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Abstract (ridurre a 150 parole)

Leptospirosis is a re-emerging bacterial zoonosisCentral Italy is characterized by a geographic area that
promote Leptospira circulation.: Data on seroepidemiological survey carried out from 2002 to 2016 in
Central Italy were reported and discussed. Overall, 709 out of the 8488 (8.35%) tested sera were positive
for Leptospira at the cut-off titer (1:100) and 218 (2.57%) at higher titer (=1:400). The highest percentages
of positivity was recorded for coypus (22.86%), swine (19.74%) and bovine (, 13.03%). Pomona and
Bratislava resulted the serovars more often detected, followed by Harjo and Icterohaemorragiea; while, a
low number of positive sera was detected for serovars Ballum, Canicola and Tarassovi.. .. Percentage of
positive sera for each year slightly decreased from 2002 to 2008 and rose from 2009., a rise in this;
particularly, high percentages of positive reaction were recorded in 2014 (17.23%), 2015 (19.61%) and 2016

(38.05%).
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1. Introduction

Leptospirosis represents one of the most important widespread re-emerging bacterial zoonosis [1-3].
Several outbreaks accounting for thousands of deaths worldwide highlight the importance of leptospirosis
as a severely neglected infectious disease [4,5]. Leptospirosis has a wide distribution and occurs overall in
tropical, subtropical and temperate zones, favoured by a large variety of both wild and domestic mammals
which can play the role of natural reservoirs of Leptospira [1,6]. Some animals are asymptomatic renal
carriers of this bacterium and they contribute to maintain the infection in a particular environment by
constantly shedding Leptospira with urine [7,8]. Accidental contact with Leptospira infected urine causes
the incidental infection and produces clinical diseases. While, specific Leptospira serovars which show close
relationship with particular animal species develop host-maintained infection. The maintenance host
generally does not develop symptoms, except after long time, but it acts as a natural source of a specific
serovar [6,8]. In fact, Leptospira epidemiology is strictly related to the presence and widespread of the
maintenance hosts species [9]. In recent years, some serovars seem to be prevalent and emerging,
especially among wild animals, but also in domestic species. This occurrence suggests that the
epidemiology of leptospirosis may change over time in animals as well as in humans [10].

Central Italy, and in particular Tuscany, is a geographic area characterized by some peculiarities which
promote the presence and persistence of Leptospira in hosts and in environment: a) presence of wild
animals which could represent potential reservoirs; b) presence of domestic animals raised in semi-
extensive or extensive farms, which promotes contact with wild species; c) a significant presence of hunting
activity; d) abundance of wetlands such as marshes, ponds and irrigation canals.

The main purpose of the present work was to refer data on a sero-epidemiological survey carried out in
Central Italy, particularly in Tuscany, on serum samples collected from 2002 to 2016 in order to assess the
prevalence of leptospirosis in domestic and wild animals and to compare it with the data from a previous

epidemiological surveillance investigation carried out in the same area between 1995 and 2001 [9].

2. Material and Methods



60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

From January 2002 to December 2016, 8488 serum samples were analysed for Leptospira. Sera were
collected from healthy and ill animals belonging to 23 different species: sheep (Ovis aries, 2682 sera), swine
(Sus scrofa, 1332 sera), bovine (Bos Taurus, 1328 sera), dog (Canis lupus familiaris, 1144 sera), wild boar
(Sus scrofa, 479 sera), goat (Capra hircus, 327 sera), european brown hare (Lepus europaeus, 162 sera), red
fox (Vulpes vulpes, 94 sera), horse (Equus caballus, 74 sera), roe deer (Capreolus capreolus, 74 sera), coypus
(Myocastor coypus, 70 sera), fallow deer (Dama dama, 65 sera), donkey (Equus asinus, 2 sera), ferret
(Mustela putorius furo, 1 serum), cat (Felis catus, 4 sera), red deer (Cervus elaphus, 56 sera), wolf (Canis
lupus, 43 sera), rats (Rattus norvegicus, 34 sera), mouflon (Ovis musimon, 8 sera), mouse (Mus musculus, 8
sera), Guinea pig (Cavia porcellus, 2 sera), alpaca (Vicugna pacos, 1 serum) and bear (Ursus arctos, 1
serum). Furthermore, 329 sera were of human origin and collected from men with clinical symptoms
referable to leptospirosis. All sera were collected in North-Central Italy. Serological investigation was
carried out with Microscopic Agglutination Test (MAT) [11]. The following serovars were used as live
antigens: Icterohaemorrhagiae (strain Bianchi), Canicola (strain Alarik), Pomona (strain Mezzano), Tarassovi
(strain Mitis Johnson), Grippotyphosa (strain Moscow V), Bratislava (strain Riccio 2), Ballum (strain
Castellon 3) and Hardjo (strain Hardjoprajitno). Titers of 1:100 were considered positive; 2-fold serial

dilutions were tested to determine the endpoint titer.

3. Results

Overall, 709 out of the 8488 (8.35%) sera resulted positive for Leptospira at the breakpoint titer (1:100). All
samples collected from the following species resulted negative: alpaca, donkey, guinea pig, mouse, rat,
ferret, cat, fallow deer, red deer, roe deer, mouflon, bear and wolf. Two hundred and eighteen sera (2.57%)
resulted positive at high titer (=1:400). Table 1 reports the number of positive sera grouped by animal
species. The highest percentages of positive sera were recorded for coypus, swine and bovine at low
(22.86%, 19.74% and 13.03%, respectively) and high titer (5.61%, 6.31% and 3.16%, respectively). None
horse sera showed positivity to titer of 1:400 or higher. Coypus, wild boar, fox and hare resulted the unique

wild species that showed positive reactions. In particular, 22.86%, 8.56%, 3.04% and 1.85% of sera resulted
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positive at titer 21:100 for coypus, wild boar, fox and hare, respectively. Among the 329 human sera
examined, 10 (4.26%) resulted positive and 3 (1.06%) showed a titer of 1:400 or higher.

Table 2 shows the distribution of positive sera grouped by serovars and animal species. Pomona and
Bratislava resulted the serovars more often detected, with 267 and 224 positive reactions (titer 1:100),
respectively. Moreover, for the same serovars, 68 and 67 sera, respectively showed positivity to high titer
(21:400). A low number of positive sera was detected for serovars Ballum, Canicola and Tarassovi (13, 28
and 32 sera, respectively). Hare was the only species in which positivity to serovar Icterohaemorrhagiae
was never found. Similarly, goat resulted the only species in which serovar Bratislava was never detected.
Positivity to serovars Icterohaemorrhagiae and Canicola was found mainly in dog sera. Serovars Pomona
and Bratislava resulted more often associated with swine. Most of the sera positive to Tarassovi were from
wild boar. Positivity to serovars Grippotyphosa and Hardjo was detected especially in bovine sera.

Among human sera, positivity to six serovars was recorded: Icterohaemorrhagiae, Canicola, Pomona,
Grippotyphosa, Bratislava and Ballum. Icterohaemorrhagiae was the most detected serovar. Positive
samples were never found among human sera from 2004 to 2012. In 2013, 2014 and 2016 positive sera
were 1/20, 4/9 and 1/11, respectively; all these sera showed an antibody titer <1:400.

Percentage of positive sera for each year slightly decreased from 2002 to 2008; in particular in 2008 only 1
out of 597 (0.17%) sera resulted positive at titer of 1:100. From 2009, the percentage of positive sera
increased; particularly, in 2014, 2015 and 2016 a high percentage of positive sera was recorded: 17.23%,
19.61% and 38.05%, respectively. Figure 1 reports the percentage of positive sera to Leptospira interrogans
and to each serovar detected in each year of investigation.

