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COVID-19: A pretty virus...but lethal




COVID-19: The virus
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Cumulative confirmed COVID-19 cases
per 1OOK, as of 22 February 2023
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Cumulative confirmed COVID-19 cases

per 100K, as of 5 January 2022 (for comparison)
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295,577,202 5.460,818



Total confirmed COVID-19 cases to 22 Feb

Cases per 100K ] [ Deaths per 100K ] Total deaths

10K 6258M

Deaths

Cases
672,134,298 6,862,063



Growth rate of cases: Kenya

In | Kenya v | the number of known cases has stopped growing.
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Growth rate of cases: India
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Growth rate of cases: China

In | Mainland China v | the number of known cases has stopped growing.
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Deaths per 100K, 22 February 2023
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Total COVID-19 deaths to 22 Feb 2023
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Deaths actual, to 22 Feb 2023
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Regions are based on United Nations definitions. Americas have been broken down into subregions (Latin America and the Caribbean and North America).
Last updated: February 22, 2023 at 4:45 a.m. ET
Source: Johns Hopkins University Center for Systems Science and Engineering



Deaths proportional, to 22 Feb 2023

This chart uses rolling, seven-day averages. This approach makes trends clearer and smooths out anomalies, such as the lack of

reporting during the weekend.
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Source: Johns Hopkins University Center for Systems Science and Engineering



Cumulative confirmed COVID-19
deaths by region to Feb 2023

Cumulative confirmed COVID-19 deaths by world region

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.
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Source: Johns Hopkins University CSSE COVID-19 Data OurWorldInData.org/coronavirus « CC BY



Total cases and deaths, selection

countries Feb 2023

Location 4 Cases y ..per 100K people 5 Deaths ; ...per 100K people %
United States 103,170,118 31,431 1,117,838 341
India 44,686,483 3,270 530,762 39
France 38,553,269 57,491 161,169 240
Germany 38,043,874 45,763 167,491 201
Brazil 36,987,682 17,526 698,050 331
Japan 33,158,158 26,261 71,931 57
South Korea 30,458,857 58,904 33,887 66
[taly 25547414 42,369 187,850 312
United Kingdom 24,445,039 36,576 218,632 327
Russia 21,892,777 15,164 387,932 269
Turkey 17,042,722 20,428 101,492 122
Spain 13,755,956 29,220 119,186 253
Vietnam 11,526,834 11,950 43,186 45
Australia 11,347,698 44,739 19,265 76
Argentina 10,043,308 22,349 130,458 290
Taiwan 9,970,937 41,865 17,672 74
Netherlands 8,591,582 49,568 22,992 133
Iran 7,567,161 9,127 144,817 175
Mexico 7,430,816 5,825 332,850 261
Indonesia 6,734,606 2,489 160,892 59
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Total cases, selection countries Jan 2022
(left in since interesting comparisons)

Location ; Cases ; ..por 100K people | Deaths ; ...per 100K people ;
United States 48,202, 506G 14,685 . readr Zar
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Brazd 22,006,863 10,461 614,186 281
United Kimgdom 10110412 15,128 L e 21T
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Framce T.a64,380 10,982 116416 iTd
Iran 6,105,101 7,363 128,549 156
Garrnany 5,782 482 G956 100 B0 121
Argentina 5,325,560 11,851 116517 258
Spain 5131012 10,899 BT Q55 1E8T
Colombxa 5,063,177 10,068 128,354 255
ltahy 4,584 BO1 8284 13382T 22z
Indionesia #,255,836 1573 143 BOE o3
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Where are we now: Recent (biweekly)
confirmed case situation

Biweekly confirmed COVID-19 cases, Feb 21, 2023

Biweekly confirmed cases refer to the cumulative number of confirmed cases over the previous two weeks.
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Source: Johns Hopkins University CSSE COVID-19 Data OurWorldInData.org/coronavirus + CC BY



N OW we eSti mate (since no longer routinely test)

Daily new estimated COVID-19 infections from the IHME model, United
States

Estimates of the true number of infections. The "upper" and "lower" lines show the bounds of a 95% uncertainty interval. For
comparison, confirmed cases are infections that have been confirmed with a test.

5 million

4 million

3 million

2 million Uppe
Mean estimate
Lower

1 million
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Source: IHME (2022), JHU (2022) OurWorldIinData.org/covid-models « CC BY

Note: This chart shows the model estimates dated 16 December 2022.



Excess mortality (weekly) world

Excess mortality: Raw number of deaths from all causes compared to
projection based on previous years, United States

The reported number of weekly or monthly deaths in 2020-2023 and the projected number of deaths for 2020, which is based
on the reported deaths in 2015-2019. The reported number might not count all deaths that occurred due to incomplete coverage
and delays in reporting.

2020
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Source: Human Mortality Database (2023), World Mortality Dataset (2023) OurWorldInData.org/coronavirus + CC BY

Note: Comparisons across countries are affected by differences in the completeness of death reporting. Details can be found at our Excess
Mortality page.



UK: COVID-19 Excess mortality
(snapshot early 2022)

Weekly UK death registrations
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Excess mortality: world

Excess mortality: Deaths from all causes compared to projection, Jan Our World
31,.2023
The percentage difference between the reported number of weekly or monthly deaths in 2020-2023 and the projected

number of deaths for the same period based on previous years. The reported number might not count all deaths that
occurred due to incomplete coverage and delays in reporting.
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Source: Human Mortality Database (2023); World Mortality Dataset (2023) OurWorldInData.org/coronavirus e CC BY

Note: Comparisons across countries are affected by differences in the completeness of death reporting. Details can be found at our Excess
Mortality page.



Excess mortality per capita to Jan 2023

Excess mortality: Cumulative number of deaths from all causes compared

to projection based on previous years, per million people, Jan 31, 2023

The cumulative difference between the reported number of deaths since 1 January 2020 and the projected number of deaths for
the same period based on previous years. The reported number might not count all deaths that occurred due to incomplete

coverage and delays in reporting.
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Source: Human Mortality Database (2023); World Mortality Dataset (2023) OurWorldInData.org/coronavirus * CC BY
Note: Comparisons across countries are affected by differences in the completeness of death reporting. Details can be found at our Excess

Mortality page.



Excess all cause mortality, cumulative
select countries

Excess mortality: Cumulative number of deaths from all causes compared
to projection based on previous years

The cumulative difference between the reported number of deaths since 1 January 2020 and the projected number of deaths for
the same period based on previous years. The reported number might not count all deaths that occurred due to incomplete
coverage and delays in reporting.
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Source: Human Mortality Database (2023), World Mortality Dataset (2023) OurWorldInData.org/coronavirus * CC BY

Note: Comparisons across countries are affected by differences in both population and the completeness of death reporting. Details can be four
at our Excess Mortality page.



Excess mortality, select countries

Excess mortality: Deaths from all causes compared to projection

The percentage difference between the reported number of weekly or monthly deaths in 2020-2023 and the
projected number of deaths for the same period based on previous years. The reported number might not count all
deaths that occurred due to incomplete coverage and delays in reporting.
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Source: Human Mortality Database (2023); World Mortality Dataset (2023) OurWorldInData.org/coronavirus « CC BY
Note: Comparisons across countries are affected by differences in the completeness of death reporting. Details can be found at our Excess
Mortality page.



Excess mortality UK and Germany

Excess mortality: Deaths from all causes compared to projection based on
previous years, by age
The percentage difference between the reported number of weekly or monthly deaths in 2020-2023 — broken down by age

group — and the projected number of deaths for the same period based on previous years. The reported number might not count
all deaths that occurred due to incomplete coverage and delays in reporting.
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Source: Human Mortality Database (2023); World Mortality Dataset (2023) OurWorldIinData.org/coronavirus * CC BY

Note: Comparisons across countries are affected by differences in the completeness of death reporting. Details can be found at our Excess
Mortality page.



How well were we prepared?

Index About Report & Model Resources for Action

GLOBAL HEALTH
SECURITY INDEX

Welcome to the

2019 Global Health
Security Index

The GHS Index is the first comprehensive assessment of global health security capabilities in

195 countries. Read more about the Index and the international panel that helped develop it,

download the report and data model, and watch our introductory video.

Get Started )

Data Stories News 2021 Launch Event

140

Questions

27



The Global Health Security (GHS) Index analysis finds no country is fully
prepared for epidemics or pandemics. Collectively, international
preparedness is weak. Many countries do not show evidence of the
health security capacities and capabilities that are needed to prevent,
detect, and respond to significant infectious disease outbreaks.

Albun

The average overall
GHS Index score is

40.2

out of a possible 100. While high-income
countries report an average score of
51.9, the Index shows that collectively,
international preparedness for
epidemics and pandemics
remains very weak.

18 www.ghsindex.org 28



At least

75% MAP

of countries receive low scores

GHS INDEX

on globally catastrophic
biological risk-related indicators,
the greatest vulnerability being
g oversight of dual-use research.

