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What are VRIs ? 
(Viral Respiratory Infec-ons)







Ogni anno si succedono 6-8 settimane in cui incrementano gli accessi in PS, 
i ricoveri, il consumo di antibiotici inappropriato, la mortalità e la 

trasmissione intraospedaliera di influenza 



Il diametro della bolla riflette il numero di DALY per 
100.000 abitanti all'anno. 





Algoritmo riassuntivo













Studies involving more than 9,000 pa6ents reported a 26% decreased 
risk of heart a=acks in people who received a flu vaccine and a 33% 
reduc6on in cardiovascular deaths.









Organizzazione sanitaria e profilo demografico dell’Emilia 
Romagna

L’epidemia da COVID-19 ha determinato nel 2020 un forte calo 
della speranza di vita, comportando un azzeramento dei guadagni 
che si erano registrati nei precedenti 10 anni
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The most likely hosts include raccoon dogs and masked palm 
civet (Paguma larvata), which also might be susceptible to the 
virus. Other possible hosts include hoary bamboo rats (Rhizomys 
pruinosus), Amur hedgehog (Erinaceus amurensis) and the 
Malayan porcupine (Hystrix brachyura), but it is unclear whether 
these animals can catch SARS-CoV-2 and spread the infection. 
The team say the Reeves’s muntjac (Muntiacus reevesi) and the 
Himalayan marmot (Marmota himalayana) could also be carriers, 
but are less likely than the other species.

racoon dogs - cane procione
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In general, the transmission of respiratory viruses can be mostly 
categorized as occurring through three major routes:  
•direct and/or indirect contact with contaminated surfaces or objects 

(fomites) 
•short-range droplet-borne transmission 
• long-range aerosol transmission. 

Important determinants of the likelihood that droplet-borne viruses reach 
previously uninfected individuals are droplet sedimenta6on and 
evapora6on, which are largely influenced by clima-c and other 
environmental condi-ons.





Infec-ous respiratory par-cles 
(IRPs) exist on a con-nuous 
spectrum of sizes, and no single 
cut off points should be applied to 
dis6nguish smaller from larger 
par6cles, this allows to move away 
from the dichotomy of previous 
t e r m s k n o w n a s 
‘aerosols’ (generally smaller 
par6cles) and ‘droplets’ (generally 
larger par6cles). 
Many environmental factors 
influence the way IRPs travel 
through air, such as ambient air 
temperature, velocity, humidity, 
sunlight (ultraviolet radia6on), 
airflow distribu6on within a space, 
and many other factors, and 
whether they retain viability and 
infec6vity upon reaching other 
individuals.
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•Earlier laboratory studies have revealed that low temperature and 
low humidity enhance viral viability and transmission, especially 
influenza, and can compromise host airway an-viral defense 

•Seasonal epidemics of VRIs are not only shaped by single 
meteorological factors but likely the composi-on of mul-ple 
meteorological condi-ons. 

• Indoor climate: studies show that individuals living in homes with 
indoor heaters that elevate indoor RH levels have lower rates of 
infec6ons due to decreased virus viability 

•Virus transmission is more prevalent in indoor environments that 
are well-air-condi6oned but have poor ven-la-on. The indoor 
climate and ven6la6on rates, regulated by outdoor weather 
condi6ons, are suggested to play a vital role in modera6ng the 
seasonal pa=erns of VRIs
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•High-pressure atmospheric condi6ons, sunlight and low wind speeds 
during heatwaves contribute to high levels of air pollu-on. Heatwaves 
and droughts exacerbate the spread of wildfires, resul6ng in widespread 
eleva-ons in levels of par-culate maNer (PM), which can exacerbate 
damage to lung func6on and/or pre-exis6ng respiratory illnesses like 
COPD and asthma 

•A 6me-stra6fied case-crossover study in China showed that the risk of 
acute upper respiratory infec-ons increased by 30% during heatwaves 

•Other studies reported exacerba6on of pre-exis6ng respiratory illnesses 
and increased host suscep-bility to VRIs resul6ng from synergis6c 
effects of compound exposures to aggravated air pollu-on, heatwaves, 
wildfire, and droughts









•These events may have cascading effects on hydrological condi-ons, air 
quality, and health determinants, modifying disease exposure, while 
increasing suscep6bility and ul6mately leading to an increased risk of 
infec-ons and outbreaks 

•In resource-limited tropical low- and middle-income countries (LMICs), 
which have been proven more vulnerable to the impacts of climate 
change, heavy rainfalls are found to be more likely associated with VRI 
peaks. 

•A cross-sec6onal study reported that direct exposure to floodwater 
increased the risk of influenza-like illnesses (OR = 2.75). 

