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Abstract: West Nile (WNV) and Usutu (USUV) viruses are two mosquito-borne viruses belonging
to the family Flaviviridae and genus Flavivirus. The natural transmission cycle of WNV and USUV
involves mosquitoes and birds, while mammals are thought to be accidental hosts. The goal of
this study was to report—in the context of “off-season monitoring” and passive surveillance—the
detection of WNV and USUV RNA in wild birds. To this end, we analyzed biological samples of
wild birds in Northern Italy, from October to May, hence outside of the regional monitoring period
(June-September). The virological investigations for the detection of USUV and WNV RNA were
performed using real-time PCR on frozen samples of the brain, myocardium, kidney, and spleen. In
a total sample of 164 wild birds belonging to 27 different species, sequences of both viruses were
detected: four birds (2.44%) were positive for WNV and five (3.05%) for USUV. Off-season infections
of WNV and especially USUV are still widely discussed and only a few studies have been published
to date. To the best of our knowledge, this study is the first report on the detection of USUV RNA
until December 22nd. Although further studies are required, our results confirm the viral circulation
out-of-season of Flavivirus in wild birds, suggesting reconsidering the epidemiological monitoring
period based on each individual climate zone and taking into consideration global warming which
will play an important role in the epidemiology of vector-borne diseases.

Keywords: epidemiological monitoring; flavivirus; off-season monitoring; RNA detection; usutu
virus; west nile virus; wild bird

1. Introduction

Usutu (USUV) and West Nile (WNV) viruses are neurotropic mosquito-borne fla-
viviruses, members of the Japanese encephalitis antigenic group [1]. These two flaviviruses
probably have the same life cycles, including ornithophilic mosquitoes (mainly Culex spp.)
as the main vectors and wild birds as the main amplifying hosts, while mammals are
dead-end hosts [2]. West Nile virus (WNV) is nowadays the most widespread virus among
the flaviviruses reported in almost all continents. During the last two decades, its pres-
ence has been confirmed in several European and Mediterranean countries [3] becoming
endemic in some of them. Usutu virus (USUV) was originally isolated in South Africa
and detected for the first time in Europe in 2001 where it caused severe mortality in the
Austrian Blackbird populations [4]. In the following years, USUV spread to Central and
Eastern Europe [5] affecting wild birds including populations from Italy where the virus
has probably been circulating since 1996 [6]. USUV was also first detected in the UK in
2020 [5]. In Europe, WNV and USUV appear to be pathogenic for several bird species,
especially those in the Passeriformes order, such as jays, crows [7], and birds of prey for
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WNV [8] and blackbirds and great grey owls (order Strigiformes) for USUV [9-11]. As
USUV and WNYV are zoonotic viruses, regional surveillance programs are necessary for the
early detection of their circulation [12]. Clinical cases of neuroinvasive disease and WNV
fever, as well as seroconversion in blood donors, were reported in humans [13].

The long-term persistence of arbovirus infection within vertebrate reservoir hosts is a
possible mechanism for the overwintering of these viruses at temperate latitudes [14,15].
Viral persistence, defined as the continued presence of infectious viruses in vertebrate hosts
beyond the acute viraemic stage, has been documented for most families of arboviruses [16].
This phenomenon may have implications for the maintenance and re-initiation of virus
transmission cycles in nature. In temperate regions, extended periods of mosquito inactivity
interfere with the continuous transmission of mosquito-borne viruses [17]. Overwintering
strategies for these viruses include hibernation of infected adult female mosquitoes, transo-
varial transmission from female mosquitoes to their offspring, reintroduction through
the movement of infectious vectors and/or vertebrate amplifying hosts from warmer
climates [18] also if the latter have not yet been directly linked to WNV and USUV over-
wintering strategy.

