n208



RDTs are ~100x less
sensitive than PCR ......

but

RDT detect up to 90%
of infectiousness

http://modmedmicro.nsms.ox.ac.uk/wp-
content/uploads/2021/01/infectivity_ma
nuscript_20210119 _merged.pdf



Self-testing?

https://www.nature.com/articles/d41586-021-00332-4
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