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Abstract

Swine can act as asymptomatic carriers of some Leptospira serovars. In this study, 1194 sera
from 61 farms located in five different Regions of North-West Italy were collected from
slaughtered healthy pigs. Presence of antibody against four Leptospira serovars was evaluated.
Overall, 52.5% of analysed farms presented at least one positive animal and 34.4% presented at
least one positive swine with titre ⩾1:400. A percentage of 16.6% sera was positive and 5.9%
samples presented a positive titre ⩾1:400. Tuscany and Lombardy showed the highest percent-
age of positive farms (64.3% and 54.6%, respectively) and sera (28.5% and 13.3%, respect-
ively), probably due to environmental conditions and potential risk factors, which promote
maintenance and spreading of Leptospira in these areas. The main represented serogroups
were Australis (21.3% positive farms, 8.2% positive sera) and Pomona (18.0% positive
farms, 8.1% positive sera). In swine, these serogroups are the most detected worldwide; how-
ever, our results seem to highlight a reemerging of serogroup Pomona in pigs in investigated
areas. A low percentage of sera (0.6%) scored positive to Canicola, leaving an open question
on the role of pigs in the epidemiology of this serovar. Higher antibody titres were detected for
serogroups Australis and Pomona. Swine leptospirosis is probably underestimated in Italy and
could represent a potential risk for animal and human health.

Introduction

Leptospirosis is one of the most widespread zoonotic diseases caused by bacteria belonging to
genus Leptospira. These bacteria could infect both human and animals. Many wild and domes-
tic animals could act as reservoir hosts; these do not develop symptoms but contribute to the
environmental maintenance of leptospires. The source of human infection is direct contact
with animal-infected urine or indirect through contaminated water [1, 2]. Especially in devel-
oped countries, leptospirosis represents an occupational disease associated with particular kind
of works (cropper, farmer, veterinarian and slaughterer) [3–7].

Swine are a common reservoir host for some Leptospira serovars, in particular, Pomona,
Tarassovi and Bratislava; moreover, some other serovars could infect pigs [8–10].

Serovar Pomona is among the most common serovars isolated from pigs worldwide. In
recent years, the in-door housing of swine and vaccination led to a decreasing incidence of
this serovars in pig herds, especially in developed countries. Pig infection by serovar Pomona
could result in abortion, stillbirth or birth of weak or ill piglets with any subsequent limitation
on reproductive performance. Young animals could be affected by an acute systemic illness that
may be fatal. Adult non-pregnant animals are usually asymptomatic carriers [9, 11, 12].

Serovar Bratislava is characterised by a global distribution and can be considered an emer-
ging serovar in many countries and in several animal species. Epidemiology, ecology, symp-
toms and lesions related to this serovar in pig remain poorly understood due to difficulties
in culturing these strains, in contrast to the high seroprevalence reported worldwide.
Reproductive failure, abortion stillbirth and infertility are typically associated with this serovar
in swine [9, 12–14].

Pig was previously thought to act as a maintenance host for serovar Tarassovi. However, in
recent years it was observed a declining seroprevalence in this species. The reasons for this
remain in some cases unclear. Tarassovi does not spread as rapidly in a pig population as
Pomona does, but endemic infection is readily maintained, generally associated with repro-
ductive failure [9, 15, 16].

Other Leptospira serovars could be responsible for incidental infections in pigs. Both acute
and chronic infections could be observed, but clinical cases are focal, with the limited
in-contact spread. Serovars involved vary around the world [9]. In particular, serovar
Canicola has been detected from swine in several countries. In this case, it has been observed
a long period of urine shedding and the ability to survive for up to 6 days in undiluted urine.
These findings could suggest an intraspecies transmission [16–18].
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In 2010, Italian pig population amounted to approximately 9.6
million animals. Over 50% was represented by heavy pigs (weigh-
ing more than 130 kg) used for the traditional dry-cured hams.
Pig breeding is mainly concentrated in the northern area of
Italy [19, 20].

The present study aims to provide a serological survey on the
prevalence of Leptospira in pigs in North-Central Italy and to
highlight the key role of a slaughterhouse as an epidemiological
observatory for leptospirosis.