As outlined in the National Plan for Prevention Surveillance, and Response to Ar-
bovirus 2020-2025 [19], Italy is divided into three areas: (a) high-risk areas where these
Flaviviruses are endemic; (b) low-risk areas where Flaviviruses have been observed only
sporadically; and (c) minimum-risk areas where Flaviviruses has never been reported. The
Emilia-Romagna region is currently classified as a high-risk area. Migratory and stationary
wild birds play an important role in the maintenance and spreading of viruses [2]. The
study area has a temperate subcontinental climate and includes three provinces within the
Emilia-Romagna region, among them the largest endemic areas in Italy, both for USUV
and WNV [20,21]. Thanks to their geographical features, the coexistence of mosquitoes,
and stationary and migratory wild birds, these areas provide an ideal environment for
epidemiological studies to optimize USUV and WNV surveillance programs [22,23]. In the
study area, in the sampling year (2018), the first freezing temperatures occurred in early
December [24].

The detection of infectious WNV from the brain, spleen, kidney, and myocardium
of an adult female goshawk (Accipiter gentilis) in Italy in January—a period of mosquito
inactivity—raised questions as to a potential persistent infection within the goshawk or
oral transmission to the goshawk via consumption of persistently infected prey, possibly a
rodent or bird [25]. Further evidence of a non-mosquito source of transmission during cold
periods in a temperate region (New York, NY, USA) was the detection of lethal infections
among communally roosting crows [26] and a red-tailed hawk (Buteo jamaicensis) [27]. As
for USUYV, the autumn and winter detection are not reported in the literature but there was
a detection during the spring season (April) [28].

In a study by Nemeth et al. [15], it was observed that infectious virus in the house
sparrow (Passer domesticus)—an established amplifying host for WNV and other
arboviruses—persisted in tissues throughout 43 days, while the viral RNA persisted in
tissues throughout 65 days, suggesting that such infections in house sparrows could
be important for overwintering of WNV. Nemeth et al. [15] hypothesized that there are
two overwintering mechanisms in vertebrate reservoir hosts: blood-borne infection of
arthropod vectors (recrudescence) and oral infection of vertebrate reservoir hosts (inges-
tion of infected tissues through predation). As shown by Nemeth et al. [29], persistently
WNV-infected birds can act as carriers between endemic and disease-free areas. As every
year millions of wild birds migrate between Europe and Africa, they can act as an entry
portal, by overwintering in or passing through, and WNV /USUV-endemic areas [30-32].

In order to establish whether the circulation of Flaviviruses in wild birds in the Emilia-
Romagna region also occurs outside the regional passive surveillance program, which
takes place every year from June to September, we conducted this study from October to
May. The study’s goals were: (i) to test the detection of WNV RNA in its amplifying hosts
in the period off-season of regional surveillance, (ii) to test the detection of USUV RNA
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in its amplifying hosts in the period off-season of regional surveillance, (iii) to increase
the knowledge of the epidemiology of Flavivirus and their possible effects on hosts and
the ecosystem.

2. Materials and Methods
2.1. Birds

The study involved 164 wild birds (Table 1) collected between October 2018 to May
2019 in the province of Bologna, Ferrara, and Ravenna (Figure 1). The study area map was
created using the open-source software Quantum Geographic Information (QGIS®) v. 3.10.

Figure 1. Map of collected wild birds (1 = 164) in the study area. Red dots indicate birds tested positive
for USUV RNA, orange dots indicate WNV RNA positive, and grey dots indicate Flavivirus-negative
birds. The position of the Emilia-Romagna region is in the lower-left corner of the figure.

