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Summary

In Italy, the first human case of West Nile Virus (WNV) infection was reported in 2008 and, since
then, the number of cases has been steadily increasing. In this study, we describe the temporal and
spatial pattern of WNV infection risk among humans in Italy, focusing on the human cases of West
Nile Neuro-invasive Disease (WNND) observed between 2008 and 2017. Incidence rates are
estimated for each year and province under study. The incidence temporal trend is estimated using
Poisson regression and a spatio-temporal cluster detection analysis is performed to detect high-risk
areas. In total, 231 WNND cases were notified in Italy between 2008 and 2017. The annual incidence
rates increased during the study period (annual percent change: 11.7%; 95%Cl: -0.9 %; 26.1 %). A
geographical spread of the disease was observed during the study period throughout Northern Italy,
with an increasing number of affected provinces. Provinces close to the Po River (the main river in
the North of Italy) and the Oristano province (in the Sardinia Island) experienced the highest
incidence rates during the study period. Our study shows a gradual, but rapid spread of WNND
across Northern ltaly from East to West and suggests the hypothesis that provinces close to Po River
might present ecological and climatic conditions favourable to the virus circulation.
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Bullet points:

This study includes all cases of West Nile Neuro-invasive Disease (WNND) observed in the 10 years
after the first appearance of a human case of WNND in Italy

West Nile Virus has spread rapidly in all Northern Italy, following an East-West geographical shift

The provinces close to the Po River, in Northern Italy, and the Oristano province, are identified as
high-incidence areas



Introduction

West Nile Virus (WNV) is a vector-borne pathogen transmitted to humans by different species of
Culex mosquitoes (Petersen, Brault, & Nasci, 2013). Human infection is asymptomatic in 80% of
infected subjects, while 20% of cases develop a febrile syndrome, known as West Nile Fever (WNF).
Less than 1% of infected subjects develop a neuro-invasive disease, characterized by meningitis or
encephalitis symptoms (Gyure, 2009). Infection of the central nervous system leads to West Nile
Neuro-invasive Disease (WNND) that typically affects elderly subjects (at least 65 years of age) and
immunocompromised patients (Davis et al., 2006).

WNV has an ecologically complex transmission cycle. The virus is maintained in nature through an
enzootic cycle that involves birds and mosquitoes (Chancey, Grinev, Volkova, & Rios, 2015). Birds are
considered the main reservoir of WNV, because they can develop a sufficiently high viremia to cause
the infection of a feeding mosquito (Pérez-Ramirez, Llorente, & Jiménez-Clavero, 2014).
Ornithophilic mosquitoes are the main vectors, since they can transmit the virus from an infected
bird to a susceptible one through salivary gland secretions. Humans and equids are dead-end host,
because their viremia is insufficient to infect mosquitoes.

Mosquitoes that feed on both birds (amplification hosts) and mammals (occasional, dead-end host)
are referred to as bridge vectors and are responsible of the human infection (Kramer, Styer, & Ebel,
2008). Specifically, Culex pipiens mosquitoes are considered the main bridge vectors of WNV in Italy
(Vogels, Goertz, Pijilman, & Koenraadt, 2017). In Italy, the WNV transmission period overlaps with
the activity period (May-November) of Culex pipiens (Bisanzio et al., 2011).

In Europe, until the mid-1990s, WNV infection cases were reported only sporadically. The first large
outbreaks were observed in 1996 in Bucharest, Romania, with 393 WNND cases (Tsai, Popovici,
Cernescu, Campbell, & Nedelcu, 1998) and in 1999 in Volvograd, Russia, with 318 WNND cases
(Platonov et al., 2001). Since 2008, an increasing number of human cases of WNND have been
notified in many countries of Eastern, Central, and Southern Europe, with several outbreaks in Italy,
Greece, Serbia, Hungary, Russia and Romania (Rizzoli, Jimenez-Clavero, et al., 2015).

Both biotic and abiotic factors are important drivers for the endemization of WNV observed in
Europe in the last years (Paz & Semenza, 2013). Migratory birds are responsible for the introduction
of the virus in new areas, while high densities of competent mosquitoes and the presence of
susceptible local birds are essential for the amplification and the local transmission of the virus
(Reisen, 2013; Rizzoli, Jimenez-Clavero, et al., 2015). Among abiotic factors, local environmental
conditions and meteorological factors, including air temperature and precipitation, are relevant for
the persistence of the virus (Paz & Semenza, 2013), for instance through their influence on the
vector population dynamics.