Table S1 (supplementary material) reports the distribution of positive sera at titer = 1:100 and 21:400 in

relation to animal species, Leptospira serovars and year of detection.

4. Discussion
Leptospirosis is a worldwide public health and veterinary problem, frequently underestimated,

characterized by a downward trend [12]. Climatic changes, modifications of ecological niches, emergence
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of new potential maintenance-hosts could represent the most important factors involved in Leptospira
epidemiology. The environmental and geographic features of North-Central Italy area can be considered as
the optimal conditions for Leptospira spreading [13—21]. Tuscany, the main region involved in this
serological survey, is characterized by some peculiarities which promote the presence and persistence of
Leptospira in hosts and in the environment. Increasing presence of wild animals, potential reservoirs,
presence of animals raised in semi-extensive or extensive farms, hunting activity and presence of wetlands
such as marshes, ponds, lakes and irrigation canals are the main factors involved in enzootic trend of
leptospirosis in Italy.

In this study, serological results obtained whit a panel of eight Leptospira serovars were reported. Strains
employed as live-antigens was chosen considering the serovars more often detected, by isolation or
serology, in Italy [10,13,17,18,22—-24]; indeed, positivity to other serovars were rarely reported [25].
Moreover, these strains were employed routinely in our Laboratory for research and diagnosis, and, for this
reason, all serum samples considered were tested with same MAT antigens.

In this survey, the total apparent prevalence of antibodies against Leptospira registered during 2002-2016
was 8.65%. In a previous investigation, carried out in the same area during 1995-2001, the total apparent
prevalence was 6.81% [9]. It is not possible to exclude that this increase could be due to the different
number of available samples and the proportion and representation of the different animal species
included in the study. However, the increase could be also related to a changing of some environmental
conditions (rainfall, temperature, ecc...) which promoted the rise and spreading of new serovar/strains or
the re-emerging of endemic strains. The observed increase of positive sera was mainly related to the last
years of this investigation (2013-2016) and could be due to an increase of rainfall in the investigated area,
especially in wetlands.

Serological investigations highlighted different apparent prevalence trends for each of the eight Leptospira
serovars tested. Apparent prevalence of positive sera decreased from 1995-2001 to 2002-2016 for
Icterohaemorrhagiae (from 22.24% to 13.78%), Bratislava (from 55.04% to 24.69%) and Hardjo (from

22.08% to 14.22%). Furthermore, apparent prevalence increases for Canicola (from 0% to 3.08%), Pomona
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(from 0.64% to 29.43%), Grippotyphosa (from 0% to 9.81%), Tarassovi (from 0% to 3.52%) and Ballum (from
0% to 1.43%) [9]. The results obtained from previous and from this investigation could be different for
some reasons. In the previous work [9], carried out in the same investigated area, employing the same
Leptopsira serovars and strains as antigens, the threshold titer was 1:400, conversely in this investigation
the threshold titer used was 1:100. Furthermore, the number of tested sera for each animal species could
have influenced the detected total apparent prevalence.

Considering the distribution of positivity detected year by year, it is possible to observe a decrease in the
percentage of positive sera detected from 2002 to 2008 and an increase starting from 2009. In particular,
from 2014 it was registered an impressive increase of Leptospira positive samples (Figure 1a).

Annual fluctuations in Leptospira spreading and seropositivity is well documented [26] and could be related
to many factors as climate changing, rains and drought springs. Fluctuations in observed data could be
related not only to environmental modifications, but also to hosts changing: variations in exposure to
Leptospira by animal, introduction of new wild animal species, changing in herds management. As concerns
this last point, in lasts years breeding management changed from indoor intensive to extensive or semi-
extensive with outdoor access in order to improve animal welfare. Furthermore, it could be related to
modifications of Leptospira epidemiology: introduction of new serovars/strains or change in host specificity
range by classical serovars/strains.

As for serovar Icterohaemorrhagiae, seropositivity reflected more or less the observed global trend.
However, positivity to this serovar was constantly detected, even if during some years with only few
positive samples (Figure 1b). This is an expected result, indeed, Icterohaemorrhagiae is maintained by rats
and it is the serogroup most often involved in animal and human infection in many parts of the world [27].
Only few samples scored positive to serovar Canicola during the first years of investigation and no positive
sera were detected between 2006 and 2012 (Figure 1c). It seems that this serovars re-emerged from 2013.
In nature, Canicola is maintained by dog and vaccination programs carried out for about 50 years in this

species led to its disappearance [28]. Data obtained in this investigation showed in recent years an increase
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of positivity to Canicola in animals different to dogs. This finding could suggest a possible change in host
range of this serovar.

Serovar Pomona seemed to be almost disappeared from the investigated area for more than fifteen years
(Figure 1d). Ten positive reactions were recorded from 2002 to 2013, furthermore, a previous investigation
conducted in the same geographical area [9], reported an apparent prevalence of 0.64% (4 out of 9885
sera) between 1995 and 2001. From 2014, the number of positive sera increased, and Pomona was the
most detected serovar in 2016. In the last years of the investigation, a large number of swine sera were
analysed, and this could have influenced the improved detection of positivity to Pomona. However, a
considerable number of positive reactions was found also in sera of species other than pig, supporting the
hypothesis of the rise of this serovar in investigated area.

Circulation of serovar Grippotyphosa in the investigated area was slightly documented during this
investigation. This is in accordance with previous reports conducted in the same region and in Italy [9,10].
From 2013, a slight increase in the detected number of positive reactions was registered (Figure 1e). This
trend is in accordance with many studies conducted in Europe, where Grippotyphosa is considered an
emerging serovar [29—-32]. Considering the studied area, it is not possible to exclude that this occurrence
could be related to the import from East Europe of wild animals for hunting purposes, in particular hares
[33,34].

Positivity to serovar Tarassovi was never detected from 2002 to 2013 (Figure 1f). This trend is in line with
other National surveys [9,10], indeed, in past years, Tarassovi showed a very limited diffusion in Italy. In
2014, a peak of positivity was registered which could resemble an epidemic event. Positive reactions were
found mainly in wild boar, but also in domestic animals. In 2015 and 2016, the number of positive sera
decreased and probably it will return to zero. These results suggest that Tarassovi is not disappeared from
our territory, and infections could occur, since Tarassovi is probably maintained in the environment by
reservoirs other than swine, as suggested by previously reported data in Italy [10].

As regard serovar Bratislava, its trend reflects the global trend observed. Every year, positivity to this

serovar was detected, with exception of 2008 and 2011 (Figure 1g). This finding could probably be expected
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considering the high number of positive reservoir hosts present in investigated area, as hedgehog and wild
boar [35,36]. Generally, Bratislava is reported as an emerging serovar, but considering the obtained data it
could be considered as endemic in investigated area.

Considering the abundance of cattle and, especially, sheep herds in the studied area, the low number of
positivity for serovar Hardjo for many years was unexpected. Indeed, this serovar were frequently detected
in Italy and sometimes it was involved in clinical outbreaks [9,10,25]. As for the other serovars, after a silent
period of about 12 years, from 2014, an increase of positive sera for Hardjo was registered, suggesting a
restart of the circulation of this serovar in investigated area. More focused investigations should be
probably required to better understand this finding. It may be supposed it could be related to the increase
of outdoor herds, especially for dairy cows, related to the increased attention for animals welfare.
Furthermore, animal species different to domestic ruminants could be infected and this could contribute to
the rise of serovar Harjo.

During the investigated period, serovar Ballum showed a very limited diffusion. In 2014, a slight increase of
seropositivity was registered, but it was a limited event. In Italy, this serovar was rarely detected in
serological investigations [9,10,13,18,22], even if it was recently isolated from small mammals in Tuscany
[24]. These observations could suggest a low virulence for animals and man of Ballum strains circulating in

our territory.

