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Atti del V Congresso Nazionale di Ecopatologia della Fauna

Razionale del Congresso

11 Congresso Nazionale di Ecopatologia della Fauna ¢ il principale appuntamento a livello nazionale nel
campo dell’ecopatologia della fauna. Lo scopo del Congresso ¢ quello di promuovere il confronto sugli
aspetti ecopatologici della gestione e della conservazione della fauna, sulla implicazioni di sanita pubblica
e sanita animale legate alla presenza e alle dinamiche delle popolazioni selvatiche, sui rapporti tra gli
animali selvatici e le attivita umane e, infine, sulle ricerche piu avanzate in ecopatologia. Il Congresso si
rivolge a ricercatori, operatori della sanita pubblica ed animale, tecnici faunistici, esperti di gestione,
appassionati e piu in generale a tutte le istituzioni coinvolte nelle tematiche affrontate.

Il Congresso ¢ articolato in quattro sessioni tematiche non contemporanee e in un workshop, che
abbracceranno diversi temi, dalla conservazione e gestione alla ricerca, sempre in chiave ecopatologica.
Nell’ottica del confronto e della trasversalita, alcune sessioni tematiche saranno tenute in collaborazione
con altre Societa Scientifiche specificamente attive sugli argomenti in questione.
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Sessione 1
INFEZIONI TRASMESSE DA VETTORI

In collaborazione con SIMTIM

Moderatori: Marco Bregoli - Rudi Cassini - Andrea Rossanese

RELAZIONI AD INVITO

Ecology and etology of Ixodes ricinus tick, in relation to the main transmitted pathogens
Virginia Zanni, Davide Frizzera (Universita degli Studi di Udine)

Vector-borne diseases, an emerging risk to human health
Maurizio Ruscio (Universita degli studi di Trieste)

Endemic and emerging vector-borne zoonosis in north-eastern Italy: epidemiology and risk
factors for humans
Andrea Rossanese (Centro malattie tropicali Negrar — SIMVIM)

CONTRIBUTI LIBERI

Rapid identification and genotyping of Borrelia spp. in an endemic area: preliminary results
Da Rold G., Obber F., Celva R., Carlin S., Guolo A., Bertola M., Mondardini, V., Citterio C.V., Drigo L.

Distribution of ticks and Rickettsia spp. in wildlife and human population: analysis from 2018 to 2021 in
Italian central Alps
Bianchi A., Bertoletti 1., Karaman 1., Prati P., Vicari N., Sabatelli S.

Antibodies against Tick-borne Encephalitis virus and other zoonotic flaviviruses in wild ungulates
from northeastern Italy
Menandro M.L., Pasotto D., Zelena H., Ossola M., Vidorin E., Drigo M., Grassi L.

Cytauxzoon spp. and Hepatozoon spp. in ticks, wildcats and domestic cats from North-eastern Italy
Grillini M., Frangipane Di Regalbono A., Beraldo P., Tessarin C., Maurizio A., Cassini R., Marchiori E.
Simonato G.

Monito-ring a ringing station of migratory birds: a survey of tick-borne pathogens in northern Italy
Grassi L., Franzo G., Grillo S., Mondin A., Drigo M., Barbarino F., Comuzzo C., Bertola M., Montarsi F.,
Menandro M.L.

Study of the effect of birds’ population dynamics on WINV spread through mathematical modelling
Cattaneo E., Fesce E., Marini G., Rubolini D., Ferrari N.
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ECOLOGY AND ETOLOGY OF IXODES RICINUS TICK, IN RELATION TO THE MAIN
TRANSMITTED PATHOGENS

DEL FABBRO S.!, ANNOSCIA D.!, BORTOLOMEAZZI R. |, D’AGARO P.2, FRIZZERA D.!, GOLLINO S.?,
RUSCIO M.2, TRIFONOVA T.!., ZANNI V.!, ZULIANI M.}, NAZZI F.!

! Dipartimento di Scienze AgroAlimentari, Ambientali e Animali — Universita degli Studi di Udine — Via delle Scienze,
206 - Udine; 2 Azienda Sanitaria Giuliano Isontina (ASUGI) — Via Costantino Costantinides, 2 - Trieste;
3 Ufficio Sistemi Informativi Territoriali, Comunitd Montana della Carnia — Via Carnia Libera 1944, 29 - Tolmezzo

Introduction

The hard tick Ixodes ricinus L. is the vector of pathogens of medical and veterinary importance; including the tick-
borne encephalitis virus (TBEV) and the spirochete Borrelia burgdorferi, etiologic agent of Lyme disease, which are
both endemic in some areas of the Friuli Venezia Giulia region (Italy). Rainfall is the most important environmental
factor promoting the spread of I ricinus in the region followed by habitat availability, altitudes and solar radiation. The
infection’s risk for humans is mainly influenced by ticks’ abundance and the prevalence of pathogens that they
transmit. In addition, the incidence of tick-borne diseases can depend on the behavioural manipulation capacity of the
pathogen. This can promote ticks’ host-seeking behaviour (questing) and maximise the transmission to the final host.

Materials and Methods

In order to investigate if B.burgdorferi is able to manipulate the questing activity of I.ricinus to maximize its opportunity
of host-to-host transmission, a laboratory assay has been conducted to observe if the questing activity and behaviour vary
in accordance with the spirochete infection.

Secondly, since the importance of the cuticle in water transpiration, we investigated the effects of the pathogen infection
on the cuticle conformation. Finally, ongoing analysis will reveal if Borrelia infection is able to enhance ticks’ survival
in stressful humidity conditions.

Results and Discussion

Our results indicate that infected ticks are more mobile than the uninfected ones and showed a greater propensity to
station at stressful humidity altitudes. In general, because of the disadvantageous surface area/volume ratio, the ability of
an arthropod to tolerate low relative humidity depends on the permeability of the cuticular layer. Infected ticks highlighted
a reduced percentage of unsaturated cuticular fatty acids if and a higher percentage of saturated fatty acids compared to
the uninfected ones. This may limit the fluidity of the cuticle and make the infected ticks more resistant to dehydration.
The higher mobility of the infected ticks and the modification of the cuticular lipids suggest that the pathogen has the
potential to influence the vector activity of Lricinus. maximizing the chances of transmission to the final host. Future
analyses are necessary to confirm this aspect. Vector’s behavioural manipulation by the pathogen is another important
factor to be considered in studies about the incidence of tick-borne diseases.
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VECTOR-BORNE DISEASES, AN EMERGING RISK TO HUMAN HEALTH
RUSCIO M.!

! Gruppo Italiano di Studio sulla Malattia di Lyme — Azienda Sanitaria Universitaria Giuliano Isontina
Universita degli Studi di Trieste maurizio.ruscio @asugi.sanita.fvg.it info@morsodizecca.it

Introduction

Vector-borne diseases, such as ticks and mosquitoes, will represent an emerging public health challenge over the coming
decades. The underlying reason is related to the modification of the ecosystems, caused, to a large extent, by climate
change, which contributes to higher proliferation rates of vectors, longer transmission seasons, changes in the ecological
balance of wildlife, reservoir of various pathogens.

Lyme disease and TBE

Lyme borreliosis is the main vector-borne disease in continents with a temperate climate, caused by the spirochaete
Borrelia burgdorferi s/, which is transmitted by hard ticks, generally of the Ixodes complex (I. ricinus or persulcatus).
Lyme borreliosis is a systemic disease with protean manifestations, including dermatologic, rheumatologic, neurologic
and cardiac abnormalities. The most common clinical marker for the disease is erythema migrans, the initial skin lesion
that occurs in 60-80% of patients.

It is not always easy to diagnose and is treated with common antibiotics, which, in most cases, lead to healing. A
percentage of patients between 10 and 20% have symptoms persisting even after treatment.

The same type of tick can transmit a flavivirus responsible for TBE (Tick-borne encephalitis).The infection can remain
asymptomatic or present with fever, it can regress in a few days or become complicated with the involvement of the
central nervous system in the form of meningitis, meningo-encephalitis or meningo-encephalo-mielitis, thus requiring a
long convalescence and sometimes causing permanent damages. In a limited percentage of cases in Western Europe (1-
2%) it could be fatal, this percentage exceeds 20% in Eurasian countries. TBE is the only tick bite-borne disease that can
be preventable by vaccine.

West Nile fever

The proliferation of mosquitoes (Culex), in particular during 2022, caused the spread of West Nile virus (WNV).

It is an important zoonotic flavivirus responsible for mild fever to severe, lethal neuroinvasive disease in humans, horses,
birds, and other wildlife species. Since its discovery, WNV has caused multiple human and animal disease outbreaks in
all continents, except Antarctica. Moreover, globalisation and climate change are also important drivers of the emergence
and re-emergence of the virus and disease.

Conclusions

Climate change has a great impact on the vector-borne diseases, by affecting the interactions of the vector—host—pathogen
triangle. The need for epidemiological surveillance is considered to be of major importance since these diseases, do not
only constitute a future threat, but at the same time affect the present.
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ENDEMIC AND EMERGING VECTOR-BORNE ZOONOSIS IN NORTH-EASTERN
ITALY: EPIDEMIOLOGY AND RISK FACTORS FOR HUMANS

ROSSANESE A.!

! Department of Infectious-Tropical Diseases and Microbiology, IRCCS “Sacro Cuore-Don Calabria”,
via Rizzardi, 4 - Negrar di Valpolicella (VR)

Introduction

Zoonoses are animal diseases that occasionally affect humans. In recent years we have witnessed a widespread increase
in cases of zoonosis and this trend has not spared even Italy. In particular, in the north-eastern part of the country, cases
of Lyme borreliosis (LB), tick-borne encephalitis (TBE) and West Nile fever (WNF) have significantly increased.
Epidemiology

LB is classified as a rare disease and for this reason clear epidemiological data are not available: experts estimate that
about 500 new cases of LB occur in Italy every year, about 90% of which in the north-eastern corner. According to the
latest regional bulletin on arboviroses (09/09/2022), in Veneto during this year there were 31 confirmed cases of TBE (23
regional autochthonous and 8 autochthonous from another region) without deaths; 138 confirmed cases of WNF (134
autochthonous) and 107 confirmed cases of WNND (106 autochthonous) with 15 deaths (80% males, mean age 83.1
years). In the autonomous province of Trento about 25 cases/year of TBE (particularly from the Valleys of Non, Cembra
and of Lakes) are notified, whereas WNV infections are less frequent. Data from Friuli-Venezia Giulia say that in the last
year there have been 14 autochthonous and 4 imported TBE cases, 10 cases of WNF and only 1 case of WNND.

Risk factors

The ticks involved in the transmission of the most widespread zoonoses in our regions are mainly Ixodes ricinus and I.
persulcatus, but occasionally also Dermacentor reticulatus can be involved. The Ixodidae are the most common hard
ticks in Europe, they feed mainly on small rodents and ungulates. Dermacentor feeds mainly on dogs. Rare above 1300
meters, they live in wooded environments rich in bushes, humid (up to about 80%) and shaded, with low vegetation and
beds of dry leaves. These are mainly the border areas between meadow and forest. The causative agent of LB is a borrelia
that lives in the stomach of the tick: at the end of the meal, at the moment of detaching, the mite regurgitates the last part
of what it was sucking, thus inoculating the bacterium in the bloodstream of his host. For this reason, quick tick removal
can help prevent LB effectively. It should be emphasized that the most common borrelias in Italy (B. afzelii and B. garinii)
are those that give the typical manifestation of erythema migrans and have a more marked tendency to invade the nervous
system, while arthritis is characteristic of the infection from B. burgdorferi s.s, rare in Europe and vice versa prevalent in
the United States. However, when we talk about the tick-borne encephalitis virus (TBEV), the story is different: it lives
in the salivary glands of the tick and, therefore, its passage to the host's bloodstream is contextual to the beginning of the
blood meal. In this case, early tick removal will have a much lower chance of preventing infection. As with most viral
infections, also in this case the TBEV infection occurs mostly asymptomatic (about 70% of cases) or paucisymptomatic
(20-25% of cases), while the severe neurological forms fortunately do not concern more than 5-10% of the total number
of infected. While we have effective antibiotics (tetracyclines and beta-lactamines) available for the treatment of LB,
there are no effective antivirals for the treatment of TBE, for which one must act in advance with the specific vaccination.
The main risk factor for contracting a tick bite disease is obviously represented by the frequentation of environments
infested with these mites. It will always be worth wearing suitable (covering) clothes, preferably pre-treated with
pyrethroids, and using repellents to support. In the case of TBE vaccination prevention, in addition to laboratory personnel
exposed to the virus and people slaughtering potentially infected animals, the vaccine is indicated for all those living in
highly endemic areas (> 5 cases of TBE / 100,000 inhabitants / year) and for visitors of "outdoor" environments who plan
to engage in risky activities (eg camping, hiking, jogging, mountain biking, orienteering, hunting or picking flowers /
mushrooms / berries). WNF is caused by the West Nile virus (WNV), transmitted to humans by mosquitoes of the genus
Culex. Since these are common domestic mosquitoes, the actual prevention of this infection is difficult, since it is
impossible to think of being able to completely eliminate the vector. As already seen for TBE, the virus responsible for
the disease is inoculated with the insect's saliva at the time of the bite. At least 75-80% of WNV infections are
asymptomatic or paucisymptomatic, no more than 20% are WNF and only 1% of infections involve the nervous system
with the neuroinvasive form (WNND), which can, although rarely, be fatal or leave heavy neurological relics. The
prevalent asymptomatic nature of the infection makes it difficult to know the real prevalence of the disease, which is
often attempted to detect after some forms of WNND have been identified. The portion of the most complex framing of
the problem is represented by WNFs, which should be 150 times more frequent than WNNDs and which, on the other
hand, are very often of an equal or slightly higher number, if not even lower. Since there are no valid treatments or
vaccines available for this zoonosis, prevention is mainly based on personal protection from mosquito bites, avoiding
unnecessary outdoor exposure, especially at dusk, using appropriate mosquito nets, skin repellents and insecticides.
Conclusions

Zoonoses are animal diseases that are increasingly affecting humans. A special attention must be given to prevention of
mosquitoes and tick bites with every single personal protection measure and device available. Having effective vaccines
available would be of great help against diseases like LB and WNF.
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RAPID IDENTIFICATION AND GENOTYPING OF BORRELIA SPP. IN AN ENDEMIC
AREA: PRELIMINARY RESULTS

DA ROLD G.!, OBBER F.!, CELVA R.!, CARLIN S.!, GUOLO A.!, BERTOLA M.!, MONDARDINI V 2,
CITTERIO C.V.!, DRIGO L.!