Italy has been one of the most affected countries in Europe, reporting the first human case of WNV
infection in 2008. In 2010, the Italian Ministry of Health implemented the first WNV surveillance plan
at the national level, integrating veterinary, entomological and epidemiological data (Ministero della
Salute, 2010). Different studies have documented that the integrated surveillance system was
efficient in monitoring the spread of WNV and in detecting both symptomatic and asymptomatic
human cases of WNV infection (Rizzo et al., 2012, Napoli et al, 2013, Rizzo et al., 2016). According to
the national surveillance system, human cases have been reported in Italy every year since 2008
(Rizzo et al., 2016). Thus, WNV spread in Italy is considered an example of endemization of an



emerging pathogen. The purpose of this work is to study the temporal and spatial patterns of WNND
spread in Italy between 2008 and 2017 and identify spatio-temporal clusters.

Methods
Study Area

Italy is a densely inhabited country in Southern Europe with approximately 60 million inhabitants
and a population density of 200 people per square kilometre. Population density is heterogeneous,
and the Po Valley is the most densely populated area with almost half of the country population.
Other densely packed areas include the metropolitan areas of Rome and Naples. Italy is
administratively divided in 20 regions and in 110 provinces. As the Italian Peninsula extends over
more than 1,000 km from the Alps in the north to the centre of Mediterranean Sea in the south, it
presents a variety of climate systems ranging from continental climate of the inland northern areas
(Po Valley) to the Mediterranean climate profile of coastal areas.

Data collection

We restricted the analyses to the Neuro-invasive form of the disease to avoid under-reporting in
areas not covered by active surveillance. The number of human cases of WNND by province and year
of diagnosis was obtained by the National Health Institute for the period 2008-2017. Information
was collected examining published reports and periodic surveillance bulletins produced in the
framework of the national surveillance plan (Rizzo et al., 2009; Rizzo et al. 2012, ISS, 2018). For each
study year, data of the Italian population and the population of each of the Italian provinces were
obtained from the Italian National Statistical Institute (ISTAT) (Demo-Geodemo, 2018).

Statistical analysis and results representation

We first analysed the annual incidence rates of WNND cases notified in Italy between 2008-2017.
Temporal trends were estimated using Poisson regression. Incidence rates were represented
graphically through choropleth maps at the province level.

To identify spatio-temporal pattern of human WNND cases, we analysed the area-specific incidence
rates for each year under study (2008-2017) applying a model-based cluster detection method for
areal data (Gomez-Rubio et al., 2018). This method tests and selects the most relevant spatio-
temporal clusters on the basis of the likelihood of different Poisson regression models including
potential clusters with different spatial and temporal dimensions as covariates.

Finally, we focused on the geographical distribution of WNND cases diagnosed in Northern Italy, in
order to assess the presence of a geographical shift of cases from East to West during the study
period. We split the study period into two 5-year intervals (2008-2012 and 2013-2017), and
computed, for each of the two, the cumulative distribution curves of WNND cases as a function of
the longitude of the capital of the province in which the diagnosis of the case was posed.



Results

In total, 231 WNND cases were notified in Italy between 2008 and 2017. The total number of cases
and the corresponding incidence rates by provinces are reported in Table 1. We observed a positive
trend in incidence with an estimated annual percent change of 11.7% (95%Cl: -0.9 %; 26.1 %) (Figure
1).

As shown in the maps of the annual incidence rates (Figure 2), the number of provinces affected
increased from 2008 to 2017. Between 2008 and 2012, the rates were low and only a small number
of provinces in the North of Italy were affected. In 2013, the rates and the number of affected
provinces started to increase. Overall, Northern Italy reported WNDD cases every year of the study
period, while sporadic cases appeared in Central and Southern Italy.

Spatio-temporal clustering analysis of the entire 10 years identified a total of four high-risk areas,
denoted with letters from A to D and shown in Figure 3. Cluster A was present in 2008 and 2009 and
included only two provinces in North-East of Italy. In 2011 two new clusters appeared: a large cluster
in the North-East of the country, which lasted for three years (Cluster B), and a small but persistent
one in the province of Oristano, which remained present throughout the study period (Cluster C).
The largest one (Cluster D) included 14 provinces close to the Po River in Northern Italy and covered
5 years (2013-2017). Cluster D was shifted towards West in comparison with the two previous
clusters (Clusters A and B).

