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Abstract

Bovine besnoitiosis is a debilitating infectious disease caused by Besnoitia besnoiti (Apicomplexa; Sarcocystidae). The
disease is mainly characterized by cutaneous and systemic signs, infertility in bulls, and abortion in cows. The current study
describes an autochthonous outbreak of bovine besnoitiosis in Sicily, Southern Italy, being the first report of B. besnoiti
infection in the island so far. In a cattle farm located in Syracuse province, a 4-year-old Belgian blue bull born in Sicily dis-
played typical clinical signs of the sub-acute/chronic disease phase with thickening of the skin of the scrotum and testicular
degeneration. Histological examination of scrotal biopsies revealed the presence of several tissue cysts of B. besnoiti. The
serological analysis of the herd using a commercial ELISA revealed a high seroprevalence (45 out of 55; 82%) of antibodies
against B. besnoiti. Few seropositive animals (5 out of 45; 11%) showed clinical signs, cysts in vestibulum vaginae (1 out
of 31; 3.2%), and testicular degeneration (4 out of 14; 28.6%) assessed by ultrasonographic investigations. The paucity of
clinical signs associated with the high seroprevalence in the farm led to hypothesize that bovine besnoitiosis is endemic in
the area though further studies are needed. Local practitioners should be more aware of the disease to facilitate the early
detection of cases, prevent the spread of infection, and avoid economic losses and animal health problem.
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Introduction The life cycle of B. besnoiti is not completely understood

since the host range, including the definitive host, has still

Besnoitia besnoiti (Apicomplexa; Sarcocystidae), the causa-
tive agent of bovine besnoitiosis, is a tissue cyst-forming
parasite belonging to the family Sarcocystidae (Mugridge
et al. 2000),the life cycles of the organisms belonging to this
family are complex and partially unknown.
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to be identified. Cattle act as intermediate hosts, whereas
domestic felids were suspected as definitive hosts (Basso
et al. 2011; Olias et al. 2011). In fact, in an experimental
study, after feeding three domestic cats with tissue cyst
of this parasite, two of them developed specific antibod-
ies against the parasite, suggesting the susceptibility of cats
to B. besnoiti infection (Basso et al. 2011). However, no
animal species has been identified shedding oocysts of the
parasite by natural or experimental infections so far (Basso
et al. 2011). Under natural conditions, only cattle have been
described as intermediate hosts (Jacquiet et al. 2010), while
in laboratory conditions, rabbits have been infected by sub-
cutaneous inoculation of bradyzoites, showing clinical signs
(fever, photophobia, and edema) and developing tissue cysts
(Basso et al. 2011; Liénard et al. 2015). Furthermore, experi-
mentally infected cats, guinea pigs, gerbils, voles, and mice
developed specific antibodies against B. besnoiti (Basso
et al. 2011). However, the role of wild animals as possible
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hosts of the parasite needs further exploration (Gazzonis
et al. 2014).

The main transmission route of B. besnoiti infection
appears to be by mechanical action of blood-sucking arthro-
pods such as tabanid horse flies and stable flies (Hornok
et al. 2015), although the iatrogenic route and the direct con-
tact may represent other forms of transmission (Cortes et al.
2014). Infections through natural mating, as through trans-
placental and colostral routes are feasible (Alvarez-Garcia
et al. 2013) but are considered unlikely to occur (Hornok
et al. 2015).

In bovine besnoitiosis, it is possible to distinguish two
different phases of the disease: an acute stage (i.e., occurring
11-13 days after infection and lasting 6-10 days), followed
by a chronic stage. During the acute stage of the disease,
tachyzoites undergo proliferation in endothelial cells and
fibroblasts (Pols 1960; Basson et al. 1970) that result in vas-
culitis and thrombosis. Infected animals display fever, nasal,
and ocular discharge, photophobia, swelling of superficial
lymph nodes, generalized skin edema, acute orchitis, and
lameness. This latter is due to the pronounced thickening of
the limbs and the consequent difficult and painful locomo-
tion (Pols 1960; Basson et al. 1970; Jacquiet et al. 2010;
Dubey et al. 2013; Cortes et al. 2014; Gollnick et al. 2015).
In pregnant cattle, vasculitis and thrombosis can lead to
abortion (Pols 1960; Cortes et al. 2014). The chronic form
of besnoitiosis is characterized by the presence of thick-
walled tissue cysts (i.e., up to 0.5 mm in diameter contain-
ing slowly proliferating bradyzoites) in the mucosae of the
upper respiratory and the lower genital tract, in the scleral
conjunctival, and in the dermis and tendons of the lower
limbs which seems to be the preferred sites for cysts forma-
tion (Basso et al. 2013; Frey et al. 2013; Dubey et al. 2013;
Gollnick et al. 2015).