Most prepared
More prepared
Least prepared

Although

86% P
of countries invest local or
donor funds in health security,
few countries pay for health
security gap assessments and
action plans out of national budgets.

www.ghsindex.org

19
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Find A Country

L ]+]

Select a country to see Overall Score/Rank and to access the country page

Key

Most Prepared
® More Prepared
@ Least Prepared

Select a country to see
Overall Score/Rank and
access a full country
page.
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OVERALL SCORE

Rank

Score

o
1
Fl
x

Score

3. RAPID RESPONSETO

AND MITIGATION OF THE
SPREAD OF AN EPIDEMIC

Rank

Score

1 United States 835 1 United States 831 1 United States S8.2 1 United Kingdom 919
2 United Kingdom 779 2 Sweden 811 2 Australia 97.3 2 United States 79.7
3 Netherlands 756 3 Thailand 757 2 Latvia 97.3 3 Switzerland 793
4  Australia 755 4 Netherlands 737 4 Canada 964 4 Netherlands 791
5 Canada 753 5 Denmark 729 5 South Korea 921 5 Thailand 786
6 Thailand 73.2 6 France 71.2 6 United Kingdom 87.3 6 South Korea 715
7 Sweden 721 7 Canada 70.0 7 Denmark 86.0 7 Finland 69.2
8 Denmark 704 8 Australia 68.9 7 Netherlands 860 8 Portugal 677
9 South Korea 70.2 S Finland 685 7 Sweden 86.0 9 Brazil 671
10 Finland 68.7 10 United Kingdom 68.3 10 Germany 846 10 Awustralia 659
11 France 682 11 Norway 68.2 11 Spain 830 11 Singapore 646
12 Slovenia 672 12 Slovenia 67.0 12 Brazil 824 12 Slovenia 63.3
13 Switzertand 67.0 13 Germany 66.5 13 Lithuania 815 13 France 629
14 Germany 66.0 14 Ireland 639 13 South Africa 815 14 Sweden 62.8
15 Spain 659 15 Belgium 635 15 Thailand 810 15 Spain 61.9
16 Norway 646 16 Brazil 59.2 16 Italy 785 16 Malaysia 61.3
17 Latvia 62.9 17 Kazakhstan 588 17 Greece 784 17 Canada 60.7
18 Malaysia 622 18 Awustria 574 18 Ireland 78.0 18 Chile 60.2
19 Belgium 61.0 19 South Korea 573 19 Estonia 776 19 Denmark 584
20 Portugal 603 20 Turkey 569 20 Mongolia 773 20 Norway 582
21 Japan 598 21 Armenia 56.7 21 France 753 21 New Zealand 581
22 Brazil 597 22 Hungary 564 22 Georgia 75.0 22 Madagascar 578
23 Ireland 59.0 23 Chile 56.2 23 Argentina 749 23 South Africa 577
24 Singapore 58.7 23 Singapore 56.2 24 Saudi Arabia 744 24 Micronesia 56.9
25 Argentina 586 25 Latvia 56.0 25 Albania 743 25 Uganda 565
26 Austria 585 26 Croatia 55.2 26 El Salvador 739 26 Armenia 555
27 Chile 58.3 27 New Zealand 550 27 Slovenia 737 27 Serbia 55:%
28 Mexico 576 28 Greece 542 28 Austria 732 28 Germany 548
29 Estonia 570 29 Ecuador 539 28 Malaysia 752 29 Latvia 547
30 Indonesia 56.6 30 Slovakia 535 30 Chile 727 30 Indonesia 543
31 ltaly 56.2 31 Georgia 53.2 31 Croatia TS 31 Japan 536
32 Poland 554 32 Spain 529 32 Ecuador 12 32 India 524
33 Lithuania 550 33 Portugal 528 32 Mexico 71.2 33 Hungary 522
34 South Africa 548 34 Switzerland B2T7. 34 Laos 704 34 Albania 52.0
35 Hungary 540 35 Malaysia 514 35 Japan 701 34 Laos 52.0
35 New Zealand 540 36 Czech Republic S51:x 36 Kenya 686 36 Bosnia and 518

37 Greece 538 37 Poland 509 37 Indonesia 681 Elerzegovina
38 Croatia 533 38 Indonesia 502 38 Zimbabwe 656 ers 5O e
39 Albania 529 39 Vietnam 495 39 Kyrgyz Republic 647 38§ _MOIScEo 515
40 Turkey 524 40 Japan 493 40 Singapore 64.5 e LEs S00
40 Argentina 50.6
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4. SUFFICIENT & ROBUST

DM MENTS TO e . R
HEALTH SYSTEM TO MPROVIN NLA - ; NVIRONM
TREAT THE SICK & APAC AN OUNTR
PROTECT HEALTH ND R O v J R -
WORKERS NORM BIOLOGICA R
Rank Score Rank Scone Rank Score
1 United States 738 1 United States 853 1 Liechtenstein 879
2 Thailand 05 2 United Kingdom 812 2 MNorway 871
3 MNetherlands J0o.2 3  Australia F70 3 Switzerland 86.2
4 Canada 877 4 Finland 54 4 Luxembourg 847
5 Denmark 63.8 5 Canada Fav 5 Austria 84 .6
S Australia 835 5 Mexico 739 6 Sweden 845
7 Switzerland 52.5 7 Indonesia 72.5 7 Andorra B35
8 France 50.9 8 Lithuania 721 8 Monaco 831
9  Finland 50.8 8 Slowvenia 721 S France 830
10 Belgium s50.5 10 Liberia 715 10 Canada 827
11 United Kingdom 59.8 11 Sweden 713 11 Germany 82.3
12 Spain 596 12 Thailand 09 12 MNetherlands 817
13 South Korea 587 13 Japan 70.0 13 Iceland 812 G H S I N D Ex
14 MNorsway 585 14 Argentina 588 14 Finland 811
15 Malaysia 571 15 Estonia 67.6 15 Singapore 809 R ES U LTS
1a Serbia 566 16 HKenya 67l 1a San Marino 20.5
17 Portugal 55.0 17 Ethiopia 558 17 Denrmark 80.3
18 Argentina 549 18 Switzerland 556 18 Awustralia 794
18 Slowvenia 549 19 Uganda 654 19 Belgium 782 All data are normalized
20 Sweden 493 20 Kyrgyz Republic B54.8 19 United States 782 to a scale of O to 100,
N where 100 = best health
21 Poland 489 21 Vietnam 54.6 21 Ireland F7A security conditions.
22 Germany 482 22 MNorway 644 22 Portugal 773
23 Latvia 473 23 South Korea 6435 23 MNew Zealand 772 Most prepared
24 Mexico 46.9 23 Turkey &4.3 24 Spain 77 More prepared
25 Austria 466 se United Arab az.a 25 Uruguay 748 Least prepared
25 Japan 466 Sl 26 United Kingdom AT
27 Croatia 46.5 =6 Feru 630 27 South Korea 741
28 lceland 464 26 Portugal 630 28 Crzrech Republic 740
29 MNicaragua 459 28 Denmark 62.6 29 Slovenia 73.7
30 China 457 25 SETE SLE 30 Estonia 733
30 Turkey 457 2:1 ':"y : . 5 United Arab =
22 Mew Zealand 452 ulgaria 515 Emirates
Tz Eieedl 45 0 32 MNetherlands 6ll 32 Malta 72.3
23 Peru 450 32 Spain 611 33 Malaysia 72.0
35 Saudi Arabia aa8 S - Lizbskistan 605 34 Costa Rica 717
35 India a4z 7 325 Colombia 601 34 Japan 717
37 Israel 422 368 Cambodia s0.0 36 Slowvakia 715
38 Singapore 414 37 Cameroon 59.9 37 Seychelles F11
39 Bulgaria 410 38 Belgium 59.7 38 Chile 701
40 Belarus 40.6 32 MNew Zealand 594 39 Barbados 59.9 32

40 Myanmar 59.1 40 Cyprus 59.6



Early emphasis on respiratory system

IL-10, TGF-§,

PD-1 signalling, Treg

EARLY RESPONSE

Mucus, antimicrobial peptides
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After-lecture notes of use for the last slide

The lungs and gut are exposed to environmental substances and pathogens.

The early protection response to respiratory viruses includes mucus, surfactants and antiviral
peptides that can prevent initial attachment and viral entry.

Respiratory viruses enter via the respiratory epithelium. Epithelial cells have a key role in
initiating the immune response by recognising viral components (pathogen-associated molecular
patterns (PAMPs)) via Toll-like receptors (TLRs) and intracellular receptors. in particular neutrophils
and natural killer (NK) cells. NK cells have the ability to kill virus-infected cells via perforin—
granzyme-dependent mechanisms or by the Fas—Fas ligand pathway. Moreover, alveolar
macrophages, recruited monocytes and macrophages as well as dendritic cells pick pathogen
components and contribute to the immune response. All of these cells produce cytokines and
chemokines that are important for the establishment of the adaptive responses and of the
antiviral state.

The adaptive response to respiratory viruses is mediated by both T- and B-cell compartments. T-
cells contribute to the generation of the B-cell response. B-cells produce antibodies that may
neutralise the respiratory viruses directly by binding to viral surface proteins that are essential for
entry of the virus into host cells or through the ligation of Fc receptors to trigger the complement
cascade and antibody-dependent cell-mediated cytotoxicity.

Antibodies are in the form of IgA, mainly in the upper respiratory tract, or IgG, in the lower
respiratory tract. Viral clearance is also mediated by CD8+-specific T-cells with cytolytic activity.
The protective antiviral T-cell response is mainly mediated by IFN-y production and is therefore
biased toward a T-helper cell (Th) 1 response, whereas other T-cell subsets such as Th2 cells and
Th17 cells play a minor role and they may be responsible for lung tissue damage. Moreover,
regulatory mechanisms adopted by T-cells such as interleukin (IL)-10 secretion, or upregulation of
inhibitory receptors such as programmed cell death protein 1 (PD-1) or expansion of the T-
regulatory (Treg) cell subsets, work to balance tissue damage and viral clearance. TNF: tumour
necrosis factor; CTL: cytotoxic T-lymphocyte; TFH: T-follicular helper; TGF: transforming growth
factor. (Your body is a rather remarkable machine with its own protection squad!)



COVID-18

HOW DOES IT AFFECT YOU?

Coronavirus Disease 2019 (COVID-19) is a pandemic
caused by Severe Acute Respiratory Syndrome
COronawrus 2, also called SARS-OoV 2. Despite the

g COVID-19, many are
still unaware about how it affects the human body.

Left Lung
Trachea

Bronchus

Alveoli (sg. alveolus)

SARS-CoV-2 starts its journey in the nose, ¢
mouth, or eyes and travels down to the alveoliin
the lungs. Alveoli are tiny sacs of air where gas
exchange occurs.