4.1. Bovine

The total apparent prevalence in bovine increase from 0.005% (1995-2001) [9] to 13.03% (2002-2016). In
cattle, higher prevalence of serovar Hardjo has been detected: 7.08%8 (94/132) and 2.26% (30/1328) sera
scored positive at titer 2 1:100 and > 1:400, respectively. These data confirm that bovine represents the
main maintenance-host for serovar Hardjo (serogroup Sejroe) [7]. Relative high number of positive
reactions was also detected for serovars Pomona and Grippotyphosa in cattle sera. A percentage of 4.15%
(55/1328) and 0.23% (3/1328) were positive for Pomona at titer > 1:100 and > 1:400, respectively. Severe

infections in cattle due to this serovar is uncommon and usually occur in young animals [7]. Nevertheless,
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based on a recent National survey, Pomona resulted the second representative serovar in cattle in Italy
[10]. The relative high number of positivity could be related to the semi-extensive or extensive farms. These
types of breeding promote the contact with wild animal, in particular wild boars. As concern serovar
Grippotyphosa, 3.61% (48/1328) and 0.38% (5/1328) sera scored positive at titer > 1:100 and > 1:400,
respectively. Positivity to this serovar resulted higher than that observed in previous investigations
conducted in Italy [9,10]. However, in recent years, in other European countries, serovar Grippotyphosa
was often detected in cattle and occasionally involved in clinical leptospirosis outbreaks [26,29,30]. In
accordance with these Authors, our data seem to identify Grippotyphosa as an emerging serovars in cow.
Low level of positivity was scored for serovars Icterohaemorrhagiae, Canicola, Tarassovi, Bratislava and

Ballum, in accordance with other studies [9,10].

4.2. Dog

The total apparent prevalence in dog increased from 5.42% (1995-2001) to 8.65% (2002-2016) [9].
Icterohaemorrhagiae and Bratislava resulted the most represented serovars, with 5.07% (58/1144) and
4.19% (48/1144) sera positive at titer > 1:100, respectively. These results are in accordance with data
available in literature [7,9,10]. Percentages of 1.40% (16/1144) and (0.17% 2/1144) of sera scored positive
for serovar Pomona at titer > 1:100 and = 1:400, respectively. Infection by serovar Pomona in dog produce
a severe disease characterized by lethargy, fever, inappetence, diffuse haemorrhage, renal and liver failure
[37,38]. In Europe, infections in dogs caused by this serovar are rare and reported only in few countries of
East-Europe, such as Romania [7]. For this reason serovar Pomona was not included in dog vaccines [39].
Our data seem to suggest an increasing incidence of this serovar in dog during last years (Table S1)
[9,10,13]. Taking into account the increase of Pomona positivity in dog and the severe symptoms, the
research on this serovar could be intensify. As regards serovar Canicola, 1.22% (14/1144) and 0.09%
(1/1144) sera resulted positive at titer > 1:100 and > 1:400, respectively. This result confirms the decreasing
of this serovar in many European countries during the last years due to the use of vaccines [7,40]. Low

number of positive sera was observed for Grippotyphosa and Tarassovi with 0.35% (4/1144) and 0.09%

10
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(1/1144) of positive sera at titer > 1:100, respectively. In Europe, Grippotyphosa is considered an emerging
serovar in dogs [13,29,31,32] and was included in leptospirosis dog vaccine. Contrary to what is generally
observed in Europe, data obtained by this investigation suggest a limited spreading of Grippotyphosa in
dogs among investigated area. In Europe, Tarassovi is rarely reported in dog [10,17]. This is in accordance
with our data, since only one serum was found positive to this serovar, even if at high titer (1:800)
suggesting a recent and probably acute infection. No positivity was encountered for serovars Hardjo and

Ballum, which are rarely detected in dog as suggested by several investigations [7,10,40].

4.3. Swine

The total apparent prevalence in swine increased considerably from 9.16% (1995-2001) [9] to 19.74%
(2002-2016). It is known that swine is the maintenance host for serovar Pomona (serogroup Pomona),
serovar Tarassovi (serogroup Tarassovi) and serovar Bratislava (serogroup Australis) [7]. As expected,
Pomona and Bratislava were the serovars more often detected in this species. For Pomona, 12.01%
(160/1332) and 3.38% (45/1332) of swine sera have been detected positive at titer > 1:100 and > 1:400,
respectively. While for Bratislava, 9.83% (131/1332) and 2.33% (311332) of sera scored positive at titer >
1:100 and > 1:400, respectively. Bratislava is considered an emerging serovar and it could be the cause of
abortion and other reproductive disorder in swine. However, some strains become “pig-adapted”, causing
subclinical infections [41]. In different European countries, during last years, Bratislava was the more
detected serovar in pig sera samples [10,42]. Despite the fact that swine represents the reservoir host for
Pomona, in last years, the seroprevalence of this serovar in pig was low [9,10,42]. It is noteworthy that, in
this investigation, the seroprevalence of Pomona in swine was increasing, in contrast with other surveys.
On the other hand, only 0.15% (2/1332) and 0.08% (1/1332) of sera were detected positive for Tarassovi at
titer 2 1:100 and 2 1:400, respectively. These data confirm that this serovar seems to disappear, as
suggested by other investigations [9,10,42]. The cause could be the wide use of vaccination program in
swine farm [43,44]. As regard serovar Canicola, 0.45% (6/1332) of sera scored positive at titer 1:100/1:200

(3 at titer of 1:100 and 3 at titer of 1:200). Some studies demonstrated that swine could be infected by

11



267 serovar Canicola and that intraspecies transmission is possible [42,45]. For this reason, pigs are considered
268  anew possible potential maintenance host for serovar Canicola, although its real epidemiological role is not
269 still clarified [46,47]. The results of this investigation confirm the circulation of this serovars among swine in
270 Italy too. No positive sera were detected for serovars Grippotyphosa and Ballum, and only 0.15% (2/1332)
271 and 0.08% (1/1332) of sera resulted positive for Icterohaemorrhagiae and Hardjo, respectively. These data
272 are in accordance with other studies [9,10,42].

273

274  4.4.Horse

275  The total apparent prevalence obtained in horse was characterized by a remarkable decrease from 11.08%
276  (1995-2001) [9] to 2.89% (2002-2016). This species is susceptible to a wide range of incidental infections,
277  that are often characterized by absence of clinical symptoms. Bratislava is the most common serovar

278 detected in horses, but also Grippotyphosa, Pomona, Icterohaemorrhagiae, Autumnalis, Sejroe, Canicola,
279  and Ballum serogroups are occasionally reported [7,48]. The results of this investigation confirm this

280  evidence; indeed, positive reactions were detected only for Icterohaemorrhagiae (1.24% - 3/242 sera),

281 Bratislava (0.83% - 2/242 sera), Pomona (0.41% - 1/242 sera) and Hardjo (0.41% - 1/242 sera). The low

282 number of positive sera detected in horse could be related to few clinical samples or few specimens with
283  clinical manifestations. Also, the sera could have been collected after equine uveitis manifestation. Equine
284 uveitis, also known as “moon blindness”, is an ocular disease consequent to Leptospira infection in horse,
285  that occurs after the acute phase of leptospirosis when the antibody titer decrease [48].