The cumulative distribution curves of WNND cases by longitude showed an East-West geographical
shift from 2008-2012 to 2013-2017. Figure 4 shows that, cumulating case from West to East, in the
second period, 50% of cases were accrued approximately 110 km West of the point where the same
percentage of cases were accrued in the first period.

Discussion

This paper describes the spatio-temporal distribution of human WNND cases observed in Italy in the
period 2008-2017. The key features are the constant increase in incidence and a geographical shift
from East to West, mainly in the provinces along the Po River. Given that in Italy the first human case
of WNV infection was observed in 2008, and Italy is now one of the most affected countries in the
European Union, we can conclude that Northern Italy is currently facing the process of endemization
of the WNV.

Once introduced in new areas by infected migratory birds, WNV must establish an endemic cycle of
transmission among immunologically naive birds and mosquitoes (Chancey et al., 2015). It has been
shown that the virus can circulate among reservoirs and vectors for several years before causing
significant human outbreaks (Zehender et al., 2017). It has been hypothesized that the persistence
of the virus in new affected areas might be due to infected birds that develop persistent WNV
infection. Birds with chronic infection act like reservoirs and can promote WNV circulation in the
subsequent transmission seasons (Komar et al., 2003). In addition, survival of infected adult
mosquitoes during winters (overwintering phenomenon) or vertical transmission to eggs might
contribute to the persistence of the virus in the following years (Rudolf et al., 2017). Possibly the two
ways of overwintering can have different relevance in different geographical area, characterized by
different ecological condition. If the virus persists for subsequent years in the enzootic cycle, the

prevalence of virus within host and vector populations will gradually increase, leading to higher risk
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of human infection over time. These hypotheses seem to be confirmed also by the results obtained
over the years by the Italian integrated surveillance system. In Italy, with few exceptions,
mosquitoes and wild birds tested positive well before the appearance of human and horse cases
(Bellini et al. 2014) suggesting that the virus circulated and amplified in several species of wild birds
and Culex pipiens mosquitoes, before spreading and causing cases in dead-end hosts such as humans
and equids (Calzolari et al., 2013).

The epidemic pattern of WNND human cases recorded in Italy might reflect two subsequent distinct
WNYV introductions. Circulation between 2008 and 2012 was sustained by lineage 1 strains. After
2013, recorded cases were caused by a lineage 2 strain, affine to the virus already circulating in
Europe and first detected in Hungary in 2004 (Barzon et al., 2013). Interestingly, this strain had
already been detected in mosquitoes and one bird in a North-Eastern Italian region (Friuli Venezia
Giulia) in 2011 (Savini et al., 2012), highlighting the possibility of silent circulation of the virus before
the appearance of a human outbreak. Moreover, a different strain, affine to the Volvograd lineage 2,
was detected in 2014 (Ravagnan et al., 2015), suggesting that several introductions of different WNV
strains have likely occurred in Italy at different times.

During the study period, we observed an East-West geographical shift of human WNND cases in
Northern Italy. In the first half of the study period (2008-2012), the two identified clustering areas
were located in the North-East of Italy, while in the second half of the study period (2013-2017) the
main clustering area was observed among the central provinces of Northern Italy. These results were
confirmed by the East-West geographical shift observed when plotting the cumulative distribution
curves of WNND cases by longitude. Interestingly, similar results have been found by a phylogenetic
analysis conducted among humans, mosquitoes and birds, which underlined that the WNV spatial
spread observed in Northern Italy in recent years probably occurred along the Po river and its main
tributaries with an East-West gradient (Zehender et al., 2017). These results suggest that Po River
and its neighbouring areas might present environmental and ecological conditions that can promote
WNV transmission and circulation. Among the others, main drivers in Northern Italy might be: hot
and humid summers, presence of wet lands and irrigated croplands, highly fragmented natural sites,
local bird abundance and high density of Culex mosquitos (Marcantonio et al., 2015; Paz &
Semenza, 2013; Tran et al.,, 2014). All these factors can interact providing ideal conditions for
establishing endemic cycles of WNV and increasing the probability of human infection.