Materials and methods

From September to December 2015, 1194 swine sera samples
were collected. Blood samples were taken at slaughterhouse dur-
ing jugulation. Sixty-one closed-cycle fattening farms were
included in the study. When it was possible, 20 animals for
each herd were sampled using the systematic randomisation
method. All selected animals were heavy pigs slaughtered at
150–160 kg at the age of about 1 year. Only non-vaccinated sub-
jects were included in this survey. All swine resulted healthy
before slaughter and during post-mortem examination of car-
casses, no macroscopic lesion referable to leptospirosis could be
detected. Moreover, a retrospective investigation, conducted by
Public Veterinary, revealed that no leptospirosis infection
occurred among slaughterhouse workers during about the previ-
ous 20 years. Investigated farms were located in five different
regions of Italy, as reported in Table 1. Fourteen herds (256
sera) were located in Central Italy (Tuscany); 35 (700 sera) in
North-West Italy (Piedmont and Lombardy) and 12 herds (238
sera) were located in North-East Italy (Veneto and Emilia
Romagna).

All blood samples were carried to the Laboratory of Infectious
Diseases of the Department of Veterinary Science, University of
Pisa, in refrigerated condition in few hours after collection; all
sera, obtained by blood centrifugation at 1000 g for 15 min,
were maintained at −20 °C until they were used for laboratory
examination.

Leptospira antibodies were detected by Micro Agglutination
Test (MAT). Four Leptospira interrogans serovars were employed
as live antigen: Canicola (serogroup Canicola, strain Alarik),
Pomona (serogroup Pomona, strain Mezzano), Tarassovi (ser-
ogroup Tarassovi, strain Mitis Johnson) and Bratislava (serogroup
Australis, strain Riccio 2); all employed strains were reference
strains. They were grown in Ellinghausen–MacCullough–

Johnson–Harris (EMJH—Difco, Detroit, Michigan, USA) at
30 °C for 4–14 days and checked for purity, mobility and agglu-
tination ability. MAT was performed following the procedure pre-
viously reported by Cerri et al. [21]; a serum was considered
positive when it showed 50% agglutination, leaving 50% free
cells compared with a control culture diluted 1:2 in phosphate-
buffered saline at the cut-off titre of 1:100. In case of positive
sera, twofold serial dilutions were performed in order to deter-
mine the endpoint titre, which is defined as that last serum dilu-
tion able to cause 50% agglutination.

Results

Thirty-two out of the 61 farms analysed (52.5%) presented at least
one positive animal at titre of 1:100. Furthermore, 21/61 (34.4%)
of the herds presented at least one positive swine with titre
⩾1:400. In particular, 9/14 (64.3%) of farms from Central Italy
were positive and 8/14 (57.1%) had animals with titre ⩾1:400.
Nineteen out of 35 (54.3%) of herd located in North-West Italy
resulted positive and 12/35 (34.3%) were positive with titre
⩾1:400. Four out of 12 (33.3%) units located in North-East
Italy resulted positive and 1/12 (8.3%) presented at least one ani-
mal positive with titre ⩾1:400 (Table 1).

As concern sera, 198/1194 (16.6%) were positive and 70/1194
(5.9%) showed a titre ⩾1:400. Seventy-three out of 256 (28.5%)
sera from Central Italy were positive and 38/256 (18.8%) pre-
sented a titre ⩾1:400. Among sera collected in North-West
Italy, 95/700 (13.6%) resulted positive and 31/700 (4.4%) showed
a titre ⩾1:400. As concern samples from North-East Italy farms,
30/238 (12.6%) sera showed a positive result, only one serum
(0.4%) presented a titre equal to 1:400 and no sera showed higher
titres (Table 1). Figure 1 reports the percentage of positive farms
and sera detected in each region.

