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Possible COVID “Futures” — June 2020

Biological Feature

Future 1

“Vaccines work, antivirals fail”

Future 2

“Antivirals work, vaccines fail”

Future 4

“Medical interventions fail and evolution works
against us”

Immunity ° Strong and long-lasting immunity | o Very limited natural immunity after infection. O Some protective immunity, but this is o Very limited natural immunity after
after infection. variable and wanes after around two infection.
Immune individuals can be identified Reinfection possible after less than a year. years.
through robust biological Reinfection possible after less than a year.
indicators. Antibody-dependent enhancement False positives make identification of immune
Possible immunological cross-protection. ; individuals unreliable. Antibody-dependent enhancement
exacerbates disease. exacerbates disease.
Possible weak immunological cross-protection.
Vaccines ° Vaccine developed in 12 months. ° No effective vaccine developed in the next 5 ° Vaccines developed providing partial ° No effective vaccine developed in the next
Fully protective and long lasting years because of a lack of protective protection developed in 18-24 months. 5 years because of a lack of protective
(~5 years). immunity. immunity.
Relatively easy and quick to produce in Antibody-Dependent Enhancement and/or other Takes several months to produce so limited doses | Antibody-Dependent Enhancement and/or other
large quantities. negative consequences. and global supply chain issues. negative consequences.
No antibody-dependent enhancement.
Antivirals o No effective antiviral identified in | o Multiple effective antivirals are developed that | ¢ A limited number of partially effective o No effective antiviral identified in the
the next 5 years. are easy to produce. antivirals developed over the next 12 next 5 years.
Antiviral resistance emerges after first year. months.
Some supply chain issues.
Antigenic evolution ° No large-scale antigenic o Widespread and rapid antigenic evolution, ° No large-scale antigenic o Widespread and rapid antigenic evolution,
evolution/escape in the virus, even even before the onset of widespread evolution/escape in the virus, even even before the onset of widespread
following widespread vaccination. vaccination. following widespread vaccination. vaccination.

Reinfection possible on short time-horizons.
Vaccines need to be updated annually.

Reinfection possible on short time-horizons.
Vaccines need to be updated annually.

Evolution in virulence,
transmission and

° Virulence stays as it is now.
Transmission increases in younger cohorts.

° Virulence stays as it is now.
Transmission increases in younger cohorts.

° Virulence declines over 12 months with
no increase in transmissibility.

° Virulence increases over the next 12
months.

seasonality Develops into a winter seasonal disease Develops into a winter seasonal disease after 12-24 The use of vaccines and antivirals further reduces Virulence increases in younger cohorts.
after 12-24 months. months. virulence. New transmission routes emerge.
Develops into a winter seasonal disease within 12 No seasonality evolves.
months.
Interaction with other 0 Some interactions with other 0 Some interactions with other pathogens in ® Possible weak cross-protective immune o Interactions with pathogens commonly
pathogens and/or co- pathogens in some populations some populations increase COVID-19 responses. circulating in some populations increase

morbidities

increase COVID-19 morbidity /
mortality.

morbidity / mortality.

morbidity / mortality.

Case scenarios: best (no shading), middle (light grey), worse (dark grey)




What Actually Happened — December 2021

Biological Feature

Future 1

“Vaccines work, antivirals fail”

Future 2

“Antivirals work, vaccines fail”

Future 4

“Medical interventions fail and evolution works
against us”

Immunity ° Strong and long-lasting immunity | o Very limited natural immunity after infection. | o Some protective immunity, but this is ° Very limited natural immunity after
after infection. variable and wanes after around two infection.
Immune individuals can be identified Reinfection possible after less than a year. years.
through robust biological Reinfection possible after less than a year.
indicators. Antibody-dependent enhancement False positives make identification of immune
Possible immunological cross-protection. ; individuals unreliable. Antibody-dependent enhancement
exacerbates disease. exacerbates disease.
Possible weak immunological cross-protection.
Vaccines ° Vaccine developed in 12 months. ° No effective vaccine developed in the next 5 ° Vaccines developed providing partial ° No effective vaccine developed in the next
Fully protective and long lasting years because of a lack of protective protection developed in 18-24 months. 5 years because of a lack of protective
(~5 years). immunity. immunity.
Relatively easy and quick to produce in Antibody-Dependent Enhancement and/or other Takes several months to produce so limited doses | Antibody-Dependent Enhancement and/or other
large quantities. negative consequences. and global supply chain issues. negative consequences.
No antibody-dependent enhancement.
Antivirals o No effective antiviral identified in | o Multiple effective antivirals are developed that | o A limited number of partially effective o No effective antiviral identified in the
the next 5 years. are easy to produce. antivirals developed over the next 12 next 5 years.
Antiviral resistance emerges after first year. months.

