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COVID-19 : « the perfect storm »

==) COVID-19 mortality by the end of 2022 :

« 25 million excess deaths worldwide (The Economist)
170,000 COVID-19 deaths in France (SpF, DREES, Inserm)

Post intensive care unit sequellae, long COVID

Mental health, children education

@ =) Lost output: 12,500 billion dollars (IMF) (2020-2024)
Global cost: 424 billion euros in France (2020-2022)




Increase in emerging infectious diseases incidence over time
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Which strategy worked best
for COVID-19 pandemic control ?



Strategies for epidemic control

Let Covid-19 spread without collective
control measures

Obijective: reach herd immunity through

hatural infections

Implement strict lockdown-like measures for
a prolonged time period

Obijective: virus suppression (on a national or

regional level)

Alternate between tightening and easing of
restrictive measures, based on hospital
saturation level

Objective: improved short-term acceptability

Anticipate epidemic upturns and apply early,
preventive “braking’” measures

Obijective: preserve health system, maintain

morbi-mortality at low level, limit restrictions
intensity and duration



Critical care beds occupied
per 100,000 of population
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—Surge critical care bed capacity
« We therefore conclude that epidemic
— Do nothing suppression is the only viable strategy at
—— the current time »
Case isolation
\ Case isolation and household
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(Ferguson et al., Imperial College Response Team, 16 March 2020)



And the unthinkable happened... 17 March 2020




Western Europe and the U.S.

Excess mortality: Cumulative number of deaths from all causes
compared to projection based on previous years, per million people bl

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



Stop and Go: the case of most Western Europe

Excess mortality: Cumulative number of deaths from all causes compared to
projection based on previous years, per million people el

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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Herd immunity policy: The case of Sweden

Excess mortality: Cumulative deaths from all causes compared to
projection based on previous years, per million people

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.
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Data source: Human Mortality Database (2023); World Mortality Dataset (2023); Karlinsky and Kobak (2021) - Learn more about this data
Note: The reported number of deaths might not count all deaths that occurred due to incomplete coverage and delays in reporting.
OurWorldInData.org/coronavirus | CC BY




Anticipate: The case of Denmark

Excess mortality: Cumulative number of deaths from all causes
compared to projection based on previous years, per million people —

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



Weekly hospital admissions for COVID-19 per million, Denmark, 2020-2022

Immunization

Mette Frederiksen
March 11, 2020
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Hospital admission levels reached by European countries in « crisis » times
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Data source: Official data collated by Our World in Data - Last updated 22 February 2024 - Learn more about
this data

OurWorldInData.org/coronavirus | CC BY




Trust In government

Source OECD Trust in government - 2019
Total percentage

> (Rho: -0.76
'r——u 8 1000 Lﬁ;pain -
£o Jaly ¢ ited Kingdom
g O 8001
" 8 o Belgium
A= weden
2° w0 Netherlands
$% Jrance Jreland
2 2 20 JPortugal Switzerland
ik MY,
. - L)

Trust in government : Eﬂ 200 4 : : : _eenmark
=1 20 30 40 50 60 70 80

Refers to the share of people who o Trust in gov 2019 Finlande

report having confidence in the
national government. The data shown
reflect the share of respondents
answering “yes” to the survey
guestion: “In this country, do you have
confidence in... national government?
The sample is ex ante designed to be

3

. . -
nationally representative of the Ukraine
population aged 15 and over.

Turquie
© 2023 Mapbox © OpenStreetMap JA"
Trust gov 2019
20,0% 90,0%

13



« Aggressive » contact tracing, isolation & quarantine + masking
South Korea and Japan

Daily new confirmed COVID-19 cases per million people Excess mortality: Cumulative number of deaths from all causes compared to
7-day rolling average. Due to limited testing, the number of confirmed cases is lower than the true number of infections. pl'()jCC[iOIl hascd on pI'CViOUS years, per million DCODIC inbata
The cumulative difference between the reported number of deaths since 1 January 2020 and the projected number of deaths for the same period

LOG BA 2 BA 5 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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Zero Covid policy: needs coupling with vaccination of elderly
Australia, New Zealand and Hong Kong

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.
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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.
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COVID-19 vaccine boosters administered per 100
people

Total number of vaccine booster doses administered, divided by the total population of the country. Booster
doses are doses administered beyond those prescribed by the original vaccination protocol.
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Share of people with a COVID-19 booster dose by age, Hong Kong

Share of the population in each age group that have received a booster dose against COVID-19.
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Note: In some territories, vaccination coverage may include non-residents (such as tourists and foreign workers) so per-capita metrics may excee
100%.