The infection by B. besnoiti leads to a debilitating disease
with cutaneous and systemic manifestations (Alvarez-Garcia
et al. 2013), resulting in dramatically decreased body condi-
tion scores and infertility in bulls and abortion in pregnant
cows (Cortes et al. 2014).

However, in endemic scenarios, most animals remain
sub-clinically infected, and only 10% show clinical infec-
tion signs (Bigalke 1968; Fernandez-Garcia et al. 2010).
The sub-clinically infected animals may serve as carriers
(Alvarez-Garcia et al. 2013; Frey et al. 2013) and may be
responsible for spreading the infection due to animal trade
and movement from endemic to Besnoitia-free areas. Bes-
noitiosis is a widespread disease in sub-Saharan Africa,
Middle East, and Asia (Bigalke and Prozesky, 2004; Olias
et al. 2011) and an emerging or re-emerging disease in
Europe. Indeed, bovine besnoitiosis is now considered
endemic in some areas of France, Spain, and Portugal
(AlvareZ—Garcia et al. 2013). Cases of infection were also
recorded in other European countries, including Germany,
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Switzerland, Hungary, Croatia, Belgium, and Ireland (Cor-
tes et al. 2014; Hornok et al. 2015; Vanhoudt et al. 2015;
Ryan et al. 2016). In the Northern and Central regions of
Italy, autochthonous outbreaks of bovine besnoitiosis have
been detected since 2009 (Manuali et al. 2011; Mutinelli
et al. 2011; Gentile et al. 2012; Gazzonis et al. 2017; Villa
et al. 2019), however, the parasite has not been reported
in Sicily so far.

The present study describes an autochthonous outbreak
of bovine besnoitiosis in a farm located in Southern Italy
(Sicily) apparently not correlated with those previously
reported in northern and central Italy. The investigation of
the herd was preceded by the detection of a chronic clinical
case of bovine besnoitiosis, confirmed by histopathology
and serology.

Materials and methods
The first clinical case

In July 2019, the owner of a semi-extensive mixed (beef and
dairy) cattle farm, located in Syracuse, of Southeastern Sic-
ily, Italy (37,06,045°N; 14,9067°E), referred to the Depart-
ment of Veterinary Sciences, University of Messina (Italy),
due to the low fertility shown by the cows in his farm. The
farm is located in an area with a high density of dairy cattle
farms. The site has an altitude of about 670 m above sea
level. The mean annual temperature is 17.3 °C (max 23.1 °C,
min 11.6 °C); the mean annual humidity index is 69.9% with
an average annual rainfall of 45.6 mm approximately. In the
farm, the natural service of the reproductive program was
ensured by a 4-year Belgian blue bull, born in Ragusa prov-
ince (Sicily, Southern Italy). The owner detected a problem
of low fertility in the breeding bull and to ensure the natural
service of the reproductive program decided to introduce
three new bulls in the farm. Although after the introduc-
tion of the three new bulls the fertility initially improved, it
decreased again 1 month later.

In August 2019, the 4-year Belgian blue bull was sub-
jected to clinical examination, including ultrasound of the
genital tract. Upon physical examination, the scrotum skin
appeared thickened, and biopsies were performed on the
scrotum using a biopsy punch (diameter 6 mm) and also
from the testicle using a semiautomatic biopsy needle
(14 gauge). The biopsies were fixed in 10% formalin and
processed for histological examination. In particular, the
samples were dehydrated in an increasing alcohol series,
diaphanized in xylene, and embedded in paraffin; 5-pm-thick
sections were stained with hematoxylin—eosin (HE) and
examined by a light microscope. On the same date also, the
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other three breeding bulls were subjected to clinical exami-
nation and ultrasonographic testicular evaluation.

Herd examination

In November 2019, following the owner’s consent, a herd
survey was conducted in the farm.

The milking herd was housed in a free-stall barn with
their calves, and only heifers were kept outdoors in confined
pasture lots. Other animal species, including dogs and cats,
were present in the farm, and, considering the farm’s site,
direct contact of the herd with wild animals (i.e., wild boar,
fox, wild rabbit, and other micromammals) could be also
possible. The farm consisted of 55 animals ranging from 5 to
144 months of age (Table 1). A complete clinical examina-
tion was carried out on all the cattle; physical examination
of the external genitalia and in males the measurement of
the scrotal circumference was performed; moreover, a visual
exploration of the sclera was carried out. To perform sero-
logical investigation, from each animal, blood samples were
collected from the middle coccygeal vein into 10 mL vac-
uum tubes. The blood samples were centrifuged at 1780 X g
for 10 min, and the sera were stored at —20 °C until analysis.

A commercial indirect ELISA kit (ID Screen® Besnoi-
tia Indirect 2.0, VET-Innovate ID Diagnostics, France) was
used, according to the manufacturer’s instructions, for the
detection of antibodies against B. besnoiti in sera samples.
All samples were analyzed in duplicate and optical density
(OD) was read at 450 nm using a microwell plate reader
(Sirio, SEAC, Florence, Italy).

