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Emerging and Re-emerging Infectious Diseases (ERIDs)

Infectious diseases those whose incidence in humans

- has increased within the past two decades,
- threatens to increase in the near future

- re-appears after a decline in incidence

- spreads in new geographical areas or hosts.

Some Definitions
Infectious Disease (Communicable/transmissible as opposed to NON communicable)
Illness caused by an infectious agent (virus, bacteria,parasite, prion) that multiplies in

the body of the host and can pass either directly or indirectly from one host to another.

pandemic

epidemics

Absenceof  
newcases

endemics
healing

What are the potential causes of ERIDs??
• the spread of a new agent (or a mutant),
• the recognition of an infection that has

undetected, understanding that an established 
disease has an infectious origin (ie cancer)
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Endemic
Epidemic
Pandemic

https://www.publichealth.columbia.edu/public-health-now/news/epidemic-endemic-pandemic-what-are-differences

A B C

Some Definitions
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Epidemic
Illness affecting many persons at the same time, and spreading

from person to person in a locality where the disease is not

permanently prevalent.

Pandemic
Illness prevalent throughout an entire country, continent,

whole world; epidemic over a large area.

Endemic
Prevalent in or limited to a particular locality, region, or people.

Zoonotic
A disease that can be passed between animals and humans.
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An initial « epidemic-free » era…

…yet virus existed and  
infected our ancestors
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~8% of the human genome has a viral origin  
representing molecular fossils of past infections

Venter et al. Science
291(5507):1304-1351 (2001)

1,5% Genes

LTR retrotransposons =
Endogenous retroviruses (ERV)
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Retroviruses stably integrate their genetic material  
in the genome of the host cell

Overtime the genome of ERV accumulated mutations
hampering the formation of infectious progeny viruses
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LTR 5'

gag
pol

LTR 3'

Ancestral provirus with intact & functional ORFs

LTR 5'

gag ∆pol

LTR 3'

env

env

Modern provirus that underwent divergence (non-functional ORFs)

….overtime they are subjected to sequence divergence

~700 000 known HERV loci in the human genome  Not infectious 
(no production of viral particles)  Expression of sometranscripts
Link with diseases (cancers,ALS)
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ERV are genetically & structurally related to  
infectious retroviruses

HIV-1 HERV-K

Monde K, Retrovirology 2017

Who came first?
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ERV are present in virtually all eukaryotes

The presence of a provirus at a given locus in two different species indicates  
that infection of germ line occurred before separation.
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Infections as evolution drivers:  the exemple of the placenta
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Infections as evolution drivers:  the exemple of the placenta
syncytin
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Ancestral capture of syncytin-Car1, a fusogenic endogenous retroviral envelope gene involved in 
placentation and conserved in Carnivora
Guillaume Cornelis et al. 2011; https://www.pnas.org/doi/10.1073/pnas.1115346109Virology-Outbreaks 2025

https://www.pnas.org/doi/abs/10.1073/pnas.12157871 
10?doi=10.1073%2Fpnas.1215787110

Several syncytins, several functions

Syncytin captures Placenta diversity
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https://journals.plos.org/plosbiology/article/file?id=10.1371/jo  
urnal.pbio.3000028&type=printable

5’ LTR 3’ LTR

5’-LTR

MLV

HTLV

HIV

MLV: Murine Leukemia virus; HTLV: human T cell Leukemia Virus;  
HIV: Human Immunodeficiency virus
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Endogenous retrovirus Exogenous retrovirus

KoRV-A ➔ endogenousRV
- Full length genome, transcriptionally active
- Insertionally polymorphic

KoRV-B ➔ exogenous RV, likely arose from KoRV-A
- Use a different receptor
- Associated with 6-cell lymphoma, chamydial disease

KoRV-A+  
KoRV-A-

A B

16Virology-Outbreaks 2025

From nomad hunter-gatherer to farmers ~8500 BC  
(New Stone Age)

• Stable food supply
denser, larger, more specialized human communities
development of permanent settlements

• Domestication
• Food surpluses & secialized work force  

developpment of trade

Begining of the Epidemic Era 17Virology-Outbreaks 2025 https://www.nature.com/articles/ncomms3486/figures/3

blue arrows indicate the first evidence for agriculture ineach region.
Statistically significant deviations from the null model are indicated in red and blue
**P-values smaller than P<0.0051, the 95% confidence level calculated using the Šidák correction.
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Regional population collapse followed initial agriculture booms in mid-Holocene Europe

Virology-Outbreaks 2025

https://www.pnas.org/doi/10.1073/pnas.1115346109
http://www.pnas.org/doi/10.1073/pnas.1115346109
http://www.pnas.org/doi/abs/10.1073/pnas.12157871
http://www.nature.com/articles/ncomms3486/figures/3
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Exploration, conquest, trade contributed to the spread of deadly
infectious diseases, file: Enseignement 2021-2022, 

Outbreaks_History_Record_Arte.mp4
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Yersinia Pestis - Black Death. (bacteria !)
Origins of Black Death (disputed): near Lake Issyk-Kul of modern-day Kyrgyzstan, 2600 years ago

https://www.nature.com/articles/s41586-022-04800-3

Kaffa (now Feodosiya): the Black death port of entry inEurope

« Thedying Tartars (Mongols), stunned and stupefied by the immensity
of the disaster brought about by the disease, and realizing that they
had no hope of escape, lost interest in the siege. But they ordered
corpses to be placed in catapults and lobbed into the city in the hope
that the intolerablestenchwouldkill everyoneinside.»
GabrieleDe’Mussi fromPiacenza
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Yersinia Pestis - Black Death
▪ Both the vector (Oriental rat flea) and the vector host (Rattus rattus) migrated/were carriedalong

the trade routes from East to West.