! Istituto Zooprofilattico Sperimentale delle Venezie, Viale dell’Universita,10 - Legnaro (PD);
2UOC Malattie Infettive Ospedale San Martino - Belluno (BL)

Introduction

Ticks transmit a great variety of zoonoses, and those transmitted by the genus Ixodes are frequently occurring throughout
North-Eastern Italy. In particular, Lyme disease is a widespread severe zoonosis whose etiological agent, Borrelia
burgdoferi (s.1.), has a number of different genotypes (i.e. B. burgdoferi sensu stricto, B. garinii, B. afzelii, B. bavarensis
and B. spielmanii) causing the typical form of Lyme-disease. Moreover, the genotype B. miyamotoi induces relapsing
fevers and a variety of significantly different clinical symptoms, while for genotypes such as B. valaisiana the zoonotic
potential is still debated. The core area of the research is the Belluno Province, recognized as endemic for Lyme disease,
where different genotypes of Borrelia have been detected in past surveys. This study focuses on the ecology and
epidemiology of Borrelia spp., aiming to create a collection of Borrelia strains for genotypic characterization and
antimicrobial-sensitivity tests, as well as to build libraries of protein spectra for species identification by mass
spectrometry for both Borrelia and tick species.

Material and Methods

Ticks were collected in 2021-2022 as follows: i) weekly, from March to August, by dragging/flagging in 7 different sites
of the province; ii) throughout the two years, from wild animals retrieved by passive surveillance; iii) throughout the two
years, from people accessing the Emergency Room of the Belluno Hospital. Ticks were morphologically identified and
grouped according to their developmental stage. Single adults ticks, pooled larvae and nymphs (maximum 10 specimens
per pool) were washed in serial dilutions of ethanol, rinsed with distilled water and then dried. Ticks were homogenized
using the TissueLyser II in 400 ul of Barbour-Stonner-Kelly H (BSK-H) medium; 200 ul of homogenate were used for
nucleic acid extraction for molecular detection of Borrelia using a Real time PCR and 200 pl were added in a 1 ml of
BSK-H and then incubated at 30°C for cultivation. Broth cultures of Borellia spp. positive ticks were examined every 15
days for the presence of spirochetes using dark-field microscopy. Multilocus sequence typing (MLST) based on eight
housekeeping genes was performed for the positive Borrelia samples. Different reference strains of Borrelia and ticks
collected in the field and laboratory breeds were used to create the reference spectra database for matrix-assisted laser
desorption ionization-time of flight mass spectrometry (MALDI-TOF MS).

Results and Discussion

About 4000 ticks were collected from the field and all of them belonging to Ixodex ricinus species. A total of 545
DNA/RNA extracts were obtained: 200 from adults, 110 from pools of larvae (n=1043) and 235 from pools of nymphae
(n=2218). The 19% (n=103) of samples were positive to Borrelia spp.and the most frequently genospecies was B. afzelii
(44.7%; n=46), followed by B. garinii (24.3%; n=25), B. miyamotoi (11.7%; n=12) and B. burgdorferi s.s. (6.8%; n=7);
12.6% (n=13) of samples has not been genotyped yet. Overall, 89 I. ricinus ticks (33 female, 50 nymphae and 6 larvae)
were collected from humans, of which 15.7% (n=14) tested positive for Borrelia spp. The most frequently detected
genospecies was B. afzelii (42.9%; n=6) followed by B. garinii (14.3%; n=2) and B.burgdorferi s.s. (7.1%; n=1);
coinfections with 2 genospecies (B. afzelii and B. burgdorferi s.s.) was also found (7.1%; n=1). In 28.6% (n=4) of Borrelia
spp. positive ticks, none of the four investigate genospecies were detected. All 72 ticks collected from wildlife (one fox,
two roe deer, two wolves and one deer) in 2021 resulted negative for Borrelia spp. at the molecular analysis.

Currently, the MLST analysis results are available for 7 ticks only (5 from humans and 2 from the field): seven different
sequence types (STs) were detected. Neverthless, the data are still insufficient to draw conclusions about the genotypic
characteristic of the Borrelia population in the study area. Viable spirochetes were detected in 16 samples incubated in
BSK-H medium, but the low concentration of Borrelia in ticks, together with the high concentration of contaminants and
the long growth-times, have made the isolation of this pathogen difficult in pure culture up to now.

Although these results are to be considered preliminary, the data so far collected seem to confirm that Belluno Province
is highly endemic for Borrelia. Borrelia afzelii was confirmed as the predominant genospecies. Noteworthy, B.
miyamotoi, the etiological agent of tick-borne relapsing fever, was found in high percentage of ticks infected; this
pathogen is still poorly explored and probably underestimated in humans. Moreover, data from field showed an increase
of ticks’ density in 2022 compared to 2021. This trend could be influenced by climate change, characterized by an increase
of mean temperatures in alpine and pre-alpine areas. This rising tendency should be kept under observation since it
represents a risk for humans to contract tick borne pathogens infections.

The present work is part of the research project IZSVE RC 08/2020 founded by the Italian Ministry of Health.
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DISTRIBUTION OF TICKS AND RICKETTSIA SPP. IN WILDLIFE AND HUMAN
POPULATION: ANALYSIS FROM 2018 TO 2021 IN ITALIAN CENTRAL ALPS

BIANCHI A.!, BERTOLETTI I.!, KARAMAN 1!, PRATI P.2, VICARI N.2, SABATELLI S.
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Introduction

Ticks are important vectors of public health and wildlife pathogens. Tick-borne diseases include rickettsioses, which are
considered emerging in Europe and endemic in Italy. The agents of rickettsiosis in Europe mainly belong to the Spotted
Fever Group (SFG) which includes several species or subspecies of Rickettsiae. Among these the most frequently
encountered is Rickettsia conorii, responsible for Mediterranean Spotted Fever (MSF) and isolated mainly from
Rhipicephalus sanguineus. Recently, another rickettsiosis called SENLAT (Scalp Eschar and Neck Lymphadenopathy
After a Tick bite) has been observed. The aetiological agent of SENLAT is Rickettsia slovaca, strictly related to the
Dermacentor tick genus. Thanks to the collaboration established with the National Health Service, important information
was obtained on the behavior of R. slovaca and its spread in the human and wildlife population in the period from 2018
to 2021, increasing the knowledge on a pathogen with a so far neglected impact on human health.

Material and Methods

During the period from 2018 to 2021, in the Italian Central Alps, a total of 943 ticks were sampled from 7 species of
wildlife (roe deer, deer, fox, badger, chamois, beech marten, wild boar), received in the framework of the wildlife
surveillance program, and 765 were collected from humans. Ticks recovered from humans were removed and sent to
IZSLER by medical staff at the emergency room, through a partnership established between IZSLER and the National
Health Service, otherwise ticks could be conferred to the laboratory directly by people. For each tick the developmental
stage was reported and the species identification was performed using taxonomic keys. For DNA extraction, ticks were
homogenized in PBS using a Tissue Lyser. The amplification was performed by endpoint PCR targeting Rickettsia gitA
gene. PCR products were analyzed by 2% agarose gel electrophoresis and positive samples were subjected to Sanger
sequencing.

Results and Discussion

Out of 943 ticks collected from wildlife 898 (95.2%) were Ixodes ricinus, 29 (3.1%) were Dermacentor reticulatus and
16 (1.7%) were R. sanguineus. Among them, 107 were positive for Rickettsia spp., in particular, 33 (30.8%) were
Rickettsia helvetica, 23 (21.5%) were Rickettsia monacensis, 11 (10.3%) were R. slovaca, 2 (1.9%) were Rickettsia
hoogstraalii, only 1 (0.9%) was Rickettsia mendelli and 37 (34.6%) were not identified. R. slovaca was found in 8
D.reticulatus (sampled from roe deer and deer) and 3 Lricinus (collected from roe deer). All the I. ricinus reported positive
for R. slovaca were associated with a concomitant presence of D. reticulatus tested positive for the same aetiological
agent. This suggests that I. ricinus infection may have been facilitated by co-feeding.

Of the 765 ticks collected from people, 726 (94.9%) Lricinus, 6 (0.8%) D. reticulatus, 5 (0.7%) Ixodes hexagonus, 2
(0.3%) R. sanguineus were identified and 26 (3.4%) could not be identified. Of these ticks, 84 were positive for Rickettsia
spp., of them, 42 (50.0%) were R. monacensis, 27 (32.1%) were R. helvetica and 15 (17.9%) were not identified. No
R.slovaca was found in ticks collected from human.

Unlike as observed in another study conducted in Euganean Hills Regional Park that found R.slovaca in wild boar ticks,
in our study positivities were found in ticks sampled from deer and roe deer. Besides that, this data confirm that Rickettsia
spp. is circulating among wildlife and human population and even if R.slovaca was found only in ticks in wildlife, this
leads to the possibility of transmission to humans, particularly those who frequent wild environments. Wildlife population
dynamics and climate change can affect tick population and the pathogens they transmit. For these reasons, it is necessary
to collaborate with the National Health Service to maintain high surveillance against tick-borne diseases and to inform
people about the risks associated with tick-bites and the prevention methods to be implemented.
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Introduction

Tick-borne encephalitis virus (TBEV) is the causative agent of human tick-borne encephalitis. TBEV can infect several
domestic and wild species other than humans. Some species, such as red deer, have been considered sentinels of virus
circulation. This study aimed to investigate the seroprevalence of TBEV antibodies in wild ungulates from Friuli Venezia
Giulia (FVG) and Veneto Alps.

Material and Methods

One hundred and eleven blood samples, collected from wild ungulates culled during the 2017 and 2018 hunting seasons,
were tested for TBEV antibodies using a commercial ELISA kit. In particular, a total of 65 and 46 samples were collected
from the FVG and Veneto regions, respectively. Positivity to the screening test were confirmed by the virus neutralization
test (VNT) against TBEV, Usutu virus (USUV) and West Nile Virus (WNV).

Results and Discussion

A total of 34 out of 111 samples (30,6%) tested positive or borderline to the screening for the detection of TBEV
antibodies with the following breakdown: 17 positive samples were from FVG (17/65; 26,2%), and 17 from Veneto
(17/46; 37%). Except mouflon, all surveyed animal species showed a positive or borderline antibody response.

All ELISA positive samples from Veneto regions were confirmed for TBEV antibodies by VNT and one resulted also
positive for WNV antibodies. Four out of 6 wild boars resulting positive at ELISA test in FVG were USUV positive, one
was negative, and one was not eligible for VNT. Therefore, the 37% prevalence of anti-TBEV antibodies was confirmed
in Veneto, while the prevalence decreased to 18,5% in FVG.

This serological survey shows a high seroprevalence of TBEV antibodies in wild ungulates from northeastern Italian
Alps, confirming the endemicity of the virus in the studied area. Direct detection of TBEV in ticks and reservoir hosts
rarely yields positive results, and the assessment of seroprevalence in wild ungulates, applying a proper sampling
approach, can be considered a useful tool to investigate the epidemiological trend of virus presence over time.
Furthermore, the detection of WNV and USUYV antibodies in wildlife indicates the presence of these mosquito-borne
zoonotic flaviviruses in alpine areas.
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Introduction

Cytauxzoon spp. and Hepatozoon spp. are tick-borne pathogens infecting a wide range of mammals worldwide. Data on
epidemiology, life-cycle and transmission between wild and domestic felids in Europe are still scant. To date, no
arthropod vectors were found positive for Cytauxzoon spp., whereas feline Hepatozoon DNA was already reported in
engorged Ixodes ticks, but their competence in transmission has not yet been proven.

In this study, Cytauxzoon and Hepatozoon were investigated in ticks, European wildcats (Felis silvestris silvestris) and
domestic cats (Felis silvestris catus) from North-eastern Italy, known to be an endemic region for both protozoa.

Material and Methods

Nineteen European wildcats found dead from 2013, due to road accidents, in Trieste, Udine and Pordenone provinces
(Friuli-Venezia Giulia region, North-eastern Italy) were included in the study and 40 domestic cats from the same
provinces were sampled from 2019 to 2021 thanks to the aid of local veterinarian practitioners. DNA was isolated from
wildcats blood or clot, lung, liver, lymph node, heart and spleen and from domestic cats KsEDTA blood samples. A
conventional PCR (18S-rRNA) was performed to detect both protozoa. Then, a nested PCR (Cytochrome B gene) was
run to determine Cytauxzoon species.

Ticks were collected in public gardens and wooded areas in Trieste province (where sampled domestic cats were located).
Sampling took place from April to September 2021 by dragging and flagging. Ticks were morphologically identified then
stored at -20 until DNA isolation. Nymphs were grouped according to species and sampling date/site in pools (up to 10
individuals per pool), whereas adult ticks were examined individually.

DNA from ticks was isolated and submitted to conventional PCR (16S- and 12S-rRNA) to confirm morphological
identification. Then, the same PCR protocol for 18S-rRNA gene was performed for the protozoa detection. Amplicons
were sequenced and sequences were compared to those in GenBank® dataset.

The infection rate for pools was obtained using generalized linear modelling to calculate maximum-likelihood estimates
of prevalence with Epitool (https://epitools.ausvet.com.au/ppvariablepoolsize).

Results and Discussion

Overall, Cytauxzoon europaeus was found in 4/19 (21.1%) wildcats spleens, whereas all other tested tissues and organs
resulted negative. Besides, 6/40 (15%) blood samples of domestic cats were found positive to the same species.
Hepatozoon DNA was isolated in at least one organ of 8/19 (42.1%) wildcats: in particular, 2/8 hearts were found positive
for Hepatozoon silvestris and 6/8 wildcats were positive for Hepatozoon felis, respectively in blood/clot (n=2), lung
(n=1), liver (n=1), lymph-node (n=1) and heart (n=1). Eleven/40 (27.5%) domestic cats were infected by Hepatozoon
spp. (i.e. Hepatozoon felis, n=2; Hepatozoon silvestris, n=9).

A total of 582 questing ticks were collected and identified as follows: 547 Ixodes ricinus (42 males, 25 females, 480
nymphs) and 35 Haemaphysalis punctata (1 male, 4 females, 30 nymphs). Hepatozoon felis was sequenced in 6/54 I.
ricinus nymph pools, H. silvestris in 1, Cytauxzoon spp. in 5, corresponding to an estimated pooled prevalence of 1.3%,
0.2%, and 0.9%, respectively. Besides, H. felis was detected in 2 males, while H. silvestris in 4 males and 1 female.
Adults and nymph pools of H. puntacta were found all negative to both protozoa.

The results show that in Friuli-Venezia Giulia region, ticks, wild and domestic felids are infected by the same tick-borne
parasites targeted by the present study (i.e., Cytauxzoon spp. and Hepatozoon spp.) suggesting a possible transmissibility,
although the roles of both host species need to be clarified with further studies.