286

287 4.5. Sheep and Goat

288  The total apparent prevalence observed in sheep decreased from 12.13% (1995-2001) [9] to 3.13% (2002-
289  2016). These results could seem unexpected. Indeed, in investigated area sheep flocks are breed

290  extensively or semi-extensively and this could promote contact with wild animals. However, our data are in
291 line with a recent survey conducted by the Italian reference center for leptospirosis [10]. Despite sheep

292 represent the second maintenance host for serovar Hardjo [49], infection by this serovar could induce
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subclinical or clinical disease [7], with abortion, stillbirth, birth of weak lambs, agalactia and infertility [50—
52]. Although the results of this investigations do not show a high number of positive samples (0.71% -
19/2682) for serovar Hardjo, almost all have a titer > 1:400 (12 sera out of 19 positive). These data could
suggest the occurrence of clinical infection in sheep confirming the high virulence of serovar Hardjo for this
animal species. Sheep could be infected also by other serovars [7]. In this investigation, relative high
number of positivity was reported for serovars Pomona (1.12% 30/2682), Icterohaemorrhagiae (0.75% -
20/2682) and Grippotyphosa (0.75% - 20/2682) at titer = 1:100. These results are in disagreement with
previous investigations carried out in the same area [9] and in Italy [10,25]. Pomona and
Icterohaemorrhagiae could cause disease in sheep, in particular they have been associated with
reproductive disorders [53,54]. Furthermore, other positive reactions were found in sheep sera for
Bratislava (0.52%), Tarassovi (0.30%), Ballum (0.19%) and Canicola (0.04%) at titer> 1:100. Seropositivity for
these Leptospira serovars was previously reported in sheep where they could represent the cause of
accidental infections [55]. Even if the presence of these serovar was reported in other studies, the reactivity
to all tested serovars detected in sheep during this investigation seems unusual. It could be probably
explained by the presence of wild boars, hares, hedgehogs, rodents (as mice and rats) and other wild
animals, which represent maintenance hosts for different serovars, in the areas where the sampling was
conducted [23,29,33,40,56-58].

For goat sera, only 2.75% (9/327) of samples resulted positive for Icterohaemorrhagiae at titer > 1:100,
among them 6 were positives at titer > 1:400. Our data confirm that goats are not very susceptible to
Leptospira infection, as reported in literature by other study, where seropositivity was described for

serovar Hardjo [51,59,60], Icterohaemorrhagiae [60,61] and Poi [25].

4.6. Wild boar
The total apparent prevalence in wild board increased from 2.39% (1995-2001) [9] to 8.56% (2002-2016).
The highest prevalence was detected for serovars Tarassovi and Bratislava. Similarly to swine, wild boar is a

maintenance host for serovars Pomona, Tarassovi and Bratislava [7]. For Tarassovi, 3.76% (18/479) and
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0.63% (3/479) of sera scored positive at titer > 1:100 and titer > 1:400, respectively. This result disagrees
with other studies previously conducted in the same area of investigation and in Italy. In Tuscany, from
1995 to 2001 no positive sera for Tarassovi has been detected in wild board [9,14]. In Italy, recent surveys
indicate the same trend: no Tarassovi seropositivity or few positive samples (2 out of 1987 sera) were
found in wild boar [10,22,62]. However, high seroprevalence for this serovar has been reported in different
European Countries [63—65]. Wild boar could represent the reservoir host of this serovar, disappeared in
other domestic animal, and it could contribute to maintain Tarassovi strains in environment. Furthermore,
the Tarassovi high prevalence in investigated area could be connected to the import in Tuscany of wild boar
from East Europe Countries for hunting [34,63,64]. The second most representative serovar in wild boar
was Bratislava: 2.51% (12/479) and 0.21% (1/479) of positive sera have been detected at titer > 1:100 and
titer > 1:400, respectively. Bratislava is one of the most worldwide spread Leptospira [26], consequently,
this result was expected. Indeed, this serovar is frequently detected in wild boar in Italy [9,10,14,22,62] and
in Europe [63—67]. Unexpected data has been recorded concerning positivity to Pomona, considering that
wild boar is a potential reservoir, as reported by other studies carried out in Europe [66]. Only 0.84%
(4/479) and 0.21% (1/479) of sera resulted positive for this serovar at titer > 1:100 and titer > 1:400,
respectively. These data were unexpected, but similar to those reported by other Authors in Italy
[10,22,62]. As concerns serovar Hardjo, 2.92% (14/479) and 1.46% (7/479) of sera scored positive at titer >
1:100 and titer = 1:400, respectively. This serovar is generally associated to cattle and sheep [7] and its
detection in wild boar seems singular. In Italy, no Hardjo seropositivity has been founded previously in wild
boar [10,22,62]. However, Hardjo seems to be the most prevalent serovar in East Europe in wild boar [66].
For this reason, our finding could be related to the import of animals from East Europe for hunting
purposes. Nevertheless, in investigated area there are a lot of free-range farms of cattle and sheep and it is
plausible to assume that wild boar became infected after direct or indirect contact with these animals.
Moreover, half of positive sera showed an antibody titer higher than 1:400, suggestive of recent and
possible acute infection. For all these reasons it could not be excluded a possible involvement of wild boar

in epidemiology of Leptospira serovar Hardjo, as maintenance or incidental host. Furthermore, positivity to
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other serovars was detected at titer > 1:100:0.62% (3/479) of sera for serovar Icterohaemorrhagiae, 0.21%
(1/479) of sera for serovar Canicola, 0.21% (1/479) of sera for serovar Grippotyphosa and 0.21% (1/479) of
sera for serovar Ballum . These animals could easily come in contact with Leptospira due to their lifestyle

and positivity to many different serovars is sporadically, but constantly reported [10,22,63-67].

4.7. Other wild animals

Excluding wild boar, seropositivity in wild animals was recorded only for hares, foxes and coypus. It is well
documented that hare could be infected by different Leptospira serovars, especially Grippotyphosa
[22,33,56,68]. Only 1.85% (3/162) of hares sera scored positive in this survey, 0.62% (1/162) for Bratislava
(titer 1:200) and 1.23% (2/162) for Ballum (titer 1:100 and 1:200, respectively).

Fox was reported as incidental host for different serovars, such as Icterohaemorrhagiae, Ballum and
Bratislava [10,58,69]. Low number of fox sera examined in this investigation resulted positive for
Leptospira, in particular for serovar Icterohaemorrhagiae (1.06% - 1/94) and Bratislava (3.19% - 3/94). Only
1.06% (1/94) of sera resulted positive at titer > 1:400, for serovar Bratislava.

For both these species, a low percentage of positive sera was detected compared to the other reported
surveys. This could suggest a weak involvement of these two animal species in Leptospira epidemiology in
investigated area.

As regard coypus, some studies highlighted the circulation of the same serovars among these animals and
its possible role as reservoir host [18,70-72]. In accordance with these studies, an high percentage of sera,
32.86% (23/70), analyzed in this investigation scored positive to Leptospira. Positivity was recorded for
Grippotyphosa (20.00% - 14/70), Bratislava (11.43% - 8/70) and Icterohaemorrhagiae (1.43% - 1/70).
Furthermore, 4.29% (3/70) and 2.86% (2/70) of sera exhibited a titer > 1:400 for serovars Bratislava and
Grippotyphosa, respectively; these data could suggest a recent infection, confirming the circulation of these
serovars in coypus. Positivity to Bratislava and Icterohaemorrhagiae was frequently reported, while
positivity to Grippotyphosa, which is considered an emerging serovar in Europe, could open new interesting

epidemiological scenarios.
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No positive reactions were detected in sera from wild ruminants: roe deer, red deer, fallow deer and
mouflon. Our data confirm the marginal role that these animals have in the epidemiology of Leptospira
according to the low number of positivity reported in literature [9,10,17,73,74].

No positivity was detected in sera collected from other wild animals (wolves, rats, bear and ferret).
However, small number of samples were analyzed for these species and it is not possible to advance robust

epidemiological hypothesis.

