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* The virus, the disease and the pandemic

* Covid-19:
...more than an acute respiratory infection

5 benefits of vaccines

* Beyond the Covid-19 pandemic emergency:
...living smartly with the virus

* A key Covid-19 lesson




History of deadly plagues, epidemics and
global pandemics

Antonine Plague

165-180 Smallpox
1520

Plague of Justinian
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Black Death (Bubonic Plauge)
1347-1351

Source: Trinitonian.com

1855 1889-1890

Japanese Smallpox Epidemic 18th Century Asian Flu Swine Flu
735-737 Great Plagues 1957-1958 2009-2010
ﬁ 1700 ?

Yellow Fever
Late 1800'

Spanish Flu

Cholera 6 Outbreak 1918-1919

1817-1923

HIV/AIDS Ebola
1981-Present 2014-2016

COVID-19
2019-Present
Hong Kong Flu
1968-1970
MERS
2012-Present
SARS
2002-2003

CENTIE FOR THE 4239 FTICONANE OF RESEANGH N 30UTH SITICA

XCAPRISA




The global COVID-19 pandemic at a glance

Daily new confirmed COVID-19 cases per million people

7-day rolling average. Due to limited testing, the number of confirmed cases is lower than the true number of

infections. Reported deaths: 6.6m
Estimated 20 million (14m — 24m)

_ excess deaths worldwide during
Daily reported cases now: ~600,000 the pandemic

Total reported cases: ~650 million

s C—

300

200
100
World . . . .
Still high in some countries
eg. USA Covid-19 deaths:
Ou T T T 1 —_~
Mar 1, 2020 Feb24,2021  Sep 12, 2021 Mar 31,2022  Dec 12, 2022 400 per day
Source: Johns Hopkins University CSSE COVID-19 Data CCBY
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The virus & the disease: SARS-CoV-2 & Covid-19

| Spike (S)
Ry : How does SARS-CoV-2 cause COVID-19?
= Nucleocapsid (N) SClence ' 12
:‘ Nicholas J. Matheson’? and Paul J. Lehner?
H Membrane (M)

: "‘(/l»\

SARS-CoV-2 infects Virus infects ACE2-expressing ~ Severe disease involves disruption
Envelope (E) ACE2-expressing nasal type Il alveolar epithelial cells  of the epithelial-endothelial barrier,

epithelial cells in the ‘ and patients exhibit complement deposition, and
5 upper respiratory tract. pneumonitis. hyperinflammation.
RNA viral genome
29,903 bp SARS-CoV-2

Spike protein

Day1 l Days 7t0 10 1
U R )
Presymptomatic/asymptomatic Symptomatic Early phase Late phase
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Source: Liu et al., 2020. bioRxiv.; Rando et al., 2021. Msystems. doi: 10.1128/msystems.00095-21; Matheson, Lehner. Science 2021 g —_—




The initial problem = Pandemic Emergency
Rapid spread of Covid-19 > pressure on hospitals

Cumulative confirmed COVID-19 cases Man y W | [ h severe d | sease

Due to limited testing, the number of confirmed cases is lower than the true number of infections.

World 0 - -
i 11 % acute respiratory illness
@ World 114.88 million
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Mar 1, 2020
® World 88,402
0 T T 1
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Pandemic emergencies in countries in 1St waves

Covid-19 surges due to the initial (D614G) variant in India, Brazil & SA

7-day moving average of daily

cases per million
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7-day moving average of daily

Variants of concern changed the endgame

Repeat surges due to variants of concern in India, Brazil & SA
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Due mainly to vaccines / natural / hybrid immunity = waves of

acute clinical respiratory infection are now smaller XCAPRISA
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* Covid-19:
...more than an acute respiratory infection
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Eet

People with Covid-19 might experience no symptoms,
or just one or a few of these, or several in severe cases.