Anomalies in climatic and meteorological conditions observed in recent years might have played a
role in the geographical spread of WNV in Northern Italy and might partially explain the spatial
pattern of WNND human cases. It has been hypothesized that meteorological anomalies during
spring/summer might affect the seasonality of the disease by anticipating the starting time of the
transmission period and favour an early increase in the number of infective mosquitos (Paz, 2015).
Interestingly in 2013, the year with the highest number of WNND cases during the study period, was
characterized by extraordinarily hot summer temperatures and areas where both infected humans
and mosquitoes were observed were characterized by higher summer temperatures, compared to
the areas without evidence of viral circulation (Calzolari et al. 2015). It has also been shown that
periods characterized by high temperatures and above than average rainfall can affect incidence of
human WNYV infection cases in the following weeks (Moirano et al., 2018; Paz et al., 2013).

Among Central and Southern regions, the Oristano province, in the Sardinia region, was detected as
a spatio-temporal cluster. Interestingly, this area is rich of natural wetlands and lies in the western
routes of migratory birds, that are well-known risk factors for virus circulation (Paz & Semenza,

6



2013). Thus, the Oristano province is likely to be a suitable area for the interaction of migratory
birds, resident birds, competent mosquito vectors and humans.

The main limitation of our study is due to the differential surveillance system that rules in endemic
areas and not endemic areas. National Surveillance Plans define as endemic areas provinces in which
presence of WNV has been identified among birds, mosquitoes or mammals (equids or humans).
Since 2010, endemic areas (mainly regions of Northern Italy) have implemented an active
surveillance based on the research of WNV antibodies among both hospitalised cases of aseptic
meningitis/encephalitis and cases of fever with rash and have organized a mandatory screening of all
blood donors. On the contrary, non-endemic areas report human cases accordingly to a passive
notification system (ISS, 2018). Thus, it is plausible that part of the spatial heterogeneity of WNV
cases might be explained by a greater ease of diagnosis in endemic areas. However, we included in
the study only WNND cases, excluding asymptomatic blood donors and fevers with rash. WNND
cases develop neurological symptoms and are more likely to receive aetiological diagnostic tests also
in not endemic areas and, therefore, less likely to be underdiagnosed, even though it cannot be
excluded that some WNND cases have been missed by the surveillance system in not endemic areas.

The main strength of our study is that it includes all WNND cases diagnosed in Italy since the first
appearance of a human case of WNV infection. To our knowledge, this is the first study attempting
to describe systematically the epidemiological patterns of WNND cases in Italy since its first
appearance in humans and for a 10-year period (2008-2017). Our results may lay the foundations for
future studies aimed at investigating the potential mechanisms underlying WNV outbreaks, such as
the recent outbreak observed in 2018 in Italy (230 cases of WNND reported by ISS) (ISS, 2018).

In conclusion, our study shows a gradual, but rapid, geographical spread of WNND across Northern
Italian provinces. This suggests that WNV has the capacity to spread into areas not previously
interested by the viral circulation and can persist in areas already affected. Disease incidence
exhibited geographic clustering, suggesting that provinces close to Po River experience higher risk
and might present ecological and climatic conditions favourable to virus circulation. Further studies
focused on the complex interaction between biotic and abiotic factors are needed to identify major
determinants of spatio-temporal variability of WNV incidence, useful to predict areas and periods at
risk of WNV outbreaks.

Conflict of interest: nothing to declare



References

Barzon, L., Pacenti, M., Franchin, E., Squarzon, L., & Lavezzo, E. (2013). The Complex Epidemiological
Scenario of West Nile Virus in ltaly. Int J Environ Res Public Health, 10(10), 4669—-4689.
https://doi.org/10.3390/ijerph10104669

Bellini R, Calzolari M, Mattivi A, Tamba M, Angelini P, Bonilauri P, Albieri A, Cagarelli R, Carrieri M,
Dottori M, Finarelli AC, Gaibani P, Landini MP, Natalini S, Pascarelli N, Rossini G, Velati C, Vocale
C, Bedeschi E. The experience of West Nile virus integrated surveillance system in the Emilia-
Romagna region: five years of implementation, Italy, 2009 to 2013. Euro Surveill. 2014; 19(44):
5. https://doi.org/10.2807/1560-7917.es2014.19.44.20953

Bisanzio, D., Giacobini, M., Bertolotti, L., Mosca, A., Balbo, L., Kitron, U., & Vazquez-Prokopec, G. M.
(2011). Spatio-temporal patterns of distribution of West Nile virus vectors in eastern Piedmont
Region, Italy. Parasites & Vectors, 4, 230. https://doi.org/10.1186/1756-3305-4-230