The sample-to-positive percentage (S/P%) was calculated
as follows:

S/P% = (net OD sample/net OD positive control) X 100.

The interpretation of the results was carried out by
comparing the obtained percentage values with a cut-off
indicated by the supplier. This last was identified as two
threshold values: S/P of 25%, below which the results were
considered negative, and an S/P of 30%, above which the
samples were considered positive; the samples included in
the S/P interval (25-30%) were considered doubtful.

In order to investigate the potential source of the infec-
tion, data on animal movement provided both by the owner
and consulting the Italian National Data Bank for Livestock

Table 1 Herd composition according to category, gender, and age of
the animals in the farm

Category and age class Male Female
Calves < 12 months 6 4

Beef cattle 13-48 months 9 -

Adult female > 11-144 months - 32
Breeding bull 30-48 months 4 -

Registration (BDN, http://www.anagrafe.izs.it) for newly
animals since 2006 were analyzed.

Results
The first clinical case

The 4-year Belgian blue bull (ID 11) showed clinical signs
compatible with the sub-acute/chronic phase of besnoi-
tiosis with thickening of the skin of the scrotum (Fig. 1a,
b). Moreover, it showed an evident testicular degenera-
tion upon ultrasonographic testicular evaluation (Fig. 1c).
On histological examination, several spherical parasitic
cysts were found in the scrotal subcutis with a density of
over 30 cysts at a low magnification field. The diameter
of cysts ranged from 250 to 450 um, and they were lined
by a thick (10 um) capsule. Numerous bradyzoites of B.
besnoiti were detected inside the cysts. A chronic inflam-
mation associated with the cysts was found (Fig. 2). In the
testicular samples, chronic interstitial orchitis associated
with a severe testicular degeneration was observed with
the total disappearance of the germ layers into the semi-
niferous tubules. The other three breeding bulls (IDs 14,
52, and 55) showed clinical signs compatible with acute
besnoitiosis, mainly fever, orchitis, hydrocele, and scrotal
edema at the first visit (Fig. 3).

As a result of the first visit, bovine besnoitiosis was
identified as the cause of male infertility in the farm, and
natural service was discouraged.

Herd examination

On the second visit to the farm (November 2019), only
few animals showed clinical signs of besnoitiosis. In par-
ticular, the 4-year Belgian blue bull (ID 11) showed an
accentuation of the chronic phase with thickening of the
scrotal skin, cyst in the scleral conjunctiva, and testicu-
lar atrophy. Two breeding bulls (IDs 14 and 52) showed
testicular atrophy, whereas the other bull used for breed-
ing (ID 55) showed thickening of the skin of the scrotum,
testicular atrophy, and crusty dermatitis on the left hind
limb. One cow (i.e., ID 6) showed few cysts in the vesti-
bulum vaginae.

Regarding serological analysis, 45 out of 55 animals
(82%) tested positive for anti-B. besnoiti antibodies. In
particular, 30 were adult females (66.7%), one 5-month-
old female calf (2.2%), and 14 males (31.1%) between
10 and 48 months of age, including two offspring of the
4-year Belgian bull (IDs 2 and 4) of 10 months of age.

According to animal movement information, all sero-
positive animals were born on the farm and never left it,
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Fig.1 a A 4-year Belgian blue
bull (ID 11) at the first clinical
inspection. Note thickening

of the skin of the scrotum and
severe testicular hypotrophy

(b) confirmed upon ultrasound
by the presence of hyperechoic
parenchymal foci, enlarged
mediastinum, and ectasia of the
tunica albuginea network (c)

Fig.2 Skin biopsy from the 4-year Belgian blue bull (ID 11) affected
by besnoitiosis: cross-section of scrotal subcutis large circular cysts.
Note the three layers of the wall: the outer hyaline one, the middle
layer with host cell cytoplasm and nuclei, and the inner membrane
with parasitophorous vacuole containing numerous bradyzoites. Cysts
are surrounded by macrophages, eosinophils, and scattered lympho-
cytes. Bar, 100 um

except for the three bulls (sample ID 11, 52, and 55). Par-
ticularly, the bull ID 11 was born in December 2015 on a
farm located in Ragusa province (Sicily, Southern Italy),
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transferred to another farm of Syracuse province (Sicily)
in May 2016, and finally, transferred to the study site in
October 2017. The bull ID 52 was born in November 2017
on a farm in Syracuse province, transferred to another farm
of the same province in April 2018, and finally, transferred
to the study site in March 2019. The bull ID 55 was born
in December 2017 on a farm of Syracuse province and
transferred in the study site farm in March 2019. Another
bull, ID 14, born on the farm in November 2017, was sold
and transferred to another farm in the Campania region
(Avellino, Central Italy) in October 2019 after the detec-
tion of reproductive problem.