▪ Between 1347 and 1351 ➔ 35 millions people died (30 to 60 % the European population)

▪ The bacteria Yersinia pestis was discovered by Alexandre Yersin in 1894 during the Hong Kong

epidemics. Paul-Louis Simond (1898) discovered thevector.

▪ Today: about 2,000 cases/year mostly in Low-income countries; 5-15% case fatalityrate

https://www.who.int/fr/emergencies/disease-outbreak-news/item/plague---madagascar
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Variola Virusand Smallpox
▪ Phylogenetic studies indicate that Variola Virus infecting humans,and those  

infecting camels (CMLV) and gerbils (TATV) emerged almost simultaneously  
from a comon ancestor

▪ Very contagius and deadly (mortality rate 15-30%)
▪ Earlier description in the 4th century CE in China
▪ Very narrow host specificity (tropism)

humans

gerbils  
camels

horses

monkeys

Ramses V  
(1157 BC)

caws

https://www.cdc.gov/smallpox/history/history.html 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4379562/
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Smallpox  
Measles  
Diphtheria  
Malaria  
Whoopingcough  
Tuberculosis  
Scarlet fever

Syphilis  
Yellowfever
Sleeping sickness

15th – 19th century : 50 to 90% decrease of theindigenous
population (Americas,Australia)

“Wherever the European had trod,  death seemed to pursue the aboriginal.”
C. Darwin, The Voyage of the Beagle, Chapter XIX

Typhus  
Mumps  
Pneumonia  
pertussis  
Antrax  
Rubella  
Influenza

Europe

Americas  
Africa  
Oceania
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https://imgur.com/gallery/8M7q8#J7LANQ4

Modeling of EID spreading dynamics depending on
the preexisting immunity in the population

Day1

DayN

Concept of HerdImmunity
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http://www.nature.com/articles/s41586-022-04800-3
http://www.who.int/fr/emergencies/disease-outbreak-news/item/plague---madagascar
https://www.cdc.gov/smallpox/history/history.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4379562/
https://imgur.com/gallery/8M7q8
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Variolization was practiced in China & India  since 
~1000 aC

Reduced mortality from 30% to 2-3% upon infection

By 1700, variolation had spread to Africa, India and  
the Ottoman Empire.

25
https://fr.wikipedia.org/wiki/Mary_Wortley_Montagu

Virology-Outbreaks 2025

Smalpox, Jenner, Blossom & James Philips

Blossominfected  
by cowpox

Gaston Mélingue, Lithography 1894

Eduard Jenner performing the first smallpox vaccine in 1796. On
the right, we observe a young woman who puts a bandage on her
hand where the bubo taken for this "vaccine" is.

A month later, Jenner inoculated J. Philips with smallpox, who remained unscathed.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1200696/

it was a common belief that dairymaids were in some way protected from  
smallpox “I shall never have smallpox for I have had cowpox. I shall never have  
an ugly pockmarked face.”
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1980
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I am among the last to be vaccinated (-:

Virology-Outbreaks 2025

The Cow Pock, James Gillray, 1802, Wellcome Library, London

28
cowpox, smallpox, vaccine et variole : orthopoxvirus

This 1802 cartoon by English caricaturist James Gillray (1756–1815) is a striking
reminder that the controversy surrounding vaccination is as old as the earliest days of 
the procedure itself
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Dog domestication 33kya in N China; in Middle East by origin of farming. Rabies still in
Europe but indecline

Rabie

Man Bitten by Mad Dog .
Illustration from an Arabic
translation of the Materia Medica,  
Baghdad, Iraq, 1224.
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« Génétique moleculaire du virus de la rage, un siecle
apres pasteur », thèse 1988

par Noël Tordo (Directeur Institut Pasteur de la Guinée)

https://www.youtube.com/watch?v=s3CphwXZFSc
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Dog domestication 33kya in N China; in Middle East by origin of farming. Rabies still in
Europe but indecline

Rabie

Vaccineagainst  
Rabie1885
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1200696/
https://www.youtube.com/watch?v=s3CphwXZFSc
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Modern epidemics and the discovery of the  causative agents

Cholera epidemics  
Starts in Asia (1817),  
reaches Europe (1832)
and France (1832)
Vibio cholerae

Peste in China
1894 and 1910
(Hong Kong)
Yersinia pestis
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The epidemics of the 20th century  The Spanish flu 1917-18