Brain j
Swelling,
Eyes headaches,
confusion, stroke
Inflamed outer

eyeball membrane
(pinkeye)

Hands —*°

Tingling or numbness,
swelling and pain

Lungs

Cough, shortness of
breath, chest pain,
inflamed air sacs,
blood clots

Kidneys

Damaged filters severe
enough to require dialysis

Feet

Tingling or numbness,
swelling and pain

Blood

Deterioration of blood
vessel walls, clots

Body Overall

Fever, chills, muscle pain, fatigue, skin
rashes on the chest, back, arms or legs

SOURCES: Stanford University; Johns Hopkins University; Baylor College of Medicine Medical Center; Cleveland Clinic; Harvard University;

Nose

Loss of smell and
taste (anosmia),
sneezing, runny nose

Weakened muscle,
arrhythmias,
heart attacks

Gut

Loss of appetite,
abdominal pain, nausea,
vomiting, diarrhea

Liver

Damage (not known
if permanent)

Toe

Red or purple
rash or lesions,
dubbed Covid toe

Science Magazine; CDC; Mahalia Desruisseaux, MD, Yale University; Robert Salata, MD, Case Western Reserve University

Every Covid-19 Symptom We Know
About Right Now, From Head to Toe

The most perplexing things about a disease that has proved vexing,
deadly, and ‘'unprecedented in many ways’




Long COVID-19 “brain fog” — The next wave

Lowvision-17% — « Study of a cohort of 3762

Red eyes - 10% +~— Headache -9% e in 56 _
e oo <— Rhinitis - 13% people in 56 countries
ertigo - 6% /

i 09
Fatigue - 53% —

Loss of/changed R : - 0
\ en R e Time to recovery in >90%
» : exceeded 8 months
uscle pain - 6% /

Sjogren's syndrome -14%
Lack of appetite - 8‘77'
Diarrhoea - 3%

Loss of/changed e Most frequent sym ptomS

sense of taste - 10%

Sore throat - 7% after 6 months:
Skin lesions - 7% Cough -16% — Fatigue
Joint pain - 27% 2 Chest pain - 22% — post-exertional malaise
Shortness of breath - 43% — cognitive dysfunction &
[y memory problems

£ FOR THE 4159 FIOGRANIIE OF RESEANGH IN SCUTH RITRCA

Source: Lancet eClinicalMedicine, 38, 101019, 2021 XCAPRISA



Long-term impact of Covid-19 on heart disease

namre, Long-term cardiovascular outcomes of COVID-19
medicine

Yan Xie®'23, Evan Xu®'4, Benjamin Bowe'? and Ziyad Al-Aly ©125675

Cerebrovascular

« >50% 1 risk of heart disease - from stroke

disorders
to heart attacks & myocarditis 1 year later
Dysrhythmia |
Inflammatory « 1 risk in asymptomatic, mild & severe

heart disease

Covid-19

Ischemic heart
disease

« 1 risk regardless of cardiac risk factors...
0 1 5 3 (age, weight, etc)
HR (95% ClI)

153,760 Covid-19+ compared to 5 million current & historical controls




High new diabetes risk months after Covid-19

Risks and burdens of incident diabetes in long COVID:
THE LANCET  acohort study

Yan Xie, Ziyad Al-Aly

« 181,280 Covid+ participants
« Post-acute Covid-19: 1 risk of new diabetes diagnoses & anti-hyperglycaemics

* Increased diabetes risk worst in those with severe acute Covid-19

Care setting Excess burden per 1000 people at
12 months (95% Cl)
Diabetes Non-hospitalised ji
Hospitalised =

Intensive care
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Covid-19 increases risk of mental health disorders

g Risks of mental health outcomes in people with covid-19: cohort study
thebm" Yan Xie, Evan Xu, Ziyad Al-Aly

- . 0 Risk diff 1000

Increased risk of: o people at one year (95% C1)
. . : o i

anX|ety dISOI‘derS (35/0 hlgher) Any mental heaith diagnosis 31.89(27.60t0 36.33) -