The wild birds included in this study were taken from the environment because they
showed signs of illness or trauma and were brought to a wildlife rescue center for medical
care. Animals that died during the transport or at the rescue center were frozen at —20 °C
and delivered—within a maximum of 7 days—to the Department of Veterinary Medical
Sciences of the University of Bologna.
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Table 1. Species identification of the population sampled with results of detection of WNV and USUV RNA.
. j WNV A%
Order Co;ﬁiliime Sciesrﬂlizfi Iisame NOTE:t':ieCts Posli\tlive Prev 95% CI Pl(issilt;;ve Prev 95% CI
(n-%) (n=4) (n=15)
Common buzzard Buteo buteo 7-4.27% 0 0.00% 40.96% 0 0.00% 40.96%
Accipitriformes Spi‘;giji}ffwk Accipiter nisus 2-1.22% 0 0.00% 84.19% 0 0.00% 84.19%
Apodiformes Common swift Apus apus 5-3.04% 0 0.00% 52.18% 0 0.00% 52.18%
Falconiformes European kestrel Falco tinnunculus 11-6.71% 3 27.27% 60.97% 0 0.00% 28.49%
Eurasian hobby Falco subbuteo 1-0.61% 0 0.00% 97.50% 0 0.00% 97.50%
Eurasian blackcap Sylvia atricapilla 2-1.22% 0 0.00% 84.19% 0 0.00% 84.19%
Eurasian great tit Parus major 1-0.61% 0 0.00% 97.50% 0 0.00% 97.50%
Long-tailed tit Aegithalos caudatus 2-1.22% 0 0.00% 84.19% 0 0.00% 84.19%
Hooded crow Corvus cornix 2-1.22% 0 0.00% 84.19% 0 0.00% 84.19%
Common chaffinch Fringilla coelebs 1-0.61% 0 0.00% 97.50% 0 0.00% 97.50%
Eurasian magpie Pica pica 18-10.97% 1 5.55% 27.29% 0 0.00% 18.53%
Eurasian jay Garrulus glandarius 12-7.32% 0 0.00% 26.46% 1 8.33% 38.48%
Passeriformes Eurasian blackbird Turdus merula 43-26.22% 0 0.00% 8.22% 2 4.65% 15.81%
House sparrow Passer domesticus 2-1.22% 0 0.00% 84.19% 0 0.00% 84.19%
European robin Erithacus rubecula 15-9.15% 0 0.00% 21.80% 0 0.00% 21.80%
Goldcrest Regulus regulus 1-0.61% 0 0.00% 97.50% 0 0.00% 97.50%
European starling Sturnus vulgaris 11-6.71% 0 0.00% 28.49% 0 0.00% 28.49%
Song thrush Turdus philomelos 5-3.04% 0 0.00% 52.18% 1 20.00% 71.64%
European greenfinch Chloris chloris 1-0.61% 0 0.00% 97.50% 0 0.00% 97.50%
Grey heron Ardea cinerea 3-1.83% 0 0.00% 70.75% 0 0.00% 70.75%
Pelecaniformes Cattle egret Bubulcus ibis 1-0.61% 0 0.00% 97.50% 0 0.00% 97.50%
Little egret Egretta garzetta 1-0.61% 0 0.00% 97.50% 0 0.00% 97.50%
Eurasian tawny owl Strix aluco 4-2.44% 0 0.00% 60.23% 0 0.00% 60.23%
Eurasian scops owl Otus scops 4-2.44% 0 0.00% 60.23% 1 25.00% 80.59%
Strigiformes Barn owl Tyto alba 1-0.61% 0 0.00% 97.50% 0 0.00% 97.50%
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Table 1. Cont.

No. Subjects WNV usuv
Order SPECIES . SP].E.CIES Tested Positive Prev 95% CI Positive Prev 95% CI
Common Name Scientific Name o
(n-%) (n=4) (n=5)
Little owl Athene noctua 7-4.27% 0 0.00% 40.96% 0 0.00% 40.96%
Long-eared owl Asio otus 1-0.61% 0 0.00% 97.50% 0 0.00% 97.50%
Tot. order: 6 Tot. species: 27 164-100% 4 (2.44%) 5 (3.05%)