It is not health against the economy. It is health with the economy |
Excess mortality per million people versus GDP growth, Europe, 2020-1

GDP growth (%)
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(Source: Our World in Data & IMF)



What are the main threats and what should be
done to mitigate the risk of future pandemics?



How do viruses « emerge »?
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Bats and beta-coronaviruses:
SARS-CoV, MERS-CoV, SARS-CoV-

nature
Accelerated Article Preview

https://doi.org/10.1038/s41586-022-04532-4

Bat coronavirusesrelated to SARS-CoV-2and
infectious for human cells
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(Temmam, Nature, 2022)
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Influenza viruses

i
1918 “Spanish influenza” sy 1957 “Asian influenza” 41968 “Hong Kong inﬂuenza"# Next pandemic influenza
|

H1NL influenza virus

All 8 genetic segments
thought to have originated
from avian influenza virus

H2N2 influenza virus
HZN2 HIN1
avian virus human virus

3 new genetic segments from
avian influenza virus introduced
(HA, NA, PB1);
contained 5 RNA segments
from 1918

H3N2 influenza virus

HZN2

H3 avian virus human virus

2 new genetic segments from
avian influenza virus introduced

(HA, PB1);
contained 5 RNA segments
from 1918

Avian virus
or

Avian virus

H3N2
human virus

‘v

All 8 genes new or further
derivative of 1918 virus

(Belshe, NEJM, 2005)
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Economics for pandemic prevention

ITEM VALUES (2020 $)
Expenditures on preventive measures
Annual funding for monitoring wildlife trade (CITES+) $250-$750 M
Annual cost of programs to reduce spillovers $120-$340M
Annual cost of programs for early detection and control $217-$279M
Annual cost of programs to reduce spillover via livestock $476-$852 M
Annual cost of reducing deforestation by half $1.53-$9.59B
Annual cost of ending wild meat trade in China $1948B
TOTAL GROSS PREVENTION COSTS (C) $22.0-$31.2B
Ancillary benefit of prevention
Social cost of carbon $36.5/tonne
Annual CO, emissions reduced from 50% less deforestation 118 Mt
Ancillary benefits from reduction in CO, emissions $4.31B

TOTAL PREVENTION COSTS NET OF CARBON BENEFITS (C) $17.7-$26.9B

Damages from COVID-19
Lost GDP inworld from COVID-19 $56T
Value of a statistical life (V) adjusted for COVID-19 $5.34Mor $100M
mortality structure
Total COVID-19 world mortality (Q,) forecast 590,643
by 28 July 2020, 50th percentile with 95% error bounds [473,209,1,019,078]
Value of deaths in world from COVID-19=Q, x V
Lowest ($5.34 M x 2.5th percentile mortality forecast) $2.5 I
Mlddle ($1o M 50th percenme morta"ty forecast) $5 . T
H|ghest ($10 M 97 5th percentile mortality forecast) ----$10 2 T
TOTAL DISEASE DAMAGES (D):
Lowest ($5 34 M 2 5th percent|le mortallty forecast) $8 1T
."M|dd|e ($10 M 50th percent"e mortanty forecast) $11 5T
...nghest ($10 M 97 5th i forecast) ..,..............,.315.8T

(Dobson, Science, 2020)



Wolbachia-infected mosquitoes

Produce viable non-
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Efficacy of Wolbachia-Infected Mosquito Deployments
2017-2020

for the Control of Dengue, Indonesia,
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How may climate and environmental change
affect future pandemics emergence ?



Climatic hazards and transmission pathways for diseases
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(Mora et al, Nature Climate Change, 2022)



Projected number of novel viral sharing among mammal
species in 2070 (no dispersal limits) - (SSP 1- RCP 2.6)
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Change in climate and land use = >15,000 viral sharing events among mammals

in high elevation and species-rich ecosystems
(Carlson, Nature, 2022)



Projected number of novel viral sharing among mammal
species in 2070 (with dispersal limits) - (SSP 1-RCP 2.6)

| sharing events

ira

V

Bats will account for 90% of new encounters after constraining dispersal

(Carlson, Nature, 2022)



Range expansions of Zaire ebolavirus (ZEBOV) hosts - (SSP 1-RCP 2.6)
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13 possible hosts of ZEBOV and future first encounters = ~ 100 new viral sharing (Carlson, Nature, 2022)