The detection of these protozoa in I. ricinus supports the hypothesis that these parasites are maintained during the moult
from larvae to nymphs and from nymphs to adult, suggesting their potential role in transmission to mammals and their
involvement in maintaining protozoa in the sylvatic cycle. On the contrary, the tick species H. puntacta doesn’t seem to
play any role in these pathogens life cycle.
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Introduction

Intrapaleartic migratory birds follow many flyways to move throughout Europe, searching for a proper place to feed,
mate, and raise their chicks. In Autumn, during the post-reproductive migration, many birds move to warmer lands, and
thus the flux is mainly directed from Northern to Southern latitudes. It is widely known that, while migrating, birds could
also carry hard ticks, which, in turn, could spread their associated pathogens in different locations. Although this
phenomenon has already been described, few studies have focused on the description of the presence of hard ticks in
migratory birds, with the aim also of describing the epidemiology of associated zoonotic pathogens. The main objectives
of this research were to collect ticks from migratory birds to (i) quantify the infestation burden, (ii) identify the tick
species, and then (iii) test all the specimens for tick-borne zoonotic pathogens.

Material and Methods

Ectoparasites were collected from migratory birds in Autumn 2019 and 2020 at the 'Malga Confin' ringing station, located
in the Julian Prealps Nature Park (Northeastern Italy), along the Adriatic-Flyway route. Ringed birds have been carefully
inspected for ticks and, for the infested ones, data have been recorded about bird species, age, sex, fat deposition, and
muscle development. Ticks were stored in 70% ethanol until species identification and DNA and RNA co-extraction,
followed by a molecular screening for tick-borne encephalitis virus (TBEV), Borrelia burgdorferi s.1., Rickettsia spp.,
Ehrlichia spp., Anaplasma phagocytophilum, and Bartonella spp..

Results and Discussion

A total of 3414 birds have been ringed and checked for ticks and 88 (2.6%) were found infested. The following species
harboured ticks: black bird, European robin, brambling, chaffinch, song thrush, redwing, water pipit, and coal tit. Overall,
209 ticks were collected and identified as Ixodes ricinus (n = 207), Ixodes acuminatus (n = 1) and Ixodes frontalis (n =
1). All of them were immature stages, i.e., nymphs or larvae. Ixodes ticks carried different Rickettsiales zoonotic
pathogens, in detail: Rickettsia helvetica (16/209), Anaplasma phagocytophilum (9/209) Candidatus Neoehrlichia
mikurensis (2/209) and Ehrlichia muris (1/209). On the other hand, 114/209 ticks tested positive for Borrelia burgdorferi
s.l. and many zoonotic species were identified as Borrelia garinii, Borrelia afzelii, Borrelia valaisiana, and Borrelia
miyamotoi. Of note, statistical tests showed that birds infested with Borrelia burgdorferi positive ticks appeared to be
more likely in a poor body condition, meaning low fat deposition and scarce muscle development. In addition, ticks were
also found co-infected with Borrelia burgdorferi s.1. and R. helvetica or Anaplasma phagocytophilum. However, all tested
ticks were negative for Bartonella spp. and TBEV.

This research provided some insights regarding the involvement of migratory birds in the epidemiology of tick-borne
zoonotic diseases. On the one hand, the studied birds were poorly infested with ticks, but on the other side, the collected
ticks showed a non-negligible prevalence of tick-borne zoonotic bacteria, particularly for Borrelia burgdorferi. In
conclusion, migrating birds while moving between different lands and countries could, accidentally, also spread tick-
associated pathogens. This study highlights the importance of monitoring wild avian populations and, thus, the important
sanitary role that ringing stations could have in surveillance programs.
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Introduction

West Nile Disease (WND) is a vector borne disease caused by West Nile Virus, a flavivirus belonging to the family
Flaviviridae. Its biological cycle involves mosquitoes (mostly belonging to Culex pipiens genus) as the main biological
vectors and birds as primary hosts. Even human and horses can be infected and although they can develop serious
symptomatology, they can not transmit the infection and are thus considered as accidental dead-end hosts. WNV is
considered one of the most world-widespread flavivirus representing a significant burden for public health. In Italy the
first detection of the virus was in 1998 and since 2001 it is considered endemic, with a peak in circulation in 2013, 2015
and 2018. Despite that, there are still several knowledge gaps on WNV epidemiology, that hamper our capability to
predict future outbreaks and define fully effective control plans. In particular, very few is still known about the role of
different bird species, and consequently of the overall avian community, on WNV transmission and maintenance.
Mathematical models are an useful, and often underexploited, tool to support field studies in investigating disease
dynamics and control. We then propose a mathematical model to investigate the role of different birds’ species and the
effect of their population dynamics on the spread of WNV. Our aim is to investigate whether demographic characteristics
of bird species affects WNV transmission to mosquitoes in order to explore the contribution to WNV spread played by
birds species with different population dynamics.

Material and Methods

We theoretically compared how the population dynamics of five different bird species would affect WNV prevalence
into mosquito population during summer season (April - October). To simulate WNV dynamics we adapted a
mathematical model already validated in Veneto and Lombardy regions. The epidemiological model is a compartmental
model based on a system of 11 differential equations aimed at simulating WNV dynamics between one competent bird
species and one vector species. We assumed that the only vector is represented by Cx pipiens, whereas we assumed
blackbirds, house sparrows, magpies, collared doves and hooded crows (one at the time) as the competent bird reservoir.
Daily bird abundance for each investigated species was assessed by simulating its dynamics through a compartmental
model based on a system of 4 differential equations representing birds’ life stages. To inform the system we used data
collected in literature and supported by expert opinion. Each birds’ population dynamics was then included into the
epidemiological model. Furthermore, to disentangle which of the demographic characteristics of birds affects WNV
spread at most, we simulated other three theoretical scenarios. In the first scenario we fixed the initial number of subjects
for each bird species to limit the effect of the initial population size of birds. In the second scenario we investigated the
effect of the timing of the reproductive season. This was done by fixing all parameter and assuming the reproductive
season to start in a different month for each “species” (starting in Mach, April, May and June); while in the last scenario
we assumed four different lengths of the reproductive season (one-, two-, three- and four- months lengths) starting at the
same time. To simulate the last two scenarios, we considered only blackbirds’ parameters as model parameters rather
than the five initial birds’ species.

Results and Discussion

We found that the main demographic characteristic of birds affecting WNV dynamics is bird abundance since August to
October. We found that the lower the competent bird population abundance, the highest the prevalence in vectors
(estimated as the daily number of infectious mosquitoes over the total number of mosquitoes) is, and vice-versa. We
furthermore showed that the prevalence in mosquitoes is not affected by the timing of reproductive pulse in birds. This
finding, despite counterintuitive, is fully supported by the algebraical analysis of the R; provided by previous works, thus
highlighting the importance of investigating this complex system through modelling. Furthermore, this result needs to be
taken into account when predicting the effects of strategies to control the spread of the virus. On the other hand, as our
model does not consider the complexity of the avian community, further investigations are needed to fully comprehend
the role of birds’. In conclusion, this study represents a first step in a better comprehension of the role of different bird
species in WNV dynamics.

11



Atti del V Congresso Nazionale di Ecopatologia della Fauna

Sessione 2
ECOLOGIA dei PATOGENI E GESTIONE SANITARIA
DELIA FAUNA

Moderatori: Nicola Ferrari - Paola Beraldo - Walter Mignone

RELAZIONI AD INVITO

INFOFAUNAFVG: a centralized web database for wildlife health management
Paolo Tomé (Universita degli Studi di Udine)

CONTRIBUTI LIBERI

Estimating red fox population density for E. multilocularis monitoring
Celva R., Crestanello B., Obber E, Trevisiol K., Agreiter A., Dellamaria D., Hauffe H.C., Citterio C.V.

Comparing faecal examination results with necropsy findings in the monitoring of red fox intestinal
helminths with zoonotic and veterinary importance

Marchiori E., Obber F., Zarantonello A., Celva R., Marcer F., Danesi P., Massolo A., Cenni L., Citterio C.,
Cassini R.

Comparative assessment of E. multilocularis prevalence in red fox from the province of Bolzano
Obber F., Celva R., Da Rold G., Trevisiol K., Bregoli M., Danesi P., Cenni L., Rossi C., Capello K., Hauffe
H.C., Massolo A., Cassini R., Agreiter A., Dellamaria D., Citterio C.V.

Presence of different canine distemper virus lineages in wildlife from north Italy
Trogu T., Castelli A., Canziani S., Tolini C., Carrera M., Sozzi E., Lelli D., Tosi G., Fiorentini L., Rugna G.,
Lanci D., Lavazza A., Moreno A.

Preliminary health surveillance records of European wildcat (Felis silvestris silvestris) in north-eastern
Italy

Bregoli M., Beraldo P., Pesaro S., De Zan G., Sello M., Campalto M., Obber F., Danesi P., De Benedictis P.,
Filacorda S., Dorigo L., Lapini L., Gobbo F., Ceglie L.

Data on the parasitological status of golden jackal (Canis aureus L., 1758) in Friuli-Venezia Giulia
Region (Italy)
Beraldo P., Pesaro S., Sacca E., Dorigo L., Lapini L., Bregoli M., Filacorda S.

Paratuberculosis in wild red deer (Cervus elaphus): ecological correlations to the probability of
infection and contribution to pasture contamination
Nava M., Garbarino C., Ricchi M., Epis S., Bianchi A., Ferrari N., Corlatti L., Barsi F., Cortimiglia C., Luzzago C.

Comparison between major vessels and cavernous sinus blood for metabolic profiles in wild red deer
Comazzi S., Guanziroli S., Giordano A., Formenti N., Trogu T., Corlatti L., Nava M, Luzzago C., Ferrari N.

Asymmetric competition between the autochthonous deer ked Lipoptena cervi and the alien L.
fortisetosa (Diptera: Hippoboscidae) in Cervus elaphus

Andreani A., Ponzetta M.P., Stancampiano L.

Detection dogs and African Swine Fever management
Fortebraccio M., Donnini S., Bottaro R., Vigano R.

12



Atti del V Congresso Nazionale di Ecopatologia della Fauna

INFOFAUNAFVG: A CENTRALIZED WEB DATABASE FOR WILDLIFE HEALTH
MANAGEMENT

TOME P.!, PESARO S.!, ORIOLES M.!, PASCOTTO E.2, CADAMURO A.}, GALEOTTI M.!

! Dipartimento di Scienze Agroalimentari, Ambientali ed Animali, Universita degli Studi di Udine, via Palladio, 8 - Udine;
2 Dipartimento di Prevenzione, Azienda ULSS n.2 Marca Trevigiana, Via Castellana, 2 - Treviso;
3 Servizio foreste e corpo forestale, Regione Autonoma Friuli Venezia Giulia, piazza Unita d'Ttalia, 1 - Trieste

Introduction

In 2017 the Autonomous Friuli Venezia Giulia Region and the Department of Agricultural, Food and Animal Sciences
of the University of Udine (DI4A), signed a collaboration agreement to carry out scientific work with regard to wildlife
recovery and surveillance. The scientific activity included both support and consulting for the Regional Forestry Service
and the Wildlife Rescue Centres (CRAS), and the design of a novel information-database system to organize data on
wildlife rescue activity and health management and surveillance. The DI4A developed a progressive web application,
characterized by a Web Database and a WebGIS system, through the utilization of different open source software and
named it “InfoFaunaFVG”.

Material and Methods

InfoFaunaFVG is made of a Web Database and an integrated WebGIS system. The following open source software are
used: Apache HTTP Server, Oracle MySQL, Symfony, Apache Tomcat, GeoServer, OpenLayers.

The access to the web application is possible, upon authentication, through a web browser or by installing the PWA on
the computer or mobile devices.

In order to define detailed user profiles, different levels of use are assigned to each user depending on their operational
level. Moreover, traditional functions of management software were developed: create, read, update, and delete
operations, perform batch operations, create dynamic reports and filters and export data in Open Document format
through dynamic reports.

InfoFaunaFVG has built in both a notification system, to send communications to every user at any level, and a log
system, able to trace all the data input changes.

Results and Discussion

In short, operating from November 2019, InfoFaunaFVG currently (April 2022) contains a total of 40.175 records from
300 different users, including veterinarians, forestry guards, veterinary technicians and specialized personnel in animal
rescue belonging to 16 different institutions. Among all species recorded, mammals are 40% (16.018) of the total, whereas
avian species represent 59% (23.741), and others (reptiles and amphibians) 1% (416) respectively.

Two hundred twenty-six different species (175 avian and 51 mammals) are recorded. The wildlife species reported to be
selectively culled were 42% (16732), 17% (7.829) found dead and 39% (15.614) rescued alive respectively. Apart from
wildlife selective culling (11.249 avian and 5.483 mammals), roadkills were the main cause of death both for mammals
(4.512) and avian species (226).

Data consistency and traceability was possible through regular data quality checks performed by the centralized
coordination center at the University of Udine. To date, InfoFaunaFVG has proven to be a successful wildlife data
repository system providing high quality consistent, accurate and traceable data capable of having a considerable impact
on regional wildlife governance.

In conclusion, during the first two years and a half of its use, InfoFaunaFVG allowed the achievement of several
objectives including: the recording of consistent, accurate and traceable data regarding wildlife, the optimization of
regional investment, and resources and improvement of regional wildlife knowledge.

Considering the results of the first two years of its use, we conclude that InfoFaunaFVG has the potential to become the
largest data repository for wildlife monitoring and surveillance in Italy.

The application of such integrated information systems on a larger scale at a national level is auspicable to best coordinate
and design sustainable management plans and policy instruments to improve human-wildlife coexistence.
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Introduction

The red fox (Vulpes vulpes) is the main definitive host for Echinococcus multilocularis, a small tapeworm causing a
severe zoonosis in humans (alveolar echinococcosis). Fox is regarded as essential for the maintenance of foci in European
endemic areas, pushing public health authorities to consider local management of fox populations as a strategy to control
the parasite distribution; thus, knowledge of fox demographics is pivotal. Here, we estimated fox population density in
two areas in the Province of Bolzano, Italy: one historically endemic for E. multilocularis (Alto Isarco), and another in
which the parasite has never been detected (Val d’Ultimo). We then compared the results with the corresponding
kilometric index of abundance (KIA), routinely used to monitor fox population fluctuations. In addition, we addressed
the hypothesis that fox population density would be higher in the endemic area, compared to the naive one.

Materials and Methods

Spotlight count data for 2018 (Alto Isarco) and 2019 (Val d’Ultimo) were obtained by counting all foxes identified while
driving along fixed transects, during red deer census activities; this number was then divided by the distance driven in
kilometers. The highest value was retained as the KIA for each of the two areas.

