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• Vector-borne diseases involve parasites, bacteria or viruses that are transmitted to humans and other 
vertebrates by the bite of infected haematophagous arthropods, including mosquitoes, ticks, sandflies, 
midges, triatomine bugs and blackflies.

• Approximately 6.3 billion people live at risk of vector-borne diseases, which cause more than 300 million 
disease cases and more than 700,000 deaths annually

• Malaria and dengue fever cause the highest disease burdens
• 219 million malaria cases and more than 500,000 deaths occur annually, disproportionally affecting 

children in Africa
• 96 million dengue cases and 40,000 deaths annually

• Other prominent vector-borne human diseases include yellow fever, chikungunya, Zika virus (ZIKV) diseases, 
West Nile virus (WNV) infections, Japanese encephalitis virus ( JEV) infections, Rift Valley fever, leishmaniasis, 
plague, typhus, tick-borne encephalitis, Lyme disease, Chagas disease, lymphatic filariasis, onchocerciasis
and human African trypanosomiasis, Toscana virus (TOSV) infection

World Health Organization. Global vector control response 2017–2030; Nat Microbiol. 2019;4(9):15-1515;
Nat Rev Microbiol. 2024 Mar 14. doi: 10.1038/s41579-024-01026-0.



• Transmission cycles can be limited to a small number of competent vectors and a single vertebrate host 
(e.g. Plasmodium spp., Wuchereria bancrofti (lymphatic filariasis) and DENV)

• Most vector-borne diseases are zoonotic and use various wild animals as enzootic hosts, with spillover
infections to humans (e.g. WNV).

• Vectors are ectothermic (cold-blooded and unable to regulate their body temperature) and particularly 
affected by weather patterns (especially temperature but also humidity) and climate (long-term weather 
patterns)

• Weather and climate may have very different impacts on vector biology (rates of development, longevity 
and survival, fecundity, biting, and pathogen replication and development in the vector required for 
transmission) 

Nat Rev Microbiol. 2024 Mar 14. doi: 10.1038/s41579-024-01026-0.

Effects of climate change on vector-borne diseases

Note del presentatore
Note di presentazione
Dipteran vectors such as mosquitoes usually have a short life cycle with full development from egg to adult from 1 week to months, and development of each stage within days. Consequently, their population
sizes can be greatly affected by extreme, short-term weather events that bring heavy rains, floods, wind or temperature changes. By contrast, the life cycle of ticks can take months to years, and development between stages takes months. Therefore, short-term weather changes may have less immediate impacts on tick populations compared with dipterans such as mosquitoes that respond faster to weather events



Impact of extreme weather on vectors and vector-borne diseases



• Impact on vector development and life cycles
• Weather and climate may have very different impacts on vectors with varying life spans (e.g. 

mosquitos vs ticks)
• Intense precipitation may create more suitable aquatic environments for oviposition, larval 

development and survival of vectors vs very heavy rainfall associated may wash away immature 
aquatic mosquitoes, strong winds associated with flooding storms may kill many adult mosquitoes

• Drought alters transmission by increasing the vector–host ratio (due to lower host reproduction), 
or if patterns of host–vector contact are altered

• Impact on vector-borne pathogen transmission
• Climate and weather can directly or indirectly influence all four components of vectorial capacity: 

parasite’s extrinsic incubation period (EIP; n days), the mosquito to human ratio (m), daily 
mosquito survival (p) and the human biting rate (a): V = ma2pn/−ln(p) 

• Impact on the distribution of vector-borne pathogens
• Climate change will promote a redistribution of vectors and vector-borne diseases
• Climate change can promote a shift among vector-borne diseases within the same region, e.g. 

warming temperatures projected in many regions will likely transfer the malaria disease burden to 
A. aegypti-borne viruses (DENV, ZIKV, YFV and CHIKV) in sub-Saharan Africa

Effects of climate change on vector-borne diseases

Nat Rev Microbiol. 2024 Mar 14. doi: 10.1038/s41579-024-01026-0.