Hendra virus transmission — Forest clearing - Australia

Distribution of Pteropus alecto roosts during winter
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Mapping future temperature suitability for transmission
scenarios for Aedes aegypti and Ae. albopictus — RCP 2.6

Months Ae. aegypti

Yellow fever, dengue, Zika, Chikungunya (Ryan, PLoS NTD, 2019)



El Nifio / Southern Oscillation (ENSO) and cholera peaks in Bangladesh

El Nifo Cholera data (black line) and predicted (red line) based on ENSO with 11 months lag time
6 months
8.0r
Warming in N
Northern = @0
Bangladesh o
©
&)
J 4-6 months g 40
2
Higher water O
temperatures X 20
in the South
J 0.0
Cholera rises Time (month)

(Pascual, Science, 2000)



What about the unknown threats ?



Places and timing of emergences cannot be predicted yet

Monkeypox 2022
COVID 2019
« Mexican » flu oo
A(H1N1) 2009 i’?{[‘q effort)
0.7
== 0.6
| - 0.5
B 04
. SARS 2003
Zika 2013
MERS 2012
Ebola 2014 Plague 2017 Chikungunya 2005

(Adapted from Allen, Nature Comm, 2017)



A framework for getting ahead of future pandemics

Animal virus discovery ; Experimental risk assessment | Identification of humans E Public health intervention
+ Test candidate viruses for . infected with animal viruses : When human infections are

zoonotic properties. ' Develop region-specific ' detected, implement public

' diagnostic panels. \ health measures. P 4

: E da A\DANGER

: | :
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ERaan
-
-
-
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Can the animal virus Can the animal virus Can the animal virus bypass Are humans
enter human cells? multiply in human cells? human innate immunity? immunologically naive?
structural analysis viral isolation little known beyond Ab and T-cell response
in silico docking analysis reverse genetics IFN response

« pseudotype » entry assay  human organoids

(Warren & Sawyer, Science, 2023)



Real-time genomic investigation of Disease X
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Detection °  Transmission Spread
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(Grubaugh, Nature Microbiol, 2019)



Pre-positioning of vaccines for human experimentation
Coalition for Epidemic Preparedness Innovations (CEPI)

CEPI role as a facilitator

Public-private partnership

Vaccines development up to phase 2/3:
- Chikungunya

- Coronavirus (MERS, COVID-19)

- Filovirus (Ebola)

- Rift Valley fever

Academia Industry Industry GAVI Countries
_ L assa Governments Governments BARDA UNICEF WHO
Wellcome Trust Regulators CMOs PAHO UNICEF
_ N | p a h NIH Wellcome Trust Regulators Governments Responding
IMI NIH Governments WHO Organisations (eg,
GLOPID-R EC WHO Industry MSF)
Industry IMI GHIF Pandemic Emergency
H : : Regulators BMGF Facility (World Bank)
VaCCI ne platforms aga I nSt Dlsease X Biogtech BARDA/DTRA etc. WHO Elyontingency
WHO Fund
Biotech
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COVID-19 vaccine — All this would not have been possible
without years of basic research on mRNA and coronaviruses

NATURE May 13, 1961 vo. 150

AN UNSTABLE INTERMEDIATE CARRYING INFORMATION FROM
GENES TO RIBOSOMES FOR PROTEIN SYNTHESIS

By Dr. S. BRENNER
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Medical Research Council for Molecular Biology, Cavendish Laboratory,
University of Cambridge

DR. F, JACOB
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AND
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UNSTABLE RIBONUCLEIC ACID REVEALED BY PULSE LABELLING
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By Drs. FRANCOIS GROS and H. HIATT
The Institut Pasteur, Paris

Dr. WALTER GILBERT
Departments of Pl hysics, Harvard Universit y

Dr, C5G. KURLAND, R. W. RISEBROUGH and Dr. l. D, WATSON
The Biological Laboratories, Harvard University

MRNA discovery 1961

10 January 2020

11 January 2020

Kizzmeki&

15 January 2020

16 March 2020

[\ e
\
I

S THE | /2

T oVACCINE -~ §
REV&%Q:NI'IO}V 5 29 May 2020
‘ RACIN(%OA/ ‘7—/ 4 ;'

& Ozlem Tureci,/’ j A
7 F e R

Release of the SARS-CoV-2 genome

2P mutations in S protein residues 986-987
—> prefusion-stabilized SARS-CoV 2 S(2P)
protein for structural analysis in silico

Production of mRNA in lipid nanoparticles
encoding SARS-CoV-2 S(2P) (mRNA-1273)

In-human phase 1 clinical trial

In-human phase 2 clinical trial

(Corbett, Nature, 2020)
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Flattening the curve and reach herd immunity ?

