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Abstract

Usutu virus (USUV) is a mosquito-borne virus belonging to the family Flaviviridae, genus Flavivirus. Natural transmission
cycle of USUV involves mosquitoes and birds, so humans and other mammals are considered incidental hosts. In this study,
USUV infection was diagnosed in all wild blackbirds, collected from July to September 2018 in a wildlife recovery center
in the province of Bologna, in the Emilia-Romagna region, northern Italy. All blackbirds showed neurological clinical signs,
such as overturning, pedaling, and incoordination. Moreover, the subjects died shortly after arriving at the hospitalization
center. Virological investigations were performed by real-time PCR on frozen samples of the spleen, kidney, myocardium,
and brain for the detection of Usutu (USUV) and West Nile (WNYV) viruses. The small and large intestine were used as a
matrix for the detection of Newcastle disease virus (NDV). All 56 subjects with neurological clinical signs were positive
for USUYV, only one subject (1.8%) tested positive for WNV, and no subject was positive for NDV. The most represented
age class was class 1 J (58.9%), followed by class 3 (25.0%), and lastly from class 4 (16.1%). Most of the blackbirds before
dying were in good (51.8%) and fair (39.3%) nutritional status, while only five subjects (8.9%) were cachectic. The USUV
genomes detected in the blackbirds of this study fall within the sub-clade already called EU2 that has been detected since
2009 in the Emilia-Romagna region. Neurological clinical signs in USUV-affected blackbirds are still widely discussed and
there are few works in the literature. Although our results require further studies, we believe them to be useful for understand-
ing the clinical signs of Usutu virus in blackbirds, helping to increase the knowledge of this zoonotic agent in wild species
and to understand its effect on the ecosystem. The goal of this study was to report—in the context of the regional passive
surveillance program—the detection of USUV RNA in its most important amplifying host, the common blackbird, when
showing clinical signs before death.
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Introduction virus, Murray Valley encephalitis virus, Saint Louis encepha-

litis virus, and West Nile virus (WNYV) (Bakonyi et al. 2004).

Usutu virus (USUV) is a mosquito-borne virus belonging to
the family Flaviviridae, genus Flavivirus. USUYV is related to
some important human pathogens, like Japanese encephalitis
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Similarly to other flaviviruses, USUV is a spherical, small,
enveloped virus with a single-stranded positive-sense RNA
genome of ~ 12 kb (Vilibic-Cavlek et al. 2020). Its natural
transmission cycle involves mosquitoes and birds, so humans
and other mammals are considered “dead-end” inciden-
tal hosts (Vilibic-Cavlek et al. 2020). It was first identified
in South Africa in 1959 (Woodall 1964), but received little
attention until its emergence in Austria in 2001 (Weissenbock
et al. 2002). USUV was later detected in other countries and
now is considered endemic in at least 16 European countries
(Vilibic-Cavlek et al. 2020). In Italy, it was first detected in
1996 on a retrospective analysis of archived tissue samples
coming from dead birds of the Tuscany region, central Italy
(Weissenbock et al. 2013). In the summers between 2006 and
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2008, USUYV infections were confirmed in two wild black-
birds and three captive owls in the Lombardy region, north-
western Italy (Manarolla et al. 2010). Phylogenetic analysis
revealed 99.8-100% nucleotide identity of the Italian USUV
strains in relation to those from other Central European coun-
tries (Manarolla et al. 2010). In 2007, a seroconversion was
reported in sentinel chickens in the Emilia-Romagna region,
northeastern Italy (Lelli et al. 2008). In the same region, other
studies conducted in 2009 proved a co-circulation of USUV
and WNV in wild birds and mosquitoes (Calzolari et al. 2010;
Tamba et al. 2011).

Though bird mortalities were not reported in Africa, in
Europe USUV appeared to be pathogenic for several bird
species, especially blackbirds (Turdus merula), order Pas-
seriformes, and great gray owls (Strix nebulosa), order
Strigiformes (Weissenbock et al. 2002; Bakonyi et al. 2007;
Manarolla et al. 2010). The disease in birds is characterized by
encephalitis, myocardial degeneration, marked splenomegaly,
mild hepatomegaly, and pulmonary hyperemia. Neurological
clinical signs in USU V-affected blackbirds are still discussed
and there are few works in the literature. This is due to the
difficulty of finding wild birds in nature with clinical signs.