Greatly hindered
gas exchange

Designed by Avesta Rastan

@ www.ozuravesta.com
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gas exchange

Infected

Fluid-filled

Loss of surfactant

Neutrophil

Protein and
cellular debris

Formation of
scar tissue

Healthy

Normal
gas exchange

Inflammatory
signals
Reduced
surfactant

SARS-CoV-2 Structure

Red blood cell
Capillary wall
Typel
alveolar cell

Surfactant

Type ll
alveolar cell

Gas Exchange

Each sac of air, or alveolus, is
wrapped with capillaries where
red blood cells release carbon
dioxide (CO,) and pick up oxygen
(0,). Two alveolar cells facilitate
gas exchange; Type | cells are
thin enough that the oxygen
passes right through, and Type Il
cells secrete surfactant - a
substance that lines the alveolus
and prevents it from collapsing.

Viral Infection

Type
Il alveolar cell

Impaired Gas Exchange
When the i k

secondary infections
may occur

the area of mfecnon it also kills
healthy alveolar cells. This results in
three things that hinder gas
exchange:

1) Alveolar collapse due to loss of
surfactant from Type Il cells

2) Less oxygen enters the blood-
stream due to lack of Type | cells

3) More fluid enters the alveolus

Care (ICU)

Patients may require
ventilators and
life-support

d to COVID-19
may occur

With proper care, patients
may recover at any point
during this process

The spike proteins covering the
cotonavuus bind ACE2 receptors
y on type Il alveolar cells,

|t the virus to inject its

Envelope protein
Spike protein

RNA. The RNA “hijacks” the cell,
telling it to assemble many more
copies of the virus and release
them into the alveolus. The host
cell is destroyed in this process
and the new coronaviruses infect
neighbouring cells.

Immune Response

o
(2]

00

(8]

After infection, Type Il cells release inflammatory
signals that recruit macrophages (immune cells).

ges release cy that cause
vasodilation, which allows more immune cells to
come to the site of injury and exit the capillary.

Fluid inside the

The fluid dilutes the surfactant which triggers the
onset of alveolar collapse, decreasing gas
exchange and increasing the work of breathing.

Neutrophils are recruited to the site of infection
and release Reactive Oxygen Species (ROS) to
destroy infected cells.

Type land Il oells are desuoyed leadlng to the
of the and g Acute
y Di di (ARDS).

If inflammation becomes severe, the protein-

rich fluid can enter the bloodstream and travel
Isewhere in the body, Inflam-

matory Response Syndrome (SIRS).

SIRS may lead to septic shock and multi-organ
failure, which can have fatal consequences.




COVID-19: How the virus harms you

An invader’s impact

In serious cases, SARS-CoV-2 lands in the lungs and can do
deep damage there. But the virus, or the body's response

to it, can injure many other organs. Scientists are just beginning
to probe the scope and nature of that harm.

3 Brain

Some COVID-19 patients have
strokes, seizures, confusion, and brain
inflammation. Doctors are trying to
understand which are directly caused
by the virus.

1 Lungs

A cross section
shows immune
cells crowding an
inflamed alveolus,

4 Eyes

Conjunctivitis, inflammation of the
membrane that lines the front of the eye
and inner eyelid, is more common in the

5 sickest patients.
or air sac, whose
walls break down
during attack 5 Nose
by the virus, Some patients lose their sense of smell.

diminishing oxygen
uptake. Patients
cough, feversrise,
and breathing
becomes labored.

2 Heart and

blood vessels

The virus (teal)
enters cells, likely
including those lining
blood vessels, by
binding to angiotensin-
converting enzyme 2
(ACE2) receptors on
the cell surface.
Infection can also
promote blood clots,
heart attacks, and
cardiac inflammation.

Blood vessel

=7 SARS-CoV-2

Scientists speculate that the virus may
move up the nose’s nerve endings and
damage cells.

6 Liver

Up to half of hospitalized patients have
enzyme levels that signal a struggling
liver. An immune system in overdrive
and drugs given to fight the virus may be
causing the damage.

7 Kidneys

Kidney damage is common in severe cases
and makes death more likely. The virus
may attack the kidneys directly, or kidney
failure may be part of whole-body events
like plummeting blood pressure.

8 Intestines

Patient reports and biopsy data suggest the
virus can infect the lower gastrointestinal
tract, which is rich in ACE2 receptors. Some
20% or more of patients have diarrhea.



COVID-19: Risk factors

Heart disease was most common pre-existing
health condition in coronavirus-related deaths

Proportion of deaths involving coronavirus by main pre-existing
condition, England and Wales, occurring in March 2020

B Males 0-69 Males 70+ Females 0-69 Females 70+

Ischaemic heart diseases
Dementia and Alzheimers disease
Chronic lower respiratory diseases

Influenza and pneumonia

No pre-existing conditions

I

Diabetes

0<% 5% 10°%6 15°6 20%

Source: Office for National Statistics BlB|C]
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COVID-19: Risk factors = age

Death rate varies by age, health and sex
Case fatality ratio

Age

80+

70-79

60-69

50-59

40-49

30-39

20-29

10-19

0-9

Health condition
Cardiovascular
Diabetes
Respiratory disease
Hypertension

None

Male
Female

o 5% 10% 15%

Sex

Source: Chinese Centre for Disease Control and Prevention EREE
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COVID-19: R is exponential

Reproduction Number (Ro)

Differing rates of spread based on how many people each infected person infects
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COVID-19: How contagious is it?...

MERS Influenza Ebala
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COVID-19: How Contagious is it? Jan 2020

How Contagious is the
Coronavirus?

Average number of people infected by an
individual with the following”

Measles I 12-18
Smallpox [ | 5-7
Polio s | 5-7
Mumps B 4-7
HIV/AIDS I | 2-5 SIS
SARS-CoV [l | 2-5
Influenza Il 2-3
2019 NnCoV e 1 4 2.5 o

(new coronavirus)”
Ebola l 1.5-2.5

* Based on current WHO estimated as of 23 Jan 2020.
Source: WHO via Spiegel.de

SIOIS, statista s
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How the RO numbers of COVID-19
variants compare

The more contagious, the higher the RO number

Original virus The version that caused n

in Wuhan Europe’s first wave




COVID-19: How Contagious is it? Aug 2021

1
COVID-19 CoVID-19
(original strain) (delta strain)
3 people 7 people

Ro 1

1918flu
Ebola
2 people

)

I

—

HIV
SARS

4 people

)

Chickenpox
10 people

l

T

Mumps
12 people

)

More contagious

T

Measles
18 people

)

Source: The Lancet (1918 flu, SARS), University of Michigan School of Public Health (COVID-19, ebola, measles), Johns Hopkins University School of

Public Health (chickenpox), Proceedings of the National Academy of Sciences (HIV), Tom Wenseleers at the University of Leuven (COVID-19 delta variant),
{ ! ) Yy \

Australian Government Department of Health (mumps)

Credit: Michaeleen Doucleff, Alyson Hurt and Adam Cole/NPR. Icon by Gerard Higgins/The Noun Project.



Testing transmissibility

A Viral Infection Tested in Cell Culture

Infection with D614
and G614 strains of
SARS-CoV-2

- — w4

- G614 strain replicated
more efficiently than
D614 strain

Introduction of D614
and G614 strains of
SARS-CoV-2 in ratios

of 1:1, 3:1, or 9:1

RESULTS

%

- G614 strain replicated
more efficiently than
D614 strain

« G614 strain outcompeted
D614 strain, regardless of
ratio of strains when
introduced

C Viral Fitness Tested in Hamster Model

4-to-5-week-old male golden Syrian hamsters

Intranasal

Nasal washes
obtained
and lobes of
lung harvested
2, 4, and 7 days
after inoculation

RESULTS *1

+ G614 variant present in
higher titers in nasal
washes but not lungs

« G614 variant outcompeted

D614 strain in coinfected
hamsters

No serum
treatment

.3 e«
4 D614-infected

hamsters ’.
- ~

D614

antibodies

RESULTS

No viral entry or replicati

G614 strain is successfully

ation.
neutralized

A study recently reported by Plante et
al.2 showed that a variant of SARS-CoV-
2 carrying the spike protein D614G
substitution results in increased virus
infectivity and yield in human lung
epithelial cells (Panel A), in primary
human airway tissue (Panel B), and in
the upper airway of hamsters (Panel C).
These data suggest that the D614G
mutation results in enhanced
transmissibility. In addition, serum
samples from D614-virus—infected
hamsters can efficiently neutralize the
G614 virus from infecting cells (Panel
D), which suggests that SARS-CoV-2
vaccines, all of which are based on the
D614 variant of the spike protein, will
protect against G614 variants of the
virus.


https://www.nejm.org/doi/full/10.1056/NEJMcibr2032888

VACCINE BASICS:

The body’'s adaptive immune system can learn to recognize new,
iNnvading pathogens, such as the coronavirus SARS-CoW-2.

1ol s Coronawvirus

-
-
£ ~

E s S

1.Virus
enters
the body a X.T, -

—— M protein

-
-—
- — — RMNA
S

-

2_wvirus enters
a cell /
*1 T.» = Vesicle
-
—
-t
-

J* .

—

2. Virus fuses with wvesicle
and its RMNA is released

Spike protein

Coronavirus infection®
The wvirus uses its surface spike
protein to lock onto ACE2
receptors on the surface of
human cells. Once inside,
these cells translate the wvirus's
RMNA to produce more viruses.

- i: >
ACEZ2 receptor

Wiral RMNA
translated
into proteins

A.WVirus assembly
T
«‘ 7. o~
el
SA-W\E -

S.Virus release
A Y.T,

- i
— p—
~— — - -
- - Virus ingested

Immune response™ < L. by antigen-
Specialized "antigen presenting cells” presenting
(APCs) engulf the virus and display cell (APC)
Pportions of it to activate T-helper cells.

T-helper cells enable other -
immune responses: 3 AN

B cells make antibodies that T helpler cell - S g

can block the wvirus from
iNnfecting cells, as well as mark
the wvirus for destruction.
Cytotoxic T cells identify and
destroy virus-infected cells.

