
2022

Lessons learned from COVID-19 pandemic: 
Medical countermeasures (MCM) for 

biological agents 

1

French Armed Forces Biomedical Research Institute (IRBA)

Medical researcher 

OF-3 (MD, PhD)
Major Aurélie TRIGNOL (in remplacement of Prof. TOURNIER)



DISCLOSURES

MP TRIGNOL Aurélie 

MCS TOURNIER Jean-Nicolas

No conflict of interest to declare

Head of Microbiology and infectious diseases department (IRBA)

Innovative vaccine laboratory (Pasteur Institute)

Ecole du Val-de-Grâce

No conflict of interest to declare



First lesson : High risks in an era of global changes

6th of September 2022
3Lessons learned from COVID-19 pandemic

Ø We are fragile
Epidemics in the past



First lesson : High risks in an era of global changes

6th of September 2022
4Lessons learned from COVID-19 pandemic

Ø We are fragile
Epidemics in the past

COVID-19 Pandemic



Ø Anthropocene era 

6th of September 2022
5Lessons learned from COVID-19 pandemic

- Oversized population
- Human contacts with wildlife
- Global warming

First lesson : High risks in an era of global changes



1950

2000

Ø Global warming

6th of September 2022
6Lessons learned from COVID-19 pandemic

First lesson : High risks in an era of global changes



Ø Routes of  diffusion 

6th of September 2022
7Lessons learned from COVID-19 pandemic

First lesson : High risks in an era of global changes



6th of September 2022
8Lessons learned from COVID-19 pandemic

Spernovasilis et al. Microorganism 2022

First lesson : High risks in an era of global changes



6th of September 2022
9Lessons learned from COVID-19 pandemic

Spernovasilis et al. Microorganism 2022

First lesson : High risks in an era of global changes



6th of September 2022
10Lessons learned from COVID-19 pandemic

Bedford et al. Nature 2019Spernovasilis et al. Microorganism 2022

First lesson : High risks in an era of global changes



6th of September 2022
11Lessons learned from COVID-19 pandemic

Second lesson: We were unprepared

Previous preparedness plans

2018



6th of September 2022
12Lessons learned from COVID-19 pandemic

Third lesson: COVID-19 emergence is not an 
isolated event

« Russian Flu »

OC43-hCoV ?

Spanish Flu 

H1N1 

Asian Flu 

H2N2 

Hong Kong Flu 

H3N2 

Russian Flu 

H1N1 

Monkeypox virus

Poliovirus 

Ebola virus

SARS-CoV-2 SARS-CoV
Chikungunya

virus 

Swine Flu 

H1N1 
MERS-CoV

Zika virus

1890 1900 1918 1957 1968 1977 2000

2003 2005 2009 2012 2015 2016 2019 2022



6th of September 2022
13Lessons learned from COVID-19 pandemic

Third lesson: COVID-19 emergence is not an 
isolated event Russian Flu 

H1N1 

« Russian Flu »

OC43-hCoV ?

Spanish Flu 

H1N1 

Asian Flu 

H2N2 

Hong Kong Flu 

H3N2 

Monkeypox virus

Poliovirus 

Ebola virus

SARS-CoV-2 SARS-CoV
Chikungunya

virus 

Swine Flu 

H1N1 
MERS-CoV

Zika virus

1890 1900 1918 1957 1968 1977 2000

2003 2005 2009 2012 2015 2016 2019 2022

The pace is accelerating



Respiratory transmission

6th of September 2022
14Lessons learned from COVID-19 pandemic

Fourth lesson: We need to reassess the priorities
for emerging agents

1

Ribeiro da Silva et al. ACS Infect Dis 2021



Zoonootic agents with a 
focus on coronavirus

Respiratory transmission

6th of September 2022
15Lessons learned from COVID-19 pandemic

Fourth lesson: We need to reassess the priorities
for emerging agents

1

2

Ribeiro da Silva et al. ACS Infect Dis 2021



RNA virus and diversity 

Zoonootic agents with a 
focus on coronavirus

Respiratory transmission

6th of September 2022
16Lessons learned from COVID-19 pandemic

Fourth lesson: We need to reassess the priorities
for emerging agents

1

2

3

Ribeiro da Silva et al. ACS Infect Dis 2021

Mad Price Ball, Wikimedia



6th of September 2022
17Lessons learned from COVID-19 pandemic

Fourth lesson: We need to reassess the priorities
for emerging agents

sciencemag.org  SCIENCE

By Dennis Carroll, Peter Daszak,

Nathan D. Wolfe, George F. Gao, 

Carlos M. Morel, Subhash Morzaria, 

Ariel Pablos-Méndez, Oyewale Tomori, 

Jonna A. K. Mazet

O
utbreaks of novel and deadly viruses 

highlight global vulnerability to 

emerging diseases, with many having 

massive health and economic impacts. 