Table 2 shows the positive farms for each Leptospira serogroup.
Positivity to all serovar tested was found in North-West Italy, while
in Central and North-East farms positivity to serogroups Pomona,
Australis and Tarassovi and to serogroups Pomona and Australis
were only observed, respectively. Furthermore, in Tuscany and
Lombardy serological positivity to more than one serogroups in
the same herd was detected. Particularly, in Lombardy five herds
resulted positive for two different serogroups and one farm was
positive for all four serovars tested. Moreover, in three farms a
seropositivity with an antibody titre ⩾1:400 for two serogroups
was observed and one farm was positive for three different

Table 1. Number of farms and serum samples from different Italian Regions examined and resulted positive at low (⩾1:100) and high titres (⩾1:400) in the
microscopic agglutination test

Area of Italy Region

Farms Sera

Analysed

Positive

Analysed

Positive

Titre ⩾1:100 Titre ⩾400 Titre ⩾1:100 Titre ⩾400

North-West Lombardy 33 18 11 660 88 30

Piedmont 2 1 1 40 7 1

North-East Emilia Romagna 7 3 1 138 19 1

Veneto 5 1 0 100 11 0

Central Tuscany 14 9 8 256 73 38

Total 61 32 21 1194 198 70
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serogroups with a titre ⩾1:400. In Tuscany, only one farm pre-
sented serological positivity to two different serogroups.

Considering sera, the highest number of positive reactions was
registered for serogroups Australis and Pomona; 98/1194 (8.2%)
and 97/1194 (8.1%) sera were positive, respectively. As concern
sera from Central Italy, 58/256 (22.7%) were positive for
Pomona, while 15/256 (5.9%) showed positivity to Australis.
Among samples collected from North-West Italy, 56/700 (8.0%)
and 36/700 (5.1%) sera showed positivity for serogroups
Australis and Pomona, respectively. Thirty-seven of 1194 (3.1%)
sera scored positive with titre ⩾1:400 for serogroup Australis, in
particular, 14/256 (5.5%) sera from Central Italy and 22/700
(3.1%) from North-West Italy. Thirty-one of 1194 (2.6%) sera
were positive to serogroup Pomona with a titre ⩾1:400, among
these, 23/256 (8.9%) were collected in Tuscany and 8/660
(1.21%) in Lombardy. A low number of sera showed positivity
to serogroups Canicola and Tarassovi. Five and three sera,
respectively from Lombardy and Tuscany, showed positivity for
two different serogroups (Table 3).

Higher titre value was recorded for serogroup Australis.
Serogroups Canicola and Tarassovi never showed titres higher
than 1:400 (Table 4). Eight sera resulted positive to more than
one antigen. In particular, three sera were positive to serogroups
Pomona and Australis (titre of 1:400/1:400, 1:400/1:400 and 1:200/
1:100, respectively), two sera to serogroups Pomona and Tarassovi
(titre of 1:400/1:200 and 1:200/1:400, respectively) and three sera
to serogroups Canicola and Tarassovi (titre of 1:200/1:400), to ser-
ogroups Canicola and Pomona (titre of 1:100/1:400) and to ser-
ogroups Canicola and Australis (titre of 1:100/1:200).

Discussion

The purpose of this research was to provide an overview about
Leptospira spp. prevalence in an Italian swine population.
Authors focused their attention on North-Central Italy due to
the primary importance of this area for swine breeding.
Sampling collection at slaughterhouse allowed the selection of
homogeneous samples for age, weight, general health status and
to choose animals not subjected to leptospirosis vaccination
program.

Serovars more often involved in swine infection (Pomona,
Tarassovi and Bratislava) were employed in serological examina-
tions; furthermore, an investigation conducted in the past years
in Italy showed very low seroprevalence to others serogroups in
pig population [14, 21]. However, it seemed appropriate to also
consider serovar Canicola for the role of the pig as potential
maintenance host [16].

Antibody titres of 1:100 were considered as a threshold; titres
of 1:100 or 1:200 may be suggestive of an early stage of infection
or of a previous infection. Titres of 1:400 or higher can be consid-
ered distinctive of endemic infection [22].