Wira

T

L peptide

Cytotoxic

B cell Anti-coronawvirus T cell
“ ; antibody
\V* —
s T
e 4“& -F:ffaj ;1 r";
Prevents wvirus from W= -‘"’ﬁ Destroys

binding., or tags it
for destruction

Long-lived ‘meaemory” -
B and T cells that
recognize the wvirus

can patrol the body

for months or years,
prowviding immunity

*Simplified

infected X

g — 214
*f};——-& cells -

v v : ok

How to
develop

Immunity to
COVID-19




Types of vaccine

a. Inactivated vaccines ¢. Viral vector vaccines

Inactivated vaccines contain SARS-CoV-2 Viral vector vaccines contain another
viruses that are chemically inactivated virus modified to express S protein
,,L,g
4 . .'.. P
Fise "
.1 ., ' .. Nuclc.oprmcins and Envqlopc Receptor b.inding % Spike gene
viral RNA protein (E) domain

b. Recombinant proteins vaccines
Vaccines composed of

receptor binding
domain

Y

Vaccines composed of
recombinant spikes

d. RNA vaccines

RNA vaccines consist of RNA packed in
lipid nanoparticles

"’\/\',\ —=— Spike gene

Spike (protein S)
Virus-like particles are devoid of genetic
material but display spikes, M and E proteins Membrane protein :
on their surface (M) e. DNA vaccines

DNA vaccines contain a circular DNA

1»’.‘,{ S ARS'COV-Z encoding the spike protein

3}?{% Spike gene



Weakened virus

A virus is conventionally weakened for a
vaccine by being passed through animal or
human cells until it picks up mutations that
make it less able to cause disease. Codagenix
in Farmingdale, New York, is working with the
Serum Institute of India, a vaccine
manufacturer in Pune, to weaken SARS-CoV-2
by altering its genetic code so that viral
proteins are produced Iess efficiently.

T
,c
.4 or
Yy

A
\

Vaccine

a1

Inactivated virus

In these vaccines,

the virus is rendered
uninfectious using
chemicals, such as
formaldehyde, or heat.

Making them, however,

requires starting with
large quantities of
infectious virus.

Antigen-presenting cell

Virus replicates

Coronavirus
peptide

l __y Immune
response

nature

Different types
of vaccines....




DROTEIN-BASEL

Protein subunits

Twenty-eight teams are working on vaccines with viral protein subunits —
most are focusing on the virus’s spike protein or a key part of it called the
receptor binding domain. Similar vaccines against the SARS virus
protected monkeys against infection but haven't been tested in people.
To work, these vaccines might require adjuvants — immune-stimulating
molecules delivered alongside the vaccine — as well as multiple doses.

728

A_ Spike protein
I

M protein

Coronavirus

¢ peptide
\a 4

) : Immune
o &
™ response

Virus-like particles
Empty virus shells mimic the coronavirus structure, but aren‘t infectious

because they lack genetic material. Five teams are working on “virus-like

particle’ (VLP) vaccines, which can trigger a strong immune response,
but can be difficult to manufacture.

VLP

{1y

Coronavirus
peptide

\ L ""/ 4 Immune

et g N > response

Different types
of vaccines....




VIRAL-VECTOR VACCINES

Replicating viral vector

(such as weakened measles)
The newly approved Ebola vaccine
is an example of a viral-vector
vaccine that replicates within
cells. Such vaccines tend to be
safe and provoke a strong immune
response. Existing immunity to the
vector could blunt the vaccine’s
effectiveness, however.

A spike gene

& TN\ spkeg
T : ' Je

v ~*—Viral genes

'

Virus replicates

11 r,  Coronavirus

Non-replicating viral vector
(such as adenovirus)

No licensed vaccines use this
method, but they have a long
history in gene therapy.

Booster shots can be needed to
induce long-lasting immunity.
US-based drug giant Johnson &
Johnson is working on this
approach.

1 r‘,. Coronavirus

W—spik& gene

or : -0

Viral genes
! l » > (some inactive)

Coronavirus
spike peptide

Ny l Immune
N ™ response

©nature

Different types

of vaccines....

Since these appeared in

B

The journal Nature...we now

have vaccines using this

approach. | use the
diagrams for nice
illlustrations.



Oxford/AZ is an example of the last




NUCLEIC-ACID VACCINES
DNA vaccine | RNA vaccine | D i ffe re n t ty p e S

Electroporation Coronavirus

$Qene fW}RMAisofFan Of VaCCineS""

encasedina
1 lipid coat so it
~ canenter cells

RNA
A process called
electroporation
creates pores in
membranes to Coronavirus
increase uptake of spike peptide
DNA into a cell /
/’J W ; Immune « 8
o Y € response A \
e, §
/ #.-"/ mRNA: Cells own protein-making
. RNA- and DNA-based machinery, ribosomes, make parts of
- "l at vaccines are safe and the virus (in most cases, the spike
Viral proteins easy to develop: to .
produce them involves protei n)
making genetic material
» only, not the virus. But i i
@ e A o e v ot ..How !lfe changed since
m licensed vaccines use these figures appeared

this technology. .
in Nature!



Quick breakout discussion

Which technologies are likely to generate ‘better
vaccines’, likely to be “easier” to use, likely to be
good against variants, safer, may work better in
some populations than others, etc.?

Which are likely to be easier to scale?
Do competing technologies help or hinder?

Or should we exploit the many technologies and
manufacturing and delivery capacities?

Are some technologies more for the long-term
and others of short duration value?

How do you interpret vaccine efficacy (VE) data?
What about vaccine safety data?



The normal stages of
development...too long in a pandemic

Discovery Regulatory
and Phase | Phase Il Phase 1l Review
T.arge.t Preclinical  Manufacturing Safety Safetyand  Safety, efficacy, and
Validation  stage Development

immunogenicity regulatory approval

Initial bioprocess,
formulation, and
analytics

Translational Clinical Assay Dose Regimen A
medicine entry Optimization Selection
(antibody) Innovative
Clinical Trials
Large sample size
needed for safety and
efficacy evaluation
i 3-8 Yr | 2-10 Yr {F1-2YrH




Vaccine development

° 4 °
Typical development Covid-19 vaccine development S h rl n k I n t I ' ' | e_
of vaccine Years

Pre-clinical ©

Analysis

L

[ e
Large numbers of Ilnes In a IObaI
doses produced

l emergency Is

Regulatory review

critical

and distributed

Phase |
Small numbers of
people

Vi

Phase Il

Regulatory review

Vaccine approved

Manufacturing starts
’

=== |
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A remarkable time-line
(or, what you can do if you put your
mind to it... and back that up with
resources!)

10 January 23 January February 17 February 19 February 16 March 26 March
Genetic The novel \ Age, hypertension, Widesgread Scentiste Irmperial College Widespread viral
sequence coronavirus diabetes, heart disease. undocumented mage the Londan mode RNA in hostal
posted to is 96.2% and male sex are 2 nfectionled o tomc-evwe suggests health rooms suggests
virclogical.org similar to a virus in bats confirmed as risx factors the rapid spread structure of care syslemsw arborne
i for severe disease. of COVID-1S the spike proten, be overwhelmed. transrmission
ey e O | B S
1January 1 February 1 March
T ———— Q0 NI —_— O | Qv Qi)
], -~ 7 —T ! 1 T 1 T
I r v -
31 December 2019 8 January 20,23 January 30 January 5 February 11 February 11 March 26 March 28 March —
Health officials Anovel Human-to-human WHOdeclares Damond The vwus gels WO deciares NewYork City  U.S.regulators
in Wuhan, China, coronavirus transmession theoutbreaka Frincesscruse dsname the Corocrawvrus becomes SSue emergency
report a cluster is publicly confirmed: Fublic Heaith shup Degns oulbreak a the epCenter  use authorization
of mysterious identified as Wuhan icckdown  Emergencyof  its 2-week m pandermic of the US (EUA) for hydrony-
preumonia cases. the source of tegns Internationa quaranine oulbreax, chioroguine
the outbreak. Cencern.
23 February 16 March

Frst maor European Moderna and CanSing
POLICY AND PUBLIC HEALTH outbreai n italy

vaccing rals aunch.



Remarkable time-line...

Early April
COVID-19can
damage the
heart, bicod

vessels, kidneys.,
and brain.

1April

3 April

U.S. public health
officiats suggest people
wear cloth masks.

19 April

First evidence
that a COMD-1S
vaceine can
protect monkeys

24 April 16 June

Asymptomatic carrers Dexamethasone reduces
play a large role in fataity by up to one-third
COVID-19 transmission. in hospitalized patients.

1May

1 May

U.S. regulators
issue EUA for
remdesivir.

15 May
Operation Warp
Speed vaccine

project launches.

9 July 25 August 24
Exrly saudes it at First confrmed

ne Ingering symoloTs case of

of “long COVID” remnfection

1June 1 July

1 August

1 October

4 June July
Major medical journais Ureted States sends Europe and the United
relract corenavirus pagers a formai notce of States confront their
over fabricated data. withdrawal from WHO. | second and thrd waves.
15 June 9 September
U.S. reguiators Teo-thrds of countries have
revcke EUA for omed COVAX_ an international

fydroxychicroqune.

vacone dstritndion effort.

Phizer and

BioNTech. then
Moderra, reveal
vaccne efficacy
nearing 95%.

UK regulators
arathe first o
authorize the
Pfizer-BioNTech
COVID-18



Vaccine development timelines for

different diseases

VACCINE INNOVATION

Most vaccines take years to develop, but sclentists created
multiple vaccines for SARS-CoV-2 within a year.

Typhoid
fever

Meningitis

Whooping
cough

Polio
Mumps
Measles
Hepatitis B

Ebola

SARS-
Cov-2

1880

Year in which pathogen Year in which US
was linked to disease vaccine was licensed
T E=3
<
@ o
- =
Poor vaccine New vaccine
developed ** ¥ development started
o o
- E*3
< k=3

1900 1920 1940 1960 1980 2000 2020



Coronavirus variants:
What are they and how do they happen?

