
Emerging and re-emerging 

viruses   



Emerging viruses are defined as those causing new human infections that had 

never been encountered earlier

Re-emerging viruses are defined as those causing infections after lying 

quiescent for many years or even decades… 

(new target population, changes in viral biology, etc.)

Emerging and re-emerging 

viruses   

Key players among the different pathogens that have 

caused recent epidemics



https://www.osmosis.org/learn/Emerging_coronaviruses

Between 60% and 80% of emerging infections are derived 

from animal sources



https://www.gov.uk/government/publications/emerging-infections-characteristics-epidemiology-and-global-distribution/emerging-infections-how-and-why-they-arise

2002

SARS-CoV-1



https://www.gov.uk/government/publications/emerging-infections-characteristics-epidemiology-and-global-distribution/emerging-infections-how-and-why-they-arise



Infectious disease emergence involves two main steps:

1. An agent is introduced into a new host population.

2.The agent is established and transmitted within the new host population.

Infections have been emerging for thousands of years as interactions between humans; 
animals and their environments have increased and changed.

How infections emerge

Between 60% and 80% of emerging infections 

are derived from animal sources





Transmission can occur through direct contact with animal tissues/hosts or environmental sources or through 
indirect contact, even through inanimate carriers like air. Re-emergence may occure from natural reservoir















Cell Host & Microbe 25, January 9, 2019

Determinants of succesful zoonotic transmission: 
the example of HIV



De Gaetano S et al Hygiene 2025







The effects of climate change are widespread and rapidly 
intensifying and are largely driven by greenhouse-gas 
emissions from burning fossil fuels.

greenhouse-gas= gas serra 

The extent of change is most extreme in highland and 
polar regions, and temperatures in tropical regions are 
creeping closer to the thermal limits of many organisms. 
Given the current policies and actions, a warming of 2.5°C 
to 2.9°C or more by the end of this century is expected



greenhouse-gas= gas serra 

Warming temperatures affect the behavior, 
physiologic characteristics, and life history of both 
vectors and pathogens as well as the abundance and 
behavior of reservoir hosts and definitive hosts. 

The interactions among temperature, vector, and 
pathogen can change the risk of human-to-human 
disease spread and of spillover to humans from 
reservoir hosts





Climate change:
Extreme or persistent changes in temperature, precipitations, humidity, or air pollution can:

• Expand the size of EID reservoir (exposure)

• Increase the area or length of time of favourable conditions for pathogen survival and transmission (spread)

• increase host-pathogen interaction (exposure and spread)

• increase cross species contacts (spillover)

• degrade the overall health of the population (higher susceptibility-spread)



Int. J. Environ. Res. Public Health 2025, 22(6), 
903; https://doi.org/10.3390/ijerph22060903

Climate change

https://doi.org/10.3390/ijerph22060903






The surge in SARS-CoV-2 cases observed
worldwide during the summer of 2022
appears to have been at least partially due to 
individuals congregating in climate-controlled 
areas, such as shopping malls, particularly in 
regions where residential climate control was 
not widespread

Emerging Microbes & Infections, 13:1, 2356143, DOI: 

10.1080/22221751.2024.2356143

Climate change

During the winter, people spend more time indoors with 

the windows sealed, so they are more likely to breathe 

the same air as someone who is infected and thus 

contract the virus. 

Seasonal viruses may survive better in colder, drier 

climates, and therefore be able to infect more people

The reason for 
the Season



Human demographics and behaviour

Activities such as sexual contact, drug use or outdoor recreational activities can result in increased

exposure to an infectious agent.

Infections can then rapidly spread, especially in more heavily populated areas or where there are

population movements or upheavals.

‘Bushmeat’ harvested from previously remote forested areas remains a risk for animal-derived

emerging infections. Some traditional burial practices have been linked to viral hemorrhagic fevers

spread.

Other factors driving emergence include poverty, social inequality and lack of political will.



Breakdown in public health measures

The spread of existing infections and the emergence of new ones in many areas of the world can be

caused by poor sanitary conditions

Breakdown of public health measures, such as vector control or vaccination programmes, or that due

to non optimal preparedness, can result in the re-emergence of previously controlled diseases.
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A vector is an organism, often an arthropod,
that transmits an infectious disease from one
individual to another. They can be actively
involved in the pathogen's lifecycle or simply
carry the pathogen

A reservoir host is a species in which the pathogen endemically
circulates and is considered to have coevolved with

Han, J.J.; Song, H.A.; Pierson, S.L.; Shen-Gunther, J.; Xia, Q. Emerging Infectious Diseases Are Virulent Viruses—AreWe Prepared? An Overview. 
Microorganisms 2023, 11, 2618. https://doi.org/10.3390/ microorganisms11112618

https://doi.org/10.3390/


https://www.youtube.com/watch?v=Ao0dqJvH4a0

Why Do Bats Carry So Many Diseases? (like Coronavirus)







Not trasnmitted during incubation period 
but at peak of symptoms, easier to control













Arboviruses transmission in Southern Europe:

West Nile
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Aedes albopictus  in Europe: 

Since 2024 there were changes in 16 regions.