To estimate fox population density, we adopted a protocol for genetic spatial capture-recapture (genSCR). Fox stools
were collected along parallel transects aggregated in different zones, which were distributed on the two study areas; each
area was sampled three times (Alto Isarco: June-July 2018; Val d’Ultimo: July-August 2019). Fresh fecal pellets were
genotyped at 21 microsatellite loci, considering a minimum of nine as the threshold for valid genotypes. Individual
capture-recapture histories were then used in a spatially explicit Bayesian capture-recapture model implemented in
OpenBUGS.

Results and Discussion

The highest KIAs were obtained on July 12, 2018 (Alto Isarco, 0.51 foxes/km) and March 29, 2019 (Val d’Ultimo, 0.18
foxes/km). For genSCR, 56 and 59 stool samples were collected from Altro Isarco and Val d’Ultimo, respectively. 39
and 33 valid genotypes were obtained, representing 31 and 25 individual foxes. Statistical analyses estimated fox
population densities at 2.97+0.64 ind/km? for Alto Isarco and 5.11+0.97 ind/km? for Val d’Ultimo. Therefore, in our
study, KIAs did not show a positive correlation with fox population density; in fact, the lowest KIA value was registered
in Val d’Ultimo, where the highest fox density was found. Similarly, the presence of an E. multilocularis focus did not
correspond to the area with a higher fox density, given that the Alto Isarco hotspot appears to be sustained by relatively
low host population density. We conclude that fox population density is not the sole factor maintaining E. multilocularis
foci, while further highlighting KIA as a relative indicator only.

The present work is part of the project RICERCA CORRENTE IZSVE 18/16 funded by the Italian Ministry of Health
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Introduction

Red foxes play an important epidemiological role for a number of helminthic infections of both zoonotic and veterinary
interest (e.g., alveolar echinococcosis, toxocariosis, ancylostomatosis). Analysis of environmental fox droppings may
represent a time and cost-effective way to estimate the presence and diffusion of targeted helminth species. Nevertheless,
scarce sensitivity of coproscopy (isolation technique) associated with multiplex PCR for the detection of Echinococcus
spp. eggs has been recently proven through comparison with necropsy findings. Other studies have previously reported
the underestimation of helminthic infection occurrence in red foxes when evaluated by copromicroscopy, mostly using
fecal flotation, and such low sensitivity seems to apply to all helminth classes. The reasons for such a low sensitivity have
still to be investigated in depth. In this study, the sensitivity of fecal examination for relevant helminth species was studied
by comparing the detection of eggs at copromicroscopy with isolation of adult parasites at necropsy.

Material and Methods

One hundred-fifty red foxes, found dead or culled during hunting season and population control campaigns in Bolzano
Province in the period 2020-2021, were included in this study. For inactivation of Echinococcus spp. eggs, all carcasses
were frozen at -80°C for at least 72h before necropsy. Parasites were isolated from the small intestine through a scraping,
filtration and counting technique by using 1000 pm and 212 pm sieves. All isolated parasites were identified
morphologically at species level and sex was determined for all mature specimens. Coprological examination was carried
out on rectal content by means of a classical flotation technique (FT) using a Zinc chloride solution (s.g. 1,350) and a
combination of copromicroscopy and multiplex PCR (CMPCR). Eggs were identified at the lowest taxonomic level
possible, and sequencing was performed after multiplex PCR for species identification. The concordance and the level of
agreement between necroscopic and copromicroscopic findings were evaluated using the parameter Kappa (k)
(https://epitools.ausvet.com.au/comparetwotests). Using the results of the necropsy as our reference standard, the
sensitivity of copromicroscopy was assessed for ascarids and Ancylostomatidae (only FT), and for Taeniids (both FT and
CMPCR).

Results and Discussion

At necropsy, three species of nematodes (Toxocara canis, Uncinaria stenocephala and Pterygodermatites sp.) and four
species of cestodes (Echinococcus multilocularis, Taenia crassiceps, Taenia polyacantha, Mesocestoides sp.) were
identified. The FT allowed to detect eggs ascribable to ascarids, ancylostomatidae and Taeniids, besides the retrieval of
Trichuris sp. and Capillaria sp. eggs, whose adult forms were not targeted by our scraping technique. Concerning
nematodes, the overall concordance was 62.7% and the k was equal to 0.206 (95%C.1.:0.059-0.353) for ascarids, whereas
Ancylostomatidae showed a slightly higher concordance (70.7%), but a similar k (0.151; 95%C.1.:0-0.322). In both cases,
the agreement between the two techniques was poor, due mainly to the high number of infections undetected by the FT.
However, the adult parasites were not retrieved in 14 and 17 individuals whose fecal samples resulted positive to ascarids
and to Ancylostomatidae respectively. This finding may be partly due to bad preservation of carcasses, either to
misdiagnosis at FT, mainly for Ancylostomatidae, whose eggs may resemble the ones of the herbivore strongyles,
possibly present in red foxes feces due to necrophagy. The sensitivity was below 40% for both groups of nematodes.
However, excluding single-sex infections and infections by solely immature worms, the sensitivity increased to 54.5%
for ascarids and to 42.8% for Ancylostomatidae. No eggs ascribable to Pterygodermatites sp were reported at the FT;
low resistance of eggs at freezing should be investigated as a contributing factor to this finding.Concerning cestodes, the
comparison was possible only for Taeniids, since no eggs of Mesocestoides sp. were found by both FT and CMPCR. The
concordance between necropsy and FT for Taeniids (including E. multilocularis) was 51.3%, with a very low k (0.092;
95%C.1.:0.029-0.154), whereas both concordance (58.7%) and k (0.220; 95%C.1.:0.127-0.313) had slightly higher but
comparable values between necropsy and CMPCR. However, in the case of Taeniids, all positive fecal samples were
confirmed by necropsy, and the very poor agreement is likely due to the low sensitivity of both coprological techniques
(9.9% for FT and 23.5% for CMPCR). Out of the 19 samples positive at CMPCR, 13 were successfully sequenced as E.
multilocularis (n=5; 3 coinfections), T. crassiceps (n=7; 1 coinfection), T. polyacantha (n=2; 1 coinfection) and Taenia
spp. (n=2; 1 coinfection). All molecular identifications, except one, were confirmed by the presence of the specific adults
at necropsy, and the presence of both species in case of co-infections.In conclusion, copromicroscopy correctly detected
the presence of all helminths with zoonotic and/or veterinary interest circulating in the study area, that were specifically
identified by the necropsy (i.e., E. multilocularis, T. canis, U. stenocephala). However, the performances of both FT and
CMPCR in terms of sensitivity resulted very poor, and their use in surveillance programs can be promoted only if
appropriate attention is given to the definition of the correct sample size (considering an imperfect test).

15



Atti del V Congresso Nazionale di Ecopatologia della Fauna

COMPARATIVE ASSESSMENT OF E. MULTILOCULARIS PREVALENCE IN RED FOX
FROM THE PROVINCE OF BOLZANO

OBBER F.!, CELVA R.!, DA ROLD G.!, TREVISIOL K.!, BREGOLI M.!, DANESI P.!, CENNI L.23,
ROSSI C.3, CAPELLO K.', HAUFFE H.C.3, MASSOLO A.?, CASSINI R.*, AGREITER A7,
DELLAMARIA D.!, CITTERIO C.V.!

! Istituto Zooprofilattico Sperimentale delle Venezie, Viale dell’ Universita, 10 - Legnaro (PD);
2 Conservation Genomics Research Unit, Centre for Research and Innovation, Fondazione Edmund Mach, Via Edmund
Mach, 1 - San Michele all'Adige (TN); * Ethology Unit, Department of Biology, University of Pisa, Via Volta, 6 - Pisa;
4 Department of Animal Medicine, Production and Health (MAPS), University of Padua, Viale dellUniversita, 16 - Legnaro (PD);
5> Wildlife Management Office, Province of Bolzano, via Brennero, 6 - Bolzano

Introduction

Echinococcus multilocularis is a zoonotic parasitic cestode affecting wild carnivores worldwide. In the EU, monitoring
consists of assessing prevalence in red fox (Vulpes vulpes), which represents the main definitive host and is crucial for
the maintenance of the sylvatic cycle. An adequately sized sample of foxes must be tested to assure the efficiency of the
monitoring activity. However, sample size is dependent on parasite prevalence and monitoring is particularly time-
consuming at the borders of its range, where prevalence is usually low. Since 2012 prevalence of E. multicolaris in the
Province of Bolzano had been reported as increasing, but less than 5%. So far, positive foxes have been localized in two
main hotspots: Alto Isarco and Val Pusteria. To improve the E. multilocularis monitoring strategy at the edges of its range
while maintaining an acceptable cost/benefit ratio of surveillance effort, we tested sensitivity and specificity of two
molecular tests (eggs isolation associated with multiplex CMPCR and quantitative PCR — qPCR) on fecal samples against
what is considered to be the reference standard diagnostic, Scraping, Filtration and Counting Technique (SFCT) of the
small intestine. Results were then applied on a real-case scenario to highlight the advantages of implementing the most
sensitive test in terms of required sample size.

Material and Methods
Between 2019 and 2020, 123 fox carcasses were gathered across the Province of Bolzano and a faecal sample and the
small intestine were collected. Screening for E. multilocularis were then carried out using three diagnostic techniques:
*  CMPCR: 2g of faecal matter were treated by floatation, filtration and sieving to isolate Taeniidae eggs, which
were used as matrix for DNA extraction. DNA amplification was carried out using multiplex PCR.
* gPCR: whole stool (0,2 g) DNA extraction using a magnetic beads protocol. DNA amplification was carried out
using real-time PCR.
*  SFCT: adult cestodes was separated using a three-step filtration (1000 pm, 212 pm and 75 pm mesh) of the
contents of the intestinal lumen, obtained by scraping. Specimens were then counted using a stereo-microscope.
Sensitivity and specificity of the two molecular tests were calculated and compared to SFCT results. The agreement of
each test with the reference standard was calculated using Cohen’s K. True prevalence was estimated on a bigger sample
(235 foxes for which only the two molecular copro-microscopic diagnostics were applied), using the adjustment to the
Rogan-Gladen formula as proposed by Lang and Reiczigel. The required sample size for E. multilocularis detection
according to the true prevalence was calculated on a hypothetical epidemiological unit of 300 foxes, using the modified
binomial approximation analysis method implemented in Epitools.

Results and Discussion

Using SFCT, CMPCR and qPCR, 24/123 (19.5%), 5/123 (4.1%) and 23/123 (18.7%) foxes tested positive for E.
multilocularis, respectively. The two molecular tests confirmed the reference standard outcomes in 5/24 (CMPCR) and
20/24 (qPCR) of cases, with an agreement (Cohen’s K) of 0.3 and 0.82, respectively. Sensitivity was calculated as 0.21
for CMPCR, and 0.83 for qPCR, while specificity was 1.0 and 0.97, respectively. Using these values of sensitivity and
specificity, true prevalence was estimated at 14.3% (CMPCR) and 14.2% (qPCR). Our results show that CMPCR
performances were much lower than previously reported in the literature, suggesting that E. multilocularis prevalence in
the Province of Bolzano has been underestimated up to now. Our results here allow us to label this Province as a highly
endemic area (prevalence >10%). The higher sensitivity of qPCR means that, compared to CMPCR, sample size can be
about one third smaller for E. multilocularis surveillance, which is especially relevant in areas at the margins of the
parasite’s range, where burden is often low and its distribution fragmented. We conclude that future strategies for E.
multilocularis surveillance should be focused on a smaller scale, adapting to local fox populations and prevalence values.
Another benefit of the adoption of a more sensitive diagnostic is that the required sample size for gPCR can be achieved
using environmental faecal samples, which are often too degraded to be used for CMPCR.

The present work is part of the research project IZSVe 05/2019, funded by the Italian Ministry of Health
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Introduction

Canine distemper virus (CDV) belongs to the genus Morbillivirus (family Paramyxoviridae) and causes a fatal, highly
contagious disease in wild and domestic carnivores; Canidae, Felidae and Mustelidae are the most susceptible families
reported. Several outbreaks occurred in Italy in wildlife in previous years. Foxes, badgers and martens were mostly
involved, showing an increase of mortality. Considering the potential impact on wildlife population dynamics, especially
on endangered species, in case of unusual increases in mortality it would be appropriate to include CDV in the differential
diagnoses for understanding the cause of mortality. Moreover, previous studies highlighted its ability to switch and infect
different species, as well as to increase its virulence, which is particularly related to amino acidic mutation in residues
530 and 549 along the Hemagglutinin (H) gene. These characteristics could enhance the potential impact of the virus on
wild populations, increasing mortality levels. A moderate mortality of red foxes in Emilia Romagna region was registered
in 2021, thus CDV presence was also investigated in wild carnivores found dead.

Materials and Methods

Since the beginning of 2021, until early August, carcasses of 67 foxes and one badger were conferred to IZSLER. Animals
in good state of preservation were submitted to necropsy and samples from brain, lungs, intestine, stomach and bladder
were collected. Suitable samples were subjected to histological examination. Pool of viscera were used for viral genome
extraction and subsequently analyzed through screening PCR to detect CDV presence amplifying a fragment of 287 bp
of conserved nucleocapsid (N) protein gene. Complete H gene was then amplified in those samples positive to the
screening RT-PCR. Sequences obtained were compared with sequences available in GenBank and phylogenetic analysis
of complete H gene sequences was performed.

Results and Discussion

This study describes a small outbreak of CDV in Emilia Romagna region, showing a prevalence of 16% (ten foxes and
one badger). Traumatic injuries were the main recognized lesions at necropsy, and most foxes did not show signs referable
to infectious diseases. Few foxes presented melaena, gastric ulcers, catarrhal-haemorrhagic enteritis, spleen, liver and
pulmonary congestion. Positive animals originated from two different provinces: one fox from Modena, in the Po Valley,
while the remaining carnivores were from Rimini province. This area is characterized by a hilly environment, more
suitable as fox’s habitat, reaching high densities and thus facilitating pathogens spread.

Phylogenetic analyses showed the presence of different lineages between the two provinces: in the fox from Modena a
CDV strain belonging to Europe/South America 1 lineage was recognized; in particular its sequence clustered with those
of strains isolated in 2018 from alpine territory in North-Eastern Italy, and likely originated from Balkans. Oppositely,
all positive animals from Rimini province belonged to Wildlife lineage. Analyses of mutations in residue 530 support the
presence of different lineages: in fact, sequences from Rimini present aspartic acid (D), frequently associated to wild
canine hosts, reflecting their affinity with Wildlife lineage whereas the sequence from Modena shows glycine (G), typical
of dogs, indicating that it could have a common origin with one strain isolated from a dog in Hungary. At 549 residue,
all the sequences show the mutation from tyrosine (Y) to histidine (H), usually associated to increased virulence and
neurological clinical manifestations. It can be hypothesized that this mutation may have played a role in Rimini’s
outbreak, while the positive case from Modena seems to be more likely linked to the outbreak occurred in 2018 in the
Alps, which showed a progressive evolution southward, reaching Emilia Romagna region.