@ High numbers of cases increase risk of mutations
The more a virus spreads, the more chance it has to mutate.
Thousands of small changes have been seen in coronavirus so
far - most with little impact.

(55 orme murtations tond 1o mow variomte What about

Ewvery so often, a virus changes in a way that helps it survive and
reproduce. These successful variants can become the dominant

type.

variants?

As the virus spreads, tiny changes or
mutations occur

@ Three key variants are spreading more easily

Multiple coronavirus variants are
circulating globally.

Experts are concermed about three

with changes to the virus’'s spike protein,
the part that helps it enter human cells.

The genetic code for each of these variants is slightly

different.
* MNSOTY

UK “Kent” variant B.1.1.7
‘L MNSO01 Y¢ EAa84K
South Africa variant B.1.351
* NS0T Y¢ EA484K

Brazil variant P.1

N501Y mutation seen in UK, South Africa and Brazil variants
may help the virus spread more easily.

E484K mutation seen in South Africa, Brazil and some UK
wvariants may affect the antibody response.

@ WVaccines adapted to tackle variants

More variants will continue to emerge, but wvaccines can be
tweaked to better match them if needed.

L




Time to first documented failure In
humans due to resistance ( “X")

e Proguanil
-

18-py e

—_—

Antimalarials ot -
» Atovaquone

 Chlorproguanil-dapsone

e’ Peniicillin G

Streptomycin
Chloramphenicol
— Teiracycline
( Erythromycin

« Methiclllin

Antibiotics — Gentamich —

— Ceftazidime

x Levofloxacin
a— |_inezolid
« Daptomycin
= Coftaroline

POX
Diphtheria
Tetanus

................................................................. Influenza
Polio

Vaccines —

— HOpatitis B virus

Haemophilus influenzae type b
Varicella-zoster virus

Hep Avirus

Rotavirus

Human papillomavirus

1920 1940 1960 1980 2000 2016

Year
David A. Kennedy, and Andrew F. Read PNAS 2018;115:51:12878-12886

Different classes of antibiotic drugs = different colors.

Viral vaccines =purple

bacterial vaccines = green

= small pox eradication (no more chance to evolve resistance)

Dotted = Influenza routinely changed to try to match circulating virus strains



Three key features of most vaccines
prevent resistance evolving

All documented cases of vaccine resistance = at least one of the following missing:

Vaccine induces an immune response that protects hosts by targeting multiple non-
overlapping virus epitopes (= parts of an antigen that are recognized by the immune
system, i.e., by antibodies, B cells, or T cells) simultaneously, thereby generating
redundant and evolutionarily-robust protection

— Resistance likely requires multiple mutations, not just one, on the same genetic background

— Redundant immune protection delays the evolution of vaccine resistance, a bit like combination drug
therapies delaying the evolution of antibiotic resistance, or combination antimalarial drugs that delay
antimalarial resistance

— Resistance evolves quickly against SARS-CoV-2 monoclonal neutralizing antibodies relative to
combinations of antibodies

— (yet to be demonstrated?) for SARS-CoV2 diverse T-cell responses can similarly delay resistance
evolution
Vaccine suppresses pathogen growth within hosts and stops transmission from vaccine-
protected hosts
— little pathogen diversity generated during pathogen growth within vaccinated hosts, and effects of
selection on any resistance mutations are minimal
Vaccine-induced immune response protects against all circulating serotypes of the target
pathogen

— new virus variants would need to be generated before resistance could be a problem, since vaccine
resistance does not pre-exist

Combined together, these three features would make the probability of resistance
emergence vanishingly small. There lack makes it much more probable.



Other things to keep in mind

Antimicrobial drugs can be tailored to individual patients at time of
treatment (if good diagnostics)

But choice of a vaccine is done a long time before pathogen
exposure and can’t be adapted

As soon as vaccine resistance emerges, all vaccinated individuals
could be unprotected

Widespread resistance might render entire vaccination campaigns
retroactively ineffective

Because pre-existing antibodies frequently interfere with vaccine
efficacy, we cannot assume a new vaccine would restore protection

Large fraction of COVID-19 candidate vaccines target the spike
protein of the virus or the receptor binding domain of the spike
protein, such that evolution of vaccine resistance against one
vaccine could simultaneously undermine others (= ‘collateral’ or
‘cross’ resistance in the language of antimicrobial drug resistance)



Breakout group discussion

What are the likely future pathways for resistance?

How might vaccine deployment strategies be used to
prevent resistance?

(Remember that many cases of resistant COVID-19
evolved from very sick patients fighting the virus over a
long stretch of time... i.e., within-host evolution)

What about tweaking vaccines? What are the logistics
of that? Is it now worthwhile?

Are new variants bound to be less virulent (c.f. recent
Jan/Feb NERVTAG analysis)?

As countries come off lockdown, what are the risks and
how should they be mitigated?



Did anyone spot the trial issue?

Quantifying redundancy of immune protection
generated by vaccination is key for determining
the likelihood of resistance evolution

So, all vaccines should be assessed as early as
possible for the likelihood they will drive
resistance evolution

This assessment can be in a controlled manner
during clinical trials, and not waiting for
promising efficacy results to evaporate after
vaccine is licensed

Is this being done...?



Number of doses purchased to date for each COVID-19 vaccine candidate

Doses committed (in millions)
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What vaccines have sold well?
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Moderna
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e

Pfi zer/BioMT

Sinopharm/Beijing

Sinovac

Income level

W covax

M High income

- Low income

B Lower middle income

- Upper middle income

This shows the number of publicly reported
confirmed orders {in millions) for each
vaccine developer, broken down by current
trial phase and by recipients” income lewvel.
Vaccines that have received emergency or
standard regulatory approwval in at least one
country are listed as "Approved,” even
thaough clinical trials may still be ongoing.
Sources are media outlets, government
publications, and pharmaceutical company

press releases. Mot all countries or
manufacturers are reporting vaccina
agreasments publicly; as a result, this graph
likely significantly underestimates the total
number of agreements.

These and later slides from” https://www.knowledgeportalia.org/covid19-vaccine-

arrangements



A year ago... 16 vaccine candidates with
sales...but...
* 27 in late-stage (Phase 2 or 3) development or
post-registration
e Publicly-reported purchase agreements for 16

e AstraZeneca publicly committed to supply the
greatest number of doses — at approximately 3
billion doses

* Pfizer/BioNTech about 1.5 billion



Who has bought COVID-19 vaccines?

Map of Bilateral COVID-19 Vaccine Purchases

@ 2021 Mapbox & OpenStreetMap

Finalized Commitmentl

Population coverad

0.002 [ < o:1

hows the propartion of a given

pulaticn that would be covered

terally purchased vaccines weare
to be approved for use and delivered.
Regiconal supply agreements arranged by
the European Union and African Union,
and by COVAX are excluded here. The map
can be filtered to show enly purchases
that hawve been finalized, or those that
still undergoing negotations, have an
unclear status, or have bean terminatad.
Sources are media ocutlets , government
publications, and pharmaceutical

company prass releases.



Locations where each vaccine is
being used

Where each vaccine is being used
Oxford-AstraZeneca Pfizer- oNTech Sinopharm-Beijing
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Booster shots

Bl Booster Fully vaccinated W At least one dose

20 &0 &0 80

| I H i

Chad

Migeria

Lameroon

K.enya

II
Israel
Chile _

As of early September 2021, Turkey, Israel, and Chile had given
more booster doses than all doses that had been given in half a
dozen African countries put together including Nigeria, Ethiopia and
the DRC which collectively make up 6% of the world’s population



Some countries have rather a lot

Percentage of recipients’ population covered by vaccine purchase arrangements
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descending GMI/capita (using Warld Bank and, for

Taiwan, Taiwanese government data). The European and . .
' =29 - urop Vaccine Candidate

B Arcturus/Duke MUS

AstraZeneca/Oxford

African Unions are each treated as it all participating
countries were ane economy. Sources are media outlets
government publications, and pharmaceutical prass
releases. . Curevac

[ | Gamaleya

. Johnson & Johnson
Medicago/GSK

. Moderna

. Movawvax

B Ffizer/BioMTech
Sanofi/GSK

[ | Sinopharmy/Beijing

. Sinowvac

. University of Queensl..

Valnewva

i
rac! [N

New Zealand |

United Kingdom

taly

South Korea -

@
=
[

m
E
m
=
m
a

Kuwait I
Taiwan I

Saudi Arabia |

—
=
m
=

-

Canada
Japan

e
m
3
L=
o |
P
-

Population covered
[ %]
switzerland [N
Australia
Germany [
Hungary

Hong kong |

nited State
Singapore

United Arab Emirate
European Union



1.0

0.8

0.6

Population covered

0.4

m
]
3
)
a
C
L]
=

CostaRica

m

‘i
=
f
m

=

m m
= =
=
E 5
o
o
L
E=%

Kazakhstan [}

Others less so

Percentage of recipients’ population covered by vaccine purchase arrangements
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Population coverad

Others little (or none...not on diagram)

Percentage of recipients’ population covered by vaccine purchase arrangements
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Vaccine doses by manufacturer, EU

COVID-19 vaccine doses administered by manufacturer, European Union

All doses, including boosters, are counted individually.