Some supply chain issues.

Antigenic evolution

° No large-scale antigenic
evolution/escape in the virus, even
following widespread vaccination.

o Widespread and rapid antigenic evolution,
even before the onset of widespread
vaccination.

Reinfection possible on short time-horizons.

Vaccines need to be updated annually.

° No large-scale antigenic
evolution/escape in the virus, even
following widespread vaccination.

o Widespread and rapid antigenic evolution,
even before the onset of widespread
vaccination.

Reinfection possible on short time-horizons.

Vaccines need to be updated annually.

Evolution in virulence,
transmission and

° Virulence stays as it is now.
Transmission increases in younger cohorts.

° Virulence stays as it is now.
Transmission increases in younger cohorts.

° Virulence declines over 12 months with
no increase in transmissibility.

° Virulence increases over the next 12
months.

seasonality Develops into a winter seasonal disease Develops into a winter seasonal disease after 12-24 The use of vaccines and antivirals further reduces Virulence increases in younger cohorts.
after 12-24 months. months. virulence. New transmission routes emerge.
Develops into a winter seasonal disease within 12 No seasonality evolves.
months.
Interaction with other o Some interactions with other o Some interactions with other pathogens in o Possible weak cross-protective immune o Interactions with pathogens commonly
pathogens and/or co- pathogens in some populations some populations increase COVID-19 responses. circulating in some populations increase

morbidities

increase COVID-19 morbidity /
mortality.

morbidity / mortality.

morbidity / mortality.

Medical interventions have been effective, but virus evolution has often worked against us




Ongoing Evolution of SARS-CoV-2

« >5,000,000 SARS-CoV-2 genome sequences generated to date
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Why convergent evolution and emergence of

Variants of Concern?

* Increased transmissibility

« Impact of population lockdowns

* Immune evasion (e.g. mounting interferon
resistance)

* Inter-host chronic infections (i.e. prolonged
shedding and evolution)
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One Scenario of SARS-CoV-2 Future Evolution

Virus is endemic. .

« There will be natural selection for immune evasion.

« Ongoing SARS-CoV-2 evolution will necessitate the use
booster vaccine shots and likely updated vaccines.

« Immune escape will be strongest in the first years of the
pandemic; strongest adaptive evolution at intermediate
levels of immune protection. i

* As time passes the virus will find it harder to find an escape
mutation.

* Virulence evolution depends on whether there is selection to
infect cells of the lower or upper respiratory tract (or both).

« Serious disease/mortality will decline with increasing
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COVID-19: Lessons Learned

Need a broader set of pandemic plans, not just those based on influenza

Continual research funding for cross-protective vaccines and
antivirals (for coronaviruses, influenza viruses and paramyxoviruses)

We need a new global “pandemic radar” to rapidly identify emerging
diseases

Climate change will increase the frequency of disease emergence
events

Scientists and public health officials need to share their data as
openly and rapidly as possible

Open global collaboration between scientists should be Wuhan Central
Hospital, 2016

encouraged and enriched

Governments need to listen to and trust in scientists

Science must be depoliticised




A Global “Pandemic Radar”

Active surveillance of people living/working at the human-animal interface:
wildlife trade and fur farming, in animal production and slaughter, live animal
markets, animal hunting/bushmeat, people living around bat roosts, animal
carers and animal rescue centres etc.

Active surveillance of animal mortality events

Regular immunological surveillance (e.g. VirScan/GIO) and occasional
metagenomic surveillance

Rapid and open data sharing

SCIENCE FORUM
A Global Immunological
Observatory to meet a time of

VirScan pandemics
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