Timing and width of peak uncertain due to:
« Stochasticity in early dynamics

« Heterogeneities in contact patterns

« Spatial variation

« Uncertainty in key epidemiological parameters

Social distancing flattens curve

Cases being reported

Risk of resurgence
following lifting of
Epidemic growth, Interventions
doubling time

4-7 days

| T | | | I | | I I | [
0 1 2 3 4 5 6 7 8 9 10 11 12

Months since transmission established

(Anderson, The Lancet, 6 March 2020)
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Hospital admissions
per 100,000 inhabitants

Hospital admissions Hospital admissions
per 100,000 inhabitants

Hospital admissions
per 100,000 inhabitants

per 100,000 inhabitants
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How did the lockdown work in France?
COVID-19 hospital admission data by regions, March-April 2020
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(Cauchemez et al, The Lancet)



Transportation of patients in critical condition

* By train, helicopter, plane

* Unique in the world




COVID-19 1st epidemic wave, France, 2020

Proportion infected - May 11th (%)

Proportion

I i 5.3% of the population infected

10
5
0

(Salje et al., 2020, Science)



Effective reproduction number R,

Targetis « 1 »

T

Ri= Ry * (1- % immunized) * (1- % contact reduction)

\ J | }

Proportion « immunologically » Proportion « socially »
susceptible susceptible

(Under simplifying assumptions)
(Fontanet & Cauchemez, Nat Rev Immunol, 2020)



Control measures intensity & reduction in mobility
Retail and recreation : How did the number of visitors changed relative to the Jan 3 - Feb 6 2020 period ?

-20% Italy

Italy
Feb 17,2020 Feb 24,2021 Sep 12,2021 Oct 15,2022
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0% "\\
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(Source: Google COVID-19 Community Mobility Trends / OurWorldInData.org/coronavirus)



The impact of vaccines
Excess mortality per million people, Europe, Jan 2020-Jun 2022

Western Europe

Excess mortality: Cumulative number of deaths from all causes Gk
compared to projection based on previous years, per million people et
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.

@ Add country
Pre-vaccine Vaccine
8,000 era era Italy
Portugal
Spain
6,000 l United Kingdom
Belgium
Netherlands
4,000 Switzerland
France
| Germany
2,000 il _———— — Sweden
_’///,/ =z = = — — —r Ireland
L /= Norwa
Wy ————— e Y
0 £ e —_— : ‘ Denmark
Jan 26,2020 Feb 24,2021 Sep 12,2021 Jun 30, 2022

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.

Eastern Europe

Excess mortality: Cumulative number of deaths from all causes
compared to projection based on previous years, per million people s
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.

© Add country

Bulgaria

Pre-vaccine Vaccine

8,000 era

— Serbia
Lithuania
— Bosnia and Herzegovina
— Croatia
Slovakia
r Latvia
—— Ukraine
Poland
— Czechia
— Hungary
Estonia
Slovenia

6,000

4,000

2,000

—

Jan 26,2020 Feb 24,2021 Sep 12,2021 Jun 30,2022

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.



The impact of vaccines
COVID-19 vaccine boosters administered per 100 people, Europe, 2021-2022

Western Europe

COVID-19 vaccine boosters administered per 100 Our World
people in Data

Total number of vaccine booster doses administered, divided by the total population of the country.
Booster doses are doses administered beyond those prescribed by the original vaccination protocol.

LOG @ Add country

L ltaly
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60 - Portggal
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W Ireland
Denmark
50 United Kingdom
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Netherlands
30 Switzerland
20
10
O I I 1
Aug 1,2021 Dec 21,2021 Jul 2,2022

Source: Official data collated by Our World in Data - Last updated 18 February 2023
OurWorldInData.org/coronavirus ¢« CC BY

Eastern Europe (ref Italy)

COVID-19 vaccine boosters administered per 100 Our World
pCOplC in Data

Total number of vaccine booster doses administered, divided by the total population of the country.
Booster doses are doses administered beyond those prescribed by the original vaccination protocol.