800 million
600 million _ _
—— Pfizer/BioNTech
400 million
Moderna
—— Oxford/AstraZeneca
— Johnson&Johnson
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Source: Official data collated by Our World in Data OurWorldIinData.org/covid-vaccinations « CC BY



Total COVID-19 doses per capita

Total COVID-19 vaccine doses administered per 100 people

All doses, including boosters, are counted individually.
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Source: Official data collated by Our World in Data — Last updated 22 February 2023 OurWorldInData.org/coronavirus « CC BY



Number who received at least one dose

Total number of people who received at least one dose of COVID-19
vaccine
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Share of those who received at least one dose

Share of people who received at least one dose of COVID-19 vaccine

Total number of people who received at least one vaccine dose, divided by the total population of the country.
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Percent received at least one dose of
COVID-19 VaCCine, as of 2 January 2022
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Daily vaccine doses

Daily COVID-19 vaccine doses administered, Feb 21, 2023

7-day rolling average. All doses, including boosters, are counted individually.
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Source: Official data collated by Our World in Data — Last updated 22 February 2023 OurWorldInData.org/coronavirus « CC BY



COVID-19 death rate by vaccine status

Chile: COVID-19 weekly death rate by vaccination status, All ages

Death rates are calculated as the number of deaths in each group, divided by the total number of people in this
group. This is given per 100,000 people.
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Source: Department of Epidemiology, Ministry of Health, via Ministry of Science GitHub repository =~ OurWorldIinData.org/coronavirus « CC BY
Note: The mortality rate for the 'All ages' group is age-standardized to account for the different vaccination rates of older and younger people.



But....

Not all agreements publicly reported in a timely fashion

Those reported, often lack basic information (total number
of vaccines, prices, never mind timelines for delivery,
liability arrangements, flexibility to re-sell)

Lack of transparency makes it hard to model and track
global access to COVID-19 vaccines

Increases information asymmetry between sellers and
buyers, and makes it difficult to assess the situation.
Fairness of prices per does of AstraZeneca vaccine

— Uganda 7 USD

— South Africa 5.25 USD

— EU 3.5 USD



Nature of contracts

Most contracts are between vaccine developers and governments or
intergovernmental organizations (i.e., African Union, European Union, and
the COVAX facility).

But many other more complicated arrangements,

— e.g., a purchase agreement between a vaccine developer and government
that includes an agreement to manufacture and/or distribute the vaccine via a
local company

— a private entity purchase vaccine doses from a vaccine developer to sell on the
private market in a given country

Great disparities in vaccine access

Wealthy countries began making advance purchase agreements in the
second and third quarter of 2020, well before any data available on which,
if any, of the vaccines would prove to be safe and effective.

32 countries — Canada, the United Kingdom, Australia, Chile, New Zealand,
and the 27 EU Member States, have publicly announced agreements that,
if all vaccine candidates were to be approved by regulatory bodies, would

provide enough doses to cover their entire populations at least twice over.

Most of the countries announced agreements publicly secured enough
doses to cover < 50% of their populations.



Vaccine purchases

Table of Vaccine Purchases

Buver/recipient

Vaccine Candidate

Total Price (in USD million)

COovVAX

AstraZeneca/Oxford

Mot Available
&00

Johnson & Johnson

Mot Availabla

MNovavax Mot Available
Pfizer/BioNTech Mot Available
SanofifGSK Mot Available

European Union AstraZeneca/Oxford 1060
Curevac 27675
Johnson & Johnson 1700
Moderna 8280
Pfizer/BioNTech 9450
SanofifGS5K 2790

United States AstraZeneca/Oxford 1200
Johnson & Johnson 1000
Moderna 4500
Mowvawvax 1600
Pfizer/BioNTech 5972.48
SanofifGSk 1050

African Union AstraZeneca/Oxford Mot Available
Gamaleya Mot Available
Johnson & Johnsan 1200
Pfizer/BioNTech 3375

Brazil AstraZeneca/Oxford Mot Available

94265

Bharat Biotech 286

Gamaleya Mot Available
Sinowvac Mot Available
195.65
United Kingdom AstraZeneca/Oxford Mot Available
Curevac Mot Available

ial PN

A T

Finalized Commitmentl
Yo

Doses committed (in millions)

This table shows the number of
vaccine doses committed (in millions)
for each state and multilateral
organization. Data can be filtered
based on whether the commitment
has been finalized. Scurces are media
outlets, government publications,
and pharmaceutical company press
releases.



Vaccine purchases

Table of Vaccine Purchases

Buyer/recipient Vaccine Candidate Total Price (in USD million)
Erazil Eharat Eiotech it =1
Gamaleya Mot Available
Sinowvac Mot Available
195.65
United Kingdom AstraZeneca/Oxford Mot Available
Curevac Mot Available

Johnson & Johnson

Mot Available

Moderna Mot Available
Movawvax Mot Available
Pfizer/BioMTech Mot Available
Sanofi/GSK Mot Available
Valneva 858
Indonesia AstraZeneca/Oxford S00
CanSino Biologics Mot Available
Movawvax Mot Available
Sinopharm/Beijing Mot Available
Sinovac Mot Available
Canada AstraZeneca/Oxford Mot Available

Johnson & Johnson

Mot Available

Medicago/GSK

Mot Available

Moderna

Mot Available

Movawvax

Mot Availabla

Pfizer/BioNTech

Mot Available

SanofifGSK

Mot Available

Japan AstraZeneca/Oxford

Mot Availabla

Moderna

Mot Available

Pfizer/BioNTech

Mot Available

Mexico AstraZeneca/Oxford

Mot Availabla

CanSino Biologics

Mot Available

Pfizer/BioNTech

Mot Available

Philippines Astrafeneca’Qxford

Mot Available

Finalized Commitmentl
Yas

Doses committed (in millions)
4]

1,100

This table shows the number of
vaccine doses cormnmitted (in millions)
for each state and multilateral
organization. Data can be filtered
based on whether the commitment
has been finalized. Sources are madia
outlets, government publications,
and pharmaceutical company press
releases.



COVID-19 vaccine purchases by trial phase as
proportion of purchaser population, February 2021

Some

Income level

High income

Trial Phasel

. Approved
Phase 3

B Fhase 23

Buyer/recipient
Canada

United Kingdom
Australia
curopean Union
Mew Zealand
United States
Switzerland
srael

Japan
Hungary
Hong kong

South Koraa

. Phaze 2
B Fhase 1/2
. Terminated

purchased

in advance

well before
licensed

]
P
K]

3 4 5

Population covered

Sources are media cutlets and government and pharmaceutical press releases. Agreements that have not

been finalized or cannot be confirmed, or that lack information on number of doses committed are not

ncluded here. Doses that individual countries will secure as part of participation in regional arrangemern..



COVID-19 vaccine purchases by trial phase as
proportion of purchaser population, February 2021

Most could

o s i not

T e advance

purchase
before

licensed

Azrerbaijan

Brazi

Chinza

Colombia

Costa Rica
Cominican Republic
Ecuador

ndonesia

rag

Jordan

=
=

2 3 4

Population covered

Trial Phasel

. Approved Fhase 2
Phase 3 B rhase 12

. Phase 2/3 . Terminated

Sources are media outlets and government and pharmaceutical press releases. Agreements that have not
yeen finalized or cannot be confirmed, or that lack information on number of doses committad are not

ncluded here. Doses that individual countries will secure as part of participation in regional arrangemen..



COVID-19 vaccine purchases by trial phase as
proportion of purchaser population, February 2021

Many

Income level Buyer/recipient
Upper middle . I ]
income Kazakhstan | h a d to
Lebanon I
Malaysia ] .
Mexico - Wa It
Morth Macedonia | |
Peru e ]
Serhia -
South Africa B -
Thailand | |
Turkey .
Venezuela |
0 1 2 3 ot 5
Population covered
Trial Phasel
B :pproved B Fhase 2
Phase 3 M rhase 1/2
. Phase 2/3 . Terminated

Sources are media outlets and government and pharmaceutical press releases. Agreements that have not
peen finalized or cannot be confirmed, or that lack information on number of doses committed are not
t

ncluded here. Doses that individual countries will secure as part of participation in regional arrangemen..



COVID-19 vaccine purchases by trial phase as
proportion of purchaser population, February 2021

Many
had to
wait

Income level Buyer/recipient
Lower middle Mepa
income Pakistan

Fhilippines
Senega
SriLarka
Tunisia
Ukraine

zbekistan

Vietnam

Zimbabwe

Low incomea GQuinea
Uganda
1 2 3 4 5
Population covered

Trial Phasel

. Approved . Phasze 2

Phase 3 B Fhase 1/2
. Phase 2/3 . Terminated

Sources are media outlets and government and pharmaceutical press releases. Agreements that have not
peen finalized or cannot be confirmed, or that lack information on number of doses committed are not

ncluded here. Doses that individual countries will secure as part of participation in regional arrangemern..



COVID-19 vaccine purchases by trial phase as
proportion of purchaser population, February 2021

Many

Income level Buyer/recipient -

Lower middle African Union .

income Bangladesh | h a d to
Bolivia |
Cambodia ot
Cote d'vaire Wa I
Egypt

El Salvador

Honduras I -
ndia
MWarocco - ||
Mepa -
Pakistan | L
0 1 2 3 4 5
Population covered
Trial Phasel
. Approved . Phase 2
Phase 3 W Fhase 12
B Fhaze 2/3 B Terminated

Sources are media outlets and governmeant and pharmaceutical press releases. Agreemeants that have not
been finalized or cannot be confirmed, or that lack information en number of doses committed are not

ncluded here. Doses that individual countries will secure as part of participation in regional arrangemen..



Vaccine donations...

Doses (in millions) of COVID-19 vaccines donated

Donor Country Vaccine Candidate Recipient Country

India AstraZenaca/Oxford Afghanistan 0.500 [ ]
Antigua and Barbuda 0.040
Bahrain 0.100
Bangladesh m—
Barbados 0.100
Bhutan 0.150
Cambodia 0100
Cominica 0.070
Dominican Republic 0.030
Maldives 0.100
Mauritius
Myanmar
Mepa
Micaragua

Sum of Doses Committed (in millions)

Sources are media outlets, governmeant publications, and pharmaceutical company press releases. Arrangements that
have been reported but are lacking information on number of doses supplied are excluded.



Vaccine donations...