Most recent data about a total number of swine farms in the
investigated area show a decrease of about 75% occurred between
2000 and 2010 [20]. Based on this trend and on data reported by
Italian national database of Zoothechnical Registry Office (Banca
Dati Nazionale (BDN) dell’Anagrafe Zootecnica) [23], we can
assume that approximately 1.4% of pig farms of North Italy
and Tuscany was analysed in this survey. Concerning the percent-
age of analysed farms, the detected Leptospira seroprevalence

Fig. 1. Percentage of positive farms and sera detected in each region.
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Table 2. Number of positive farms to serogroups Canicola, Pomona, Tarassovi and Australis at low (⩾1:100) and high titres (⩾1:400)

Area of Italy Region Examined farms

Positive Farms to different serogroup with low (⩾1:100) and high titre (⩾1:400)

Canicola Pomona Tarassovi Australis
Positivity for more
than one serogroups

⩾1:100 ⩾400 ⩾1:100 ⩾400 ⩾1:100 ⩾400 ⩾1:100 ⩾400 ⩾1:100 ⩾400

North-West Lombardy 33 3 1 10 5 1 1 12 9 6 4

Piedmont 2 0 0 0 0 0 0 1 1 0 0

North-East Emilia Romagna 7 0 0 1 0 0 0 2 1 0 0

Veneto 5 0 0 0 0 0 0 1 0 0 0

Central Tuscany 14 0 0 7 6 1 1 2 2 1 1

Total 61 3 1 18 11 2 2 18 13 7 5

Table 3. Number of positive sera to serogroups Canicola, Pomona, Tarassovi and Australis at low (⩾1:100) and high titres (⩾1:400)

Area of Italy Region Examined Sera

Positive sera to different serogroups with low (⩾ 1:100) and high titre (⩾ 1:400)

Canicola Pomona Tarassovi Australis
Positivity for more
than one serogroups

⩾1:100 ⩾400 ⩾1:100 ⩾400 ⩾1:100 ⩾400 ⩾1:100 ⩾400 ⩾1:100 ⩾400

North-West Lombardy 660 7 2 36 8 1 1 49 21 5 2

Piedmont 40 0 0 0 0 0 0 7 1 0 0

North-East Emilia Romagna 138 0 0 3 0 0 0 16 1 0 0

Veneto 100 0 0 0 0 0 0 11 0 0 0

Central Tuscany 256 0 0 58 23 2 1 15 14 3 0

Total 1194 7 2 97 31 3 2 98 37 8 2

1278
F.

B
ertelloni

et
al.



(52.5%) could suggest a significant diffusion of this pathogen.
Lombardy and Tuscany showed the highest percentages of posi-
tive farms with 54.6% and 64.3%, respectively. Moreover, in
these regions the highest percentage of farms characterised by
subjects with antibody titres ⩾1:400 was detected.

Concerning the positivity percentage of all tested sera
(16.6%), our result is comparable with data reported by
Tagliabue et al. [14] during a recent National survey. Due to
the fact that Italian swine farms are mainly located in this
area, our findings could be representative of the spreading of
Leptospira in closed-cycle fattening pig farms. The highest per-
centage of positivity was detected in Tuscany (28.5%); in other
regions sera positive percentages ranged from 11.0% (Veneto)
to 17.5% (Piedmont). The higher percentages of positivity of
Tuscany and Lombardy compared with the other analysed
regions could be due to particular environmental conditions,
potential risk factors and the abundance of reservoirs in the
wild fauna. In fact, in the last years, the occurrence of
Leptospira was reported in humans, wild and domestic animals
in these areas [24–31].

The main represented serogroup was Australis with 21.3% of
positive farms and 8.2% of positive sera; followed by serogroup
Pomona with 18.0% and 8.1% of positive farms and sera, respect-
ively. As concerns serogroup Australis, our results are quite in
accordance with other studies previously conducted in Europe.
In particular, Tagliabue et al. [14] referred 12.74% of positivity
among Italians swine from 2010 to 2011. Cerri et al. [21] reported
a prevalence of 8.85% in swine sera collected in Italy from 1995 to
2001. However, these data are only partially comparable with
those from the present study since they are referred to antibody
titres ⩾1:400. The percentage reported by Boqvist et al. [32] in
Sweden in 2008 (3.9%) was slightly lower.

As concerns serogroup Pomona, it was remarkable to observe
how, after several reports highlighting its decrease in Italian swine
populations [14, 21], this infection seems to reemerge among pigs.
Recently, in fact, in Europe, this serovar has been frequently
reported in wild and domestic animals [33–37].