Abbreviations:

n: number; Prev: prevalence; 95% CI: upper limit of the confidence interval.
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Upon the arrival of each bird, a form containing the identification number of the
subject, date of collection, coordinates of the place of collection, nutrition status, and age
class, was filled out. Age was estimated by body development, observation of plumage, and
recorded using the Euring code (Table 2). After external inspection for detecting anomalies
or/and lesions, the carcass was positioned in the dorsal position: the subcutis was unglued
to examine the pectoral muscles and evaluate the nutritional status (Table 2). Next, the
coelomic cavity was opened, exposing the thoracic and abdominal cavities. After inspecting
the cavities and the condition of the internal organs, sex was determined by inspecting
the gonads (Table 2). For some young subjects (class 1J) with immature gonads, it was
not possible to record the sex, thus they were identified as “not determinable” (“ND”).
After this investigation, the spleen, kidney, intestines, and myocardium were collected
according to the guidelines of the Epidemiological Surveillance of the Emilia-Romagna
region and stored at —80 °C until the biomolecular tests. After observing the potential
gross pathological findings on the brain structures, the autopsy was completed by sampling
the brain and storing it at —80 °C until further testing. The brain, myocardium, kidney, and
spleen were tested for the detection of WNV and USUV genomes. Statistical analyses were
implemented using the statistical software R (R Core Team 2021) [33].

Table 2. Signaling data of the population sampled with results of molecular investigations of WNV
and USUV according to the month of death, province of origin, sex, and age.

No. Subjects WNV o US.U.V o
(1-%) Positive Prev 95% CI Positive Prev 95% CI
n=4) (n=5)
Month of sampling

October 17-10.36% 0 0.00% 19.51% 1 5.88% 28.69%
November 19-11.58% 4 21.05% 45.56% 1 5.26% 26.03%
December 29-17.68% 0 0.00% 11.94% 3 10.34% 27.35%
January 10-6.10% 0 0.00% 30.85% 0 0.00% 30.85%
February 14-8.54% 0 0.00% 23.16% 0 0.00% 23.16%
March 19-11.59% 0 0.00% 17.65% 0 0.00% 17.65%
April 13-7.93% 0 0.00% 24.70% 0 0.00% 24.70%
May 43-26.22% 0 0.00% 8.22% 0 0.00% 8.22%

Province
Bologna 143-87.19% 4 2.80% 7.00% 3 2.10% 6.00%
Ferrara 7-4.27% 0 0.00% 40.96% 2 28.57% 70.96%
Ravenna 14-8.53% 0 0.00% 23.16% 0 0.00% 23.16%

Sex
Male 78-47.56% 0 0.00% 4.62% 3 3.85% 10.83%
Female 72-43.90% 4 5.55% 13.62% 2 2.78% 9.68%
ND 14-8.53% 0 0.00% 23.16% 0 0.00% 23.16%
Euring age codes
Class_1] 25-15.24% 0 0.00% 13.72% 0 0.00% 13.72%
Class_3 22-13.41% 4 18.18% 40.28% 3 13.64% 34.91%
Class_4 67-40.85% 0 0.00% 5.36% 2 2.98% 10.37%
Class_6 50-30.49% 0 0.00% 7.11% 0 0.00% 7.11%
Body condition

Good 97-59.15% 3 3.09% 8.77% 4 4.12% 10.22%
Fair 53-32.32% 1 1.89% 10.07% 0 0.00% 6.72%
Cachectic 14-8.53% 0 0.00% 23.16% 1 7.14% 33.87%

Abbreviations: n: number; ND: not determinable; Prev: prevalence; 95% CI: upper limit of the confidence
interval. Euring age codes: 1J: fledged but flying so weakly that it is incapable of having flown far from the nest;
3: Definitely hatched during current calendar year; 4: Hatched before current calendar year—exact year unknown;
6: Hatched before last calendar year—exact year unknown (e.g., many adults in spring).
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2.2. Biomolecular Tests

The organ samples (myocardium, brain, kidney, and spleen) were pooled and tis-
sue specimens were homogenized in 25 mL of PBS in a Stomacher Lab-Blender 80 mL
(INTERSCIENCE-France) for 2 min.