: . : 177.34 (150.29 t0 206.87) —_
 depressive disorders (39% higher)  auy mentaihesith rested drug prescription 37.03 (33.22 to 40.99) -
. _ 202.86 (177.45 t0 230.45) ——
* neurocognitive decline (180%) Any mental health diagnosis or prescription ~ 53.52 (48.52to 58.66) -
265.84 (235.7910 297.53) S—

* sleep disorders (41% higher) ~+— Not admitted to hospital —~ Admitted to hospital 0 100 200 300

Mental health diagnoses increased by 60%
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JAMA Even Mild COVID-19 May Change the Brain

Jennifer Abbasi

SARS-CoV-2is associated with changes in brain
nature structure in UK Biobank

Gwenaélle Douaud &, Soojin Lee, Fidel Alfaro-Almagro, Christoph Arthofer, Chaoyue Wang, Paul

M arthyv Fredaril lannse lecnerl B Andarcean | ndnwicra Griffanti Funane Noff Saad lhahdi Barne

* 401+ and 384- UK brain scans from Biobank — 2 images in 5 mths

o Effects of SARS-CoV-2 infection:
« Smaller brain size
« | in grey matter thickness — up to 2% loss

 Less able to complete complex tasks
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Chronic / Long Covid: Impact on work functionality

Half a million UK workers drop out of
i REUTERS”  workforce, citing long-term illness

Suban Abdulla

« Since 2019, many people dropped
out of Britain’s job market
(mental health problems & long-
term sickness)

* Problem getting worse over time

2019 = 2020 (~363,000) = 2022 (~2.5 million)
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Covid-19’s looming future wave

A Tsunami of chronic diseases

...while 600,000 reported clinical Covid-19
iInfections and unreported millions of asymptomatic
infections are continuing to occur each day...
...and the possiblility of yet more waves remains




Each additional infection makes Long Covid worse:
SARS-CoV-2 re-Infection Is not harmless!

M 1 infection M 2 infections B 3 or more infections

Do Outcomes of SARS-CoV-2 Reinfection

m Ziyad Al-Aly, Benjamin Bowe, Yan Xie

Cardiovascular

Coagulation and hematologic

Reinfection increases risk
of iliness, hospitalisation &
all-cause mortality

Diabetes

Fatigue

P

Excess burden per 1000
persons (95% CI)

Figure: Cumulative risk & burden of sequelae in people with 1, 2 and 3
or more SARS-CoV-2 infections compared to non-infected controls XC

APRISA
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5 benefits of vaccines
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The 5 benefits of Covid-19 vaccines

e Individual benefits: Level of benefit varies by:

1. | asymptomatic infections
2. | clinically apparent infections

3. | severity / hospitalisations / deaths i —
Iime Since vaccine:
4. | progression to long Covid
: : Variant:
« Community benefits:

9. | secondary attack rate to close contacts Old age &
« | infectious if infected when vaccinated Immunosuppression

« | period of infectiousness when vaccinated

Type of vaccine

R CAPRISA




Vaccination reduces SARS-CoV-2 transmission

Indirect protection of children from SARS-CoV-2

Sejence  Infection through parental vaccination
are Linech, Ben . Hoteos?, o b. Batioarss, Noam Boraaeasar  DHam =", Daniel Nevo®
Direct Protection Effect Indirect Protection of Household members
Protection of parents from Reduction in Risk of transmission from
having been vaccinated 1 infected parent to unvaccinated child
B '
94% 2%
§";

®e
M-

« Two-parent homes with at least one vaccine-ineligible child

(M

« Children with vaccinated parents - 72% lower risk of getting infected

R CAPRISA
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Vaccination reduced SARS-CoV-2 transmission to
household & workplace contacts (in two variants)

Effect of Covid-19 Vaccination on Transmission
7 The NEW ENGLAND of Alpha and Delta Variants

2’ JOURNAL of MEDICINE
David W. Eyre, B.M., B.Ch., D.Phil., Donald Taylor, M.Math., Mark Purver, Ph.D.,