Some vectors (for example, Aedes aegypti, Aedes albopictus, Culex quinquefasciatus and Dermacentor variabilis) and vector-
borne pathogens (for example, DENV, ZIKV and CHIKV) that are currently circulating predominantly in tropical and 
subtropical climate zones may expand latitudinally into previously temperate zones (towards poles).  Also, the altitudinal 
gradient vector-borne pathogen range may extend to higher elevations due to warming temperatures in the current 
altitudinal range owing to climate change. 

Potential impact of climate change on geographical distribution of vectors







CHIKUNGUNYA – Outbreak in Italy



Casi confermati di Dengue dal 2015 al 2024*

Arbovirosi in Italia – 2024 Data di ultimo aggiornamento: 10 giugno 2024
https://www.epicentro.iss.it/arbovirosi/dashboard



Numero di casi di Dengue per anno. 
Toscana, anni 2013-2023. Fonte: ARS

https://www.ars.toscana.it/2-articoli/5123-aumentato-rischio-contrarre-virus-dengue-a-seguito-diffusione-zanzare-aedes.html





Phlebotomine sandfly



• Due to its neuroinvasiveness, TOSV is currently the most public-health relevant phlebovirus
transmitted by sandflies

• In France, Italy and Tunisia, Toscana virus ranks within the three most common causes of summer 
meningitis after enteroviruses and herpesviruses (HSV, VZV)

• To date, only P. perniciosus and P. perfiliewi have been formally identified as vectors

• The reservoir for maintenance of Toscana virus circulation is not yet been determined

• 862 published cases of infection with TOSV in residents of or travelers to Mediterranean countries

• Evidence that TOSV is present in North Africa (Algeria, Morocco, Tunisia), in the Balkan Peninsula 
(Greece, Croatia, Kosovo, Bosnia Herzegovina), and in the Mediterranean islands (Elba, Baleares, 
Malta, Corsica, Sardinia, Cyprus, Crete).

Clinical Microbiology and Infection 26 (2020) 1017e1023

Toscana Virus



TOSMANIA study
Epidemiological and clinical characteristics of human leishmaniasis in Tuscany region, 
Italy in the period 2018-2023

- Coinvolgimento di tutti i centri di malattie infettive 
della Toscana: 12 centri in totale (inclusa la 
popolazione pediatrica)

- Raccolta dati da: SDO, positività microbiologiche, 
diagnosi di anatomia patologica, notifiche

MATERIALI E METODI

RISULTATI PRELIMINARI

- 156 casi totali: 
- 119 (76.3%) VL + 36 (23.1%) CL + 1 (0.6%) MCL

- 136 casi AUTOCTONI: 107 VL + 29 CL



Epidemiological and clinical characteristics of human leishmaniasis in Tuscany region, 
Italy in the period 2018-2023

CONCLUSIONI

- L’epidemiologia della leishmaniosi si sta modificando in Toscana, così come in altre regioni italiane
- Importanza della sensibilizzazione sull’attuale quadro epidemiologico della leishmaniosi umana in Italia
- Formazione e aggiornamento del personale sanitario 
- Necessaria una riduzione dei livelli di sotto-notifica
- Necessità di ulteriori studi in ottica One-Health

TOSMANIA study



• Flavivirus, Vector-borne disease 
• Reservoir: resident and migratory birds
• Vector: ornithophilic mosquitoes Culex spp.
• Other routes of transmission: transplants, transfusions, vertical transmission

• Incubation: 1-6 days

• Asymptomatic infection (80%), 
• Influenza-like syndrome (20%): fever, 

headache, asthenia, malaise, myalgia and 
muscle weakness, gastrointestinal disorders 
and macular rash on the trunk and 
extremities

• Rarely: hepatitis, pancreatitis, orchitis, 
myocarditis, rhabdomyolysis, chorioretinitis, 
arrhythmias