Viral RNA was extracted from tissue homogenate in 96 well-plates using the BioSprint®
96 One-For-All Vet kit (Qiagen) and the BioSprint 96 workstation (Qiagen) according to
the manufacturer’s instructions. The RNA extracted was tested by real-time RT-PCRs
to detect WNV [34,35] and USUV RNAs [36]. The samples that tested positive were
tested further with traditional PCRs to obtain amplicons for sequencing: they were sub-
mitted to a Pan-flavivirus protocol targeting the NS5 gene [37] and to two specific pro-
tocols directed at gene E of WNV [38] and USUV [10]. The amplicons were Sanger se-
quenced, aligned, and inspected to detect mutations and then utilized for a BLAST search
(https://blast.ncbi.nlm.nih.gov/Blast.cgi (accessed on 20 July 2023)).

3. Results

Four birds (2.44%) were positive for WNV RNA and five (3.05%) were positive for
USUV (Table 1). Of the four WNV-positive birds, three were kestrels and one magpie
(Table 1).

All four subjects died in November, came from the province of Bologna, were female,
and belonged to age class 3 (Table 2).

Two of the kestrels and the magpie were in good body condition while the third kestrel
was in fair body condition (Supplementary information; Database S1).

Of the five USUV-positive birds, two were blackbirds, one jay, one song thrush, and
one scops owl (Table 1). The scops owl died in October, one of the blackbirds in November,
the song thrush, the jay, and the other blackbird in December (Supplementary Database S1).
The scops owl, a blackbird, and the jay came from the province of Bologna while the thrush
and the other blackbird came from the province of Ferrara. The two blackbirds and the song
thrush were male while the scops owl and the jay were female, the scops owl, a blackbird,
and the jay belonged to age class 3, while the thrush and the other blackbird belonged to
age class 4 (Supplementary Database S1). Lastly, all were in good body condition except the
scops owl which was cachectic and with polytrauma to the skeletal system. The positive
subjects to Flavivirus were in good (7/9-77.8%) nutritional status and the most represented
age class was class 3 (7/9-77.8%).

The time spent between entry to the recovery center and the death of the Flavivirus-
positive wild birds was 21.3 £ 19.7 h (mean =+ standard deviation) with a median of
12 h.

The sampling for the Flavivirus detection was equally distributed among months
(Table 2), with a peak in May (43/164-26.22%), the month in which many nestlings require
veterinary care. It was equally distributed among sex classes, with 47.56% of males and
43.90% of females (Table 2). The province that provides the most samples was Bologna
(87.19%) and the most commonly represented age class was class 4 (67/164-40.85%), consist-
ing of subjects hatched before the current calendar year, but with the exact year unknown,
followed by class 6 (50/164-30.49%) representing subjects that certainly hatched before the
last calendar year (e.g., many adults in spring), and class 1] (25/164-15.24%) consisting of
fledged birds flying so weakly that they could not have flown far from the nest. Lastly,
birds from class 3 (22/164-13.41%) had hatched during the current calendar year (Table 2).
Additionally, most of the blackbirds were in good (97/164-9.15%) and fair (53/164-32.32%)
nutritional status, with only fourteen subjects (8.53%) classified as cachectic (Table 2).

In the four positive birds, the Ct values obtained by the WNYV real-time PCRs were
29.8, 37.06, and 37.55 for the European Kestrel and 30.29 for Eurasian Magpie. In the
five positive birds, the Ct values obtained by the USUV real-time PCRs were 27.4 and
38.13 for the Eurasian Blackbirds, 37.71 for the Song Thrush, 31.96 for the Eurasian jay, and
38.12 Eurasian Scops Owl. Moreover, we obtained two amplicon sequences from the USUV
(one from Eurasian Blackbirds and one from Eurasian Jay). These two sequences differed by
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one mismatch on the 408 nucleotides of the sequences and showed an identity (ranging from
complete to one mismatch) sequences obtained from mosquitoes and a Eurasian Collared
Dave (Streptopelia decaocto) in Emilia-Romagna region in 2010 (GB: JF834599, JF834604,
JE834606, JF834616, JF834623, JF834626, JF834657, and JF834673). We also obtained two
amplicon sequences from WNYV, one from a European Kestrel and one from the Eurasian
Magpie, which showed three mutations on the 392 nucleotides of the amplicons. Both the
sequences obtained from WINV showed the highest identity (showing from one to four
mismatches) for two sequences obtained in Italy from mosquitoes in 2013 (GB KU573083,
KU573080) and two sequences of human origin from Austria obtained in 2014 and 2015
(KP109692, MF984340). Interestingly these sequences, belonging to lineage 2 of WNYV,
shared the same mutation concerning the other sequences deposed in GeneBank.