The zoonotic potential of USUV has been reported in a
growing number of human cases and needs to be considered
(Cadar et al. 2017). Clinical cases of neuroinvasive disease
and USUYV fever, as well as seroconversion in blood donors,
were reported in Europe since 2009 (Vilibic-Cavlek et al.
2020). A study by Grottola et al. (2017) highlighted that
USUYV infection may not be a sporadic event in humans,
with 6.57% of patients who developed USUV antibodies
in a province (Modena) adjacent to the study area of this
work. So, researching for the death diagnosis of wild birds’
unusual mortality events—that proved to be a useful prac-
tice to detect the virus circulation—must be maintained and
encouraged, due to the importance of the health surveillance
of this potentially zoonotic virus.

This study was conducted as part of the regional passive
surveillance program, which is performed every year in the
Emilia-Romagna region to verify the circulation of Flavivi-
rus and Paramyxovirus in avifauna.

The study’s goal was to report the detection of USUV
RNA in its most important amplifying host (CI¢ et al. 2019),
the common blackbird, when showing clinical signs before
death, contributing to increase the knowledge of zoonotic
agents in wild species and understand their effect on the
ecosystem.

Materials and methods
The study involved 56 wild blackbirds (Turdus merula) col-

lected between July 1 and September 20, 2018 in the prov-
ince of Bologna, mainly in green areas, e.g., garden and
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small urban parks, in Bologna (Fig. 1). The study area map
was created using the open-source software QGIS 3.10. and
edited with the software Inkscape.

The alive subjects were easily caught by hand because of
their inability to fly and their clinical signs, i.e., overturn-
ing, pedaling, and incoordination. All of them died a few
minutes after arriving at the recovery center. Dead animals
were frozen at — 20 °C by the recovery center and delivered
to the Department of Veterinary Medical Sciences of the
University of Bologna.

Upon arrival of each bird, a form containing the identifi-
cation number of the subject, coordinates of the place of col-
lection, date of collection, age class (estimated by observing
the plumage and body development using the Euring code),
and nutrition status was filled out (Table 1). After external
inspection the carcass was positioned in the dorsal position,
then the subcutis was unglued to examine the pectoral mus-
cles and evaluate the nutritional status (Table 1), which was
estimated based on visibility and palpability of the sternal
keel. In case “good status,” the sternal keel was not visible,
in case “fair status,” it appeared slightly visible and palpa-
ble, and in case “cachectic status,” it was protruding with —
atrophy of the pectoral muscles.

We proceeded opening the coelomic cavity and exposing
the thoracic and abdominal cavity. After inspecting the cavi-
ties and the conditions of the internal organs, sex was deter-
mined observing the gonads and then recorded (Table 1).
For some young subjects (class 1 J) with immature gonads,
it was not possible to record the sex, thus they were identi-
fied as “not determinable” (“ND”). After this investigation,
spleen, kidney, intestines, and myocardium were collected
and stored at —80 °C until the biomolecular tests. The skull
was then opened using the parietal bone as an opening point
and exerting pressure with scissors between the foramen
magnum and the supraoccipital bone. After observing the
potential gross pathological findings on the brain structures,
the autopsy was completed with sampling the brain and stor-
ing it at —80 °C until biomolecular tests.

The spleen, kidney, myocardium, and brain were tested
for WNV and USUYV genomes, while small and large intes-
tines for NDV (Newcastle Disease Virus) genome.

Biomolecular tests

The organ samples (myocardium, brain, kidney, and
spleen) were pooled and tissue specimens were homoge-
nized 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 manu-
facturer’s instructions. The RNA extracted was tested by
real-time RT-PCRs to detect WNV (Tang et al. 2006; Del
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Fig.1 Map of collected blackbirds (Turdus merula, n=>56) in the study area. Red points represent the location where blackbirds were found. The

position of the Emilia-Romagna region is in the lower right corner of the figure

Amo et al. 2013) and USUV RNAs (Cavrini et al. 2011).
The samples tested positive were further tested with tradi-
tional PCRs to obtain amplicons for sequencing: they were

submitted to a Pan-flavivirus protocol targeting the NS5 gene
(Scaramozzino et al. 2001) and to two specific protocols
directed to the gene E of WNV (Lanciotti et al. 2000) and

Table 1 Data and findings

. . Variable Description No. blackbirds Usutu virus West Nile virus
on the blackbirds included (%) PCR positive (%) PCR positive (%)
in the study. The results for
the detection of NCD were 56 56 1
E’l‘iiﬁfil;erv‘:réh;e:giea;;” Month of sampling  July 2018 13 (23.2%) 13 (23.2%) 0 (0%)
Paramixovirus August 2018 32 (57.1%) 32 (57.1%) 1(1.8%)