Calzolari M, Pautasso A, Montarsi F, Albieri A, Bellini R, Bonilauri P, Defilippo F, Lelli D, Moreno A,
Chiari M, Tamba M, Zanoni M, Varisco G, Bertolini S, Modesto P, Radaelli MC, lulini B, Prearo
M, Ravagnan S, Cazzin S, Mulatti P, Monne |, Bonfanti L, Marangon S, Goffredo M, Savini G,
Martini S, Mosca A, Farioli M, Gemma Brenzoni L, Palei M, Russo F, Natalini S, Angelini P,
Casalone C, Dottori M, Capelli G PLoS One. 2015. West Nile Virus Surveillance in 2013 via
Mosquito Screening in Northern Italy and the Influence of Weather on Virus Circulation. PLoS
One. 2015 21(10);10:e0140915. https://doi.org/10.1371/journal.pone.0140915

Calzolari M, Monaco F, Montarsi F, Bonilauri P, Ravagnan S, Bellini R, Cattoli G, Cordioli P, Cazzin S,
Pinoni C, Marini V, Natalini S, Goffredo M, Angelini P, Russo F, Dottori M, Capell G, Savini G.
New incursions of West Nile virus lineage 2 in Italy in 2013: the value of the entomological
surveillance as early warning system. Vet Ital. 2013;49(3):315-9.
https://doi.org/10.12834/VetIt.1308.04

Chancey, C., Grinev, A, Volkova, E., & Rios, M. (2015). The Global Ecology and Epidemiology of West
Nile Virus. BioMed Research International, 2015, 1-20. https://doi.org/10.1155/2015/376230

Davis, L. E., DeBiasi, R., Goade, D. E., Haaland, K. Y., Harrington, J. A., Harnar, J. B., Tyler, K. L. (2006).
West Nile virus neuroinvasive disease. Annals of Neurology, 60(3), 286-300.
https://doi.org/10.1002/ana.20959

Demo-Geodemo. Mappe, Popolazione,  Statistiche = Demografiche  dell'ISTAT, from
http://demo.istat.it/

Gomez-Rubio V, Serrano PEM, Rowlingson B (2018) DClusterm: model-based detection of disease
clusters. R package version 0.2

Gyure, K. A. (2009). West Nile Virus Infections. Journal of Neuropathology & Experimental Neurology,
68(10), 1053-1060. https://doi.org/10.1097/NEN.0b013e3181b88114

Komar, N., Langevin, S., Hinten, S., Nemeth, N., Edwards, E., Hettler, D., ... Bunning, M. (2003).
Experimental infection of North American birds with the New York 1999 strain of West Nile
virus. Emerging Infectious Diseases, 9(3), 311-322. https://doi.org/10.3201/eid0903.020628

Kramer, L. D., Styer, L. M., & Ebel, G. D. (2008). A Global Perspective on the Epidemiology of West
Nile Virus. Annual Review of Entomology, 53(1), 61-81.
https://doi.org/10.1146/annurev.ento.53.103106.093258

ISS. La sorveglianza dei casi umani di infezione da West Nile virus. (2018), from
http://www.epicentro.iss.it/problemi/westNile/bollettino.asp

Marcantonio, M., Rizzoli, A., Metz, M., Rosa, R., Marini, G., Chadwick, E., & Neteler, M. (2015).
8



Identifying the Environmental Conditions Favouring West Nile Virus Outbreaks in Europe. PLOS
ONE, 10(3), e0121158. https://doi.org/10.1371/journal.pone.0121158

Ministero della Salute. Sorveglianza della malattia di West Nile in Italia, 2010. [West Nile disease
surveillance in Italy, 2010]. Rome: Ministry of Health; 21 Jul 2010. Italian. Available from:
http://www.normativasanitaria.it/normsan-pdf/0000/34923_1.pdf

Moirano, G., Gasparrini, A., Acquaotta, F., Fratianni, S., Merletti, F., Maule, M., & Richiardi, L. (2018).
West Nile Virus infection in Northern Italy: Case-crossover study on the short-term effect of
climatic parameters. Environmental Research, 167, 544-549,
https://doi.org/10.1016/j.envres.2018.08.016

Napoli ,C., Bella, A. ,Dedclich, S., Grazzini, G., Lombardini, L., Nanni Costa, A., Nicoletti,L., Pompa,
M.G., Pupella, S., Russo, F., Rizzo, C., (2013). Integrated Human Surveillance Systems of West
Nile Virus Infections in Italy: The 2012 Experience. International journal of Environmental
research and Public Health, 10, 7180-7192. https:// doi.org/10.3390/ijerph10127180