This study highlights the endemic circulation of CDV in wildlife in North Italy and also indicates the presence of viral
agents belonging to different lineages, which could also be highly virulent. Considering the co-presence of three lineages
in North-Central Italy (beyond the Europe/South America 1 and the Wildlife, also Arctic lineage is present in wild
carnivores), it would be interesting to continue monitoring the occurrence of CDV in wildlife and to further investigate
the role of potential mutations on these populations. This represents an issue of central importance considering the
presence, precisely in central Italy, of some endangered species susceptible to infection, such as the Marsican bear.
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Introduction

The European wildcat (Felis silvestris silvestris) is of conservation concern. In the Friuli Venezia Giulia Region the
wildcat is monitored according to the local health surveillance plan, along with other carnivores such as red fox (Vulpes
vulpes), golden jackal (Canis aureus), grey wolf (Canis lupus), brown bear (Ursus arctos) and mustelids. Wildcat
populations in the study area have been recently expanding as evidenced by the increasing number road-killed individuals.
Besides parasitological investigations, very few data were previously available on the wildcats’ health status in the study
area.

Material and Methods

We carried out a total of 41necropsies on wildcats during the period 2020-2022 (22 males and 19 females). Almost all of
them were collected following car accidents (40), while the cause of death was unclear for only one individual. Among
the processed specimens, there were four putative hybrids (ornamentation not typically silvestris and gut index towards
domestic cat — Felis silvestris catus) that will be subjected to genetic testing for confirmation. We focused on pathogens
at the interface with sympatric wild carnivore species, domestic cats and their preys including rabies virus, feline leukemia
virus (FeLV), feline immunodeficiency virus (FIV), feline parvovirus (FPV), feline coronavirus (FCoV), canine
distemper virus (CDV), Trichinella and Echinococcus multilocularis (EM). We investigated rabies virus by IF and the
other viruses by means of molecular methods. According to the EC Regulation 1375/15 the magnetic stirrer method was
performed to detect Trichinella larvae by microscopy after the enzymatic digestion in muscle samples. Eggs of the
cestodes were isolated from faeces with a sedimentation/filtration technique. The cestode species was determined through
multiplex PCR, targeting and sequencing ND1 and 128 gene (Citterio et al., 2021). We conducted further microbiological
and histopathological analyses according to gross pathology findings.

Results and Discussion

All brains tested negative for rabies. At necropsy pathological findings but traumatic lesions included: lymphadenopathy
(4); parasitic bronchopneumonia (5); liver degenerative lesions (4); hemorrhagic gastritis (1). The reportedly not road
killed wildcat was in poor body condition and presented a severe hemorrhagic gastroenteritis; this wildcat was negative
for viruses, however a hemolytic E.coli strain was isolated from the gut. None of putative hybrids was included within
viral or bacterial positives. Spleen samples were negative for FIV and gut samples were negative to FPV and FCoV;
muscle tissues were negative for the search of Trichinella as well as faecal/gut samples for EM.

FeLV was revealed in spleen samples of two wildcats (4.88%; Closq, 0.00-11.12%), where we observed mild spleen
enlargement in one of them; nevertheless this lesion was observed also in six FeLV negative ones.

We detected CDV from the lungs of one individual whereas the brain was negative, suggesting a recent infection (2.44%;
Clos% 0.00-6.91%).

The expansion of the species from mountain areas to the plan may lead to the increasing encounter of hybrids; comparison
between typical silvestris individuals and hybrids could bring further insights at wild and domestic health interface.
FeL'V was commonly evidenced in wildcats in Europe; on the other hand, an investigation in the close Slovenian wildcat
populations failed to reveal evidence of FeL'V infection. FeL'V is generally considered as potentially maintained in wildcat
populations regardless of domestic cats as possible source and a limiting factor for population growth; further data need
to be collected in order to support these hypotheses in the study area.

Although CDV is not a typical felid pathogen, it was previously detected in Eurasian linx (Linx linx) in the Alps, occurring
during periodical epizootics in foxes and mustelids populations and it was spread in wildcats in Spain.

Our investigations highlighted for the first time the presence of FeLV and CDV in wildcat populations in north-eastern
Italy.
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Introduction

Golden jackal (Canis aureus Linné, 1758) belongs to the family Canidae, which is characterized by opportunism and life
in a pack. The rapid dispersion of golden jackal, as well as the increase of population density, indicates a high degree of
ability of this species to adjust to different habitat conditions. This canid is an expanding mesocarnivore in Europe and
the presence of European golden jackal (Canis aureus moreoticus) in northeastern Italy has been documented since the
1980s (Lapini et al., 2009), consolidating its presence over the time and, therefore, constantly monitored both from the
ecological and health perspective. In fact, its biology and behavior create premises for their infection with a broad range
of pathogens, including parasites Therefore, over the past 10 years, road-killed golden jackals in Friuli Venezia Giulia
(FVG) have also been exploited for parasitofauna.

Material and Methods

47 European golden jackal (29 females and 18 males), mainly road-killed, were collected throughout FVG and stored at
-20°C. Before necropsy, the biometric assessment, the tissue sampling for genetics, and photographic documentation
were carried out. The post-mortem parasitological examination included the inspection of skin, heart, lung, trachea,
esophagus, stomach, intestines, liver and urinary bladder, which were examined according to standardized parasitological
technique of scraping, filtration, collecting and counting under a stereomicroscope. Parasites were morphologically
identified and, and, in some cases, molecularly confirmed. IZSVe also investigated on Trichinella and Echinococcus
multilocularis presence. Faecal samples were collected from carcasses and parasitological analyses were performed,
using ZnSO4 centrifugation flotation. Descriptive statistic, including prevalence, mean intensity, mean abundance, and
richness were calculated for each helminth species.

Results and Discussion

91.5% of the examined population was parasitised, although in general the average parasite load was quite low (29,5;
range 1-499). 68 %of the animals had polyparasitism with on average from 2 species/animal (range 1-6), only in 8.5% the
infracommunity was composed of 5 or 6 helminthic species. A total of 1280 parasites were counted, identifying 18
helminthic species: 11 nematodes (Uncinaria stenocephala, Toxocara canis, Toxoascaris leonine, Aonchotheca putorii,
Capillaria plica, Molineus patens, Trichuris vulpis, Pterigodermatitis affinis, Angiostrongylus vasorum, Crenosoma
vulpis, Eucoleus aerophilus) 2 digeneans (Metagonimus yokogawai and Alaria alata) and 5 cestodes (Taenia hydatigena,
T. pisiformis, T. serialis, Dipylidium caninum and Mesocestoides litteratus). Faeces collected from carcasses (n=22)
presented generally parasitic elements attributable to the identified endoparasites, while 59% of animals were positive
for Sarcocystis sp.. Muscle tissues were always negative for the search of Trichinella as well as faecal/gut samples for
EM. Few hard ticks (Ixodes ricinus, Dermacentor marginatus and D. reticulatus) and fleas (Ctenocephalides canis) were
found in 40% of the animals.

The golden jackal is a species under significant and fast geographic expansion. Various parasites are known for golden
jackals across their geographic range, and certain groups can be spread during their expansion, increasing the risk of
cross-infection with other carnivores or even humans. So far, the parasitofauna of the European golden jackal has not
been studied in Italy and the component community of FVG golden jackal population is almost overlapping with that
reported in other European countries (Gherman and Mihalca 2017). The FVG-jackal parasitic biocenosis is good in
number of species, even if the prevalence and mean intensity of infrapopulations is generally low. M. yokogawai was
first reported in one FVG golden jackal in 2009 by the authors (Lapini et al., 2009) and it was the first report in Italy of
this fluke worm (family Heterophyidae). Instead, A. vasorum, to the best of our knowledge, represents the first report in
European golden jackal in Italy, confirming that this wild canid could be a definitive host (gravid females and larvae were
found), as already demonstrated in Europe (Takécs et al., 2014; Gravrilovi¢ et al., 2017). The good parasitic biocenosis
of FVG European golden jackal is related to juveniles’ dispersion between Italy and Slovenia, territorial mobility, and a
very unselective diet. Most of these parasites can be shared with other wild canids and domestic dog. Our data help
demonstrate the importance of Canis aureus moreoticus as a wild reservoir of human and animal parasites and, therefore,
it is essential the health monitoring of this wild canid.
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Introduction

Paratuberculosis is an infectious disease mainly affecting wild and domestic ruminants. The disease is caused by
Mycobacterium avium subsp. paratuberculosis (MAP). Animals usually get infected through faecal-oral and congenital routes.
The bacterium, excreted in faeces, is highly resistant in the environment; consequently, shared grazing between wild and
domestic ruminants may represents a risk for MAP transmission. Wild ungulates, including red deer (Cervus elaphus), are
susceptible and, besides transmitting the infection to conspecifics, may act as a source of infection for other species. Notably,
the first cases of paratuberculosis in Italy were found in red deer in the south Tyrol sector of the Stelvio National Park in the
early 90’s. In order to evaluate possible ecological correlations about the probability to become paratuberculosis positive, all
red deer killed during a culling program (2011-2022) were sampled for MAP analysis and biometric data, as well as culling
locations, were recorded for each animal. Moreover, in order to evaluate red deer contribution to the contamination of alpine
pastures, environmental faecal samples were carried out in the years 2020-21 and analysed by quantitative polymerase chain
reaction (QPCR).

Material and Methods

The Stelvio National Park extends over 134,000 hectares in the central Alps. A large increase in red deer density occurred over
the past decades (up to some 31 individuals/km? in wintering areas), leading the Park to start a culling program in 2011, with
the aim to reduce the red deer density and its impact on agricultural activities, forest regeneration and biodiversity. Culling
activities were carried out within the municipality of Valfurva, in the north-western part of the Park. A total of 1306 red deer,
791 females and 515 males, were culled. For each individual, ileocecal valve and mesenteric lymph nodes were sampled for
MAP detection and biometric/ecological data (sex, age class, age, culling location, dressed weight, kidney fat index [KFI])
recorded.Environmental faecal samples, during the summer periods of the years 2020-21, were collected in alpine pasture areas
throughout the Park in order to assess the role of red deer in the contamination of pastures. The areas were selected mainly on
the basis of presence/absence of cattle in relation to the presence of red deer at different densities. A total of 1808 environmental
faeces were collected, 470 and 1338 samples in the year 2020 and 2021, respectively. Each sample was weighed and
geographical coordinates (elevation, slope, exposition) were recorded.All biological specimens collected from individual and
environment were analysed by qPCR for MAP detection. Positive samples were cultured and when isolated, MAP filed isolates
were genotyped by MIRU-VNTR and SSR typing. The probability of positivity to MAP was analysed by a generalized linear
model in relation to the different biometrics and environmental data collected as linear predictors.

Results and Discussion

Analyses of culled red deer returned a total of 121 positive subject for MAP out of 854 red deer sampled. The results of the
statistical model suggest that there has been a decline in MAP positivity over the years in the last decade. These results are
consistent with possible effects of density dependence in infection transmission, a concept already known for paratuberculosis.
On the other hand, the mortality induced by the disease itself, exacerbated by winter starvation, might have contributed to the
infection decline. Another consideration is that animals showing less dressed weight, have and higher probability to be infected
by the disease, a concept which is consistent with paratuberculosis pathogenesis, which is associated by a body mass loss
induced by the malabsorption of nutrients, in turns caused by intestinal lesions typical of this disease.Out of the 1808
environmental faecal samples collected, only 41 were MAP positive. Six strains were isolated and showed the INMV1
genotype, a genetic profile previously described in the area under study in red deer and in cattle herds in Italy. The low positivity
in environmental sample may be due to the decline trend observed in red deer population and the type of sample analysed before
mentioned. Analysis on faecal samples may produce, in some cases, negative results even for infected subjects because MAP
can be intermittently shed in sub clinically infected deer. Overall, the environmental sampling suggests MAP contamination on
pasture by red deer does not likely represent an important risk factor for the transmission of paratuberculosis in this area. The
low prevalence of MAP found in recent years, at both animal and environmental levels, suggests how the reduction in density
could have impacted the distribution of diseases in wild animals. Based on the large number of samples analysed in relation to
the biometric data collected, the study amplifies the knowledge not only of the prevalence, but also of the epidemiology of
paratuberculosis in the red deer population which inhabits the Stelvio National Park.
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Introduction

Metabolic profiles are useful for welfare monitoring in wildlife but they are often biased in alive animals by difficult
sampling procedures, preanalytical errors and stress-induced alterations due to capture and restraint. Selectively culled
wild animals may partially overcome this issue since they represent an easy source of blood in which stress-induced
alterations are supposed to be minimal. However, blood collected post-mortem from major vessels or
intracardiac/intrathoracic cavity (MV), which are the classic sites of blood sampling, often suffers from severe
haemolysis, tends to clot and may be contaminated by other body fluids, thus strongly affecting results of laboratory
tests. Recently, a new withdrawal site, the cavernous sinus of dura mater (CS), has been proposed in wild boar, red
deer, fallow deer and chamois, since it provides an abundant high-quality venous blood sample. To date, this sample
has been used only for serological tests and no data are available on the difference between blood samples collected
from these two sites and the possible use of CS blood also for metabolic profiles. The aim of the present work is to
investigate the concentration of major biochemical analytes in CS blood and to compare metabolic profiles from CS
and MV blood in culled red deer, in order to propose a possible use of samples from this site also for evaluating
metabolic status in red deer.

Material and Methods

A total of 127 blood samples from MV and 104 from CS were collected from 134 red deer of different gender and age,
during a depopulation plan in the Stelvio National Park (Valfurva SO) in years 2016-2017. In 100 deer, samples from
both the sites were available.

Haemolysis was evaluated using a visual colorimetric 7-tiers scale and samples equal or less than the value of 4
(corresponding to 200 mg/dl hemoglobin) were considered suitable for biochemical analysis. A total of 36 deer finally
fulfilled inclusion criteria for both sample sites and were submitted to biochemical analysis for total protein, albumin,
urea, triglycerides, total cholesterol, non-esterified fatty acids (NEFA), B—OH butyrate, total calcium and inorganic
phosphorus. These parameters were chosen as mainly representative of protein, energetic and mineral metabolism.
Results were statistically compared using analysis of variance, correlation and method comparison tests for coupled
samples.