4.8. Human

The total apparent prevalence observed in man slightly decreased from 5.60% (1995-2001) [9] to 4.26%
(2002-2016). Humans are incidental hosts for Leptospira and they could be infected by serovars maintained
by animals in a particular geographical region. In past years in Europe, human leptospirosis had a
fluctuating trend, but different confirmed cases were always registered. In particular in Italy about 40
human cases were annually recorded from 2008 to 2015 [75,76]. According to the present survey,
Icterohaemorrhagiae remained the most detected serovar from human sera. However, positivity to all
tested serovars, with exception of Tarassovi and Hardjo, was recorded. This finding could suggest a change

also in human leptospirosis related to a modification of Leptospira epidemiology in investigated area.

5. Conclusion

Leptospirosis is probably the most widespread, (re-)emerging and prevalent zoonotic disease in the world.
However, due to the difficult to exactly diagnose the disease clinically and by laboratory test, sometime, it
could be not recognized and consequently severely neglected. For this reason, the true spread and increase
of leptospirosis remains probably unknown [12]. Considering that many domestic and wild mammals
represent natural carriers of pathogenic leptospires, acquire epidemiological information on animal
leptospirosis could be helpful for both human and breeding animal health. Despite that isolation and strains
characterization should have an highest diagnostic value, serology represent for some disease, such as

leptospirosis, the best instrument for epidemiological purpose. The results of this investigation provide
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information on Leptospira epidemiology in a defined geographical area involving many different animal
species, maintenance end accidental hosts, and humans. Moreover, a long period of time was considered
and this allowed to put in evidence a fluctuation in Leptospira positivity recovery, as also suggested by
other Authors; this trend involved both the total percentage of positive animals registered year by year and
the serovars encountered. Our results seem to highlight an increase of Leptospira in North-Central Italy and
a change in serovars potentially involved in animal and human infection.

Several animals resulted infected by unusual Leptospira serovars and this finding could suggest a change in
host range for some serovars, that may promote the adaptation to new hosts. Constant serological
monitoring results essential to control the evolution of the dynamics of Leptospira epidemiology and it
could represent the basis to lead future investigations focused on specific animals and that must include

both serological that isolation or molecular techniques.

Conflict of interest statement

All authors declare no conflict of interests.

17



414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

References

(1]

(2]

(3]

(4]

(5]

(6]
(7]

(8]

(9]

(10]

(11]

I. Chikeka, J.S. Dumler, Neglected bacterial zoonoses, Clin. Microbiol. Infect. 21 (2015) 404-415.
doi:10.1016/j.cmi.2015.04.022.

M. Picardeau, Virulence of the zoonotic agent of leptospirosis: still terra incognita?, Nat. Rev.
Microbiol. 15 (2017) 297-307. d0i:10.1038/nrmicro.2017.5.

F. Ruiz-Fons, A Review of the Current Status of Relevant Zoonotic Pathogens in Wild Swine ( Sus
scrofa ) Populations: Changes Modulating the Risk of Transmission to Humans, Transbound. Emerg.
Dis. 64 (2017) 68-88. doi:10.1111/tbed.12369.

J. Dupouey, B. Faucher, S. Edouard, H. Richet, A. Kodjo, M. Drancourt, B. Davoust, Human
leptospirosis: An emerging risk in Europe?, Comp. Immunol. Microbiol. Infect. Dis. 37 (2014) 77-83.
doi:10.1016/J.CIMID.2013.12.002.

D.A. Haake, P.N. Levett, Leptospirosis in humans., Curr. Top. Microbiol. Immunol. 387 (2015) 65-97.
doi:10.1007/978-3-662-45059-8_5.

S. Faine, B. Adler, C. Bolin, P. Perolat, Leptospira and leptospirosis., Medisci Press, Melbourne, 1999.
W.A. Ellis, Animal Leptospirosis, in: Curr. Top. Microbiol. Immunol., 2015: pp. 99-137.
doi:10.1007/978-3-662-45059-8_6.

B. Adler, A. de la Pefia Moctezuma, Leptospira and leptospirosis, Vet. Microbiol. 140 (2010) 287—-
296. d0i:10.1016/j.vetmic.2009.03.012.

D. Cerri, V. V Ebani, F. Fratini, P. Pinzauti, E. Andreani, Epidemiology of leptospirosis: observations
on serological data obtained by a “diagnostic laboratory for leptospirosis” from 1995 to 2001., New
Microbiol. 26 (2003) 383-9.

S. Tagliabue, B.M. Figarolli, M. D’Incau, G. Foschi, M.S. Gennero, R. Giordani, R. Giordani, A. Natale,
P. Papa, N. Ponti, D. Scaltrito, L. Spadari, G. Vesco, L. Ruocco, Serological surveillance of
Leptospirosis in Italy: two-year national data (2010-2011)., Vet. Ital. 52 (2016) 129-38.
doi:10.12834/Vetlt.58.169.2.

OIE, Leptospirosis, Man. Diagnostic Tests Vaccines Terr. Anim. (2014).

18



440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

(12]

(13]

(14]

[15]

(16]

(17]

(18]

[19]

[20]

R. Hartskeerl, M. Collares-Pereira, W.A. Ellis, Emergence, control and re-emerging leptospirosis:
dynamics of infection in the changing world, Clin. Microbiol. Infect. 17 (2011) 494-501.
doi:10.1111/j.1469-0691.2011.03474.x.

E. Scanziani, F. Origgi, A.M. Giusti, G. lacchia, A. Vasino, G. Pirovano, P. Scarpa, S. Tagliabue,
Serological survey of leptospiral infection in kennelled dogs in Italy., J. Small Anim. Pract. 43 (2002)
154-7.

V. V. Ebani, D. Cerri, A. Poli, E. Andreani, Prevalence of Leptospira and Brucella Antibodies in Wild
Boars (Sus scrofa) in Tuscany, Italy, J. Wildl. Dis. 39 (2003) 718-722. doi:10.7589/0090-3558-
39.3.718.

V.V Ebani, F. Bertelloni, P. Pinzauti, D. Cerri, Seroprevalence of Leptospira spp. and Borrelia
burgdorferi sensu lato in Italian horses., Ann. Agric. Environ. Med. 19 (2012) 237-40.

R. Tabibi, R. Baccalini, A. Barassi, L. Bonizzi, G. Brambilla, D. Consonni, G. Melzi d’Eril, L. Romano, M.
Sokooti, C. Somaruga, F. Vellere, A. Zanetti, C. Colosio, Occupational exposure to zoonotic agents
among agricultural workers in Lombardy Region, northern Italy., Ann. Agric. Environ. Med. 20 (2013)
676-81.

E. Andreoli, E. Radaelli, I. Bertoletti, A. Bianchi, E. Scanziani, S. Tagliabue, S. Mattiello, Leptospira
spp. infection in wild ruminants: a survey in Central Italian Alps., Vet. Ital. 50 (2014) 285-91.
doi:10.12834/Vetlt.1309.06.

S.A. Zanzani, A. Di Cerbo, A.L. Gazzonis, S. Epis, A. Invernizzi, S. Tagliabue, M.T. Manfredi, Parasitic
and Bacterial Infections of Myocastor coypus in a Metropolitan Area of Northwestern Italy, J. Wildl.
Dis. 52 (2016) 126—130. doi:10.7589/2015-01-010.

F. Bertelloni, B. Turchi, D. Cerri, P. Pinzauti, F. Fratini, Leptospira spp. and Brucella ovis
seroprevalence in sheep: preliminary results of one year surveillance program, J. Hell. Vet. Med. Soc.
68 (2017) 567-572.