4. Discussion

Here, we present the results of passive surveillance for WNV and USUV detection,
covering wild birds during the autumn-winter—spring period, during which the circulation
of their main vectors is strongly reduced or absent.

On a sample of 164 wild birds belonging to 27 species, both genomes were found, four
birds (2.44%) were positive for WNV and five (3.05%) for USUV. Our findings confirm the
presence of WNV and USUV RNA in subjects belonging mainly to the Order of Passeri-
formes [39], Falconiformes, and Strigiformes [40], demonstrating that these three orders are
among the main amplifying hosts of Flaviviridae, with some species highly susceptible, as in
the case of blackbirds with USUV [20]. We could not analyze fresh subjects with cytological
and histopathological techniques, and we do not know if the animals were viremic and
for how long they had been before their death. The Ct value obtained by real-time PCR
is not a precise estimation of the viral load present, but it gives an indication, with fewer
cycles relating to higher amounts of virus. Applying an arbitrary threshold around Ct
30, we can classify birds under this threshold as bearing a high load of viruses, and birds
over this threshold as bearing a low load of viruses. According to this classification, one
blackbird showed a high amount of USUV, while the other birds had a low amount. This
result supports the primary role of blackbirds as an amplifier host of USUV. Birds with a
high load of WNV were a kestrel and a magpie, supporting the idea of several different
bird species being able to act as amplifier hosts for this virus, for which a key bird species
was not identified.

The detection of the viral RNA in these tissues in the off-season period of regional
surveillance requires some considerations. The first aspect that needs to be clarified is
the time of infection: to this end, several questions should be asked. (1) Is it the case
that subjects became infected in the warmer months and were positive from October until
December?; (2) did they become infected during the cold months or even shortly before
their death?

Regarding the first question, our study found positive subjects from October 16th until
December 22nd. Nemeth et al. [15] observed that viral RNA in Passeriformes persisted in
tissues for 65 days, this could explain the detection of positive animals between October and
early December. Indeed, in other temperate areas such as Spain, outbreaks in horses usually
occur until the last weeks of November [41] and in temperate areas—as in the case of
Italy—mosquitoes are active from May to early October [42]. Due to global warming, it
has become common to observe higher temperatures in the autumn months in temper-
ate climates [43] demonstrating that climatic changes will play an important role in the
epidemiology of vector-borne diseases [44,45].

Regarding the second consideration, for predatory birds, the transmission of WNV
through predation on infected prey has been frequently observed [40,46]. However, al-
though this provides a possible explanation of how kestrels and scops owls could have
obtained the infection, it does not explain how the birds that were preyed upon could still
have been infectious in a period of low mosquito activity. An alternative could be that
virus acquisition occurred through predating birds with long-term, persistent infection.
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The persistence of infectious WNV for prolonged periods in the organs of birds has been
confirmed by many authors [27,47-51]. Persistent infection is defined as the detection of a
virus in host tissues after viremia has subsided [52]. The persistent viral loads in the organs
of birds belonging to prey species might sustain flaviviruses transmission to predators after
the end of the mosquito season. The recent finding of WNV Lineage?2 in an adult female
goshawk [25] and in a little grebe [14] collected in the winter months in the Umbria region
(Italy) indicates that detection of birds with WNV-infected organs in the winter months can
be possible [15,40,50-52]. Persistent infection is a hypothesis that needs to be investigated
and explored but due to the limitations of the study, it is not possible to endorse or deny
this hypothesis, since it is not known how long the birds were positive, although, in the case
of the European blackbird with USUV RNA on December 22nd, the persistent infection
hypothesis appears the most plausible.