Doses (in millions) of COVID-19 vaccines donated

Donor Country Vaccine Candidate Recipient Country
Dominica AstraZeneca/Oxford St Lucia 0.002
St Wincent and the Grenadi.. 0.005
Russia Gamaleya Palestine 0.010
Senegal Sinopharm/Beijing Gambia, The 0.010
Serbia Gamaleya Montenegro 0.002
Pfizer/BioMNTech Morth Macedonia 0.008
Barbados Astradeneca/Oxford Belize 0.001
Grenada 0.001
Guyana 0.002
St. Lucia 0.001
Surinamae 0.001
Trinidad and Tobago 0.002
Undisclosed Pfizer/BioMTech Albania 0.001
Albania Pfizer/BioNTech Kosovo

Sum of Doses Committed (in millions)

Sources are media outlets, government publications, and pharmaceutical company press releases. Arrangemeants that
have been reported but are lacking information on number of doses supplied are excluded.



Rise of bilateral donations

e Just recently, some countries have started to
donate (in some cases, to sell) vaccine doses to
other countries, either from their purchased
stocks or from domestically produced vaccines

* |n the absence of adequate supply for COVAX,
such donations may become an important way
for countries without bilateral agreements with
vaccine developers to obtain vaccines for their
populations



rican Vaccine Manufacturing
Centres

. Algeria
O Spetnik V/Saidal (15m)
@ Sinovac/Saical (15m)

- E
Morocco _.Egypt
© Sinopharm/Sothema (60m) Simovac/Vacsera (1bn)
Sputalk V/Galkenica ® Sputaik V/Maapharm (40m)
Unsigned Vaccine ® Sputaik V/BoGeneric
Patent Agreement/
Recipharm
...... .
: H
. H
@ Umsigned Vaccine {
Patent Agreement/ |
Fondation '
institut Pasteur . . H
swouscoom  Nigeria «-
Unsigned Vaccine
Patent Agreement/
Bovaccines
Nigeria Lid
Number of manufacturers:
- 1
B2 Unsigned vaccine
patent agreement 2
... South Africa
Manufacturing partner’s role: rhu-‘ m(/s N
spen Pharmacare (S00m
Unknown Plan to build COVID-19 .w'“./
vaccine facility Biovac institute (100m)
. Fill and finish In process of bullding
COVID-19 vaccine facility
@ Drug substance
manufacturing
SOURCE: Carnegie Africa Program's assessment of news reports and N CARNEGIE
announcements by the AU, governments, and financiers. ENDOWMENT FOR

4 INTERNATIONAL PEACE



Africa ideas...

Modular pandemic vaccine production system, so that once a microbial
threat is identified and sequenced, sites in affected regions can
manufacture vaccine with relative swiftness as part of a regional
containment response.

Avoid technology that relies on bioreactors?
Choose low-cost platforms like mRNA and protein and particle vaccines?

Integrate pathogen genomics into existing public health surveillance
systems in LMICs

Strengthen local base of scientific, technical, product-specific
manufacturing and quality control expertise

New technology transfer pathways. LMICs seeded by sharing vaccine-
specific knowledge and know-how through milestone-driven partnerships
with vaccine centres of excellence (e.g. Sienna-based GSK global vaccines
facility), early transfer at proof-of-concept and at later stages of clinical
development. C.f. South Africa-based Biovac.



Africa ideas...

* Incentives and funding to support vaccine production at
varying levels, such as land, tax incentives, infrastructure
provision, and monetary support as a private public
partnership. Of recent note: Cuba, Brazil, and India,

* Integrate pharmaceutical manufacturing development
into economic development planning

* “small country solutions” to overcome pressure large
nations face to first vaccinate the domestic population. E.g.,
a select, distributed network of small nations could be
formed to scale emergency vaccine quickly, supported by
a humanitarian licensing scheme similar to the UN-
supported Medicines Patent Pool (MPP).



Breakout group discussion

Can variants be stopped or are we just buying time?

What challenges will new variants have for all of the
above (supply, pandemic management, etc.)?

Should all vaccine contract information be public?
What would be the implications?

In highly-vaccinated populations, how do you test/trial
new vaccines?

What principles of global public health would you use
to design better contracts?

Are donations the answer?

What about IP and technology transfer and local
manufacturing, etc.?

How many vaccines do we need?



Some vaccine numbers...

One dose per person = (presuming they all agree to take it) = 7.8
billion doses,

Two dose per person = 16 billion
If booster = 23 billion

Typical wastage rate might add 10%-15% (guess-work though for
the programs we envisage)

If herd immunity can be achieved at 70%-80% coverage, lower
numbers of doses, perhaps 5.5-6 billion, 11-12 billion, and 16-19
billion respectively (and if there is some background protection and
if it can be measured in each settings, numbers might be lower still)

But international travel from countries without herd immunity may
mean countries want high coverage rates

Increasing transmissibility will mean higher levels of coverage to get
herd immunity

This just one one cycle of immunization



What about reaching the world? A
global response: COVAX

Allocation logic and algorithm to support Supply Biaiand
allocation of vaccines secured through the
) COVAX FaC|||ty _ Establish Establish
Explainer based on commonly asked questions .upp'y demand
15 February 2021 forecast constraints

Exhibit 1: 5 key steps of the Allocation Algorithm logic

Establish
demand
envelope

Consolidate Determine which Determine the min
supply information  participants can and max volumes
to create a receive which each participant
forecast for products can recelve
allocation

Supply Demand Optimisation

Key steps B) Establish ) Establish D)

supply demand LEENT
forecast constraints envelope

Keyinputs @ Forecast of Vx supply @ Participation @ Minimum shipment e}
from volumes agreements (model) sizes (for logistic /
COVAX @ Vx characteristics @ Opt-outs from optional cost reasons)
Partners (incl. price per dose) purchase participants ® Participation @
@ Dose donations ® Country readiness agreements (model,
assessment % coverage
® T&Cs status requested)
® Pro-rata share
- m%r;e Faguns. i (optional purchasers)
® Vx deal destination

Match supply
to demand
preferences

Product preferences
expressed by
participants
Products received /
exchanged in
previous rounds

Optimization

Match
supply to
demand
preferences

Establish

delivery
sequence

Find the optimal Define the

match between randomized order

supply and demand for participants to

across participants receive their
allocation in case
of competition for
capacity

Under discussion NOT EXHAUSTIVE

delivery
sequence

constraints Source: @ COVAX Facility ©~ WHO @ UNICEF SD/ PAHO RF

Exhibit 4: List of inputs into the Allocation logic and Algorithm



COVAX numbers

The COVAX Facility has 190 confirmed and ooV
eligible participants

* 92 economies eligible

« 86 Vaccine Request
applications received

* US$ 2.4 billion mobilised

Self Financing Participants (SFPs) [
+ 69 SFPs |
* 30 Committed purchase

* 39 Optional purchase

* Upfront payments of US$ 1.3 billion
and guarantees of US$ 1.1 billion

* +29 Team Europe

The designations employed and the presentation of these materials do not imply the
expression of any opinion whatsoever on the part of Gavi concerning the legal status of any

e As of February 3, 2021 COVAX was projecting coverage for 3.3% of the total population
of participating countries in the first half of 2021

* Many countries, primarily low- and lower-middle income, relying entirely or largely on
their participation in COVAX to secure access to vaccines




COVAX...

Objectives Constraints

What solutions are
feasible?

What are the goals for
optimization?

*Maximum and minimum
demand per participant

*Minimize population
coverage inequality across

participants *Optional participants must
*Maximize participant receive their pro-rata share

preference for products over the course of a deal
*Minimize unique products *Participants can only be

allocated to participants assigned acceptable products

*All supply mustbe allocated

*Vaccine supply forecast for
round

*Minimum shipmentsize per
product

*Batch/shipping pallet size
per product

*Allocation capped at 20%

*All participants mustbe
allocated something

eUnique products limit

Variables

What values change to
find solutions?

*Number of batches/shipping
pallets of assigned productto
a participant

*Product assignmentto a
participant

*Achievable equity line

Exhibit 5: Objectives, Constraints, and Decision Variables used by the Allocation Algorithm
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COVAX...

lzlgg{\X FACILITY GLOBAL SUPPLY FORECAST

COVAX Available Supply, Cumulative, Mn doses, 2021*

PRELIMINARY AND SUBJECT TO ASSUMPTIONS
As per 2021-01-20

1948

. Secured volumes from signed agreements®

. Volumes under active negotiation

870

Further

volumes
Correspending to supply 840 to become
availability, regulatory avaiable n

approvals may cause 2022, subject
delays to delveries to funding
325 avalability
235 325
145 235
¢ 145
=] .

Jan Feb Mar Apr May Jun Jul Early
2022

' Supply refers to volumes of vaccine avallabe from the manufacturer. Timing of forecasts is based on anticpated reease of doses from
manufacturers. Volumes for expected singe-dose regimen vaccine canddates doubled to ensure comparabiity across vaccine canddates,
Vioumes have been rounded to the nearest SM (except for those smaler than 5M;, and so totals may not equal sum of segments.

Signed agreements incude legaly-binding agreements, memoranda of understanding, and statements of intent.

CAVEATS

Contracts: Some of the supply
included in the projections are linked to
deals that are already concluded and
some are currently being negotiated.
Terms are subject to change.

Candidate attrition: Some candidates
are stil in clinical development, If they
do not achieve positive clinical trial
outcomes (safety and efficacy) and
neguiatory approval, these volumes
wil not be procured by COVAX.

Regulatory approval: Supply timing
wil depend on regulatory success
and timelines, including reviews of
individual batches ("batch release”).

Manufacturing: In many cases,
manufacturing is yet to reach full scale.
Manufacturing productivity wil be
influenced by multiple factors, which will in
tum influence volume and timing of supply.

Delivery: Timing of defivery will depend
on various factors, including local
regulatory approval, country readiness,
logistics, indemnification and liability in
place, in-country distribution etc.
Funding availability: Total potential suppiy
is shown; procurement of these doses
will depend on COVAX AMC fundraising,
AMCE2 cost-~sharing beyond donor-
funded doses, and the final prices and
volumes of doses allocated to AMCS2.