Paz, S. (2015). Climate change impacts on West Nile virus transmission in a global context.
Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences.
370(1665), https://doi.org/10.1098/rstb.2013.0561

Paz, S., Malkinson, D., Green, M. S., Tsioni, G., Papa, A., Danis, K., ... Semenza, J. C. (2013). Permissive
Summer Temperatures of the 2010 European West Nile Fever Upsurge. PLoS ONE, 8(2).
https://doi.org/10.1371/journal.pone.0056398

Paz, S., & Semenza, J. C. (2013). Environmental drivers of West Nile fever epidemiology in Europe
and Western Asia--a review. International Journal of Environmental Research and Public Health,
10(8), 3543-3562. https://doi.org/10.3390/ijerph10083543

Pérez-Ramirez, E., Llorente, F., & Jiménez-Clavero, M. (2014). Experimental Infections of Wild Birds
with West Nile Virus. Viruses, 6(2), 752—781. https://doi.org/10.3390/v6020752

Petersen, L. R., Brault, A. C., & Nasci, R. S. (2013). West Nile virus: review of the literature. JAMA,
310(3), 308-315. https://doi.org/10.1001/jama.2013.8042

Platonov, A. E., Shipulin, G. A., Shipulina, O. Y., Tyutyunnik, E. N., Frolochkina, T. I, Lanciotti, R. S, ...
Pokrovskii, V. I. (n.d.). Outbreak of West Nile virus infection, Volgograd Region, Russia, 1999.
Emerging Infectious Diseases, 7(1), 128—132. https://doi.org/10.3201/eid0701.700128

Ravagnan, S., Montarsi, F., Cazzin, S., Porcellato, E., Russo, F., Palei, M., ... Capelli, G. (2015). First
report outside Eastern Europe of West Nile virus lineage 2 related to the Volgograd 2007 strain,
northeastern Italy, 2014. Parasites & Vectors, 8(1), 418. https://doi.org/10.1186/s13071-015-
1031-y

Reisen, WK. (2013). Ecology of West Nile Virus in North America. Viruses, 5(9), 2079-2105.
https://doi.org/10.3390/v5092079

Rizzo C, Vescio F, Declich S, Finarelli AC, Macini P, Mattivi A, Rossini G, Piovesan C, Barzon L, Palu G,
Gobbi F, Macchi L, Pavan A, Magurano F, Ciufolini MG, Nicoletti L, Salmaso S, Rezza G. West
Nile virus transmission with human cases in Italy, August - September 2009. Euro Surveill.
2009;14(40)

Rizzo C, Salcuni P, Nicoletti L, Ciufolini MG, Russo F, Masala R, Frongia O, Finarelli AC, Gramegna M,
Gallo L, Pompa MG, Rezza G, Salmaso S, Declich S. Epidemiological surveillance of West Nile
neuroinvasive diseases in Italy, 2008 to 2011. Euro Surveill. 2012;17(20).



Rizzo, C., Napoli, C., Venturi, G., Pupella, S., Lombardini, L., Calistri, P., Italian WNV surveillance
working group, the I. W. surveillance working. (2016). West Nile virus transmission: results
from the integrated surveillance system in Italy, 2008 to 2015. Euro Surveillance, 21(37).
https://doi.org/10.2807/1560-7917.ES.2016.21.37.30340

Rizzoli, A., Jimenez-Clavero, M., Barzon, L., Cordioli, P., Figuerola, J., Koraka, P., ... Tenorio, A. (2015).
The challenge of West Nile virus in Europe: knowledge gaps and research priorities.
Eurosurveillance, 20(20), 21135. https://doi.org/10.2807/1560-7917.E52015.20.20.21135

Rudolf, 1., BetaSova, L., Blazejovd, H., Venclikova, K., Strakova, P., Sebesta, O., ... Hubdlek, Z. (2017).
West Nile virus in overwintering mosquitoes, central Europe. Parasites & Vectors, 10(1), 452.
https://doi.org/10.1186/s13071-017-2399-7

Savini, G., Capelli, G., Monaco, F., Polci, A., Russo, F., Di Gennaro, A, ... Lelli, R. (2012). Evidence of
West Nile virus lineage 2 circulation in Northern ltaly. Veterinary Microbiology, 158(3-4), 267—
273. https://doi.org/10.1016/j.vetmic.2012.02.018