Bearing in mind that common prey species of predatory birds include rodents and
that, also in these animals, infectious WNYV has been detected months after infection [53,54],
rodent-to-bird transmission appears plausible as well. As reported by Mencattelli et al. [25],
further research is needed to better understand the transmission routes and the role of
overwintering birds, rodents, and mosquitoes, as well as WNV and USUYV infection per os.

Alternatively, the infection could have happened in the wildlife rescue center through
contact with infected, still viremic birds during the summer. However, the authors of
this work believe that this cannot be supported since the mean permanence of a bird was
21.3 £+ 19.7 h (mean =+ standard deviation).

In outlining the possible hypotheses, we must consider that in 2018, there was an
exceptional and very intense circulation of WNV throughout Europe [55,56] and it is
possible that the high number of subjects still positive in autumn 2018-2019 depended
on the fact that in the summer season, they were subjected to an extraordinarily high
infectious pressure.

Assessing the causes of death of wild birds has been shown to be a useful practice to
detect virus circulation [9] and should be maintained and encouraged also in the autumn—
winter period, due to the importance of the health surveillance of these potentially zoonotic
viruses. Most of the subjects had collision trauma but we cannot establish whether this was
a consequence of the Flavivirus infection or a coincidental finding. By undermining the
functionality of the neural system, Flavivirus might increase the risk of bird collisions with
the surrounding environment and anthropogenic elements (e.g., buildings and cars) [9].
Most of the positive subjects were in a good nutritional state (7/9-77.8%), which could
suggest asymptomatic positivity or acute virosis.

The obtained field sequences, even if short, showed high similarity to isolated se-
quences from the same geographical area, suggesting the overwintering of the same
strains [22]. These data are in line with those reported recently on the genomic evolution
of WNV and USUV in Italy and Europe. Thus, results further confirm that the circulation
of WNV and USUYV in Italy and Europe is mainly determined by the inner circulation of
strains evolved locally, which are able to expand to other areas and just to a lesser extent by
external influxes [30,57,58].

We reported a preliminary study from a limited area using a convenience sample. This
approach is commonly adopted for this type of study (e.g., Germany [59]; Austria [60]) but
in the case of opportunistic sampling, it is important to highlight that it cannot make any
claims about the WNV and USUYV incidence and inference in time or space.

5. Conclusions

In this study, the last detection for WNV RNA was on November 22nd and for USUV
RNA on December 22nd. It is possible that viruses could still circulate in mosquitoes until
the beginning of October, while mosquito activity can vary from season to season, after this
period the outdoor activity of mosquitoes is strongly unlikely. In fact, the dynamic of Culex
pipiens in the study area (Emilia-Romagna region) is characterized by the presence of a low
number of hosts seeking mosquitoes from May, a peck of density at the end of June and the
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beginning of July, and a decreasing until the beginning of October, when a low number
of mosquitoes are active and West Nile positive pools were collected sporadically [42,61].
Considering that eight out of nine birds tested positive between October 16th and December
3rd, the most plausible hypothesis is that the subjects were infected by mosquitoes in early
October and that traces of RNA were still present in the tissues [15]. While for the Eurasian
blackbird with USUV RNA at the end of December, the most plausible hypothesis is that
could be a case of persistent infection.

As reported cases of Flavivirus positivity remain rare during the autumn season, this
report is of particular importance because it confirms the possibility that there is still circu-
lation of the infected vector. The data obtained suggest reconsidering the epidemiological
monitoring period based on each individual climate zone, also taking into consideration
global warming which will play an important role in the epidemiology of vector-borne
diseases, influencing the period of activity of mosquitoes and requesting an extension of
the surveillance period.

For the first time, USUV RNA was detected in blackbirds in October, November,
and December.

This work, albeit recognizing the limit and statistical biases characterizing passive
surveillance, has demonstrated and highlighted the strong importance of monitoring and
surveillance of wildlife. This result suggests that the passive monitoring performed through
the Regional Plan of Epidemiological Surveillance on recovered wild birds can help better
understand these flaviviruses’ epidemiology and their new circulation scenarios.
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