Our adaptive toolkit—based largely 

on vaccines and therapeutics—is often 

ineffective because countermeasure develop-

ment can be outpaced by the speed of novel 

viral emergence and spread. Following each 

outbreak, the public health community be-

moans a lack of prescience, but after decades 

of reacting to each event with little focus 

on mitigation, we remain only marginally 

better protected against the next epidemic. 

Our ability to mitigate disease emergence 

is undermined by our poor understanding 

of the diversity and ecology of viral threats, 

and of the drivers of their emergence. We de-

scribe a Global Virome Project (GVP) aimed 

to launch in 2018 that will help identify the 

bulk of this viral threat and provide timely 

data for public health interventions against 

future pandemics. 

Nearly all recent pandemics have a viral 

etiology with animal origins, and with their 

intrinsic capacity for interspecies transmis-

sion, viral zoonoses are prime candidates for 

causing the next great pandemic (1, 2). How-

ever, if these viruses are our enemy, we do not 

yet know our enemy very well. Around 263 

viruses from 25 viral families are known to 

infect humans (3) (see the figure), and given 

the rate of discovery following identification 

of the first human virus (yellow fever virus in 

1901), it is likely many more will emerge in 

the future (4). We estimate, from analysis of 

recent viral discovery data (5), that ~1.67 mil-

lion yet-to-be-discovered viral species from 

key zoonotic viral families exist in mammal 

and bird hosts—the most important reser-

voirs for viral zoonoses (supplementary text). 

By analyzing all known viral-host relation-

ships (3, 6), the history of viral zoonoses (7), 

and patterns of viral emergence (1), we can 

reasonably expect that between 631,000 

and 827,000 of these unknown viruses have 

zoonotic potential (supplementary text). We 

have no readily available technological coun-

termeasures to these as-yet-undiscovered vi-

ruses. Furthermore, the rate of zoonotic viral 

spillover into people is accelerating, mirror-

ing the expansion of our global footprint and 

travel networks (1, 8), leading to a nonlinear 

rise in pandemic risk and an exponential 

growth in their economic impacts (8). 

PROMISING PILOT, CHALLENGING SCALE

Since 2009, the U.S. Agency for International 

Development (USAID) has conducted a large-

scale pilot project, spanning more than 35 

countries over 8 years at a cost of around 

$170 million, to evaluate the feasibility of 

preemptively mitigating pandemic threats. 

Other previous studies had begun to conduct 

targeted viral discovery in wildlife (9), and 

develop mitigation strategies for the emer-

gence of avian flu, for example. However, the 

USAID Emerging Pandemic Threats (EPT) 

PREDICT project is the first global-scale co-

ordinated program designed to conduct vi-

ral discovery in wildlife reservoir hosts, and 

characterize ecological and socioeconomic 

factors that drive their risk of spillover, to 

mitigate their emergence in people (10). 

Working with local partners and govern-

ments, wildlife and domestic animals and 

at-risk human populations in geographic 

hotspots of disease emergence (1) are sam-

pled, and viral discovery conducted. A strat-

egy to identify which novel viruses are most 

at risk of spillover has been developed (11), 

and further work is conducted on these to 

characterize them prior to, or in the early 

stages of, spillover. Metadata on the ecology 

of wildlife–livestock–human transmission in-

terfaces, and on human behavioral patterns 

in communities, are concurrently analyzed 

so that strategies to reduce spillover can be 

developed (supplementary text). To date, 

EPT PREDICT has discovered more than 

1000 viruses from viral families that con-

tain zoonoses, including viruses involved in 

recent outbreaks (12), and others of ongoing 

public health concern (13). The focus of EPT 

PREDICT on capacity building, infrastruc-

ture support, training, and epidemiological 

analysis differs substantially from the GVP’s 

emphasis on large-scale sampling and viral 

discovery. However, to discover the bulk of 

the projected remaining 1.67 million un-

known viruses in animal reservoirs and char-

acterize the majority of 631,000 to 827,000 

viruses of highest zoonotic potential requires 

overcoming some challenges of scale. 