Tran, A., Sudre, B., Paz, S., Rossi, M., Desbrosse, A., Chevalier, V., & Semenza, J. C. (2014).
Environmental predictors of West Nile fever risk in Europe. International Journal of Health
Geographics, 13(1), 26. https://doi.org/10.1186/1476-072X-13-26

Tsai, T. F., Popovici, F., Cernescu, C., Campbell, G. L., & Nedelcu, N. I. (1998). West Nile encephalitis
epidemic in southeastern Romania. Lancet (London, England), 352(9130), 767-771.
http://www.ncbi.nlm.nih.gov/pubmed/9737281

Vogels, C. B. F., Goertz, G. P., Pijilman, G. P., & Koenraadt, C. J. M. (2017). Vector competence of
northern and southern European Culex pipiens pipiens mosquitoes for West Nile virus across a
gradient of temperatures. Medical and Veterinary Entomology, 31(4), 358-364.
https://doi.org/10.1111/mve.12251

Zehender, G., Veo, C., Ebranati, E., Carta, V., Rovida, F., Percivalle, E., ... Galli, M. (2017).
Reconstructing the recent West Nile virus lineage 2 epidemic in Europe and ltaly using discrete
and continuous phylogeography. PLOS ONE, 12(7), e0179679.
https://doi.org/10.1371/journal.pone.0179679

10



Tablel: Number of WNND cases by province of diagnosis and corresponding incidence rates per 1,000,000 person-years
in the period 2008-2017

Region Province Number WNND Incidence
of WNND cases Rate (per million)
Emilia-Romagna 82 (35.5%)
Modena 23 3.28
Reggio Emilia 12 2.25
Bologna 20 2.00
Ferrara 16 4.51
Parma 5 1.13
Ravenna 1 0.25
Piacenza 4 1.39
Rimini 1 0.30
Veneto 69 (29.9%)
Venezia 24 2.80
Rovigo 17 6.97
Treviso 19 2.14
Verona 3 0.33
Vicenza 4 0.46
Padova 1 0.11
Belluno 1 0.48
Lombardia 55 (23.8%)
Mantova 19 4.58
Cremona 9 2.49
Milano 6 0.19
Pavia 10 1.82
Lodi 8 3.49
Brescia 3 0.23
Friuli-Venezia-Giulia 6 (2.6%)
Udine 3 0.56
Pordenone 2 0.63
Gorizia 1 0.71
Piemonte 4 (1.7%)
Asti 2 0.91
Torino 1 0.04
Novara 1 0.27
Toscana 2 (0.8%)
Livorno 2 0.59
Sardegna 10 (4.3%)
Oristano 9 5.50
Olbia-Tempio 1 0.63
Puglia 1(0.4%)
Foggia 1 0.16
Basilicata 1(0.4%)
Matera 1 0.50
Sicilia 1(0.4%)
Trapani 1 0.23
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Figure 1 Italian WNND Incidence Rate (per 1,000,000 person-years) in the period 2008-2017 and estimated time trend
(dashed line); APC: Annual Percent Change (%)

Figure 2 WNDD incidence rates (per million person-years) in Italian provinces by year of diagnosis

Figure 3 Spatio-temporal clusters for the period 2008-2017 in Italy

Legend Figure 3

Cluster A: Ferrara and Rovigo provinces (n=2) in 2008-2009; Cluster B: Belluno, Gorizia, Pordenone, Treviso,
Udine and Venezia provinces (n=6) in 2011-2013, Cluster C Oristano province (n=1) in 2011-2017; Cluster D:
Bologna, Bergamo, Brescia, Cremona, Ferrara, Lodi, Mantova, Modena, Parma, Piacenza, Reggio Emilia,
Rovigo, Pordenone and Verona provinces (n=14) in 2013-2017.

Figure 4 Cumulative distribution curves of WNND cases diagnosed in Northern Italy by longitude of the Capital
of the Province of diagnosis for period 2008-2012 and period 2013-2017.

Legend Figure 4

The dotted lines represent the 50th percentile of the distributions of cases and the corresponding longitude at
which 50% of the cases were accrued (starting from East). The left shift of the more recent period shows a
spread towards West of incident cases. For example: in 2013-2017, 50% of cases were accrued at
approximately 110 km West of the point where 50% of cases were accrued in 2008-2012
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