LOG 0 Add country
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—— Ukraine
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Source: Official data collated by Our World in Data - Last updated 18 February 2023
OurWorldInData.org/coronavirus ¢ CC BY



The impact of vaccines
French overseas department, 2020-2023

Vaccine coverage Martinique

200K
51% of adults
150K
100K
50K
0
12/20 05/21 09/21 01/22 06/22 10/22

@ Nombre de personnes ayant recu au moins une dose

@ Nombre de personnes complétement vaccinées

Vaccine coverage - Guadeloupe

200K
50% of adults
150K
100K
50K
0
12/20 05/21 09/21 01/22 06/22 10/22

@ Nombre de personnes ayant recu au moins une dose

@ Nombre de personnes complétement vaccinées

Excess mortality: Cumulative number of deaths from all causes compared to
projection based on previous years, per million people e
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.

@ Add country
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France
1,500

1,000
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’ WJ‘.\W

Jan 26,2020 Feb 24,2021 Sep 12,2021

Mar 31,2022 Jan 15,2023

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.



Scandinavian countries — control measures

Date of Sweden Denmark Finland Norway
Borders dosed Never undertaken® 13 March 18 March 14 March

High school / Uni changes Distance education 13 March 16 March 12 March . , ,
17 March Google mobility to Retail and recreation

10%

Pubs, bars, restaurants closed Never undertaken: 13 March 16 March 12 March A (\
0% A [
4
-10% Sweden
-20%
Shielding of vulnerable (>70 years) |16 March 13 March 17 March 12 March
-30%
-40%
Travel restrictions International || March |13 March International 13 March then -50%
National 19 March National 25 March 16 March

I I I 1
Feb 17,2020 Aug 8, 2020 Nov 16, 2020 May 17,2021

Use of parks and recreation % usual  240% (all regions) 170% (all) 220% (all) 140% (all)

(Orlowski, J Roy Soc Med, 2020)



Public apologies from the King & PM of Sweden — December 2020

AP in Stockholm
Tue 15 Dec 2020 23.46 CET

< Share

"Svenska folket har lidit” — hor kungens beskrivning av 2020. Foto: Rikard Collsié6/SVT

“I'think we have failed. We have a large number who have died and that is
terrible. It is something we all suffer with,” the king told Swedish broadcaster
SVT.

“The Swedish people have suffered enormously in difficult conditions,” Carl
said. The monarch described 2020 as a “terrible year.”

DECEMBER 17, 2020

Swedish PM says officials misjudged
power of Covid resurgence

Major report finds nation failed to protect elderly and criticises
response to the pandemic

Coronavirus - latest updates
See all our coronavirus coverage

O Sweden's prime minister, Stefan Lofven, said: 'l think that most people in the profession didn't
see such a wave in front of them.'

Photograph: Henrik Montgomery/AP

Health officials in Sweden, which opted not to respond to the first wave of
Covid-19 with a national lockdown, misjudged the power of the virus’s
resurgence, the country’s prime minister has said, as independent
commission criticised the country’s strategy.



Sweden - weighted seroprevalence — April-May 2021

How close from herd immunity after one year ?

Total 326 | (30.3-349) (20.1)|(17.6-22.8)
0-10years |20.5 | (12.0-31.4) |20.5 |(12.0-31.4)
11-19years | 30.5 |(23.6-38.2) |30.5 |(23.6-38.2)
20-64years |24.8 |(22.0-27.8) |18.0 |(15.3-20.9)
65+years | 62.2* | (58.6-65.8) (18.1)[(9.5-29.6)
Female 347 | (31.7-37.9) |19.8 |(16.6-23.3)
Male 304 | (27.0-34.0) |20.4 |(16.6-24.6)

(Beser, Scientific Reports, 2022)

Norway — seroprevalence — January 2021

Age groups
0-4 years 6.3(2.8-10.7)
5-14 years 4.4 (2.3-6.9)
15-24 years 2.7 (1.1-4.9)
25-59 years 2.1(1.1-3.4)
260 years 4.0(2.2-6.2)

Denmark — seroprevalence — February 2021

Age group
12-17 years
18-29 years
30-39 years
40—49 years
50-64 years
65+ years

Prevalence(%) | (95% CI)
8.3 (6.1-11)
10.0 (8.4-12)
7.6 (6.0-9.1)
9.2 (7.7-10.7)
6.7 (5.4-7.5)
44 (3.2-54)

(Krogsgaard, Infection & Drug Resist, 2023)



Non-pharmaceutical public health measures included

(

Personal protective measures

~

Social distancing measures

Contact tracing
Isolation of sick individuals
Quarantine of exposed individuals
School measures and closures
Workplace measures and closures

Avoiding crowding

(

Environmental measures

Surface and object cleaning

Ventilation

!