 The first challenge is cost. To estimate this, 

we analyzed data on field sampling and labo-

ratory expenditures for viral discovery from 

(5, 10), and estimates of unknown viral diver-

sity in mammalian and avian hosts (supple-

mentary text). We estimate that discovery of 

all viral threats and characterization of their 

risk for spillover, using currently available 

technologies and protocols, would be ex-

tremely costly at over $7 billion (supplemen-

tary text). However, previous work shows 

that viral discovery rates are vastly higher in 

the early stages of a sampling program, and 

that discovering the last few, rare, viruses is 

extremely costly and time-consuming owing 

to the number of samples required to find 

 INFECTIOUS DISEASES

The Global Virome Project
Expanded viral discovery can improve mitigation

The list of author affiliations is provided in the supplementary 
materials. Email: daszak@ecohealthalliance.org 

P O L I C Y  F O RU M
Scientists prepare to collect a blood sample from 

a Rousettus sp. fruit bat in Thailand to test for novel 

viruses. The Global Virome Project aims to identify 

and characterize the majority of currently unknown 

viruses in key wildlife groups, including rodents, 

nonhuman primates, and bats. 
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spillover rates by enhancing (not replacing) 

current pandemic surveillance, prevention, 

and control strategies. If we were to invest 

only in surveillance for known pathogens 

(our current business-as-usual strategy), our 

calculations suggest we would protect our-

selves against less than 0.1% of those viruses 

that could conceivably infect people, even us-

ing the lower bounds of our uncertainty for 

our viral estimates (i.e., 263 viruses known 

from humans out of 263,824 unknown poten-

tial zoonoses; supplementary text). 

The potential benefits of the GVP may be 

enhanced to maximize public health benefits 

(supplementary text) by (i) optimizing sam-

pling to target species most likely to harbor 

“missing zoonoses” (6), or to target emerging 

disease hotspot regions most likely to propa-

gate major disease outbreaks (1); (ii) using 

human and livestock syndromic surveillance 

to identify regions for wildlife sampling prox-

imal to repeated outbreaks of severe influ-

enza-like-illnesses, fevers of unknown origin, 

encephalitides, livestock “abortion storms,” 

and other potential emerging disease events; 

(iii) initially targeting RNA viruses, which 

caused 94% of the zoonoses documented 

from 1990 to 2010; and (iv) fostering econo-

mies of scale and adoption of technological 

innovation as the GVP ramps up. This in-

cludes use of laboratories that can facilitate 

regional sample processing, development of 

centralized bioinformatics platforms, and 

improved logistics for sample collection and 

transport. We also expect the cost of testing 

and sequencing to decrease as technology 

is enhanced, much as the development of 

next-generation sequencing reduced genetic 

sequencing costs by up to four orders of mag-

nitude in a decade. 

The accelerated pace of viral discovery un-

der the GVP will make the virological, phy-

logenetic, and modeling approaches used in 

pandemic preparedness more data-rich, and 

likely more effective. For example, having the 

sequence data for thousands, rather than a 

few, viruses from a single family could extend 

vaccine, therapeutic, or drug development to 

a wider range of targets, leading to broad-

spectrum vaccines and other countermea-

sures. Identification of novel viruses may be 

useful to programs like the Coalition for Epi-

demic Preparedness Innovations (CEPI) in 

assessing the breadth of action of candidate 

vaccines and therapeutics, and in expand-

ing their efficacy. More broad-scale preven-

tion approaches could provide immediate 

return on investment prior to vaccine and 

countermeasure development, which would 

require substantial investment and time. For 

example, metadata on viral reservoir host 

identity, geography, seasonality, proximity to 

people, and drivers of emergence will refine 

our mechanistic understanding of spillover 

and enhance published models of emerging 

infectious diseases risk (1, 6). Identification 

of novel viruses in hunted, traded, or farmed 

wildlife species could be used to enhance 

bio security in markets and farming systems, 

reducing public health risk, increasing food 

security, and assisting in conservation of 

hunted species. The presence of hosts har-

boring high-risk novel viruses in proximity to 

human populations may allow targeted fol-

low-up to examine evidence of spillover and 

design intervention strategies (supplemen-

tary text). Ultimately, the benefits of the GVP 

may include enhancing our understanding of 

viral biology, such as drivers of competition 

or cooperation among viruses within hosts, 

genomic underpinnings of host-virus coevo-

lution, processes underlying deep evolution 

of viral clades, and the identification of novel 

viral groups (15).

The regions targeted by the GVP are 

largely highly biodiverse, rapidly developing 

countries in the tropics, which often have low 

capacity to deal with public health crises (1). 