Results and Discussion

Haemolysis indexes were statistically lower in CS than MV samples (3.3 + 1.4 vs 4.6 £ 1.4; p<0.001) with 88% vs
44% of samples suitable for further biochemical tests. Statistical differences between the two sites were found for total
protein, albumin, cholesterol, and calcium, while correlation between two sampling sites were found for urea,
triglycerides, NEFA, 3—OH butyrate, total cholesterol and total calcium.

A perfect agreement between the two sampling sites were found only for urea, NEFA and [1-OH butyrate, while for
total protein, albumin, cholesterol and calcium, CS showed lower concentrations with either constant or proportional
biases. However, after correction for the concentrations of protein, the agreements for these analytes increased, thus
indicating that the lower protein concentration is likely responsible for differences, as expected being cholesterol and
total calcium bound to transport proteins in plasma. These differences are likely related to an increased concentration of
water (and small solutes such as urea, —OH butyrate and phosphorus) in CS blood resulting in an unpredictable
dilution of samples.

Results support the possible use of CS also for evaluation of metabolic profiles but the insufficient agreement between
CS and MV blood for some variables suggests that the two sites are not completely interchangeable and that some
specific reference intervals should be calculated before interpreting metabolic profiles in CS.

The decreased concentrations of some protein-related analytes might be corrected for the concentration of total protein
as inverse surrogate of the hydration level of samples. In contrast, the lower protein concentration (about 80%) in CS
samples cannot significantly influence results of most serology tests but caution should be done for possible false
negative results when titers are close to cutoff values.

Overall, CS is a promising sampling site also for the evaluation of metabolic profiles in culled red deer since it is easy to
withdraw, minimally haemolytic and abundant. This leads to a higher percentage of samples suitable for most
haematochemical procedures but results should be compared with adequate reference intervals and the biological meaning
for evaluating welfare in wild deer should be adequately validated in different conditions.
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Introduction

Lipoptena cervi L. and L. fortisetosa Maa are hematophagous ectoparasites mainly infesting deer. They spend the entire
life on a single host animal, feeding on its blood and reproducing on it through the adenotrophic viviparity strategy.
Lipoptena cervi is a palearctic species, while L. fortisetosa is native to Japan but has largely spread from Asia to Europe
being recorded in several countries, included Italy. Different hippoboscid species can infest the same geographical areas
and have been found to share the same hosts, co-feeding on it also with ticks. Lipoptena cervi and L. fortisetosa can reach
a very high abundance on the parasitised animal, reducing its health condition and altering its behaviour in case of severe
infestations. These flies can occasionally bite also humans, with potential sanitary consequences since they can be
possible vectors of harmful microorganisms. Many studies have been recently conducted on these species to map their
diffusion and to highlight the possible health risk related to their attacks together with their vectorial capacity of
pathogens. On the contrary, these species have not been enough investigated for their competition on hosts, especially on
the mainly infested body regions, the neck and the groin areas.

The aim of the present study was to investigate the possible competition between L. cervi and L. fortisetosa on their
favourite host in Italy, Cervus elaphus, in the Tuscan-Emilian Apennines. Additionally, the survey allowed to underline
parasite abundance on the different host body regions, giving insights on their micro-niches preferences.

Material and Methods

Deer keds were collected in 2018-2020 from 75 and 104 red deer legally shot in Emilia-Romagna and Tuscany Regions,
respectively. Sampling methods and standardized counting techniques are reported in Andreani et al. (2021. Animals,
11: 2794). For each host, data about sex (two missing values), age, altitude, longitude, and latitude were available. Each
collected insect was classified and its localization in the neck or in the groin region recorded.

Statistical analyses were performed using STATA 12.1. Parasite abundance data were analyzed using multivariable
negative binomial regression models. Preliminary, the influence of stationary variables (latitude, longitude, and altitude)
on parasite abundance and the influence of host sex and age were tested for each species. Therefore, in order to evaluate
the possible competitive interactions, two models were tested: one having L. cervi as independent variable and L.
fortisetosa as additional covariate, and one having L. fortisetosa as independent variable and L. cervi as additional
covariate. Lastly, spatial competition between parasite species was evaluated building four models, one for each parasite-
species in each of the two examined body regions, including as covariate also its total abundance according to
Stancampiano et al. (2010, Vet. Parasitol., 170: 88-95). The best models were selected with backward elimination and
evaluated using likelihood-ratio test and AIC.

Results and Discussion

Two ked species were found: Lipoptena cervi (prevalence 98.6%; abundance 24.2; min-max 0-398) and Lipoptena
fortisetosa (prevalence 72.1%; abundance 102.7; min-max 0-1844). Only the prevalence of L. fortisetosa was
significantly higher in Tuscany (83.7%) than in Emilia-Romagna (56.0%) (Chi-square test 16.55; p<0.001). As regards
the infested body area, 82.7% of collected L. cervi were found in the neck while 75.9% of L. fortisetosa were found in
the groin region.

Lipoptena cervi abundance was positively related to altitude (p=0.03) and negatively related to the abundance of L.
fortisetosa (p<0.001), while L. fortisetosa was negatively related to altitude (p<0.001) and to the abundance of L. cervi
(p=0.037) and more abundant in southern and western geographic areas (p<0.001). The inclusion of host age, sex and of
stationary variables in the models, controlling their effect as confounders, suggests that the competition between the two
species at the population level is probably real. This is further confirmed by the analysis of spatial distribution of the
parasites on red deer body areas. Both the abundance of L. cervi in the most infested area, the nek, and in the genital area
are negatively related to the abundance of L. fortisetosa in the neck (p<0.001) and in the genital area (p= 0.008),
respectively. Conversely, L. fortisetosa is not influenced by the presence of L. cervi in the evaluated body regions
(p>0.05).

In conclusion, the results of the present survey indicate that the distribution of L. fortisetosa is mainly linked with
stationary variables, while the distribution of the autochthonous L. cervi both in the single host and in the different
geographic areas is strongly affected by the invasive alien species.
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Introduction

African Swine Fever (ASF) is a highly contagious and lethal viral disease that affects animal species belonging to the
suidae family (domestic pigs and wild species). The economic losses that can result from outbreaks of ASF and that
reverberate on the swine sector require investigation of all possible strategies useful for both prevention and emergency
management. The presence of carcasses on the territory represents a major cause of environmental contamination, and
their disposal is one of the most relevant objectives for the containment of the disease. In order to test strategies to support
the prevention and control of ASF, we developed a pilot project using detection dogs trained to detect wild boar carcasses.

Material and Methods

In February 2022, two canine units trained within the pilot project "Use of Dog Units Trained in Wild Boar Carcass
Detection as a Tool for African Swine Fever Prevention and Control" realized by Ente Nazionale della Cinofilia Italiana,
under the patronage of Societa Italiana di Ecopatologia della Fauna, Istituto Superiore per la protezione e ricerca
ambientale, Legambiente, Universita Federico II di Napoli, Dip. di Medicina Veterinaria, joined the monitoring teams in
the province of Alessandria. The African Swine Fever infected area, identified and established following the Ministry of
Health's executive order, initially amounting to 146 municipalities in the provinces of Alessandria, Genova and Savona,
was divided into monitoring sectors. In each sector, search cells equal to 100 ha each were identified. The search for
carcasses within the cells was organized to proceed from outside to inside the infected area. The two dog units deployed,
searched the cells and mainly the habitats: forest, meadow, pasture, ditches and riverbanks. Dog tracks were recorded
using GPS collars and the signs of wild board presence (bones, feces, scrapings, etc), appropriately georeferenced with
GPS. The bone findings were collected in special bags for subsequent laboratory analysis.

Dogs involved in the project were a Labrador retriever (male, 4 years old) and an Hannoverian Hound (female, 4 years
old) both trained for 3,5 years in scent detection. Before the operational phase, dogs were trained and tested with sample
of wild boars carcasses of different size, coming from different part of the carcass and different status of putrefaction.
The training procedure used was odor imprint during which dogs learned to associate reward with the smell of boar
carcass. The technique used is what is referred to in the jargon as "pairing": in the preliminary step inside a pvc container
a piece of Kong (neutral odor already known to the dog) was placed together with a piece of boar carcass, the container
is then placed in a line of containers all identical, in a first step all empty except the one containing the target. In the
second odor imprint phase, only the piece of carcass was present in the container and the dog had to identify it both in a
lineup containing empty cans except the one with the target and in a lineup in which all containers were filled with a
distracting odor (e.g., a handler's object, toy, etc.) except the one containing the target. The test phase is aimed at
evaluating the ability of canine teams to search for and detect wild boar carcasses in a realistic environment with common
distractions. In addition, the likelihood that the dog teams will or will not recognize the target scent is tested. The test
was not constructed to assess under what conditions the scent reaches the surface and it becomes possible to detect it.
The test took place in an area of 25 hectares in centre of Italy (Tuscany) divided into work zones of the size of 5 hectares
each. The test area was predominantly forested. The target odor was 8 wild boar carcasses of different environmental
aging (72 hours, 48 hours, 24 hours, fresh). The testing phase included the following tests: line up search (odor
identification); outdoor area search in restricted area (500-1000 mq); outdoor search in wooded area of 5 ha. A functional
obedience assessment was also carried out. The carcasses for each area are in variable number 0-3, of variable freshness.
Assignment of carcasses to areas is random in both age and numerosity just as the assignment of dogs to individual area
is random.

Results and Discussion

A total of 14 transects were searched in 4 monitoring sessions in Alessandria Province in February 2022 by the two canine
units (74,86 km traveled by the dogs). There were 10 search cells investigated. The duration of the search phase was 29
h 24 min, the resting time (i.e. the time in which the dog remained stationary because in the resting phase or in the phase
of passive alert), was 10 h 15 min. The total effective search time was 19 h 08 min. Four bone specimens, reported by the
dogs, were collected: no. 1 mandible and no. 1 skull, referred to the wild boar species and two long bone specimens not
belonging to the target species. Laboratory tests for PSA positivity and genetics are ongoing. One wild boar lair and two
stool samples were also indicated from the dogs. Monitoring, in the health field, conducted using detection dogs appears,
therefore, to be a rapid and effective response to the problems associated with the need for animal carcass retrieval, which
is the central point in a program in which early warning is essential to reduce the huge impacts this disease can cause to
human activities as well as to the species and what depends on it. Detection dogs have a much broader potential for use
than the use of human handlers, in terms of greater effectiveness (using the sense of smell, the dog can inspect the areas
subject to investigation more quickly, including those that are difficult to access and walk); less invasiveness; lack of
contact with the search target; possibility of more extensive, effective, and quicker coverage of the search area, especially
in the case of dense vegetation; and potential reduction in the use of personnel.
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Introduction

African swine fever (ASF) is a contagious viral disease that recognises 24 different virus genotypes. Currently the
infection is widespread in Africa, Eurasia (including South East Asia) and Central America. In Africa, the disease is
sustained by all 24 genotypes while only the genotype II is responsible for the spread of ASF outside the African
continent. The first appearance of genotype II occurred in Georgia (Poti area) in 2007 and from there the virus spread
completely unexpectedly with a geographical expansion that brought the infection to the European Union in 2014 and to
China in 2018 and to Haiti/Santo Domingo in 2021. The disease exclusively affects species belonging to the SUIDAE
family and has massively used both domestic pigs and wild boars as epidemiological reservoirs, while other, rarer and
more localized suid species (e.g. Bearded boar) are a likely to represent an epiphenomenon of the disease, also putting
their conservation status at risk.

The infection in wild boar

Since 2014, when ASF entered EU territory, it has been that the wild boar could become the epidemiological reservoir
of the virus, i.e. maintain it in the environment in the absence of susceptible/infected pigs. The biological cycle of
infection recognizes two modes of infection: a. Direct (nose to nose) from infected and susceptible wild boar; b. Indirect
from environmental contamination of the virus through the elimination of excreta and secretions of infected animals and
from the slow decomposition of carcasses. The latter mode of transmission is very important during the cold season as it
maintains the viability of the virus. The main risk factors identified for persistence are: high wild boar density; important
forest connectivity (on the contrary, habitat fragmentation reduces the probability of persistence), hunting activity
especially if conducted in ignorance of basic biosecurity rules; artificial feeding.

The dynamics of infection

The virus - in one of the possible ways - arrives in a free area (introduction phase) and if it finds a minimum number of
susceptible wild boars it will spread (invasion phase) initially to a limited number of animals; then each of the infected
animals will transmit the infection to other receptive animals (RO) resulting in the epidemic spread of the virus (epidemic
wave phase). During the initial phases (until the epidemic wave is over) the main mode of transmission is direct
transmission (nose to nose). Two events always occur at this epidemiological moment, and a third is very likely. The first
event is the continuation of the epidemic wave, which spreads as long as there is forest and wild boar; the second event
is the endemic persistence of the infection behind the epidemic wave; persistence that does not seem to be affected by
the low density of wild boar exterminated (about 80% mortality) by the disease. The third event is transmission by humans
outside the infected area (anthropogenic spread).

This pattern of spatial spread of the infection has meant that - in the EU alone - the virus has spread to around 350,000
km? of forests inhabited by at least 1,000,000 wild boars.

Managing the infection in wild boar populations

It follows from the above that the management of ASF in wild boar is based on 3 main steps:

a. Early detection through passive surveillance; the earlier the virus is found, the smaller the infected area and thus the
fewer infected wild boars that need to be managed; early detection of the virus is the first real step towards eradication.

b. Blocking the epidemic wave; blocking which can take place through artificial barriers (fences; highways etc.) or
natural barriers (lakes, rivers etc.).

c. Quasi-extinction of the boar population within the barriers once the virus has killed most of the boars. In addition to
the quasi-extinction of the wild boar, it is essential to remove the infectious carcasses.
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Introduction

African Swine Fever (ASF) is a viral disease affecting suidae (domestic and wild), it is sustained by the only known
DNA virus that is able to complete a life cycle in insects (soft ticks). The virus is endemic in Africa where more than
twenty genotypes are present. A first pandemic wave was characterised by genotype 1; after more than 60 years, this is
now dying out and the last trace is present in Sardinia. Another epidemic wave (Genotype II) started in 2007 in the
Caucasus, but is now widespread in all five continents.

In Italy, apart from Sardinia, the virus is present in two areas: in the Apennines between Piedmont and Liguria and in
Lazio.

Given the characteristics of this infection, control measures have been decided following European legislation with the
aim to achieve the eradication as soon as possible. The level of alert remains very high even in regions that are still free
of the disease.

Situation in Sardinia

For decades, the ASF problem in Sardinia was underestimated and only in the last 5-7 years has it been tackled with the
right determination and appropriate resources. A pathway has now been shared with the European Union Commission
that should lead to the achievement of free territory status by 2023. The fight against illegal wild grazing, an adjustment
to acceptable biosecurity standards, hunting management measures and careful surveillance have allowed a favourable
epidemiological trend to be set in motion.