In past years, swine vaccination against Leptospira (classical
swine vaccines used in Italy contain inactivated Leptospira strains
belonging to serogroups Pomona, Tarassovi and Australis) led to
a decrease of this infection in pig population. However, nowadays,
many farms tend to vaccinate only breeding animals, in order to
reduce the economic impact of vaccination. It would be possible
to speculate that this practice could be a probable cause of the
reemerging of same serovars in swineherds, especially in areas
with a high epidemiological risk, such as those considered in
this study. This hypothesis could be more appropriate for some

than other serovars; in fact, for serogroup Tarassovi the mainten-
ance host is Sus scrofa, while for serogroups Pomona and
Australis, several potential maintenance hosts, both among
domestic and wild animals, can be present in the environment.
Consistently, the detected positivity percentage for serogroup
Tarassovi was very low (0.3%). However, according to a recent
study carried out in Italy [14], the presence of serological positiv-
ity for this serovar seems to suggest its ability to persist in certain
ecological niches.

Regarding serogroup Canicola, few sera resulted positive
(0.6%), all collected in Lombardy farms. The role of swine in
the epidemiology of leptospirae belonging to this serogroup is
not yet well clarified, although, other Authors reported that pigs
are commonly infected by serovar Canicola [1]; moreover, this
serovar was isolated from swine in Brazil [18]. Recently, sero-
logical positivity to this serogroup was reported in North-West
Italy in wild boar [30] and coypus [31]. Some sera showed posi-
tivity to more than one serogroups; these findings could be
ascribed to a coinfection or, more likely, to a cross-agglutination.
As concerns antibody titres, the highest values were reported for
serogroups Pomona and Australis; in particular, for Australis,
eight sera showed an antibody titre of 1:1600 and three sera of
1:3200. This evidence is in accordance with different surveys car-
ried out by several authors [14, 21, 32].

Frequently, slaughterhouses represent an important surveillance
station especially for foodborne pathogens, such as Salmonella,
Campylobacter and Trichinella [38–40]. Furthermore, slaughter-
house can be useful also to detect some specific swine diseases
[41]. For these reasons, slaughterhouse could assume an important
epidemiological role in highlighting some important zoonosis dif-
ficult to detect at the herd level. Moreover, it is safe to assume
that the distribution of serovars in swine at slaughterhouse reflects
the distribution of serovars that could be found in pig farms.

Based on our results, in Italy, leptospirosis spreading in swine
is probably underestimated. If on the one hand swine leptospir-
osis outbreaks in Italy are sporadically reported, on the other
hand, several surveys highlighted a considerable number of sero-
logical positivity. This information suggests a potential risk for
animal and human health, in particular for slaughterhouse work-
ers historically involved in outbreaks of ‘swineherd’s disease’
mainly caused by Pomona and Tarassovi serovars. Moreover,
this survey highlights the importance of slaughterhouse as an epi-
demiological observatory for reemerging infectious diseases char-
acterised by silent infection, such as leptospirosis.

Conflict of interest. The authors declare that they have no conflict of
interest.

Table 4. Serological titres detected with microscopic agglutination test for serogroups Canicola, Pomona, Tarassovi and Australis

Serogroups

Titre

Total1:100 1:200 1:400 1:800 1:1600 1:3200

Canicola 3 3 2 0 0 0 8

Pomona 38 28 24 6 1 0 97

Tarassovi 0 1 2 0 0 0 3

Australis 23 38 18 8 8 3 98

Total 64 70 46 14 9 3 206a

aTotal number of positive reactions detected, the total number of positive sera were 198, but eight of them showed positivity for two different antigens.

Epidemiology and Infection 1279



References

1. Vijayachari P, Sugunan AP and Shriram AN (2008) Leptospirosis: an
emerging global public health problem. Journal of Biosciences 33, 557–569.

2. Evangelista KV and Coburn J (2010) Leptospira as an emerging patho-
gen: a review of its biology, pathogenesis and host immune responses.
Future Microbiology 5, 1413–1425.