D. Dezzutto, R. Barbero, G. Canale, P. Acutis, C. Biolatti, A. Dogliero, M. Mitzy, P. Francone, A.

Colzani, S. Bergagna, M. Gennero, Detection of Leptospira spp. in Water Turtle (Trachemys scripta)

19



466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

(21]

(22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

(30]

Living in Ponds of Urban Parks, Vet. Sci. 4 (2017) 51. doi:10.3390/vetsci4040051.

F. Bertelloni, B. Turchi, E. Vattiata, P. Viola, S. Pardini, D. Cerri, F. Fratini, Serological survey on
Leptospira infection in slaughtered swine in North-Central Italy, Epidemiol. Infect. (2018) 1-6.
doi:10.1017/50950268818001358.

M. Chiari, B.M. Figarolli, S. Tagliabue, G.L. Alborali, M. Bertoletti, A. Papetti, M. D’Incau, M. Zanoni,
M.B. Boniotti, Seroprevalence and risk factors of leptospirosis in wild boars ( Sus scrofa ) in northern
Italy, Hystrix, Ital. J. Mammal. 27 (2016). doi:10.4404/hystrix-27.2-11682.

M. Vitale, S. Agnello, M. Chetta, B. Amato, G. Vitale, C.D. Bella, D. Vicari, V.D.M.L. Presti, Human
leptospirosis cases in Palermo Italy. The role of rodents and climate, J. Infect. Public Health. 11
(2018) 209-214. doi:10.1016/J.JIPH.2017.07.024.

F. Fratini, B. Turchi, V. V Ebani, F. Bertelloni, A. Galiero, D. Cerri, The presence of Leptospira in
coypus (Myocastor coypus) and rats (Rattus norvegicus) living in a protected wetland in Tuscany
(Italy), Vet. Arh. 85 (2015) 407-414.

L. Ciceroni, D. Lombardo, A. Pinto, S. Ciarrocchi, J. Simeoni, Prevalence of antibodies to Leptospira
serovars in sheep and goats in Alto Adige-South Tyrol., J. Vet. Med. B. Infect. Dis. Vet. Public Health.
47 (2000) 217-23.

G. Andre-Fontaine, Leptospirosis in domestic animals in France: serological results from 1988 to
2007, Rev. Sci. Tech. I'OIE. 35 (2016) 913-923. d0i:10.20506/rst.35.3.2579.

M. Picardeau, Diagnosis and epidemiology of leptospirosis, Médecine Mal. Infect. 43 (2013) 1-9.
doi:10.1016/j.medmal.2012.11.005.

W.A. Ellis, Control of canine leptospirosis in Europe: time for a change?, Vet. Rec. 167 (2010) 602—
605. doi:10.1136/vr.c4965.

F.C. Ayral, D.J. Bicout, H. Pereira, M. Artois, A. Kodjo, Distribution of Leptospira serogroups in cattle
herds and dogs in France., Am. J. Trop. Med. Hyg. 91 (2014) 756-9. doi:10.4269/ajtmh.13-0416.

L. Delooz, G. Czaplicki, F. Gregoire, F. Dal Pozzo, F. Pez, A. Kodjo, C. Saegerman, Serogroups and

genotypes of Leptospira spp. strains from bovine aborted foetuses, Transbound. Emerg. Dis. 65

20



492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(2018) 158-165. doi:10.1111/tbed.12643.

V. Geisen, C. Stengel, S. Brem, W. Miiller, C. Greene, K. Hartmann, Canine leptospirosis infections ?
clinical signs and outcome with different suspected Leptospira serogroups (42 cases), J. Small Anim.
Pract. 48 (2007) 324-328. d0i:10.1111/j.1748-5827.2007.00324 x.

C. Renaud, S. Andrews, Z. Djelouad;ji, S. Lecheval, N. Corrao-Revol, S. Buff, P. Demont, A. Kodjo,
Prevalence of the Leptospira serovars bratislava, grippotyphosa, mozdok and pomona in French
dogs, Vet. J. 196 (2013) 126-127. d0i:10.1016/j.tvjl.2012.10.002.

F. Treml, J. Pikula, H. Bandouchova, J. Horakova, European brown hare as a potential source of
zoonotic agents, Vet. Med. (Praha). 52 (2007) 451-456.

F. De Massis, A. Di Provvido, D. Di Sabatino, D. Di Francesco, K. Zilli, M. Ancora, M. Tittarelli, Isolation
of Brucella suis biovar 2 from a wild boar in the Abruzzo Region of Italy., Vet. Ital. 48 (2012) 397-
404, 387-95.

Z. Arent, C. Gilmore, S. Brem, W_.A. Ellis, Molecular studies on European equine isolates of Leptospira
interrogans serovars Bratislava and Muenchen., Infect. Genet. Evol. 34 (2015) 26-31.
doi:10.1016/j.meegid.2015.07.009.

Z. Arent, C. Frizzell, C. Gilmore, A. Allen, W.A. Ellis, Leptospira interrogans serovars Bratislava and
Muenchen animal infections: Implications for epidemiology and control, Vet. Microbiol. 190 (2016)
19-26. doi:10.1016/j.vetmic.2016.05.004.

J.J. Greenlee, D.P. Alt, C.A. Bolin, R.L. Zuerner, C.B. Andreasen, Experimental canine leptospirosis
caused by Leptospira interrogans serovars pomona and bratislava., Am. J. Vet. Res. 66 (2005) 1816—
22.

R.E. Goldstein, R.C. Lin, C.E. Langston, P. V Scrivani, H.N. Erb, S.C. Barr, Influence of infecting
serogroup on clinical features of leptospirosis in dogs., J. Vet. Intern. Med. 20 (2006) 489-94.
H.L.B.M. Klaasen, M. van der Veen, D. Sutton, M.J.C.H. Molkenboer, A new tetravalent canine
leptospirosis vaccine provides at least 12 months immunity against infection, Vet. Immunol.

Immunopathol. 158 (2014) 26—29. doi:10.1016/j.vetimm.2013.08.002.

21



518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

[40]

[41]

[42]

(43]

[44]

(45]

[46]

[47]

A. Mayer-Scholl, E. Luge, A. Draeger, K. Nockler, B. Kohn, Distribution of Leptospira Serogroups in
Dogs from Berlin, Germany, Vector-Borne Zoonotic Dis. 13 (2013) 200-202.
doi:10.1089/vbz.2012.1121.

S. Boqvist, H.T.V. Thu, I. Vagsholm, U. Magnusson, The impact of Leptospira seropositivity on
reproductive performance in sows in southern Viet Nam., Theriogenology. 58 (2002) 1327-35.

K. Strutzberg-Minder, A. Tschentscher, M. Beyerbach, M. Homuth, L. Kreienbrock, Passive
surveillance of Leptospira infection in swine in Germany, Porc. Heal. Manag. 4 (2018) 10.
doi:10.1186/s40813-018-0086-5.

A.A.C. Jacobs, F. Harks, M. Hoeijmakers, M. Collell, R.P.A.M. Segers, Safety and efficacy of a new
octavalent combined Erysipelas, Parvo and Leptospira vaccine in gilts against Leptospira interrogans
serovar Pomona associated disease and foetal death, Vaccine. 33 (2015) 3963—3969.
doi:10.1016/J.VACCINE.2015.06.048.

R.B. Sonada, S.S. de Azevedo, F.R.M. Soto, D.F. da Costa, Z.M. de Morais, G.O. de Souza, A.P.
Gongales, F. Miraglia, S.A. Vasconcellos, Efficacy of leptospiral commercial vaccines on the
protection against an autochtonous strain recovered in Brazil, Brazilian J. Microbiol. 49 (2018) 347—-
350. d0i:10.1016/J.BJM.2017.06.008.