• Neuroinvasive infection (<1%): 
meningitis/encephalitis, Guillain-Barré
syndrome/radiculitis, flaccid paralysis

West Nile Virus



• 283 cases in Italy in humans from the beginning of May 2023 to 28 September 2023

• 166 neuro-invasive form (32 Piedmont, 53 Lombardy, 18 Veneto, 1 Liguria, 52 
Emilia-Romagna, 4 Puglia, 1 Sicily, 3 Sardinia) 2 imported cases (1 Hungary, 1 
France)

• 63 cases identified in blood donors (13 Piedmont, 31 Lombardy, 3 Veneto, 1 Friuli-
Venezia Giulia, 14 Emilia-Romagna) 1 imported case (Germany)

• 54 cases of fever (5 Piedmont, 14 Lombardy, 29 Veneto, 5 Emilia-Romagna, 1 
Puglia).

• 17 deaths

West Nile: in Italy (2023)



• Isolated for the first time in South Africa in 1959

• First human case in Central African Republic in 1981

• Introduced in Tuscany in 1996 (archived tissue samples from birds)

• Main reservoir and amplifyng host: birds (highly viremic)

• Vector: infected mosquitos of Culex species, mainly Culex pipiens

• Dead-end-host: horses and humans

• Several lineages (prevalent in Europe: 1, 2, 3 and 4)

Usutu Virus



Usutu: in Italy (2023)

• Between 2017 and 2021 detected in 
5 regions (Emilia Romagna, Friuli 
Venezia Giulia, Latium, Lombardy, 
Veneto)

• 8 human cases in 2018, 1 in 2019 and 
2020, 2 in 2021 and 2022

• Often misidentified with WNV 
(serological cross-reactions)

• Significant seroprevalence (blood
donors and asymptomatic subjects)



• For species like I. ricinus and I. scapularis, climate change is likely to have direct effects primarily at the far 
edges of its latitudinal and altitudinal range.

• It has been demonstrated for I. ricinus that warmer temperatures speed up oviposition rates, egg development rates, 
and interstadial development rates 

The Impacts of Climate Change on Ticks and Tick-Borne Disease 
Risk

• Climate change may also operate indirectly on tick 
distribution and abundance via changes in hosts

• I. ricinus populations and Lyme disease risk may 
increase with climate warming, at least in cool, 
temperate northwestern Europe and at higher altitudes

• It is crucial to be able to distinguish the effects of 
climate change from those of other drivers of tick-borne 
disease change (such as changes in populations of deer, 
rodents, and predators or in human behavior).

Annu. Rev. Entomol. 2021. 66:373–88

Note del presentatore
Note di presentazione
It has been demonstrated for I. ricinus that warmer temperatures speed up oviposition rates, egg development rates, and interstadial development rates (45, 51, 71). Experiments demonstrate that a higher proportion of the I. ricinus population is active at warmer temperatures (28). 



Tick borne encephalitis (TBE) Virus
• The tick-borne encephalitis virus (TBEV) is the arboviral etiological agent of tick-

borne encephalitis (TBE), considered to be one of the most important tick-borne 
viral diseases in Europe and Asia. 

• In recent years, an increase in the incidence of TBE as well as an increasing 
geographical range of the disease have been noted. 

• The virus is transmitted between ticks, animals, and humans. 
• Humans are incidental hosts, infected through the bite of an infected tick or by the 

alimentary route, through the consumption of unpasteurized milk or milk products 
from TBEV-infected animals. 

• TBEV infections in humans may be asymptomatic, but the symptoms can range 
from mild flu-like to severe neurological. 

• While there is currently no effective treatment for TBE, immunization and protection 
against tick bites are critical in preventing this disease.