The expanded laboratory capacity, field sam-

pling, and data generation intrinsic to the 

GVP goals will therefore improve capacity 

to detect, diagnose, and discover viruses in 

vulnerable populations within regions most 

critical to preventing future pandemics. This 

enhanced capacity may also help improve 

diagnosis and control for endemic diseases, 

as well as the portion of the virome that re-

mains undiscovered. 

The Human Genome Project in the 1980s 

catalyzed technological innovation that dra-

matically shortened the time and cost for its 

completion, and ushered in the era of per-

sonalized genomics and precision medicine. 

The GVP will likely accelerate development 

of pathogen discovery technology, diagnos-

tic tests, and science-based mitigation strat-

egies, which may also provide unexpected 

benefits. Like the Human Genome Project, 

the GVP will provide a wealth of publicly 

accessible data, potentially leading to dis-

coveries that are hard to anticipate, per-

haps viruses that cause cancers and chronic 

physiological, mental health, or behavioral 

disorders. It will provide orders-of-magni-

tude more information about future threats 

to global health and biosecurity, improve 

our ability to identify vulnerable popula-

tions, and enable us to more precisely target 

mitigation and control measures to foster 

an era of global pandemic prevention. j
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Of these 111 viral families, 

the GVP will target 25 containing 

viruses known to infect 

(or to have substantial risk 

of infecting) people.

Of these 1.67 million viruses, an 

estimated 631,00 to 827,000 
likely have the capacity to infect 

people.

In these 25 families, an estimated 
1.67 million unknown viruses 

exist in mammals and 
birds—hosts that represent 99% 

of the risk for viral emergence.

111 viral families have been 

discovered globally to date.
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GVP targeting strategy
The project will capitalize on economies of scale 
in viral testing, systematically sampling 
mammals and birds to identify currently unknown, 
potentially zoonotic viruses that they carry.
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Fifth lesson: Time is critical for crisis management
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The Wuhan Seafood market hypothesis

Worobey et al. Science 2022

Of positive environmental samples

Wildlife trade area Epicenter of the 
COVID-19 pandemic



November and December 2019; (ii) vendors known to have sold raccoon dogs in earlier years – and known to have sold
illegal live mammals in late 2019 – yielded a large number of SARS-CoV-2-positive environmental samples, including
several objects clearly associated with animals; (iii) positive environmental samples in the market were concentrated in
the southwest corner of the western section of the market, the same area where most live mammals were traded; (iv) most
cases among vendors within the market occurred in the western section where live mammals were sold; (v) a large
proportion of the earliest known cases were identifiable as individuals who worked at, visited, or were linked to somebody
who visited the market (5); (vi) this epidemiological link to the Huanan market is genuine and not due to ascertainment
bias caused by special focus on the market as a possible site of cases (5); (vii) lineage A – and not just lineage B – viruses
were circulating near to and centered on the Huanan market in the early stages of the outbreak, suggesting multiple
spillovers may have occurred at the market; (viii) the spatial pattern of cases in December being so close to and centered
on the Huanan market cannot be explained as arising by chance given population density patterns in Wuhan; (ix) this
pattern holds when considering only cases that had no history of exposure at Huanan market, demonstrating that
community transmission began in the direct vicinity of the market; (x) only by January and February 2020 did the spatial
pattern of cases reflect that of the population density patterns in Wuhan precluding an earlier period of general
transmission; and (xi) in a city of 11 million people there are thousands of sites (office buildings, factories, places of
worship, universities, bars, restaurants, schools, etc.) that would be at least as likely to be the site of the initial cluster of a
respiratory disease as the western section of the Huanan market – which measures only about 150m by 70m (see Fig. S16)
– if the pandemic had not involved the trade in live mammals.

Figure 6. A schematic diagram of key milestones in the emergence of SARS-CoV-2. Bats were the reservoir of the ancestor of
SARS-CoV-2, and they likely infected a wild or farmed intermediate host with this virus. Our analyses, and other evidence, indicates
that the virus spread to other animals, and these were transported to the Huanan market. There were likely multiple infected animals at
the Huanan market, leading to SARS-CoV-2 positive environmental samples (Fig. 4C) and at least two introductions of SARS-CoV-2
(i.e., lineages A and B) into humans (companion paper by Pekar et al.). Human cases clustered in (Fig. 5B) and near to (Fig. 1B) the
Huanan market, with SARS-CoV-2 quickly spreading to wider Wuhan (Fig. 1E) and then nationally and internationally. Created with
Biorender.com.
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impossible

Epidemic control 
difficult

Epidemic control 
possible

Time is critical
« Golden days »

Genealogy of an emergence

?