2010



Aedes aegypti in Europe: 

Since 2024 there were changes in 2 regions in Egypt.





4 serotypes (DENV-1, DENV-2, DENV-3, DENV-4), a single-
stranded RNA virus of the Flaviviridae family

The 4 dengue viruses are similar —share 65% of their 
genomes — but even within a single serotype, there is some 
genetic variation. 

Despite these variations, infection with each of the dengue 
serotypes results in the same disease and range of clinical 
symptoms (Guzman, Nat Mic 2010)

Dengue is the most prevalent mosquito-borne viral disease 
globally 

Endemic in over 100 tropical and subtropical countries 

DENGUE-DENV

Zeyaullah, Vaccine 2022

https://www.researchgate.net/profile/Md-Zeyaullah?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ


Vettore principale: Animali: 

Aedes aegypti
(Aedes albopictus)

NHPs, pipistrelli, roditori, altri animali

Dengue virus (DENV): 1943 isolato da pazienti in Giappone. From 1970’s dramatic increase in severe dengue cases 
Before 1970, only 9 countries had experienced severe dengue epidemics. The disease is now endemic in more than 
100 countries.

4 sierotipi:
DENV-1,
DENV-2,
DENV-3,
DENV-4

Family: Flaviviridae 
Genus: Orthoflavivirus 

SXW Gwee et al. One Health 2021
MJ Valentine et al. Parasit Vec 2019

Sylvatic cycles of DENVs involving NHPs have been 
shown to exist in Asia and Africa, where DENV has 
been isolated from forest mosquitoes that feed on 
NHPs and from NHPs themselves. There is no good 
evidence yet for sylvatic DENV circulation in NHPs in 
the Americas.

. 2019 

DENGUE-DENV



Dengue is the most rapidly spreading vector-borne disease worldwide, with over half the global 

population at risk for infection



Trasmissione: 

Clinica: 
Trattamento: 
Di supporto non specifico

Vaccino: 
QDENGA è l'unico vaccino contro la dengue la cui 
commercializzazione è stata autorizzata da AIFA a 
febbraio 2023, (EMA 12/2022), 2 dosi a distanza di 3 
mesi 

80% asintomatico

About 1 in 20 people who get sick with dengue 
will develop severe dengue. Severe dengue can 
result in shock, internal bleeding, and death 
(DHF)

DENGUE-DENV





Dengue: 



Where and when we met Zika…





Vettore principale: 
Famiglia: 

Reservoir animale: 

Arbovirosi di importazione con eventi di trasmissione  «autoctona»: 
virus Chikungunya

Aedes aegypti
Aedes 
albopictus

Family: Togaviridae 
Genus: Alphavirus 

Virus isolated from: NHPs, 
palm squirrel (Xerus erythropus), and 
bats of the Scotophillus species

Chikungunya virus (CHIKV) has caused over 70 epidemics between 1952 and 2018. It was first identified in 1952 in 
Tanzania, and isolated from infected patients’ sera, and Aedes and Culex spp. Mosquitoes in 1953

In Africa, during inter-epidemic periods, 
CHIKV is believed to be preserved via a 
sylvatic transmission cycle involving arboreal 
mosquitoes and wild primates.
This is in contrast to Asia, where the virus 
principally cycles between the two main 
vectors (i.e., Ae aegypti and Ae albopictus) 
and humans. The role of vertebrate animals 
of new endemic regions has been poorly 
investigated to date

ECSA (East-Central, South Africa)
WA (West Africa)
Asian
IOL (Indian Ocean lineage)



Vettore principale: 

Arbovirosi di importazione con eventi di trasmissione  «autoctona»: 
virus Chikungunya

Aedes aegypti

Aedes albopictus

The vector competence of Ae albopictus, experimentally assessed in 1976, was demonstrated 
during of Reunion Island  (2005). Where Ae aegypti was absent and CHIKV-positive and 
competent mosquito pools of Ae albopictus were detected
A single mutation in the envelope viral gene E1 of an ECSA strain (alanine to valine at position 
226, A226V E1) was considered responsible for the increased fitness of CHIKV in Ae albopictus 
and the acquisition of a more effective competence. This mutation allowed for the geographic 
expansion of CHIKV throughout sub-Saharan Africa and Southeast Asia, and into Europe.

Nevertheless, CHIKV isolated from some of the European autochthonous cases lacked the 
A226V substitution in E1, indicating that other factors or mutations can determine the virus 
adaptation to Ae albopictus. Indeed, substitutions in the E2 and E3 genes have also been 
involved in the process. These mutations are suggested to enhance the infection in the 
mosquito midgut, probably altering the entry process at the fusion step in the endosome





Arbovirosi di importazione con eventi di trasmissione  «autoctona»: virus 
Chikungunya

Trasmissione: 

Clinica: 
Trattamento: 
Di supporto non specificoSintomi nel 72-95% degli infetti.

in fase acuta febbre anche >39° C 
nel 92% dei casi, accompagnata
frequentemente da dolori articolari
(87% dei casi)

Sintomi comuni sono mal di testa
mialgia, affaticamento, rash, nausea, 
vomito. Meno frequenti le 
manifestazioni oculari

I dolori articolari possono perdurare
anche per mesi (Reunion 42% casi
sequelae per oltre 18 mesi)



The first outbreak took place in 2007 in Northeast Italy near 
the Adriatic coast, and it represented the first documented 
autochthonous CHIKV transmission on continental Europe. 