Discussion

The present study represents the first report of besnoitiosis
in Sicily with a high overall seroprevalence within one farm
(82% of animals showed anti-B. besnoiti antibodies). This
finding, coupled with the absence of clinical signs in the
majority of seropositive animals, suggests that B. besnoiti
infection in the farm was endemic rather than recently intro-
duced. Bovine besnoitiosis is reported in the OIE Terrestrial
code; additionally, in some countries such as Switzerland,
it is a notifiable disease where an eradication plan has been
set up (Basso 2018). The spread of the disease in Europe
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Fig. 3 Orchitis, hydrocele, and
scrotal edema observed in a
breeding bull (ID 14) during the
clinical inspection on August
01, 2019 (a), and confirmed by
ultrasonography (b)

prompted the European Food Safety Authority (EFSA) in
2010 to classify the illness as an emerging disease in the
continent (EFSA, European Food Safety Authority, 2010).
Until 2009, besnoitiosis was not considered endemic in Italy
and the sole report of the disease in the country referred to
animals imported from France (Agosti et al. 1994; Vacirca
et al. 1994; Mutinelli et al. 2011). However, in the last dec-
ade, autochthonous outbreaks of bovine besnoitiosis were
reported in herds of northern and central Italy leading to
an increased awareness of the disease (Gollnick et al. 2010;
Manuali et al. 2011; Gentile et al. 2012). More recently, bes-
noitiois has also been reported in southern regions of Italy
where cattle seem to be the only domestic large ruminant
sensitive to the infection (Ciuca et al. 2020).

In the studied herd, a high seroprevalence was observed
with an 82% ELISA positivity to anti-B. besnoiti which is
significantly higher than the one reported in similar studies
conducted in Northern (36.5%) (Gazzonis et al. 2017), Cen-
tral (9.7%) (Gentile et al. 2012), and Southern Italy (44.1%)
(Rinaldi et al. 2013). Interestingly, all the seropositive ani-
mals were born in the farm or in other Sicilian farms, and
no history of travel to endemic regions was reported. It is
likely, therefore, that the animals acquired from other farms
had been already in contact with other B. besnoiti-positive
cattle before they arrived at the farm, or they may have been
exposed through mechanical transmission by blood-sucking
arthropods (i.e., tabanid horse flies, stable flies) that repre-
sent the main infection transmission route (Olias et al. 2011;
Hornok et al. 2015). Indeed, the lack of insect control strate-
gies could have allowed the spreading of the disease in the
study farm. Therefore, the animal trade within the region
might be considered the way of disease introduction in the
farm. The lack of evidence of direct links of the studied farm
with endemic areas, the high seroprevalence, and the chronic
presentation of the disease suggest that the studied farm is
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not the only positive farm in Sicily. The bulls acquired to
supply the natural reproductive service became serologically
positive and showed the clinical signs of the disease soon
after the contact with the females, which, in turn, were prob-
ably infected by the 4-year-old Belgian blue bull, indicat-
ing that mating or mechanical transmission through blood-
sucking insects may have led to the spread of the disease
inside the herd (Majzoub et al. 2010). The former route of
transmission is expected to occur since parasitic cysts lie in
superficial mucosal tissues such as the mucous membrane
of the vagina (Nobel et al. 1977), vestibulum vaginae (Maj-
zoub et al. 2010; Rostaher et al. 2010), and in the mucosal
membranes of the penis. Hence, it seems likely that super-
ficially based cysts in the genital tract may rupture due to
the mechanical insult of mating and bradyzoites could be
released and enter the bloodstream of non-infected animals
through micro-lesions. Therefore, as previously demon-
strated (Gazzonis et al. 2017), age and productive category
represent risk factors for the parasite infection, with older
cattle having a higher probability of exposure and infection.

All cattle examined at the second visit that were born
on the farm were normothermic and did not show clinical
signs ascribable to the acute phase of bovine besnoitiosis.
In addition, only recently acquired animals and a young calf
were seropositive and showed clinical signs. Conversely, the
majority of seropositive cattle were sub-clinically infected,
representing a high risk for parasite transmission, being a
source of infection for other animals of the same farm, as
well as for animals housed in the neighboring farms.

The low number of animals with clinical signs suggests
that B. besnoiti infection might have been undetected in the
farm for months or even years. In areas where the infec-
tion is endemic, the proportion of infected cattle developing
the clinical disease is low (Liénard et al. 2011; Alvarez-
Garcia et al. 2014; Villa et al. 2019),therefore, it could be
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hypothesized that bovine besnoitiosis is endemic in that area
of Sicily and further studies are needed to determine the real
epidemiological scenario.

Data availability Raw data and derived data supporting the findings of
this study are available from the corresponding author EB on request.
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