Worobey et al. Preprint 2021
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Genealogy of an emergence

DAYS

Isolation of cases

Mask mandate

100,000 €

MONTH

Local lock-down

(city / region)

100,000,000 €
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Mass vaccination
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Sixth lesson: We need more science

Lessons learned from COVID-19 pandemic
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Multi-Omics Big Data analysis challenges

Shu et al. Immunity 2020
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Clinical trials during pandemic

Hashem et al. Frontiers in Med 2020
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Clinical trials during pandemic

Hashem et al. Frontiers in Med 2020

Psotka et al. JACC 2020
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Immune responses after COVID-19 vaccination

Sheikh-Mohamed et al. Immunological Rev 2022
Tereni et al. Cell Host & Microbe 2022

By systemic diffusion Mucosal immunity

Þ Not obtained after 
intramuscular immunization 
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New vaccines for a sterilizing immunity

Matsuda et al. JCI 2021

ÞTo prevent interindividual transmission

Oral vaccine ? Intranasal vaccine ? 
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Seventh lesson: We need to improve the 
diagnosis in all its dimension

1 High-throughput diagnostic technology

Quantitative isssue : increase the 
diagnostic capacity

Ballard et al. BMJ Global Health 2020
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Jakariya et al. preprint 2021

💩

Worldwide Biosurveillance

Xu et al. Lancet Reg Health West Pac 2022
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Jakariya et al. preprint 2021

💩

Worldwide Biosurveillance

Xu et al. Lancet Reg Health West Pac 2022
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Seventh lesson: We need to improve the 
diagnosis in all its dimension

2 Improve point-of-care diagnosis

Ardalan and Ignaszak Adv Mater Technol 2022
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Seventh lesson: We need to improve the 
diagnosis in all its dimension

3 Improve field next-generation sequencing 
technology

Tegally et al. Nature Medicine 2022

Þ For variants detection

Þ To outbreak analysis and modelling

Polonsky et al. Phil Trans R Soc B 2018

Nanopore sequencing device
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Seventh lesson: We need to improve the 
diagnosis in all its dimension

3 Improve field next-generation sequencing 
technology
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Eighth lesson: We need a strategy for MCM 
R&D
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What are the MCM options for an emerging virus?

Antivirals

Antibodies

Vaccines

Incidence rate : 3,809/100,000/week
3.8 %/week

Delta and Omicron variants

Vaccine should be the highest
priority option
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Adaptative immune responses
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Adaptative immune responses Vaccine

Antibody

High affinity
Low cross-reactivity
= variants escape from Ab

Low affinity
Degenerate recognition
High cross-reactivity
= partially active on variants
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Monoclonal antibodies (Mabs) target : a race against variants

approaches have transformed the course of a
disease. For example, even though HIV and
HCV have resisted all attempts at developing a
vaccine, infections that were often fatal can be
managed (HIV) or even cured (HCV) by use of
antiviral pills.
It commonly takes 3 to 5 years or longer to

develop a new drug, so when the pandemic
exploded and an immediate solution was
needed, massive and uncoordinated “drug
repurposing” efforts (33) were launched in
the hopes of finding COVID-19 drugs among
drugs already approved for other diseases.
As described in the accompanying Review
(9), these drug repurposing efforts showed
that several immune modulating drugs im-
proved COVID-19 outcomes. Drug repurpos-
ing screens also identified several drugs with
antiviral activity. Among these, the only ones
that have been approved for use derived from
antiviral programs that target other RNA

viruses, including other coronaviruses. These
repurposing efforts were fruitful because they
relied on the structural and functional con-
nectivity among viral drug targets. All RNA
viruses, including coronaviruses, encode a
common set of enzymes (drug targets) that
are essential for replication; these include
enzymes that replicate and/or transcribe the
genome (RNA polymerases) and enzymes that
cleave viral proteins into their active parts
(proteases). In practice, this means that the
similarity in the chemical reactions that the
enzymes perform is mirrored in the similarity
of their active sites and thus in the structures
of the drugs that act on them. Accordingly, the
best place to start fishing for drugs for new
RNA viruses is in a pool stocked with com-
pounds that resemble drugs active against
other RNA viruses.
All three approved drugs that inhibit SARS-

CoV-2 replication originated from drug dis-

covery programs against another RNA virus.
Molnupiravir, which acts through the SARS-
CoV-2 polymerase (34), was characterized
first as an inhibitor of bovine viral diarrhea
virus andHCV in 2003 (35). Remdesivir, which
also acts through the SARS-CoV-2 polymer-
ase, was originally developed for Ebola (36)
starting in 2015. Both remdesivir (37) and
molnupiravir (38) had also been shown to
block the in vitro and in vivo replication and
pathogenesis of other emerging coronaviruses,
before the COVID19 pandemic. Nirmatrelvir
(39), which inhibits the SARS-CoV-2 Mpro

protease, is an orally available derivative of a
shelved SARS-CoV-1 protease drug developed
almost 20 years ago (40). More polymerase and
protease drugs from legacydrugprogramsare in
the COVID-19 pipeline.
Molnupiravir, remdesivir, and nirmatrelvir

interfere with different stages of the viral life
cycle, but there are important commonalities.