Navid Chanman Ph D Toam Fowler Ph D Knen R Paiwels Ph D

0.8 -o~ Female contact Male contact
g 146,243 contacts of 108,498 index
O os- I patients tested (37% were PCR+)
£5 os - Pfizer (X2) reduced infection by 68%
T In contacts compared to infections
2 07 T . 5 In contacts of unvaccinated

> Houslehold Houslehold Evenlts or Workpllaceor * VaCCIne% ‘L Vlral Ioad ) ‘l' InfeCtlousneSS

or residence visitor activities  educational facility

Type of Exposure between Index Patient and Contact XCAPRISA
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* Beyond the Covid-19 pandemic emergency:
...living smartly with the virus




We are still living in the midst of the pandemic...

Daily new confirmed COVID-19 cases per million people
7-day rolling average. Due to limited testing, the number of confirmed cases is lower than the true number of
infections.
8,000
6,000
4,000 ’
2,000 }‘ ? - Hong Kong
South Korea
France
i\ Germany
/" N <N =0 United States
0 —Bee— ' \’ —— - = - - > \ United Kingdom
Mar 1, 2020 Feb 24, 2021 Sep 12, 2021 Mar 31, 2022 Dec 12, 20
Source: Johns Hopkins University CSSE COVID-19 Data CC BY XCAPRI SA
Data Source: Our World in Data —_—




But, the pandemic emergency iIs receding
as death and severe disease decline

Daily new confirmed COVID-19 deaths per million people

7-day rolling average. Due to varying protocols and challenges in the attribution of the cause of death, the number of
confirmed deaths may not accurately represent the true number of deaths caused by COVID-19.

35 W

30

25

20

15 Note: China & Hong Kong

are the exceptions at present
10
w Hong Kong
W \ Framaany

United States
United Kingdom
South Korea

= ™
/J ! v A T,
T / N Y —h/ AN ;1 AP

5 \
j % )
0 4 ]

Mar 1, 2020 Feb 24, 2021 Sep 12, 2021 Mar 3‘{, 2022 Dec 12, 2022

Source: Johns Hopkins University CSSE COVID-19 Data CC BY
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The virus will likely be with us for a very long time
as It infects many animals as well

Cross-species transmission and adaptive
evolution in Coronaviruses

\r*
LA

l SARS-CoV-2 adaptation and evolution in humans J

-Increased
: 3 Spike (S) tyansmussublllty
geaeh -immune escape
&3
CoVs in bats and birds o)
—:—> :f‘* U;. — < Emerging

T ;5 F) ¥:.,  SARS-CoV-2 Variants

: e S

; SARS-CoV-2 e, Mg

. e

: .. Phylodynamic

Intermediate hosts : Yheath
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Analysis of 6.4 million SARS-CoV-2 genomes
nature identifies mutations associated with fitness

Fritz Obermeyer*?*+, Martin JankowiakZ, Nikolaos Barkas’, Stephen F. Schaffner34,

lacea N Dulalt 1 annid Virrkauatelkiv® Mattan Racend Nanial | Darkl Mahitach Rahadil

g | ST ey . SARS-CoV-2 evolving

(8
BA.1.1 747 (7.14—7.82) 1,487,757 1
704 BA1 6.80 (5.49—8.41) 3,934,874 BA.T.
BA.3 6 7(662 673) 2,721
o] Biies IRESED 27 to spread faster & more
AY.127 1 ’3?6 (’5 ?4 ’i?()) 120,147 R
¥ AY.4.21 3.19 (3.10—3.28) 33,364 .
.04 AY422  3.12(3.04—3.20) 15,057
AY423  305(2.93—318) 44,558 ”I”Ilune escape
AY.4.2 3.04 (2.97—3.12) 90,376
4.0
3.5 1

5 4 —— , New variants are more
. < ﬁ; L transmissible than original strain
o By A

2.5 B.A1.617.2

R/RA

B.1.621

@ soips o Alpha  =1.7 times faster

s @ - c @ EeeY Beta = 1.6 times faster

o AL Delta = 2.5 times faster
, = | . . | Lo e o Omicron = 5.8 times faster

2020-01 2020-04 2020-07 2020-10 2021-01 2021-04 2021-07 2021-10 .