Situation in Italy (free regions)

The ASF surveillance plan has been active since 2020; it is based on passive surveillance, stakeholder training and is
supported by excellent information systems. Recently, the Italian Government has asked the regions to implement
urgent intervention programmes for wild boar management based on ASF prevention and control measures.

Situation in Piedmont and Liguria (wild boar)

Unfortunately, the area affected by viral circulation has not been contained by the motorway barrier as initially hoped.
Fences are being set up to contain the infected population with many practical and unfortunately bureaucratic
difficulties. It is necessary to revise the strategy initially proposed, in order to define a plan to control the infected
population and arrive at eradication soon as possible.

Situation in Lazio

In the municipality of Rome, ASF has been reported in wild boars living in urban areas. Citizens effectively report the
presence of carcasses and the containment barrier represented by the Grande Raccordo Anulare seems to be adequate.
However, isolated cases have been reported outside this barrier and the state of alert is high. A pig farm has been
affected by the infection; in addition, there is a growing popular feeling of intolerance towards measures to prevent
infection.

In the Province of Rieti, a case of ASF was reported in a wild boar that remained isolated.

Virus studies

Genetic analysis studies were conducted on the Italian isolates. It was not possible to trace the origin of the infection,
but it can be reasonably assumed that the introductions in the North West Cluster and the Lazio Cluster are different.
Studies to develop a safe and effective vaccine continue. Some promising news has unfortunately been downgraded. In
Europe, some candidates are being tested as part of a Horizon 2020 project.

Conclusions

ASF is a disease that can spread like wildfire, but is capable of leaping and appearing anywhere. Its main characteristic
is persistence, which is why every effort must be made to achieve eradication as soon as possible. Vaccines are not
immediately available, and therefore action must be taken with primary prevention tools. Biosecurity and every effort
to arrive at an early diagnosis of the infection are the pillars on which work must be done.
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Introduction

Il cinghiale € una specie peculiare dal punto di vista zoologico: presenta caratteristiche che la distinguono nettamente
dagli altri Ungulati (per es. la biologia riproduttiva, alimentare o il comportamento spaziale) e in generale manifesta
un’elevata plasticita ecologica, che le consente di insediare popolazioni vitali in una molteplicita di contesti ambientali
e interagire in modo complesso con le componenti biotiche ed abiotiche della matrice ambientale. Il risultato¢ una
gestione complicata, tecnicamente e socialmente,in cui gli sforzi profusi dagli Enti preposti, sino ad oggi tesi soprattutto
a limitare I'impatto della specie sulle attivita antropiche, hanno dato esiti spesso discutibili e controversi. L’insorgenza
di focolai di Peste Suina Africana in Italia rappresenta un elemento potenzialmente di forte impatto demografico sulle
popolazioni di cinghiale, la cui reale entita dipendera dai livelli di diffusione e letalita che assumera il virusin un
contesto profondamente diverso, dal punto di vista ambientale e climatico, rispetto a quellifinora interessati.

Materials and Methods

A partire dall’analisi delle pil recenti acquisizioni sulla specie, si approfondiscono alcuni aspetti in materia di biologia
ed ecologia del cinghiale (dinamica di popolazione, genetica, rapporti specie—habitat e comportamento spaziale), ritenuti
cruciali per valutare i possibili futuri scenari digestione faunistica e venatoria potenzialmente in rapporto all’evoluzione
del quadro epidemico.

Resultsand Discussion

Il quadro che emerge lascia aperti importanti interrogativi circa la base di conoscenze disponibili per prevedere I’ evolversi
dell’epidemia e definire consapevolmente le misure di contrasto. Alla luce di cio restaimprescindibile un approccio
quantitativo ed evidence-based nella definizione delle strategie gestionali, che consenta di valutare oggettivamente i costi
ed i benefici delle azioni intraprese e di modificare adattativamente le scelte operate.
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Wildlife rescue centers (WRCs) are multifunctional structures diffused through all Italian peninsula. The theoretical
function of these institutions is correlated to the direct and indirect health and medical management of wild animals
found in difficult conditions. These functions can be resumed in: physical and medical rescue of sick subjects,
monitoring of health status of wildlife populations, studies concerning the distribution of animals through territories, to
increase skills and knowledge of students (veterinarians, biologists etc) and raise awareness among citizens on health
issues and conservation of wildlife heritage. Regarding health surveillance of wild animals, to comply these
fundamental activities, any territorial reality should have different technical characteristics and aspects: adeguate
numbers of WRCs and Zooprophylactic Institutes, qualified personnel in WRCs (manager, biologist, veterinarian,
veterinary technicians, volunteers), collaborations between different health institutions (competent ministries, local
medical authority, veterinary research institutions, WRCs), uniformed and shared guidelines. Although these
considerations, it can be obvious that the Italian situation appears to be very heterogeneous and complex. The target of
this work is to report the legal, logistical management and economic aspects observed in Italy to find a possible shared
solution with the aim of improving the level of sanitary efficiency and to resolve problems that prevent these structures
to become real health surveillance centers.

I centri di recupero della fauna selvatica (CRAS) sono strutture multifunzionali diffuse in tutta la penisola italiana. La
funzione teorica di queste istituzioni ¢ correlata alla gestione sanitaria e medica, diretta e indiretta, degli animali
selvatici che si trovano in condizioni di difficolta. Tali funzioni possono essere riassunte in: SOccorso inteso come
recupero sul territorio e medico di soggetti malati, monitoraggio dello stato di salute delle popolazioni faunistiche, studi
riguardanti la distribuzione degli animali nei territori, accrescere le competenze e le conoscenze degli studenti
(veterinari, biologi ecc.) e sensibilizzare i cittadini sui problemi di salute e conservazione del patrimonio faunistico. Per
quanto riguarda la sorveglianza sanitaria degli animali selvatici, per adempiere a queste attivita fondamentali, qualsiasi
realta territoriale dovrebbe avere caratteristiche e un organizzazione basati su: un numero adeguato di CRAS e Istituti
Zooprofilattici, personale qualificato nei CRAS (direttore, biologo, veterinario, tecnici veterinari, volontari),
collaborazioni tra diverse istituzioni sanitarie (ministeri competenti, autorita sanitarie locali, istituti di ricerca
veterinaria, CRAS), linee guida uniformi e condivise. Nonostante queste considerazioni, possano essere ovvie, la
situazione italiana appare molto eterogenea e complessa. L'obiettivo di questo lavoro ¢ quello di riportare gli aspetti
legali, logistici, gestionali ed economici osservati in Italia per trovare una possibile soluzione condivisa con 1'obiettivo
di migliorare il livello di efficienza sanitaria e risolvere i problemi che impediscono a queste strutture di diventare veri e
propri centri di sorveglianza sanitaria.
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Introduction

Zoological Gardens in Italy are those structures well identified on the territory and which have received a license
satisfying the requirements of Law 21 March 2005 n. 73 "Implementation of Directive 1999/22 / EC on the custody of
wild animals in zoological gardens" . The European Directive aimed to promote the conservation of wildlife, enhancing
the role of Zoos with regard to conservation and biodiversity. The Zoological Gardens changed in last decades and they
are centre of conservation, education and research and all animals are under different levels or veterinary surveillance.
The Wild Animal Recovery Centers (CRAS) are Required by Law 157/92 but there are many different application in
Italy and the veterinary surveillance is also different.

Material and Methods

The characteristics of the Zoological Garden will be briefly described by the mandatory health surveillance point and a
comparison will be done with the reality of CRAS on the Italian territory

In particular, the 3 main annex will be described.

Annex 1, letter e which prescribes the obligation to "host animals in conditions aimed at ensuring their well-being and
satisfying the biological and conservation needs of individual species, providing, among other things, to enrich in an
appropriate way the environment of the individual areas of custody, depending on the peculiarities of the species hosted
", clarifies all profiles related to the care, welfare, health and hygiene of animals;

Annex 2, letter f which prescribes the obligation to "maintain a high quality level in the care and care of animals through
the implementation of an articulated program of veterinary, preventive and curative treatments, and providing proper
nutrition", determines the application protocols relating to the care of animals and veterinary profiles as well as the posz-
mortem protocol.

Annex 3 letters g and h, which prescribe the obligation to "adopt appropriate measures to prevent the escape of animals,
including to avoid any ecological threats to indigenous species and to prevent the spread of alien species" and to "dispose,
in accordance with the guidelines set out in Annex 3, measures to guarantee the safety and health protection of the public
and operators", describe all the protection and safety measures that must be equipped with Italian zoos.

Concerning CRAS, some health surveillance plans of some regions will be examined to underline their regional
differences. These structures are often difficult to manage: they require constant, demanding work, with expert staff

In particular, the fundamental role in the epidemiological surveillance of many diseases, including zoonotic diseases and
therefore with public health implications, will be stressed. Avian influenza, African Swine Fever, West Nile Disease are
among discussed diseases and animal Health Law application on both zoos and Cras will be also discussed.

The important role in passive surveillance is one of the main aspect of CRAS because they receive animals found
randomly on the entire provincial territory (and beyond), thus acting as a sentinel of the environmental health of the
territory

CRAS can be also places of research in different veterinary field as well as Zoological Gardens.

Results and Discussion
Zoos and CRAS can have many similarities mainly on their role on health surveillance but there are many differences.
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Introduction

The wildlife rescue centers (CRAS) in Italy are a heterogeneous and not constant reality that provides for the collection,
care, rehabilitation and release in the nature of wild animals found in difficulty. Law 157/92 defines the fauna as an
unavailable heritage of the state and delegates its care to the regions. The regional administrations then delegate to the
rescue centers, through dedicated agreements, permission for the activities above. It is therefore understandable how
wildlife rescue centres and their staff are naturally predisposed to encounter animals affected by infectious, viral or
bacterial, mycotic and parasitic diseases. The centres therefore, offer an opportunity for recognition and study of wildlife
diseases, including zoonoses.

Material and Methods

For the preparation of this work, the entry registers of animals at the CRAS (considering an average of about one thousand
animals admitted per year), the reports received by the Istituto Zooprofilattico di Lombardia e Emilia Romagna, reports
of regional wildlife monitoring plans over the last five years were analysed. Therefore, the strengths and weaknesses that
characterize a CRAS involved in a wildlife disease monitoring plan were considered.

Results and Discussion

The reality of the CRAS present on the Italian territory is extremely heterogeneous:

-from the operational point of view some structures are "specialized" only caring for a particular specie or class (only

hedgehogs, only turtles, only protected birds, only mammals...) whilst others accept all authorized species.

-from the administrative point of view few structures are related to government agencies while most are founded by

voluntary associations.

Piacenza rescue center treats all native species and it’s run by a no profit volunteer association. The great strength of this

rescue center are certainly the constant daily presence of a biologist who plays the role of manager and a veterinary

director. To this is added the value of a 24/7 availability that guarantees direct contact with the population and institutions

even in times and days of the year when public facilities are usually closed to the public. These factors, in recent years,

and the integration of the rescue center between the figures present in the wildlife monitoring plan has led to the

recognition on the territory of new species, illegal acts against animals and the identification of infectious diseases present

or emerging. Often in the last period multiple conditions have coexisted. Some interesting cases were:

- the discovery of a carcass of golden jackal (Canis aureus), hit by a car, poisoned with anticoagulants and suffering
from parvovirosis

- ared deer (Cervus elaphus) victim of a poaching snare affected by Mycobacterium avium subs paratuberculosis

- an uncontrollable itchy red fox (Vulpes vulpes) suffering from Aujesky’s disease

- wild boars (Sus scrofa) with Trichinella spiralis and T.britovi were found over the years

- awolf (Canis lupus) hit by a car, poisoned with a mix of anticoagulants and positive to parvovirosis

- many birds affected by West Nile Virus

In conclusion, we believe that the rescue centers are an invaluable support to the monitoring of the state of health of the

fauna and the emergency and spread of diseases but too often the exclusive reference to voluntary activity leads to an

abuse of requests from institutional figures and a lack of professionalism of operators with poor skills in the handling and

management of animals that can lead to the presence of nosocomial infections.

Finally, we believe that the presence of a staff trained to the strict ethics that governs the human-wildlife interaction is

essential to avoid wrong environmental education and animal welfare harms.
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Introduction

Antibiotic resistance is an increasing pandemic. To date, it is estimated that every year in Europe at least 33,000 people
die as a result of this phenomenon, which involves all the sectors where antibiotics are employed. For this reason, it is
necessary to have a One Health approach that, through the collaboration of different industries and disciplines that acts
on several levels (from local to global realities), has the purpose of balancing and optimizing the health and well-being
of humans, wildlife, flora and ecosystems, recognising their interdependence. Wildlife, in particular, can play an
important role as a reservoir and can become a carrier of resistant bacteria. To encourage research about the growth of
this phenomenon, the study of small realities, such as wildlife rescue centres (CRAS), can be useful. This retrospective
research aims to analyse the use of antimicrobials in these local realities. In particular, we focus on the European hedgehog
(Erinaceus europaeus) because it is a synanthropic species that can easily come into contact with humans and pets and
are commonly recovered in CRAS.

Material and Methods

This study has evaluated 582 clinical case sheets of European hedgehogs recovered in two CRAS in the Bologna district
from January to December 2021. The information collected in the two centres has been harmonized and for all cases, we
recorded the CRAS of recovery, the class of age, the use or not of antimicrobials, the type of antimicrobial, the reason
for therapy and the outcome of their hospitalization (liberation or death). The analysis of data was performed through the
software R, version 4.1.3. The percentage of animals treated with antibiotics, the type of antimicrobial employed and the
reason for treatment have been calculated. A Chi-square test has been performed to analyze the correlation between the
use of antibiotics and the class of age, the outcome and centres. In addition, the same test was employed to determine the
relationship between the two CRAS and the class of age of hedgehogs recovered and the outcome. Significance was
considered for p-value<0.05.

Results and Discussion

The results show that there is no significant correlation between the considered CRAS and the class of age of animals
recovered, the outcome and the percentage of animals treated with antibiotics. This suggests that the two centres had
similarities in the characteristics of the hedgehog population that received and in their treatment procedures, even if in
2021 one centre recovered more hedgehogs than the other.