3. Adler B and de la Peña Moctezuma A (2010) Leptospira and leptospir-
osis. Veterinary Microbiology 140, 287–296.

4. Brown PD et al. (2011) Environmental risk factors associated with lepto-
spirosis among butchers and their associates in Jamaica. The International
Journal of Occupational and Environmental Medicine 2, 47–57.

5. Dreyfus A et al. (2015) Risk factors for new infection with Leptospira in
meat workers in New Zealand. Occupational and Environmental Medicine
72, 219–225.

6. Sanhueza JM et al. (2015) Prevalence and risk factors for Leptospira
exposure in New Zealand veterinarians. Epidemiology and Infection 143,
2116–2125.

7. Cook EA et al. (2017) Risk factors for leptospirosis seropositivity in slaugh-
terhouse workers in western Kenya. Occupational and Environmental
Medicine 74, 357–365.

8. Valença RM et al. (2013) Prevalence and risk factors associated with
Leptospira spp. Infection in technified swine farms in the state of
Alagoas, Brazil: risk factors associated with Leptospira spp. in swine
farms. Transboundary and Emerging Diseases 60, 79–86.

9. Ellis WA (2015) Animal leptospirosis. Current Topics in Microbiology and
Immunology 387, 99–137.

10. Miraglia F et al. (2015) Characterization of Leptospira interrogans serovar
Pomona isolated from swine in Brazil. Journal of Infection in Developing
Countries 9, 1054–1061.

11. Miraglia F et al. (2008) Isolation and characterization of Leptospira inter-
rogans from pigs slaughtered in São Paulo State, Brazil. Brazilian Journal
of Microbiology 39, 501–507.

12. Habus J et al. (2017) New trends in human and animal leptospirosis in
Croatia, 2009-2014. Acta Tropica 168, 1–8.

13. Arent Z et al. (2016) Leptospira interrogans serovars Bratislava and
Muenchen animal infections: implications for epidemiology and control.
Veterinary Microbiology 190, 19–26.

14. Tagliabue S et al. (2016) Serological surveillance of Leptospirosis in Italy:
two-year national data (2010-2011). Veterinaria Italiana 52, 129–138.

15. Boqvist S et al. (2002)The impact ofLeptospira seropositivityon reproductive
performance in sows in southern Viet Nam. Theriogenology 58, 1327–1335.

16. Ellis WA (2012) Leptospirosis. In Zimmerman JJ, Karriker LA, Ramirez A,
Schwartz KJ, Stevenson GW (eds), Diseases of Swine, 10th Edn.
Chichester, West Sussex, UK: John Wiley & Sons Ltd, pp. 770–778.

17. Kazami A et al. (2002) Serological survey of leptospirosis in sows with
premature birth and stillbirth in Chiba and Gunma prefectures of Japan.
Journal of Veterinary Medical Science 64, 735–737.

18. Miraglia F et al. (2013) Molecular and serological characterization of
Leptospira interrogans serovar Canicola isolated from dogs, swine, and
bovine in Brazil. Tropical Animal Health and Production 45, 117–121.

19. ISMEA (2008) ISTITUTO di SERVIZI per il MERCATO AGRICOLO
ALIMENTARE, ALLEVAMENTO SUINO Report economico finanziario,
Maggio.

20. ISTAT (2012) Istituto nazionale di statistica, 6° Censimento Generale
dell’Agricoltura.

21. Cerri D et al. (2003) Epidemiology of leptospirosis: observations on sero-
logical data obtained by a “diagnostic laboratory for leptospirosis” from
1995 to 2001. The New Microbiologica 26, 383–389.

22. Picardeau M (2013) Diagnosis and epidemiology of leptospirosis.
Médecine et Maladies Infectieuses 43, 1–9.

23. Dati forniti dalla BDN dell’Anagrafe Zootecnica istituita dal Ministero
della Salute presso il CSN dell’Istituto “G. Caporale” di Teramo” (http://
statistiche.izs.it/portal/page?_pageid=73,12918&_dad=portal). Accessed
12 March 2018.

24. Scanziani E et al. (2002) Serological survey of leptospiral infection in ken-
nelled dogs in Italy. Journal of Small Animal Practice 43, 154–157.