Travel related measures

Entry and exit screening

Internal travel restrictions

Border closures

J

Quality of evidence
Low
Very low WHO
_ NPIs influenza
2019

https://apps.who.int/iris/handle/10665/329438




Recommendations on the use of NPIs by pandemic/epidemic severity

Severity Pandemic Epidemic
Any Hand hygiene Increased ventilation Hand hygiene Increased ventilation
Respiratory etiquette Isolation of sick individuals Respiratory etiquette Isolation of sick individuals
Face masks for symptomatic Travel advice Face masks for symptomatic Travel advice
individuals individuals
Surf d object cleani
Surface and object cleaning uriace and object cleaning
Moderate As above, plus As above, plus
Avoiding crowding Avoiding crowding
High As above, plus As above, plus

Extraordinary

Face masks for public
School measures and closures

As above, plus
Workplace measures and closures
Internal travel restrictions

Face masks for public
School measures and closures

As above, plus
Workplace measures and closures

Not
recommended in
any
circumstances

UV-light
Modifying humidity
Contact tracing
Quarantine of exposed individuals

Entry and exit screening
Border closure

UV-light
Modifying humidity
Contact tracing
Quarantine of exposed individuals

Entry and exit screening
Internal travel restrictions
Border closure

(Ben Cowling, adapted from WHO NPI’s influenza 2019)



% variation in R associated with interventions and climate,
France, 2020-2021
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Emergency department visits and hospitalizations for suicidal ideation
and suicide attempts among children and adolescents, U.S., 2016-2021
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Effect size (d)

0.25

o

-0.25

|
©
o1

-0.75

Educational impact : COVID-19 learning deficits
15 countries, May 2020 — May 2022

0.25

(@)

-0.25

Effect size (d)

|
©
o1

-0.75

Reading Maths
Subject

C
0.25
0
T
)
N
»n -0.25
0
Q
L
-0.5
-0.75
Primary Secondary High income Middle income
Level of education Country income level

Pooled effect size = -0.14 (about 35% of a normal school year’s worth of learning)

(Betthatiser, Nature Human Behaviour, 2023)



Conclusion

Observational evidence and modeling suggest that change in climate and
land use will increase the rate of new emergences

Fighting deforestation, monitoring wild life markets and animal farming
are highly cost-effective in preventing pandemics

Innovative approaches targeting mosquito populations (e.g., Wolbachia
infection) may become an important player in the fight against
mosquito-borne diseases

Pandemic preparedness, including pathogen discovery, screening for
zoonotic properties, and vaccine development should target viruses with
pandemic potential

Basic knowledge on viruses will remain the key to future innovation



Effects of land use on site-level host species richness

and total abundance

Difference from primary minimal (%)

60 -

30 -

Species richness

® Host ® Minimal use
e Non-host A Substantial use
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Land use
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— N
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o

Total abundance

Primary  Secondary Managed Urban
Land use

(Gibb et al, Nature, 2020)



Biodiversity - Fraction of remaining species, and remaining
area with suitable climate, under temperature increase

Log10 FRS

Fraction of remaining species (FRS) Fraction of remaining area (FRA)
a b
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(Nunez, Climatic Change, 2019)



Effects of land use on species abundance of mammalian
and avian zoonotic hosts and non-hosts

Abundance difference from primary land (%)

200 1
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(Gibb et al, Nature, 2020)



Unknown threats - Pathogen discovery

Improvement in

next-generation sequencing technology High- | _[Readac | _[Genome | _[Error :
throughput ) and filtering assembly correction |>
sequencing : l
<l Gene | Homology | Qrthology | MSA |! i1;1r1?eerence
: annotation [| inference inference (MAFFT) ; (IQTREE)
REfEfEncE- || "N e R e e S S S S S S SRS R
orthologous
Aates Read2Tree 10-100 times faster >
Huge number of viral sequences available
(Dylus Nature Biotech, 2023)
T 682 _— | Ultra-high-throughput sequence alignment
Mouse 1 378 )
W s [ Known % at the petabase scale
Vertebrate S 1,151 &
Invertebrate - 6,654 ]
Emgs - I % Viral RNA-dependent
Pl ’ 3 F, ¢
Prokaryote - 688 , A _ RNA polymerase search
Metagenome - 18,584 ’ i 1
Virome | 7,559 y V' .10
Environmental 93,622 100
Mammal WGS - |95 & 4 B%%%
0o 1 2 0 5,000 10,000 15,000 Origin of RARP* , 1
Petabases Unique sOTUs BioSamples 131'957 novel RNA viruses
searched

(Edgar, Nature, 2022)