Edwards et al., Science 375, 1133–1139 (2022) 11 March 2022 4 of 7
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Fig. 2. Antibody therapies targeting SARS-CoV-2 S. Antibodies [displayed in variable heavy-chain/variable
light-chain (VH/VL) format] that have been approved or granted emergency use authorization are aligned
to a SARS-CoV-2 S atomic structure [adapted from Protein Data Bank (PDB) ID 7N1Y (PMID: 33045718)].
(A) S trimer in complex with the host receptor angiotensin-converting enzyme 2 (ACE2; red). The ACE2
receptor binding domain (RBD) in the S protein is shown in green. Other regions of S are shown in orange
[the C-terminal domain (CTD)], blue [the N-terminal domain (NTD)], and gray-green (the S2 subunit). (Adapted
from PDB ID 7N1Y 7A94.) (B) An expanded view of the RBD showing the binding sites of all therapeutic
antibodies that block binding to ACE2. (C) Epitope footprints of the therapeutic antibodies on RBD. For ease of
viewing the antibody-RBD interface, the RBD domain is rotated 30° toward the reader. The footprint of the
antibodies are colored according to the color of each antibody in (B). Mutations from variants of concern
(VOCs) within the footprints are indicated. Casirivimab (red; PDB ID: 6XDG) and imdevimab (light green;
PDB ID: 6XDG) make up the REGN cocktail; tixagemivab (orange; PDB ID: 7L7E) and cilgavimab (cyan; PDB
ID: 7L7E) make up the AstraZeneca cocktail; etesevimab (pink; PDB ID: 7C01) and bamlanivimab (blue;
PDB ID: 7I3N) make up the Eli Lilly cocktail; and regdanivimab (yellow; PDB ID: 7CM4) and sotrovimab (brown;
PDB ID: 6WPT) are prescribed as single agents.
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Ninth lesson: Time is critical for MCM 
development…

10 years
1 year

But time can be compacted
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The mRNA revolution: a lucky bet?

- An immunological opportunity: the Spike glycoprotein
has been previously identified
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Safety and immunogenicity of a candidate Middle East 
respiratory syndrome coronavirus viral-vectored vaccine: 
a dose-escalation, open-label, non-randomised, 
uncontrolled, phase 1 trial
Pedro M Folegatti, Mustapha Bittaye, Amy Flaxman, Fernando Ramos Lopez, Duncan Bellamy, Alexandra Kupke, Catherine Mair, 
Rebecca Makinson, Jonathan Sheridan, Cornelius Rohde, Sandro Halwe, Yuji Jeong, Young-Shin Park, Jae-Ouk Kim, Manki Song, Amy Boyd, 
Nguyen Tran, Daniel Silman, Ian Poulton, Mehreen Datoo, Julia Marshal, Yrene Themistocleous, Alison Lawrie, Rachel Roberts, 
Eleanor Berrie, Stephan Becker, Teresa Lambe, Adrian Hill, Katie Ewer, Sarah Gilbert

Summary
Background Cases of Middle East respiratory syndrome coronavirus (MERS-CoV) infection continue to rise in the 
Arabian Peninsula 7 years after it was first described in Saudi Arabia. MERS-CoV poses a significant risk to public 
health security because of an absence of currently available e!ective countermeasures. We aimed to assess the safety 
and immunogenicity of the candidate simian adenovirus-vectored vaccine expressing the full-length spike surface 
glycoprotein, ChAdOx1 MERS, in humans.