32

Emerging Infectious Diseases • 
www.cdc.gov/eid • Vol. 12, No. 1, 
January 2006
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The epidemics of the 20th century  The polio 
epidemic in the USA

33History of Poliomyelitis (1971), John R. PaulVirology-Outbreaks 2025 34

Poliomyelitis: Historical Facts, Epidemiology,
and Current Challenges in Eradication Man Mohan Mehndiratta et al. The Neurohospitalist 2014, Vol. 
4(4) 223-229

The Fight against Poliovirus Is Not Over, Mbani et al. Microorganisms 2023

Global Polio Eradication Initiative (GPEI) was launched in 1988

WPV1 persists in 
Afghanistan and 
Pakistan in 2022

Virology-Outbreaks 2025
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The age of optimism

In 1967 the US Surgeon-General William Stewart
famously declared “The time has come to close the
book on infectious diseases"
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Infectious diseases are responsible of
~26% deaths worldwide (~14 millions)
~16% of cancers - bacteria (Helicobacter pylori…) or viruses (hepathitis virus, Epstein Barr virus, papillomavirus…

Upper  
respiratorytract  

infections

Diarrhoeal  
Diseasestuberculose

HIV/SIDA

Other  
transmissible  

diseases
malaria

Impact of infectious diseases on human health today
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Age < 5 ans Age > 50 ans

France Kenya

https://ourworldindata.org/causes-of-death
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Jones KE et al, Nature2008

~1400 known human pathogens

- 60 % of known human pathogens
are of zoonotic origin, and depend
on an animal reservoir to survive

- 25-30 % human-to-human  
transmitted

- 10-15% food-born

- 75% of emerging pathogens  
originate in the wild ➔ human-
animal interface present a risk of  
emergence.

What is the source of the EID?
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Transfer of infectious diseases from wild to domestic animals

Anke K. Wiethoelter et al. PNAS 2015;112:9662-9667 41Virology-Outbreaks 2025

Chapitre I: une maladie étrange est dénoncée: Los Angeles 1980
This is a very, very dramatic illness. I think. we can say quite assuredly that it

is new (James Curran, Epidemiologist)
CMV: cytomegalovirus, EBV: Ebstein-Barr virus
MMWR : morbidity and Mortality weekly report 1981
Pneumocystis carinii (protozoaire), candidose
Sarcome de Kaposi (dermatologie) New York et Los Angeles (20 et 6)
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The HIV History by Mirko D. Grmek

Chapitre II: l’enquête épidémiologique auprès des homosexuels américains

hypothèse plurifactorielle (poppers); recherche biologique et biochimique, 
interrogatoires par le CDC, lymphadénopathie persistante
A la recherche du patient « 0 » commissaire de bord Air Canada, se déplçait gratuitement 
en avion, 250 partenaires/an

Chapitre III: les premiers émois des européens (Danemark, Londres, Genève, Paris, 
Barcelone)

Virology-Outbreaks 2025
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Deuxième Partie : les oracles de la Science

43

The HIV History by Mirko D. Grmek

Chapitre V: sur la piste des virus

Les américains

Les français
Prix Nobel Médecine 2008
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• Nearly 34 millions people living with HIV and more than 25 millions death
• 67% of HIV-1 positive people live in Sub-Saharan Africa
• Between 1997 and 2010 the infection rate lowered 21%

HIV-1 has infected 60 million peoples Worldwide
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SIVs were identified shortly after HIV-1 & -2

SIV= simian immunodeficiencyvirus
Locatelli S, AIDS 2012,26:659-673
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Sharp PM & Hahn BH Cold Spring Harb Perspect Med. 2011 Sep; 1(1): a006841.

HIV viruses originate from several zoonotic transfers
of SIVs to Humans
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Spread of HIV from genetic data
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HIV replication cycle
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HIV replication cycle

Fusion
inhibitors

Reverse
transcription  

inhibitors Integrase
inhibitors

Protease
inhibitorsEntry

inhibitors

1987
AZT, 1st ARV
approved, US$  
10,000 year

1996
saquinavir, 1st
PI approved

2008

2002

2005

1992: 1st trial for multidrug therapy
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A successful anti-viral strategy
Decreased mortality, increase of the number of infected people

NIH 50Virology-Outbreaks 2025

Improvements in testing & treatment are still required

NIH; https://www.aids.gov/federal-resources/policies/care-continuum/ 51Virology-Outbreaks 2025

Change of perception of the relationship between Doctor and 
Patient

Change of intellectual property rights in Pharmaceutical Industry
(Brazil played a Key role to delcare they would not pay for IP since
it was too much to pay for them))

Strong success of individualization of treatement (the HAART 
allowed patient to survive in good conditions when they would
have died)

Failure of vaccine development

Link of research between Virology and Bacteriology and 
Immunology (translational research and multi-disciplinary
research)

52

Sociological and Geopolitical consequences of HIV
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van Doorn, R. H. Emerging infectious diseases. Medicine (Baltimore). 60–63 (2020).

Emergence of a new human pathogen: a rather  
inefficient process so far. Why?
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Why are new viruses emerging?
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http://www.aids.gov/federal-resources/policies/care-continuum/
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