L.Z. Moreno, F. Miraglia, F.S. Kremer, M.R. Eslabao, O.A. Dellagostin, W. Lilenbaum, J.C. Freitas, S.A.
Vasconcellos, M.B. Heinemann, A.M. Moreno, Comparative genomics of pathogenic Leptospira
interrogans serovar Canicola isolated from swine and human in Brazil, Mem. Inst. Oswaldo Cruz. 113
(2018) 126-129. doi:10.1590/0074-02760170119.

P. Vijayachari, A.P. Sugunan, A.N. Shriram, Leptospirosis: an emerging global public health problem.,
J. Biosci. 33 (2008) 557-69.

F. Miraglia, Z.M. de Morais, O.A. Dellagostin, F.K. Seixas, J.C. Freitas, F.G.S. Zacarias, A.C. Delbem,
T.S.P. Ferreira, G.O. Souza, R.A. Hartskeerl, S.A. Vasconcellos, A.M. Moreno, Molecular and
serological characterization of Leptospira interrogans serovar Canicola isolated from dogs, swine,

and bovine in Brazil, Trop. Anim. Health Prod. 45 (2012) 117-121. doi:10.1007/s11250-012-0181-6.

22



544 [48] A.Verma, B. Stevenson, B. Adler, Leptospirosis in horses, Vet. Microbiol. 167 (2013) 61-66.

545 doi:10.1016/J.VETMIC.2013.04.012.

546 [49] R. Farina, D. Cerri, G. Renzoni, E. Andreani, P. Mani, V. Ebani, A. Pedrini, R. Nuvoloni, Leptospira
547 interrogans in the genital tract of sheep. Research on ewes and rams experimentally infected with
548 serovar hardjo (hardjobovis)., New Microbiol. 19 (1996) 235-42.

549 [50] W. Lilenbaum, R. Varges, P. Ristow, A. Cortez, S.0. Souza, L.J. Richtzenhain, S.A. Vasconcellos,

550 Identification of Leptospira spp. carriers among seroreactive goats and sheep by polymerase chain
551 reaction, Res. Vet. Sci. 87 (2009) 16—19. doi:10.1016/j.rvsc.2008.12.014.

552 [51] W. Lilenbaum, R. Varges, F.Z. Brandao, A. Cortez, S.O. de Souza, P.E. Brandao, L.J. Richtzenhain, S.A.

553 Vasconcellos, Detection of Leptospira spp. in semen and vaginal fluids of goats and sheep by
554 polymerase chain reaction, Theriogenology. 69 (2008) 837-842.
555 doi:10.1016/j.theriogenology.2007.10.027.

556 [52] G. Martins, B. Penna, C. Hamond, R.C.-K. Leite, A. Silva, A. Ferreira, F. Brandao, F. Oliveira, W.

557 Lilenbaum, Leptospirosis as the most frequent infectious disease impairing productivity in small
558 ruminants in Rio de Janeiro, Brazil, Trop. Anim. Health Prod. 44 (2012) 773-777.
559 do0i:10.1007/s11250-011-9964-4.

560 [53] L.Leon-Vizcaino, M.H. de Mendoza, F. Garrido, Incidence of abortions caused by leptospirosis in
561 sheep and goats in Spain, Comp. Immunol. Microbiol. Infect. Dis. 10 (1987) 149-153.

562 doi:10.1016/0147-9571(87)90009-9.

563 [54] P. Cortizo, A.P. Loureiro, G. Martins, P.R. do Rodrigues, B.P. Faria, W. Lilenbaum, B.B. Deminicis, Risk
564 factors to incidental leptospirosis and its role on the reproduction of ewes and goats of Espirito

565 Santo state, Brazil, Trop. Anim. Health Prod. 47 (2015) 231-235. d0i:10.1007/s11250-014-0684-4.

566 [55] H.Moraes Pereira, H. Pereira Santos, R. Rodrigues Soares, F. Alberto Moraes Viana Junior, T. Bastos

567 Rocha, D. Moraes Soares, C. Arrivabene Cavalcante, Leptospira spp. in sheep of the state of
568 Maranhao, Brazil: frequency, risk factors and foci mapping, Acta Vet. Bras. 12 (2018) 29-34.
569 doi:10.21708/avb.2018.12.1.7505.

23



570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

(65]

R.A. Hartskeerl, W.J. Terpstra, Leptospirosis in wild animals., Vet. Q. 18 (1996) S149-150.

S. Fischer, A. Mayer-Scholl, C. Imholt, N.G. Spierling, E. Heuser, S. Schmidt, D. Reil, U.M. Rosenfeld, J.
Jacob, K. Nockler, R.G. Ulrich, Leptospira Genomospecies and Sequence Type Prevalence in Small
Mammal Populations in Germany, Vector-Borne Zoonotic Dis. 18 (2018) 188—199.
doi:10.1089/vbz.2017.2140.

J. Zmudzki, Z. Arent, A. Jabtonski, A. Nowak, S. Zebek, A. Stolarek, t. Bocian, A. Brzana, Z. Pejsak,
Seroprevalence of 12 serovars of pathogenic Leptospira in red foxes (Vulpes vulpes) in Poland., Acta
Vet. Scand. 60 (2018) 34. doi:10.1186/s13028-018-0388-2.

L. de S. Seixas, C.B. de Melo, R.C. Leite, E.C. Moreira, C.M. McManus, M.B. de Castro, Anti-Leptospira
sp. agglutinins in ewes in the Federal District, Brazil, Trop. Anim. Health Prod. 43 (2011) 9-11.
doi:10.1007/s11250-010-9677-0.

G. Martins, W. Lilenbaum, G. Martins, : W Lilenbaum, Leptospirosis in sheep and goats under
tropical conditions, Trop Anim Heal. Prod. 46 (2014) 11-17. doi:10.1007/s11250-013-0480-6.

J.P. dos Santos, A.M.C. Lima-Ribeiro, P.R. Oliveira, M.P. dos Santos, A.F. Junior, A.A. Medeiros, T.C.F.
Tavares, Seroprevalence and risk factors for Leptospirosis in goats in Uberlandia, Minas Gerais,
Brazil, Trop. Anim. Health Prod. 44 (2012) 101-106. doi:10.1007/s11250-011-9894-1.

S. Montagnaro, S. Sasso, L. De Martino, M. Longo, V. lovane, G. Ghiurmino, G. Pisanelli, D. Nava, L.
Baldi, U. Pagnini, Prevalence of Antibodies to Selected Viral and Bacterial Pathogens in Wild Boar
(Sus scrofa) in Campania Region, Italy, J. Wildl. Dis. 46 (2010) 316—319. doi:10.7589/0090-3558-
46.1.316.

G. Vengust, R. Lindtner-Knific, D. Zele, A. Bidovec, Leptospira antibodies in wild boars (Sus scrofa) in
Slovenia, Eur. J. Wildl. Res. 54 (2008) 749—-752. doi:10.1007/5s10344-008-0178-7.

A. Slavica, Z. Cvetni¢, D. Konjevi¢, Z. Janicki, K. Severin, D. Dezdek, V. StareSina, M. Sindici¢, J. Anti¢,
Detection of Leptospira spp. serovars in wild boars (Sus scrofa) from continental Croatia, Vet. Arh.
80 (2010) 247-257.

H.M. Vale-Gongalves, J.A. Cabral, M.C. Faria, M. Nunes-Pereira, A.S. Faria, O. Veloso, M.L. Vieira,

24



596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

(66]

(67]

(68]

(69]

[70]

[71]

[72]

M.N. Paiva-Cardoso, Prevalence of Leptospira antibodies in wild boars (Sus scrofa) from Northern
Portugal: risk factor analysis, Epidemiol. Infect. 143 (2015) 2126—2130.
doi:10.1017/50950268814003331.