J. Clin. Med. 2023, 12, 6603.



Tick borne encephalitis (TBE) Virus: in Italy

• 9 casi confermati di infezione neuro-invasiva-TBE, encefalite da zecca, (7 
autoctoni, età mediana di 49,5 anni, 87,5% di sesso maschile e nessun decesso)

• A total of 103 Italian cases occurred between 2017 and 2020, 100 of them in the 
Triveneto, with a pooled incidence rate (IR) of 0.35 per 100,000 [95%CI 0.28-0.42]

• Annual estimates peaked in 2018 (0.54 per 100,000 [95%CI 0.39-0.74]), but overall 
figures remain quite low, in particular when compared to nearby countries likewise 
Austria (399 cases, mean IR 1.51 per 100,000) or Slovenia (366 cases, mean IR 4.61 per 
100,000), and Switzerland (377 cases reported in 2018 alone; crude IR 4.41 per 100,000)

Acta Biomed. 2021 Nov 3;92(5):e2021229

https://www.epicentro.iss.it/zecche/meningoencefalite



Climate changes

AMR

Vector-borne 
infectious diseases

Acute febrile illnesses (AFIs)



• Acute febrile illnesses (AFIs) are a major public health problem and the reason for most 
outpatient clinic consultations at primary healthcare centers

• Malaria remains the most common AFI diagnosis in various tropical countries, particularly in Sub-
Saharan Africa, but was only observed at 1% in Southeast Asia. In Southeast and South Asia, 
dengue fever was the most common, accounting for 11.8% of cases, followed by leptospirosis, 
typhoid, scrub typhus and influenza 

• Distinguishing between bacterial and viral infectious causes of AFIs is challenging even in high-
income countries, but is more magnified in low- and middle-income countries where access to 
accurate diagnostics is limited

• This diagnostic uncertainty is a driver of antibiotic prescriptions for AFIs -> Unnecessary just-in-
case prescription of antibiotics contributes to a rise in AMR

• In malaria-endemic countries, the deployment of malaria rapid diagnostic tests (RDT), according 
to the WHO test-and-treat recommendation for febrile patients resulted in better targeted use of 
antimalarial drugs overall

• The ability to establish a correct diagnosis between viral and bacterial causes of fever is central to 
reduce unnecessary antibiotic prescriptions

Trop Med Infect Dis 2022;7:159; CID 2023:77 (Suppl 2); BMC Infect Dis 2019, 19, 577; Lancet Glob Health 2017;5:e157-67



Am. J. Trop. Med. Hyg., 103(5), 2020, pp. 1797–1802

Review Article Usefulness of C-Reactive Protein and Other Host BioMarker Point-of-Care Tests in the 
Assessment of Non-Malarial Acute Febrile Illnesses: A Systematic Review with Meta-Analysis

Forest plot for studies on the accuracy of C-reactive protein.

Forest plot for studies on the accuracy of procalcitonin

The SROC presented AUC = 0.77 (CI: 0.73–0.81), which indicates good accuracy to distinguish bacterial from nonbacterial 
infections. However, the optimal cutoff of CRP could not be assessed, and we found insufficient evidence about its impact on 
antibiotic prescription and clinical outcome. The role of CRP and other host biomarker POCTs for the assessment of acute 
non-malarial febrile illnesses in resource-constraint settings deserves further studies.



Diagnostics 2021, 11, 1728

C-Reactive Protein for the Early Assessment of Non-Malarial 
Febrile Patients: A Retrospective Diagnostic Study



ARBO-SCORE

• myalgia +1 point 
• rash +1 point 
• respiratory symptoms −1 point

• leukopenia +2 points 
• hypertransaminasemia +1 point

Microorganisms 2020, 8, 1731

Arbo-Score: A Rapid Score for Early Identification of Patients with Imported Arbovirosis Caused 
by Dengue, Chikungunya and Zika Virus

90 patients fulfilling inclusion criteria: 34 cases and 56 controls. Among the cases, 22 were diagnosed with DENV 
infection (20 confirmed and 2 probable cases), 8 with ZIKV infection (all confirmed), and 4 with CHIKV infection (all 
confirmed). 
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