Methods This dose-escalation, open-label, non-randomised, uncontrolled, phase 1 trial was done at the Centre for 
Clinical Vaccinology and Tropical Medicine (Oxford, UK) and included healthy people aged 18–50 years with negative 
pre-vaccination tests for HIV antibodies, hepatitis B surface antigen, and hepatitis C antibodies (and a negative 
urinary pregnancy test for women). Participants received a single intramuscular injection of ChAdOx1 MERS at three 
di!erent doses: the low-dose group received 5 " 10# viral particles, the intermediate-dose group received 2·5 " 10$% viral 
particles, and the high-dose group received 5 " 10$% viral particles. The primary objective was to assess safety and 
tolerability of ChAdOx1 MERS, measured by the occurrence of solicited, unsolicited, and serious adverse events after 
vaccination. The secondary objective was to assess the cellular and humoral immunogenicity of ChAdOx1 MERS, 
measured by interferon-&-linked enzyme-linked immunospot, ELISA, and virus neutralising assays after vaccination. 
Participants were followed up for up to 12 months. This study is registered with ClinicalTrials.gov, NCT03399578.

Findings Between March 14 and Aug 15, 2018, 24 participants were enrolled: six were assigned to the low-dose group, 
nine to the intermediate-dose group, and nine to the high-dose group. All participants were available for follow-up at 
6 months, but five (one in the low-dose group, one in the intermediate-dose group, and three in the high-dose group) 
were lost to follow-up at 12 months. A single dose of ChAdOx1 MERS was safe at doses up to 5 " 10$% viral particles 
with no vaccine-related serious adverse events reported by 12 months. One serious adverse event reported was 
deemed to be not related to ChAdOx1 MERS. 92 (74% [95% CI 66–81]) of 124 solicited adverse events were mild, 
31 (25% [18–33]) were moderate, and all were self-limiting. Unsolicited adverse events in the 28 days following 
vaccination considered to be possibly, probably, or definitely related to ChAdOx1 MERS were predominantly mild in 
nature and resolved within the follow-up period of 12 months. The proportion of moderate and severe adverse events 
was significantly higher in the high-dose group than in the intermediate-dose group (relative risk 5·83 [95% CI 
2·11–17·42], p<0·0001) Laboratory adverse events considered to be at least possibly related to the study intervention 
were self-limiting and predominantly mild in severity. A significant increase from baseline in T-cell (p<0·003) and 
IgG (p<0·0001) responses to the MERS-CoV spike antigen was observed at all doses. Neutralising antibodies against 
live MERS-CoV were observed in four (44% [95% CI 19–73]) of nine participants in the high-dose group 28 days after 
vaccination, and 19 (79% [58–93]) of 24 participants had antibodies capable of neutralisation in a pseudotyped virus 
neutralisation assay.

Interpretation ChAdOx1 MERS was safe and well tolerated at all tested doses. A single dose was able to elicit both 
humoral and cellular responses against MERS-CoV. The results of this first-in-human clinical trial support clinical 
development progression into field phase 1b and 2 trials.

Funding UK Department of Health and Social Care, using UK Aid funding, managed by the UK National Institute for 
Health Research.

Copyright © 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.
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The mRNA revolution: a lucky bet?

- An immunological opportunity: the Spike glycoprotein
has been previously identified

- An industrial luck:  mRNA vaccines are easily
scalable
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Summary
Background Cases of Middle East respiratory syndrome coronavirus (MERS-CoV) infection continue to rise in the 
Arabian Peninsula 7 years after it was first described in Saudi Arabia. MERS-CoV poses a significant risk to public 
health security because of an absence of currently available e!ective countermeasures. We aimed to assess the safety 
and immunogenicity of the candidate simian adenovirus-vectored vaccine expressing the full-length spike surface 
glycoprotein, ChAdOx1 MERS, in humans.

Methods This dose-escalation, open-label, non-randomised, uncontrolled, phase 1 trial was done at the Centre for 
Clinical Vaccinology and Tropical Medicine (Oxford, UK) and included healthy people aged 18–50 years with negative 
pre-vaccination tests for HIV antibodies, hepatitis B surface antigen, and hepatitis C antibodies (and a negative 
urinary pregnancy test for women). Participants received a single intramuscular injection of ChAdOx1 MERS at three 
di!erent doses: the low-dose group received 5 " 10# viral particles, the intermediate-dose group received 2·5 " 10$% viral 
particles, and the high-dose group received 5 " 10$% viral particles. The primary objective was to assess safety and 
tolerability of ChAdOx1 MERS, measured by the occurrence of solicited, unsolicited, and serious adverse events after 
vaccination. The secondary objective was to assess the cellular and humoral immunogenicity of ChAdOx1 MERS, 
measured by interferon-&-linked enzyme-linked immunospot, ELISA, and virus neutralising assays after vaccination. 
Participants were followed up for up to 12 months. This study is registered with ClinicalTrials.gov, NCT03399578.