Date of Lineage Emergence BA.2 — 8.9 tlmes faster

Fig. 1. Relative fitness versus date of lineage emergence. Circle size is proportional to cumulative case count inferred from lineage proportion estimates and
confirmed case counts. The inset table lists the 10 fittest lineages inferred by the model. R/R, is the fold increase in relative fitness over the Wuhan (A) lineage, XC

20 A

104 ©

assuming a fixed generation time of 5.5 days.




The ever-present risk of the next pandemic:
New bat coronavirus in Russia resistant to vaccines

Scientists Find a New Coronavirus in Bats That Is
TIME Resistant to Current Vaccines

"ALICE PARK

« Khosta-2 found in bats in Russia in 2020

« Can infect human cells and evades immunity
from current Covid-19 vaccines

« Attaches to ACE2 receptor
« Thought not to cause serious disease

« Potential to recombine = 1 resistance to
Immunity and virulence

R CAPRISA
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5 elements of “Living smartly with the virus”

1. Be fully vaccinated

2. Know level of community transmission — e.g. are cases rising?
- adjust your risk appetite accordingly

3. Know the potential risky situations you may be entering
- know what you can do to mitigate that risk

4. In essence, avoid poorly ventilated indoor spaces and if you
have to go indoors, use a medical mask

5. Do what you can to protect others (not just yourself)!




The 3 Eras of the Covid-19 response: Adding
“Test & Treat to [Vaccines + Public health measures]”

Eral-2020 Era 2 - 2021 Era 3- 2022

Public health measures Vaccines & Variants Test & Treat

XCAPRISA
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* A key Covid-19 lesson
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A key Covid-19 lesson:
Failure to act with common purpose

1. Global threat - Global pandemic response
Cannot control a pandemic if countries pulling in different directions — there is
no scenario where successful pandemic control is achieved by only some
countries being able to control spread of the virus

2. Health threat = Health, Social & Political threat
Covid-19 exacerbated disparities, sowed divisions and undermined truth and
science - undermined the response & social cohesion

3. Inequitable access to life-saving technology = 1disability & deaths
Failed to make the tools to combat the pandemic equitably available —
diagnostics, vaccines & treatments — where IP protections enabled corporates
to determine who does & does not get vaccines ---- and now treatment too!

R CAPRISA




But, there are several positives & glimmers of hope
from the global Covid-19 response, for example...

« Covax: afar-sighted initiative for vaccine equity
It has delivered over 1.8 billion Covid-19 vaccine doses

- WHO mRNA Technology Transfer Hub: for poor countries to make vaccines
It has produced its first mMRNA vaccine candidate

« African Union’s 2020 Partnership Accelerate Covid-19 Testing (PACT)

Pooled procurement of diagnostic kits when African countries could not get Kits
Secured donations of millions of kits from Jack Ma Foundation, Mastercard & Germany

* NGOs & good Samaritans: Thousands came forward to help those in need

Provided food and support to those impacted financially by the lockdown in
countries across the globe
R CAPRISA




A key lesson from HIV for Covid-19: Importance of
mutual interdependence & shared responsibility

“The AIDS movement demonstrates that with a shared
vision, shared responsibility and through global
solidarity... ... we can change the course of history.”

— UNAIDS 2015

« Shared responsibility: An IP solution was found to
share the benefits of ARVs - Markets were segmented and
voluntary licences offered to generic manufacturers
Truvada ~$33 /pill in USA but ~33 cents in South Africa

« Global solidarity: The wealthy provided the poor access
to life-saving medication eg. Global Fund & PEPFAR

 No-one is safe until everyone is safe!
R CAPRISA