September 2018 11 (19.6%) 11 (19.6%) 0 (0%)
Sex Male 18 (32.1%) 18 (32.1%) 1(1.8%)
Female 27 (48.2%) 27 (48.2%) 0 (0%)
ND 11 (19.6%) 11 (19.6%) 0 (0%)
Euring age codes 17 33 (58.9%) 33 (58.9%) 1(1.8%)
3 14 (25.0%) 14 (25.0%) 0 (0%)
4 9 (16.1%) 9 (16.1%) 0 (0%)
Nutritional status Cachectic 5(8.9%) 5(8.9%) 0 (0%)
Fair 22 (39.3%) 22 (39.3%) 0 (0%)
Good 29 (51.8%) 29 (51.8%) 1(1.8%)

ND, not determinable; Euring age codes: 1 J: fledged but flying so weakly that it is obviously incapable of
having flown far from the nest; 3: definitely hatched during current calendar year; 4: hatched before current
calendar year—exact year unknown
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USUV (Manarolla et al. 2010). The amplicons were Sanger
sequenced, and the obtained sequences (including the two
primers) were aligned and inspected to detect mutations. The
consensus sequence was then utilized for a BLAST search
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). Subsequently, then
sequences obtained in this work were aligned with MAFFT
(Katoh et al. 2019) with selected homologous sequences of
USUV deposed in GenBank. Sequences not covering the
entire length of our amplicons were excluded. We selected
the sequences according to geographic origin, favoring
sequences detected multiple times in different areas, identical
sequences were screened with the ElimDupes tool (https://
www.hiv.lanl.gov/content/sequence/elimdupesv2/elimdupes.
html). Maximum likelihood trees were constructed by
IQ-TREE software (Nguyen et al. 2015) with the ultrafast
bootstrap approximation (Minh et al. 2013) and visualized
by iTOL (Letunic and Bork 2021). We selected the best-fit
substitution models with Modelfinder (Kalyaanamoorthy
et al. 2017), obtaining the K3P +R2 for the NS5 dataset and
TNe + G4 for the E dataset.

To diagnose and pathotype NDV directly in intestines, we
performed the method based on RT-PCR and pyrosequenc-
ing analysis described by De Battisti et al. (2013).

Results

All blackbirds tested negative for NDV and tested positive
for USUV RNA, one blackbird (1.8%) was positive for both
WNYV and USUV (Table 1).

In this study, the sampling was concentrated mainly in
August with 32 blackbirds (57.1%) examined, followed by
July with 13 subjects (23.2%), and finally September with
11 blackbirds (19.6%) (Table 1).

The most represented age class was class 1 J (33/56—
58.9%), consisting of blackbirds fledged but flying so weakly
that they couldn’t have flown far from the nest, followed
by class 3 (14/56—25.0%) represented by subjects that cer-
tainly hatched during the current calendar year, and lastly
from class 4 (9/56—16.1%), subjects born before that, but
the exact year is unknown (Table 1). Additionally, most of
the blackbirds before dying were in good (29/56—51.8%)
and fair (22/56—39.3%) nutritional status, while only five
subjects (5/56—8.9%) were cachectic (Table 1).

Biomolecular results

Twenty-five amplicons of the USUV NS5 gene (215 bp) and
30 of the E gene (425 bp) were obtained and analyzed. All
the NS5 sequences were similar and only three synonymous
mutations were registered. One of these was represented by
an A in position 93 in two sequences, while the others all car-
ried a G. The presence of a G in position 93 was common in
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this group but is absent in homologous sequences deposed in
the GenBank database. The most similar sequences present
in it derive from mosquitoes of the Emilia-Romagna region
(2009-2010), with an identity of 99.59% with our consen-
sus sequence (GB accessions: HM 138707, HM 138708,
HM138710, HM138714, HM138718, JF834546, JF§34549,
JF834550, JF834556, JF834560).

In the partial gene E sequences, two mutations were
found, one of which is not synonymous, i.e., C> A in posi-
tion 320 that causes a threonine > asparagine substitution
in the amino acid sequence. This mutation is not present
in other sequences deposited in GenBank: the most similar
sequences in it, with a 100% identity with our consensus
sequence, are those coming from Emilia-Romagna mos-
quitoes in 2010 (GB accessions: JF834599, JF834606,
JF834623, JF834626, JF834673) and from one human case
in the same region in 2009 (GB accession: JF§26447).

In the two phylogenetic trees, obtained by the NS5 and E
datasets, the sequences obtained in this work were grouped,
with other Italian sequences, in a well-supported branch
within the European clade (EU) (Fig. 2). Both datasets indi-
cate that the genomes detected in blackbirds are very similar
to each other and belong to the EU2 sub-clade of USUV that
has been detected since 2009 in the Emilia-Romagna region
(Calzolari et al. 2017).