Findings Between March 14 and Aug 15, 2018, 24 participants were enrolled: six were assigned to the low-dose group, 
nine to the intermediate-dose group, and nine to the high-dose group. All participants were available for follow-up at 
6 months, but five (one in the low-dose group, one in the intermediate-dose group, and three in the high-dose group) 
were lost to follow-up at 12 months. A single dose of ChAdOx1 MERS was safe at doses up to 5 " 10$% viral particles 
with no vaccine-related serious adverse events reported by 12 months. One serious adverse event reported was 
deemed to be not related to ChAdOx1 MERS. 92 (74% [95% CI 66–81]) of 124 solicited adverse events were mild, 
31 (25% [18–33]) were moderate, and all were self-limiting. Unsolicited adverse events in the 28 days following 
vaccination considered to be possibly, probably, or definitely related to ChAdOx1 MERS were predominantly mild in 
nature and resolved within the follow-up period of 12 months. The proportion of moderate and severe adverse events 
was significantly higher in the high-dose group than in the intermediate-dose group (relative risk 5·83 [95% CI 
2·11–17·42], p<0·0001) Laboratory adverse events considered to be at least possibly related to the study intervention 
were self-limiting and predominantly mild in severity. A significant increase from baseline in T-cell (p<0·003) and 
IgG (p<0·0001) responses to the MERS-CoV spike antigen was observed at all doses. Neutralising antibodies against 
live MERS-CoV were observed in four (44% [95% CI 19–73]) of nine participants in the high-dose group 28 days after 
vaccination, and 19 (79% [58–93]) of 24 participants had antibodies capable of neutralisation in a pseudotyped virus 
neutralisation assay.

Interpretation ChAdOx1 MERS was safe and well tolerated at all tested doses. A single dose was able to elicit both 
humoral and cellular responses against MERS-CoV. The results of this first-in-human clinical trial support clinical 
development progression into field phase 1b and 2 trials.

Funding UK Department of Health and Social Care, using UK Aid funding, managed by the UK National Institute for 
Health Research.

Copyright © 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Chaudary et al.Nature reviews 2021
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Tenth lesson: Fix the financing issue

Limited ressources
Mainly from states

Limited or no market

State market stockpiling
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Direct finances towards the most promising projects

Company Amount (billion 
USD)

Vaccine candidate 
name

Technology

Janssen 1 AD26.COV2-S Rec. human adenovirus
AstraZeneca 1.2 AZD1222 Rec. human adenovirus
Moderna 1.53 mRNA1273 mRNA
Novavax 1.6 NVX-COV2373 Rec. Protein with adjuvant
Merck 0.038 Rec. measles

Sanofi and GSK 2.1 VAT0008 Rec. Protein with adjuvant



6th of September 2022
58Lessons learned from COVID-19 pandemic

Eleventh lesson: Fix the logistic issue

30/03/2022 10:15 More Than 11.2 Billion Shots Given: Covid-19 Vaccine Tracker

https://www.bloomberg.com/graphics/covid-vaccine-tracker-global-distribution/ 1/10

Over a year into the biggest vaccination campaign in history, more than 
 have been administered across 184 countries, according to data collected by

Bloomberg. The latest rate was roughly .

In the U.S.,  have been given so far. During the last week, shots
were administered at an average rate of .

Menu Search Sign In Subscribe

The largest and fastest vaccination campaign ever

1 2 3Production Distribution logistics Mass vaccination campaign
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Civil-military collaborations



6th of September 2022
60Lessons learned from COVID-19 pandemic

Twelth lesson: Ethical and Legal Aspects 

Þ A more global vaccine distribution
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Twelth lesson: Ethical and Legal Aspects 

Þ A more global vaccine distribution
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Thirteenth lesson: The future is never written
in advance

20201918



6th of September 2022
63Lessons learned from COVID-19 pandemic

Thirteenth lesson: The future is never written
in advance

20201918

Chaudhary et al. PeerJ Materials Science 2022

?
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Several new preparedness plans  
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Fourteenth lesson: To a more global vision  
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Mackenzie et al. Trop Med Infect Dis 2019

Fourteenth lesson: To a more global vision  
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Pillars of the strength

Fourteenth lesson: To a more global vision  



Tribute to Prof. Fabrice SIMON 
International expert on Chikungunya virus disease
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Prof. Fabrice SIMON

(1963-2022)



Thanks for your attention
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Lessons learned from COVID-19 pandemic : 
Medical countermeasures for biological agents 

TRIGNOL Aurélie (in remplacement of Prof. TOURNIER)

French Armed Forces Biomedical Research Institute (IRBA)

Medical researcher 

OF-3 (MD, PhD)