25. Bollo E et al. (2003) Health status of a population of nutria (Myocastor
coypus) living in a protected area in Italy. Research in Veterinary Science
75, 21–25.

26. Ebani VV et al. (2003) Prevalence of Leptospira and Brucella antibodies in
wild boars (Sus scrofa) in Tuscany, Italy. Journal of Wildlife Diseases 39,
718–722.

27. Ebani VV et al. (2012) Seroprevalence of Leptospira spp. and Borrelia
burgdorferi sensu lato in Italian horses. Annals of Agricultural and
Environmental Medicine: AAEM 19, 237–240.

28. Tabibi R et al. (2013) Occupational exposure to zoonotic agents among
agricultural workers in Lombardy Region, northern Italy. Annals of
Agricultural and Environmental Medicine 20, 676–681.

29. Fratini F et al. (2015) The presence of Leptospira in coypus (Myocastor
coypus) and rats (Rattus norvegicus) living in a protected wetland in
Tuscany (Italy). Veterinarski Arhiv 85, 407–414.

30. Chiari M et al. (2016) Seroprevalence and risk factors of leptospirosis in
wild boars (Sus scrofa) in northern Italy. Hystrix 27. doi: 10.4404/
hystrix-27.2-11682.

31. Zanzani SA et al. (2016) Parasitic and bacterial infections of Myocastor
coypus in a metropolitan area of northwestern Italy. Journal of Wildlife
Diseases 52, 126–130.

32. Boqvist S et al. (2012) The association between rainfall and seropositivity
to Leptospira in outdoor reared pigs. The Veterinary Journal 193, 135–139.

33. Krøjgaard LH et al. (2009) High prevalence of Leptospira spp. in sewer
rats (Rattus norvegicus). Epidemiology and Infection 137, 1586–1592.

34. Espí A, Prieto JM and Alzaga V (2010) Leptospiral antibodies in Iberian
red deer (Cervus elaphus hispanicus), fallow deer (Dama dama) and
European wild boar (Sus scrofa) in Asturias, Northern Spain. The
Veterinary Journal 183, 226–227.

35. Wasiński B and Pejsak Z (2010) Occurrence of leptospiral infections in
swine population in Poland evaluated by ELISA and microscopic agglutin-
ation test. Polish Journal of Veterinary Sciences 13, 695–699.

36. Stritof Majetic Z et al. (2014) Epizootiological survey of small mammals as
Leptospira spp. reservoirs in Eastern Croatia. Acta Tropica 131, 111–116.

37. Arent ZJ et al. (2017) Molecular epidemiology of Leptospira serogroup
pomona infections among wild and domestic animals in Spain.
Ecohealth 14, 48–57.

38. Bonardi S et al. (2013) Prevalence, characterization and antimicrobial
susceptibility of Salmonella enterica and Yersinia enterocolitica in pigs
at slaughter in Italy. International Journal of Food Microbiology 163,
248–257.

39. Sasaki Y et al. (2013) Prevalence of Campylobacter spp., Salmonella spp.,
Listeria monocytogenes, and hepatitis E virus in swine livers collected at an
abattoir. Japanese Journal of Infectious Diseases 66, 161–164.

40. Pozio E and Rossi P (2008) Guidelines for the identification and develop-
ment of sampling methods and design of suitable protocols for monitoring
of Trichinella infection in indicator species. Annali dell’Istituto superiore di
sanità 44, 200–204.

41. Ostanello F et al. (2007) Pneumonia disease assessment using a slaughter-
house lung-scoring method. Journal of Veterinary Medicine. A, Physiology,
Pathology, Clinical Medicine 54, 70–75.

1280 F. Bertelloni et al.

http://statistiche.izs.it/portal/page?_pageid=73,12918&_dad=portal
http://statistiche.izs.it/portal/page?_pageid=73,12918&_dad=portal
http://statistiche.izs.it/portal/page?_pageid=73,12918&_dad=portal

	Serological survey on Leptospira infection in slaughtered swine in North-Central Italy
	Introduction
	Materials and methods
	Results
	Discussion
	References