•Disrup-on of housing, health access, and emergency response 
infrastructure due to flooding can compromise health system resilience 
and increase both exposure and vulnerability to VRI risks
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•These include the changes in climate belts, alterna6ons in vegeta6on 
coverage, mel6ng of glacial permafrost, and loss of biodiversity. 

•Recent epidemiological surveillance in temperate climates has revealed a 
shiZ in the peak -ming of RSV seasonal ac-vity towards warmer 
seasons over the past few decades, along with a shortened epidemic 
dura6on. 

•Future RSV epidemics would have a northward shi] in regional ranges as 
epidemic dura6ons became more persistent. 

•Densely populated areas would undergo the greatest rise in rapid intra-
season temperature variability by the end of this century, thereby 
increasing the risk of influenza morbidity by up to 50%

ShiZ in spa-otemporal dynamics of VRIs epidemics 



•Prolonged exposure to extremely high temperatures (≥36 ◦C) in mice 
impairs virus-specific CD8+ T cell responses and an-body produc-on 
following intranasal influenza virus infec6on. 

•Heatwaves, along with wildfires, increase compound exposure to air 
pollu6on as well as allergens like pollens, which causes airway irrita-on 
and respiratory tract inflamma-on. This reduces airway responsiveness 
to harmful s6muli and weakened clearance, exacerba6ng the damage to 
lung func6on.

Host suscep-bility



•Climate change has led to prolonged droughts, deser-fica-on, and land 
degrada-on, which have had slow-onset but significant impacts on 
agriculture, especially in tropical regions in the developing world where 
soil quality is already poor. Increases in the frequency and severity of 
droughts exacerbate food insecurity in those areas currently vulnerable 
to undernutri6on, increasing suscep-bility to infec-ous diseases by 
compromising host immunity

Agricultural adapta-on



•Crowding in par6cular plays a key role in this regard. 
•Outdoor climate can also affect human behavior, such as gathering 

indoors during rainy days and using indoor hea-ng on cold days or air 
condi-oning on hot days. 

•This seems appropriate in explaining the different seasonal pa=erns of 
VRI epidemics for both cold temperate and hot subtropical or tropical 
regions, where such indoor crowding influenced by seasonal weather 
condi6ons facilitates human-to-human transmission 

•Extreme weather events, including heavy rainfall and flooding, can 
disrupt housing, healthcare access, and emergency infrastructure, 
resul6ng in mass displacement and worsening living condi6ons

Human behavior



•Of all the viruses men6oned above, three families of RNA viruses 
associated with respiratory infec6ons appear to frequently jump species 
boundaries, including Orthomyxoviridae, Coronaviridae, and 
Paramyxoviridae (corresponding to five types of virus: influenza virus, 
HCoV, RSV, PIV, HMPV) 

•Stage 1 involves the pathogen remaining in its natural reservoir. Large-
scale ecological and societal changes can alter the likelihood of cross-
species transmission, which can lead to progression into stage 2.  

•Stage 2 is characterized by localized emergence, where spillovers from 
natural reservoirs result in human-to-human transmission. 

•Stage 3 is marked by the acquisi6on of sustained human-to-human 
transmission with low or no human immunity. Increased global 
connec-vity can aid the transi6on to stage 3, leading to actual 
pandemics.

Emerging VRIs with pandemic poten-al 





Conclusion

•As suggested by both biological and epidemiological evidence, 
temperature and humidity are the most significant meteorological 
drivers of VRI seasonality.  

•Due to climate change, seasonal epidemics of VRIs may shiZ spa-ally 
and temporally, with rising temperatures and abnormal rainfall pa=erns 
being contribu6ng factors. 

•Extreme weather events have the poten6al to exacerbate the risks of VRI 
transmission and increase outbreak risks 

•The increasing concern of spillover of emerging zoono-c pathogens and 
the poten6al for pandemics is primarily a result of modifica6ons in both 
natural and social environments as a result of climate change and 
human-animal environment interconnectedness. 

•The contact pa=erns between humans and wildlife reservoirs have 
changed due to urbaniza6on and the intrusion of humans into previously 
unoccupied regions.



Conclusion

•The COVID-19 pandemic may be a harbinger of an upcoming new era, 
defined by outbreaks of emerging and re-emerging diseases that spread 
quickly and interna6onally 

•Therefore, adop6ng the One Health approach, which systema6cally 
considers the interconnected interac6on between humans, animals, and 
the environment we share, as well as the interconnec6on of climate 
change, human health, environmental sanita6on, and biodiversity as a 
whole, is instrumental for understanding the regional and global health 
threats associated with climate change 

•This perspec6ve can enhance interdisciplinary collabora-on in 
strengthening surveillance and early warning of viral diseases to inform 
prepara-on for future pandemics