In total, 337 cases were notified during 2007, 217 of which 
were laboratory-confirmed. The outbreak started from 
Castiglione di Cervia and Castiglione di Ravenna and 
generated smaller transmission chains mainly in 5 other 
towns in the same region (Emilia-Romagna).

The second CHIKV outbreak occurred in 2017 and was 
characterized by 3 main foci (Anzio, Rome, and Guardavalle 
Marina) in 2 different regions, Lazio and Calabria. In total, 
the most updated data report 499 probable
cases, 270 were laboratory-confirmed. 



Chikungunya: 



Arbovirosi endemiche in Italia: West-Nile

Amplifying host: Dead-end host: 

Uccelli selvatici
(rapaci e corvidi sviluppano frequentemente 

sintomi e si rileva outcome fatale)

Mammiferi (e.g. 
Uomini/Equidi)

West Nile virus: isolato per la prima volta nel 1937 in Uganda (distretto West Nile). Il virus è diffuso 
in Africa, Asia occidentale, Europa, Australia e America. 

SoHo= substance of Human origin

In Europa:
Culex pipiens (Cx. pipiens

pipiens, Cx. pipiens
molestus) e Culex 

modestus i principali

Vector:



Arbovirosi endemiche in Italia: Encefalite da zecche (TBE)

Vettore: 

Reservoir animale: 

•European subtype: mortality rate 0.5% - 2%, up to 10% of people suffer long-term or 
permanent neurological problems.
•Far Eastern subtype: mortality rate up to 35%, higher rate of severe long-
term/permanent neurological problems.
•Siberian subtype: mortality rate 1% to 3% and patients tend to develop chronic or 
long-term disease.

Trasmissione: Clinica: 

Sintomi possono comparire in due fasi
•1st sintomi generic simil influenzali

•2nd SNC meningite e/o encefalite

Ixodes ricinus e Ixodes persulcatus, operano sia come 
vettori che come serbatoi 
(I. persulcatus è diffusa in Europa orientale e Russia). 
Anche Dermacentor ed Haemaphysalis possono 
trasmettere l’infezione.

Il virus infetta roditori, caprioli, ovini, 
caprini che contribuiscono al 
mantenimento del ciclo di 
trasmissione dell’infezione. Gli uccelli 
contribuiscono a trasportare 
passivamente zecche infette durante 
le loro migrazioni.



Arbovirosi endemiche in Italia: Virus Toscana (TOSV)

Animali: studi sierologici 
hanno rilevato anticorpi anti-
TOSV in cavalli, maiali, bovini, 
pecore, cani, gatti e pipistrelli 

Family: Phenuiviridae
Genus: Phlebovirus

Phlebotomus perniciosus
Phlebotomus  perfiliewi
Sergentomyia

Toscana virus: isolato per la prima volta nel 1971 da P. pernciosus (Monte Argentario) 

3 genotypes of TOSV 
(lineages A, B, and C)



What about the silent invader?
Oropouche virus belongs to the Simbu serogroup of the viral 
genus Orthobunyavirus in the Peribunyaviridae family

The virus was first detected in 1955 in a febrile forest worker in 
a village in Trinidad and Tobago, near the Oropouche River

OROV was isolated from the mosquito species Mansonia venezuelensis and Aedes serratus

OROV RNA has also been found in Aedes scapularis, A. serratus, Culex fatigans and Psorophora fero

When OROV spills over into humans, it can initiate an urban cycle where the likely vector is the biting midge
Culicoides paraensis



What about the silent invader?



If curious…









SARS-CoV-2: importance of sequencing 
in near-real time

✓ Great efforts from scientific community for technological innovation in the field 
of viral Whole Genome Sequencing 

✓ Institution of sequencing network for integrated surveillance for epidemiological 
from local to global level

✓ Importance of Sharing data in public database

Global Initiative on Sharing All Influenza Data, is a global science initiative 

established in 2008 to provide access to genomic data of influenza viruses. 

The database was expanded to include the coronavirus responsible for 

the COVID-19 pandemic as well as other pathogens

https://en.wikipedia.org/wiki/Influenza
https://en.wikipedia.org/wiki/COVID-19_pandemic
https://en.wikipedia.org/wiki/COVID-19_pandemic
https://en.wikipedia.org/wiki/COVID-19_pandemic


SARS-CoV-2 evolution major driving factors

Infection history
Ability of elicited humoral 

immunity to cross-neutralize 
emerging variants

Variant-specific population 
immunity

large number of mutations

to adapt better to its hosts

Need for vaccine and therapeutics (e.g. mAbs) 
update
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