Considering the entire population, 21.6% of hedgehogs were treated with antimicrobials, of which in 81.7% of cases with
fluoroquinolones, in 7.1% with a combination of fluoroquinolones and penicillin, in 4.8% with fluoroquinolones and
local aminoglycosides, in 3.2% with penicillin and 3.2% with only local aminoglycosides. Excluding 145 individuals
whose outcome was unknown, 41.2% of animals died during the recovery. In particular, there was a significant correlation
between antibiotic usage and the outcome of death (y2 = 20.8, df = 1, p-value < 0.001). Indeed, 61.7% of the animals that
received antibiotics died, while 64.4% of animals that were not treated with antibiotics were reintroduced into the wild.
Probably, the treated subjects were in more severe conditions, but a risk of antimicrobial resistance cannot be a priori
excluded and further research is needed. In 41.3% of cases, antimicrobials were employed in presence of respiratory
symptoms, while in 10.4% of cases the antibiotic therapy was made without the declaration of a clear clinical suspect of
infections but in presence of poor physical conditions. Finally, a significant correlation was found between the class of
age and usage of antibiotics (y2 = 35.8, df = 2, p-value < 0.001), where 45.2% of animals treated with antibiotics were
adults.

The study underlines several critical points. First of all, the first choice in antibiotic therapy is systemic treatment with
fluoroquinolones. A comprehensive study of the pharmacokinetics of these antibiotics in this species could be useful to
avoid the elimination of active metabolites after their reintroduction into the wild. In addition, fluoroquinolones and
aminoglycosides, which in our case have been used only locally, are Veterinary Critically Important Antimicrobial
Agents and their use should be parsimonious. However, the emergency nature of treatment and lack of time or economic
funds for laboratory investigations are serious obstacles to the adequate use of antibiotics in these realities, and, as
demonstrated by our results, their use can be preventive and not always justified by signs of infections. Finally, a more
harmonized way of collecting data and registering treatment among CRAS could be useful for future studies.

These centres constitute preferential points of view for epidemiological investigations of antimicrobial resistance and its
surveillance. The work carried out by CRAS has the fundamental purpose of safeguarding biodiversity and, considering
a One Health approach, these realties should have a leading role in Veterinary Medicine.
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Introduction

The European hedgehogs are nocturnal mammals declared as protected species due to population decline. Human
activities, habitat/climate changes, road accidents, poisoning and predation have been suggested among the major causes
of this decline. The aim of this study was to analyse the admission causes, causes of death and gross pathology reported
in deceased hedgehogs admitted to Centro Animali Non Convenzionali (C.A.N.C. — Non - Conventional Animal Centre)
of Turin University from January 2018 to July 2022. Hedgehogs died in 2022 in Centro Recupero Ricci LA NINNA of
Cuneo were also examined.

Material and Methods

For this study, hedgehogs found in Turin and Cuneo province (Italy) were enrolled. For all the animals, sex, age, season
and cause of hospitalization were recorded. All the deceased hedgehogs were necropsied, the main macroscopical lesions
observed were reported and a cause of death was established. Aliquots of affected/selected organs including lung, heart,
liver, spleen, small intestine, lymph nodes, kidney, urinary bladder, skin and brain, were collected and stored for further
investigations (histopathological, microbiological and virologic investigations).

Results and Discussion

A total of 160 hedgehog were included in the study. Of these, 85 were males (53.1%) and 75 females (46.9%). Regarding
age, the majority of the hedgehogs were adult (n=79, 49.4%) or juveniles (n=78, 48.7%), while only 1.9% were neonates
(n=3). Also, half of the deceased hedgehogs were hospitalized in summer (n=60, 37.5%) and spring (n=57, 35.6%) while
few animals were brought in winter (n=5, 3.1%) and autumn (n=38, 23.8%). Trauma (n=63, 39.4%) and weakness (n=61,
38.1%) were the main causes of hospitalization, followed by random hospitalization of hedgehogs found in inappropriate
places and brought to the centres by citizens (n=27, 16.9%) and respiratory/gastrointestinal symptoms (n=9, 5.6%).
According to the necropsy findings, traumatic lesions (n=56, 35.0%) and infectious/parasitic diseases (n=47, 29.4%) were
the main causes of death. Less frequently, hedgehogs died from starvation (n=15, 9.4%) and predation (n=9, 5.6%).
Macroscopically, lungs were the most affected organs (n=117, 73.1%), mainly showing bronchopneumonia (n=102,
87.2%). Among the cases of bronchopneumonia, 34 hedgehogs (29.0%) showed pulmonary nematodes. In some cases,
bronchopneumonia was associated with thoracic effusion (n=32, 20.0%). Lesions were recorded also in the intestine
(n=29, 18.1%), stomach (n=27, 16.9%), spleen (n=22, 13.7%), liver (n=18, 11.2%) and brain (n=14, 8.75%). Particularly,
segmental catarrhal (n=24, 82.7%) and hemorrhagic enteritis (n=5, 17.3%) were the main lesions recorded in the affected
intestine while catarrhal (n=18, 66.7%) and hemorrhagic gastritis (n=5, 18.5%) were mainly recorded in the stomach.
Splenomegaly (n=12, 54.5%) and discoloration (n=10, 45.5%) were mainly observed in spleen; lipidosis was the main
lesion observed in the liver (n=9, 50%). In the brain, traumatic lesions such as subdural hematomas (n=7, 50.0%),
hemorrhages (n=2, 14.3%) and hyperemia (n=5, 35.7%) were the main findings. They were generally associated with
other traumatic lesions such as fractures of the forelimb (n=1, 0.6%), hindlimb (n=6, 3.7%), skull (n=2, 1.2%) or pelvis
(n=1, 0.6%), amputation (n=6, 3.7%), skin hematomas (n=27, 16.9%) and lacerations/bruising (n=13, 8.1%) or liver
rupture (n=2, 1.2%). These results are in accordance with literature, which consider debilitation, trauma and random finds
as the main reasons of admission. Trauma represents one of the most common causes of mortality in hedgehogs and most
of the time it is human-related. Infectious diseases mainly affecting lungs or gastro-intestinal tract are another important
cause of death due to bacterial infection or parasites. In agreement with previous reports, we frequently detected
lungworms; further studies are needed to understand the eco-biology of these parasites and the pathogenesis of their
lesions.

In conclusion, our results emphasize that trauma is the main cause of death of hedgehogs and is frequently associated
with fractures, skin lacerations and following infections. Histological and microbiological investigations are in progress
to verify the potential role of infectious agents in causing hedgehogs mortality and contributing to their population
decline.
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Introduction

Recently, the growing awareness of the role of Chiroptera as reservoir species for multiple infectious agents has increased
the interest in bats biology and ecology. On one hand, the increasing human-bat interface has raised concern about the
possibility that bats can represent a threat to human health. On the other, little attention has been given to the role of
pathogens on bats’ health and mortality. Thus, the aim of this study was to combine the evaluation of the main causes of
death, gross and histopathological lesions in deceased free-ranging bats of North-western Italy as well as the investigation
of the presence of emergent bat viruses that could represent a risk for human health.

Material and Methods

This study analysed the carcasses of bats found in Turin province (Italy), died in care or euthanized at the Centro Animali
Non Convenzionali (CANC — Non-Conventional Animal Centre) of the Department of Veterinary Sciences, University
of Torino. All the deceased bats were necropsied and samples of the main organs (patagium, lung, heart, liver, spleen,
small intestine, kidney and brain) were submitted to histopathological examination. Also, aliquots of the small intestine,
liver, spleen, lung, and brain were collected and submitted to biomolecular investigation for the identification of
Rhabdovirus, Coronavirus, Mammalian orthoreovirus, Poxvirus and Kobuvirus. Statistical analysis was performed using
R software.

Results and Discussion

A total of 71 bats belonging to 9 different species of the families Vespertilionidae and Molossidae (genera Pipistrellus=37,
Hypsugo=28, Vespertilio=1, Eptesicus=1, Myotis=2, Plecotus=1 and Tadarida=1) were analysed. About 56.3% of bats
died from traumatic lesions due to unknown trauma or predation, mainly showing patagium and skin lesions
(n=23,32.4%) and forelimbs fractures (n=15, 21.1%). These results are in accordance with previous studies conducted in
Europe, which reported that almost three-quarters of all bat deaths can be attributed to trauma or cat predation. Also,
previous studies reported that about 90% of the observed lesions in bats were in the upper extremities, probably due to
the large and delicate surface of bat wings, which predispose them to injury. The second most reported cause of death
was emaciation (n=13, 18.3%), followed by gastric distension (n=10, 14.1%). Microbats are highly susceptible to suffer
from emaciation as a consequence of wing injury, chronic illness or disturbance during hibernation due to their small
dimensions. Also, gastric distension has been reported to occur in captivity due to a tendency to overfeed these small
mammals. Histologically, the lung was predominantly affected (n=24, 33.8%), mainly showing mild to moderate,
multifocal to diffuse lymphoplasmacytic interstitial pneumonia. According to the literature, the lung is the most affected
organ in bats due to its large respiratory surface, its thin blood-gas barrier and its greater pulmonary capillary blood
volume adapted to fly. The second most reported lesion was acute to chronic dermatitis with different grades of
hyperkeratosis in the patagium (n=23, 32.4%). It is well known that patagium lesions can easily get infected by a bacterial
mixed population causing severe dermatitis that can lead to necrosis and loss of tissue. Splenic white pulp depletion (n=7,
9.8%), lymphoplasmacytic hepatitis (n=8, 11.3%) and liver steatosis (n=6, 8.4%) were also recorded. Further studies are
needed to clarify the pathogenesis of these lesions, even though liver steatosis could be attributed to an unbalanced diet
and overfeeding which is likely to occur in captivity.

Regarding viral isolations, Coronaviruses, Kobuvirus, Vaprio ledantevirus and Rabies Lyssaviruses were not detected.
On the contrary, 12 bats showed PCR positivity for Orthoreovirus in the intestine and/or lungs and Hypsugopoxvirus was
detected in 2 bats. In accordance with the literature, rabies has never been recorded in Italian bats and only low positivity
for Coronavirus, Orthoreovirus and Hypsugopoxvirus have been previously detected in Italy, probably suggesting a low
circulation rate of these viruses. Interestingly, Hypsugopoxvirus was associated with pneumonia while Orthoreovirus
were associated with heterogenous microscopical lesions in liver, lung and spleen.

In conclusion, the present study highlighted that trauma is the main cause of death in North-western Italian bats mainly
associated with forelimb fractures. Histologically, lungs are the most affected organs, suggesting that respiratory disease
can be a serious issue for bat health. Considering viral isolation, Italian bats did not represent a threat for human health,
even though bat surveillance is strictly recommended due to the increasing human-bats interface in urban areas. Further
studies are still needed to clarify the role of viral pathogens in the determination of bat’s pathologies.
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Introduction

Wild Animal Rescue Centers (CRASS), as recognized sentinels of environmental health, play a crucial epidemiological
role on animal health: the hospitalized animals - if appropriately subjected to sampling of biological material when
entering the CRAS - can act as indicators of pathogens present on the territory. This work aims to support this theory,
through the activation of the national project “increasing of the passive surveillance in avian flu”: in this context,
Piedmont Region (Prevention and Veterinary Sector) has established a relationship of active collaboration with the
CRAS:Ss present in the regional territory, achieving the objectives set at national level.

Material and Methods

The project for the increase of passive surveillance for avian flu has been activated by the Italian Ministry of Health with
the Decree of 14 March 2018 which, in agreement with the Minister of Agricultural Policies, distributed funds for poultry
emergency required by law to the Regions. Following the risk assessment of introduction and spread of the disease, the
Decree has assigned to regional administrations 10 million euros with the aim of strengthening the surveillance system
for the prevention and control of avian flu. Piedmont Region issued a document (D.D. n.810 of 4/12/2018), allocating
funds to the multizonal prophylaxis and veterinary police departments (PMPPV) and the Veterinary Services of ASL
(Local Sanitary Authority) for the period 2019-2021. After that, ASL Prevention Departments cooperating with Wild
Animal Rescue Centers have drawn up specific conventions with regional CRASs, regulating the cooperation between
ASL and CRASSs, through the collection of samples with a specific procedure: 1) the drafting of an operational protocol
for sampling (carcasses and cloacal swabs), transport and lab tests (RT-Real Time PCR), agreed between Piedmont
Region and the virology laboratory of the IZSPLV in Turin 2) the planning of meetings between ASLs official wildlife
veterinarians and the CRASs staff; 3) the elaboration of final reports on the basis of a predefined model, in order to
compare data collected.

Results and Discussion

A wildlife monitoring plan has been activated in Piedmont Region many years ago, also involving the regional CRASs
and the ASL Veterinary Services on the basis of annual programs: dead animals in the CRASs are regularly sent to the
Laboratory of IZSPLV in Turin to carry out biomolecular analyses required by international standards. In the specific
case of avian flu, 142 samples were analyzed in 2019 from wild birds found in difficulty and delivered to regional CRASs
(CRAS Tigliole d'Asti, CRAS Bernezzo, CRAS Racconigi, CRAS San Bernardino Verbano).

With the ministerial project focused on increasing the passive surveillance for avian flu, formally active in 2020 and 2021
but officially held in the three-year period 2019-2020-2021, specific agreements between Piedmont Region and CRASs
have been established with the aim of encouraging an increase of collection of biological samples. As a consequence, a
substantial increase of samples was recorded, having been sampled 142 samples in 2019 vs 338 samples in 2020 (+138%)
and 410 samples in 2021 (+188.7% from the beginning of the project). An increase in sampled species was also recorded,
going from 62 bird species sampled in 2019 vs 101 species monitored in 2020 (+62.9%) and 94 species in 2021 (+51.6%
from the beginning of the project). The implementation of the sampling plan also led to an increase in the territories
subjected to sampling: 47 municipalities in 2019 vs 93 in 2020 (+97.9%) and 98 municipalities in 2021 (+108.5% from
the beginning of the project).

Therefore, the activation of specific protocols and agreements with CRASs has determined a significant increase in
sampling activity in regional territories (number of samples, bird species and territorial area monitored), allowing the
Public Health Service to encourage CRAS epidemiological role in passive surveillance of zoonotic agents. To date, all
analyzed samples have been negative to molecular tests: considering the epidemiological trend of the disease, it would
be useful to have more samples from aquatic bird species in the winter period, thus combining surveillance in CRASs
with other specific capture activities, such as scientific ringing and hunting.
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Invasive Alien Species (IAS), organisms introduced intentionally or unintentionally by humans, represent one of the
greatest threats to the conservation of biodiversity. At the same time, they play a great economical impact, with direct
and indirect damages and cost of prevention and demographic control. The number of Invasive Alien Species is rising
over the year and for these reasons European Community has issued Regulation N. 1143/2014 to face these issues.
Despite the above-mentioned conservation and economic impacts, the ecopathological aspects are still incomplete.
Indeed, the effect of pathogens on facilitating the establishment and spread of invasive alien species has been advocated,
thanks to the parasite releas