Allocation: These supply forecasts
reflect a preliminary distribution of
doses based on each participant’s share
of available supply pro rata by demand
and are to be treated as indicative. Final
timing and volumes will be determined
by the WHO Allocation Mechanism.



COVAX...
COVAX FACILITY GLOBAL SUPPLY FORECAST

PRELIMINARY AND SUBJECT TO ASSUMPTIONS
s per 2021-01-20

CAVEATS

BY AMC-ELIGIBLE AND SFP

COVAX Available Supply, Cumulative, Mn doses, 2021!

B ~ve
B s

ara

240
Corresponding to supply
availability, regulatory
approvals may cause
delays to deliveries

840
175 830
485
azs
235 90
40 145  BS 235
| 170
105 l
||
Mar Apr n

Jan Feb May Ju Jul Aug Sep Dec
100%  100%  100%  100% 75% T4% 73% 72% 72% 72% 72%

% Secured volumes from signed agreements®

! SBupply refers to volumes of vaccine avalabis from the manufacturer. Timing of forecasts s based on anticipated release of doses from
manufacturers. Violumes for expected single-dose regimen vaccine canddates doubled to ensure comparabiity across vaccine candidates,
Violumes have been rounded to the nearest S\ jexcept for those smaller than SM), and so totals may not equal sum of segments.

¥ Signed agreements include legaly-binding agreements, memoranda of understanding, and statements of intent.

2022, subject

avalability

Early
2022

Contracts: Some of the supply
included in the projections are linked to
deals that are already concluded and
some are currently being negotiated.
Terms are subject to change.

Candidate attrition: Some candidates
are stillin clinical developmant. If thay
do not achieve positive clinical trial
outcomes (safety and efficacy) and
regulatory approval, these volumes

will not be procured by COVAX,

Regulatory approvak Supply timing
wil depend on regulatory success
and timelines, including reviews of
individual batches ("batch release”.

Manufacturing: In many cases,
manufacturing is yet to reach full scale.
Manufacturing productivity wil be
influenced by multiple factors, which wil in
turn influence volume and timing of supply.

Delivery: Timing of delivery wil depend
on various factors, including local
regulatory approval, country readiness,
logistics, indemnification and liability in
place, in-country distribution etc.

Funding availability: Total potential supply
is shown; procurement of these doses
wil depend on COVAX AMC fundraising,
AMCE2 cost-sharing beyond donor-
funded doses, and the final prices and
volumes of doses allocated to AMCAZ.

Allocation: These supply forecasts
reflect a preliminary distribution of
doses based on each participant’s share
of available supply pro rata by demand
and are to be treated as indicative. Final
timing and volumes will be determined
by the WHO Allocation Mechanism.



COVAX...

COVAX FACILITY GLOBAL SUPPLY FORECAST
BY REGION

COVAX Available Supply, Cumulative, Mn doses, 2021*

. AFRO PAHD 1820

B cevroO B serro
B curo B wero 1205
1080 I
Caorresponding to supply 840

availability, regulatory I

approvals may cause
delays to deliveries

325

PRELIMINARY AND SUBJECT T0 ASSUMPTIONS
As pae 2021-01-20

870
Jul Sep Oct
4

235
145 . .
. —
= = BN l
Jan Feb Mar Apr May Jun Aug Nov Dec Early
100% 100% 100%  100% 7586 74% 73% 72% 72% 72% 72% 2022

% Secured volumes from signed agreements®

* Supply refers to volumes of vaccine evalable fram the manufacturer. Timing of forecasts is based on anticipated refesse of doses from
manufacturers. Vislumes for expected single-dose regimen vaccine candidates doubled to ensure comparabiity across vaccine candidates,
iolumes have been rounded to the nearest S fexcept for those smaller than SM).

# Bigned agreements include legaly-binding agreements, memoranda of understanding, and statements of inbent.

CAVEATS

Contracts: Some of the supply
included in the projections are linked to
deals that are already concluded and
some are currently being negotiatad,
Terms are subject to change.

Candidate attrition: Some candidates
are stillin clinical development. If they
do not achieve positive clinical trial
outcomes (safety and efficacy and
regulatory approval, these volumes
will not be procured by COVAX,

Regulatory approvak Supply timing
will depend on regulatory success
and timelines, including reviews of
individual batches "batch release”).

Manufacturing: In many cases,
manufacturing is yet to reach full scale.
influenced by muitiple factors, which will in
turn influence volume and timing of supply.

Delivery: Timing of delivery will depand
on various factors, including local
reguiatory approval, country readiness,
logistics, indemnification and liability in
place, in-country distribution etc.
Funding availability: Total potential supply
i shown; procurement of these doses
will depend on COVAX AMC fundraising,
AMCSEE cost-sharing beyond donor-
funded doses, and the final prices and
volumes of doses allocated to AMCS2.

Allocation: These supply forecasts
reflect a preliminary distribution of
doses based on each participants share
of available supply pro rata by demand
and are to be treated as indicative. Final
timing and wolumes will be determined
by the WHO Allocation Mechanism.



COVAX...

COVAX FACILITY GLOBAL SUPPLY FORECAST
BY CANDIDATE

COVAX Available Supply, Cumulative, Mn doses, 2021
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COVAX...

AFRO SUPPLY FORECAST S
2021

COVAX Available Supply, Cumulative, Mn doses, 2021!
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25 Secured volumes from signed agreements?



COVAX...

PAHO SUPPLY FORECAST
2021

COVAX Available Supply, Cumulative, Mn doses, 2021+
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Breakout group discussion

How should those being given vaccines be
prioritized?

Should healthy young people in the UK be
allowed to donate their vaccine doses to those in
greater need in poorer countries?

Will herd immunity be reached and sustained?
Where and when?

What is the role of other non-vaccine
interventions?

How might behavioral change in the population
impact short- and long-run vaccine efficacy?



What about FS (falsified and
substandard) vaccines?

* Sincpharm
* Sinovac
* Wuhan Institute of Biological Products

* Moderna

* Moderna
* AstraZeneca * Sinopharm

* Migal, The Gallles Research Instituts
* University of Oxford

* Varo Cell, Beljing Institute of Biological Products Co. Ltd

Online

Figure 1. Countries with public reports on substandard or falsified COVID-19 vaccines.
Countries with reports are indicated in orange. If a public report mentions a product name or a company,
this detail is indicated on the map. Source of the information - see table 1



What about vaccine confidence?

Next figures taken from ....

Mapping global trends in vaccine confidence and
investigating barriers to vaccine uptake: a large-scale
retrospective temporal modelling study

Alexandre de Figueiredo®, Clarissa Simas*, Emilie Karafillakis, Pauline Paterson, Heidi | Larson
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Figure 1: Global trends in perceptions towards the safety of vaccines in November, 2015, and November, 2018
Figure shows model-based estimates of the percentage of respondents strongly agreeing that vaccines are safe (panels A, B), important for children to have (panels C D), and effective (panels £, F) in
November, 2015, and November, 2018. No data were available for countries in grey.
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Figure 3: Trends in the perceived safety of vaccines in the EU and the Philippines.

{A) Time series of estimated percentages of respondents in EU jes strorgly agresing, strongly disacresing, or neither strongly agresing nor strongly disagresing that vactines are safe. Lires are
means and shaded regions are 95% HPD intervals. Circles show the observed percentage of respondents Som raw data {appendix 2). Time series for 2l countries for all three confidence statements are
shawn in appendix 1 (pp 12-23). (B) Tirre series of survey resporses across ol three survey questions for the Philppines. (C) WHO-UNICEF national immunisation estimates for routine vactination
programmes in the Philippines against tuberculosis (BCG), diphtheria-pertussis-tetanus (DPTI), messies (MOVI), 2nd polio (Po3). HPDwhighest posterior density.
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Last breakout discussion

What are your own experiences and examples of
lack of vaccine confidence (countries and health
systems you worked in? personal experiences?)

How is confidence created? And lost?

Are scientists good at inspiring confidence?
Politicians? Other?

What is the role of social media?

How will SF vaccines complicate all of this? What
about vaccine ‘donations’?

How long will the pandemic last?

What about the fact that SARS-CoV-2 has become
endemic and we need to live with this reality?



Worth a read....

Appendix: Organisations and Speakers

The Vaccine Access meeting was co-chaired by Andrew Farlow and Paul Lotay, co-chairs of the Supply

4 )
OXFORD & Market Dynamics and Medicine Quality Working Group of the COVID-19 Clinical Research Coalition
N
¢
COVID-19 VACCI >
Prof Mojisola Adeyeye, Prof Paul Newton, Bright Simons, Prof Andy Hamidreza Setayesh,
ACCE ss NAFDAC, Director- IDDO and MORU, Mpedigree, CEO Pollard, COVAX, Senior
General Head Oxford Vaccine  Country Manager
Group, Director
vaccines, using
IS tools
Zabi Kamran, UNICEF, Deogratias Harriet Teare, Paul Lotay, CHMP, Dariington Akogo,
Immunization Specialist  Mzurikwao, RAND Europe, CEO, Co-chair of  minoHealth ‘Al
Viligro Africa, Al lead Research Labs, Founder and
the workshop Director
James Boister, Moz  Siddiqui, Py SO, i Laila Harras- Prof Anurag
Zenysis Gavi, Head of > <4 Pelletier, Covid-19 Agrawal,
Technologies, Strategic Mshad Vaed Clinical | Research Lancet-Financial
Manager Innovation  and e i Coalition,  Project Times Commission,
Partnerships Associate Co-chair
£ w
Folasade osho Saleem Sayani, Aga Andrew  Farlow,
NAFDAC, Assistant Khan Oxford in Berlin,
Chief Regulatory Health Resource Head of Global
Officer Centre, Director Health Initiatives,

https://covid19crc.org
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Thanks for joining....
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