Discussion

Passive surveillance on synanthropic birds is essential for
the early detection of mosquito transmitted Flavivirus. We
examined 56 wild blackbirds collected from a wildlife recov-
ery center in three provinces in northern Italy between July
and September 2018. We observed that the blackbirds died
in good and fair nutritional conditions, with a higher occur-
rence in the 1 J age group and female subjects. The greater
involvement of the 1 J class and so of the younglings can be
justified by a greater exposure to mosquito bites for they are
unable to fly, lack of a complete plumage, and have a higher
susceptibility due to the maternal antibodies decay.

The genomes detected in the blackbirds of this study fall
within the sub-clade already called EU2 (Fig. 2), as most
of the viruses identified in the Emilia-Romagna region dur-
ing the epidemiological surveillance (Calzolari et al. 2017),
indicating so the probable persistence of the virus in this
region over the years. This data seems confirmed by the
presence of mutations typical of the EU2 sub-clade and not
found in other deposited sequences.

All the animals examined showed neurological clinical
signs, like pedaling, overturning, and incoordination. Of the
blackbirds, 91.1% were in good nutritional state, this sup-
ports the hypothesis of an acute and fast process. Clinical
signs are rarely described in the USUV’s mortality studies
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about wildlife due to the rapid disease process (Steinmetz
et al. 2011) and the difficulty of collecting wild animals
(Chvala et al. 2007). Some studies hypothesized that the
neurological disorders preceding death were due to USUV
by detecting it in the affected animals’ tissues (Steinmetz
et al. 2011; Garigliany et al. 2017; Weidinger et al. 2020).
The USUYV, despite being able to infect various spe-
cies of birds, was confirmed to be an extremely patho-
genic virus particularly for blackbirds, with a consequent
negative impact on the species’ population trend. Liihken
et al. (2017) estimated USUYV infection in southwestern
Germany caused high mortality rates in blackbirds, calcu-
lating their further decrease of the 15.7%, while no effect
was found in 14 other bird species. More data on avian
hosts are needed to clarify the epidemiology of USUV,
investigate the ecological consequences and understand
if the sharp decline in avian hosts could increase the risk
of infection in humans. The high mortality rate among
blackbirds might increase the chance of USUV spillover
into humans because the decrease of the natural host’s

2018 Seq 6
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MN122183 Netherlands 2016 Seq 43 Netherland Germany

1 Seq from this study Italy 2020 Seq 1 Italy

MN419913 Czech Republic 2017 Seq 85 Italy Austria Czech Republic Hungary
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trees, the sequences obtained in this work were grouped, with other
Italian sequences, in a well-supported branch within the European
clade (EU)

population could induce a modification of feeding pattern
in mosquitoes (Kilpatrick et al. 2006; Molaei et al. 2006).
We must also consider how climate change, causing an
increase of the disease’s vectors and of the pressure on the
susceptible species, which play an important role in the
epidemiology of vector-borne diseases (Paz 2015).

We confirmed the detection of the USUV genome in all
blackbirds deceased with neurological clinical signs. The
cause of death was probably multiorgan failure and brain
lesions may have also played a key role (Chvala et al. 2004).

Unfortunately, we could not analyze fresh subjects with
cytological and histopathological techniques, observe the
pathological findings of a USUV infection in tissues and
cells, or [HC technique that allows detecting the virus pres-
ence within affected tissues. This study focuses on the detec-
tion of viruses circulating in Italy (USUV, WNV, and NCD),
sought within the regional passive surveillance program, and
which can cause neurological clinical signs in avifauna. For
further studies, it would be useful to search for other patho-
gens that can generate overlapping clinical pictures (e.g.,
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Avian malaria or other Flaviviruses circulating in other
countries, such as the Bagaza virus—BAGYV), associating
cytological, histopathological, and IHC techniques to the
molecular methods.

We reported a case study in a limited area and with a con-
venience sampling within the regional passive surveillance pro-
gram. This approach is commonly adopted for this type of study
(e.g., Austria, Chvala et al. 2007; Becker et al. 2012). However,
it should be emphasized that based on the limitations of the
opportunistic sampling, we could not make any claims about the
USUYV inference and incidence in space or time.

Despite our findings call for further studies and have sam-
pling limits, we deem them important as the Usutu virus
positivity found in all subjects with clinical signs can indi-
cate a mechanism through which USUV might affect bird
mortality. By undermining the functionality of the neural
system, we believe USUV might increase the risk of bird
collisions with the surrounding environment and anthro-
pogenic elements (e.g., buildings, cars). Understanding the
mechanisms of transmission, the pathogenicity and the clini-
cal symptomatology of Usutu virus in blackbirds would help
to increase the knowledge of this zoonotic agent in wild
species and understand its effect on the ecosystem.
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