J. Zmudzki, A. Jabtoriski, A. Nowak, S. Zebek, Z. Arent, t. Bocian, Z. Pejsak, First overall report of
Leptospira infections in wild boars in Poland., Acta Vet. Scand. 58 (2016) 3. doi:10.1186/s13028-016-
0186-7.

S. Boqvist, K. Bergstrom, U. Magnusson, Prevalence of Antibody to Six Leptospira Servovars in
Swedish Wild Boars, J. Wildl. Dis. 48 (2012) 492-496. doi:10.7589/0090-3558-48.2.492.

R. Winkelmayer, M. Vodnansky, P. Paulsen, A. Gansterer, F. Treml, Explorative study on the
seroprevalence of Brucella-, Francisella-and Leptospira antibodies in the European hare (Lepus
europaeus Pallas) of the Austrian -Czech border region, Wien. Tierarztl. Monatsschr. 92 (2005) 131-
135.

J. Milldn, M.G. Candela, J.V. Lépez-Bao, M. Pereira, M.A. Jiménez, L. Ledn-Vizcaino, Leptospirosis in
Wild and Domestic Carnivores in Natural Areas in Andalusia, Spain, Vector-Borne Zoonotic Dis. 9
(2009) 549-554. d0i:10.1089/vbz.2008.0081.

F. Aviat, B. Blanchard, V. Michel, B. Blanchet, C. Branger, J. Hars, F. Mansotte, L. Brasme, C. De
Champs, P. Bolut, P. Mondot, J. Faliu, S. Rochereau, A. Kodjo, G. Andre-Fontaine, Leptospira
exposure in the human environment in France: A survey in feral rodents and in fresh water, Comp.
Immunol. Microbiol. Infect. Dis. 32 (2009) 463—476. doi:10.1016/J.CIMID.2008.05.004.

V. Michel, N. Ruvoen-Clouet, A. Menard, C. Sonrier, C. Fillonneau, F. Rakotovao, J.P. Ganiére, G.
André-Fontaine, Role of the coypu (Myocastor coypus) in the epidemiology of leptospirosis in
domestic animals and humans in France, Eur. J. Epidemiol. 17 (2001) 111-121.
doi:10.1023/A:1017931607318.

E. Bollo, P. Pregel, S. Gennero, E. Pizzoni, S. Rosati, P. Nebbia, B. Biolatti, Health status of a
population of nutria (Myocastor coypus) living in a protected area in Italy, Res. Vet. Sci. 75 (2003)

21-25. d0i:10.1016/S0034-5288(03)00035-3.

25



622

623

624

625

626

627

628

629

630

631

632

633

634

(73]

[74]

[75]

[76]

J.M. San-Miguel Ayanz, F.J. Garcia-Pefia, P. Garcia-Lunar, L.M. Ortega-Mora, M.J. Ruano, G. Alvarez-
Garcia, E. Collantes-Fernandez, Seroprevalence of Leptospirosis, Brucellosis, and Q Fever in a Wild
Red Deer ( Cervus elaphus ) Population Kept in a Fenced Reserve in Absence of Contact with
Livestock, Vector-Borne Zoonotic Dis. 17 (2017) 692—-697. doi:10.1089/vbz.2016.2105.

V. Cuteri, S. Diverio, P. Carnieletto, C. Turilli, C. Valente, Serological survey for antibodies against
selected infectious agents among fallow deer (Dama dama) in central Italy., Zentralbl. Veterinarmed.
B. 46 (1999) 545-9.

European Centre for Disease Prevention and Control, Annual Epidemiological Report 2015. Food
and Waterborne Diseases and Zoonoses, 2015.

European Centre for Disease Prevention and Control, Annual Epidemiological Report 2014. Food and

waterborne diseases and zoonos, 2014.

26



635

636

637
638

639

Figure

Figure 1: Percentage of positive sera detected for L. interrogans and for each Leptospira serovars year by
year.

Note: Ic: Icterohaemorrhagiae; Ca: Canicola; Po: Pomona; Tar: Tarassovi; Gri: Grippotyphosa; Br: Bratislava; Ba: Ballum; Har: Har
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Table 1

Table 1: Number of positive sera to Leptospira at low (> 1:100) and high titers (= 1:400).

Titer

Species Examined | 21:100 % 21:400 %

Bovine 1328 173 13.03 42 3.16
Dog 1144 99 8.65 27 2.36
Goat 327 9 2.75 6 1.83
Horse 242 7 2.89 0 0.00
Wild boar | 479 41 8.56 13 2.71
Hare 162 3 1.85 0 0.00
Coypus 70 16 22.86 4 5.71
Sheep 2682 84 3.13 38 1.42
Swine 1332 263 19.74 84 6.31
Fox 94 4 3.04 1 0.91
Human 329 10 4.26 3 1.06
Total 8488 709 8.35 218 2.57




Table 2

Table 2: Numbers of positive serological reactions detected for the different Leptospira serovars at low (>
1:100) and high titers (= 1:400) in relation to animal species.

Serovar
Animal species Titer Ic Ca Po Gri Tar Br Har Ba Total Positive to more
serovars
Bovine 2100 21 4 55 48 3 94 4 232 44*
2400 4 1 3 5 1 1 30 2 47 3*
Dog 2100 58 14 16 4 1 48 0 0 141 33%*
2400 16 1 2 0 1 19 0 0 39 11*
Goat 2100 9 0 0 0 0 0 0 0
2400 6 0 0 0 0 0 0
Horse 2100 3 0 1 0 0 1 0 7
2400 0 0 0 0 0 0 0 0
Wild boar 2100 3 1 4 1 18 12 14 1 54 11*
2400 1 0 1 0 3 1 7 1 14
Hare 2100 0 0 0 0 0 1 0 2 3 0
2400 0 0 0 0 0 0 0 0 0 0
Coypus 2100 1 0 0 14 0 8 0 0 23 7*
2400 0 0 0 2 0 3 0 0 5 3
Sheep 2100 20 1 30 20 8 14 19 5 117 21%*
2400 2 0 17 6 3 1 12 1 42 3*
Swine 2100 2 6 160 0 2 131 1 0 302 40*
2400 0 0 45 0 1 41 0 0 87
Fox 2100 1 0 0 0 3 0 0 0
2400 0 0 0 0 1 0 0 0
Human 2100 7 2 2 0 2 0 1 15 2%
2400 2 0 0 1 0 0 0 0 3 0
Total 2100 125 28 267 89 32 224 129 13 907 158
2400 31 2 68 14 9 67 49 4 244 24*

Note: Ic: Icterohaemorrhagiae; Ca: Canicola; Po: Pomona; Tar: Tarassovi; Gri: Grippotyphosa; Br: Bratislava; Ba: Ballum; Har: Hardjo;

*Some sera resulted positive to more than 2 different serovars



Table S1

Supplementary material

Bertelloni et al., Epidemiology of Leptospirosis in North-Central Italy: fifteen years of serological data (2002-
2016)

Table S1: Distribution of positive sera at titer > 1:100 and 21:400 in relation to animal species, Leptospira
serovars and year of detection

Animal Year Total
species | serovars | Titer | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Bovine Ic 2100 0 0 0 0 0 0 0 0 3 0 0 0 18 0 0 21
2400 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 4
Ca 2100 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 4
2400 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
Po 2100 0 0 0 0 0 4 0 2 0 0 0 0 4 0 45 55
2400 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 2
Tar 2100 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 3
2400 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
Gr 2100 1 0 0 0 0 0 0 0 0 0 0 0 13 0 34 48
> 400 0 0 0 0 0 0 0 0 0 0 0 0 3 0 2 5
Br 2100 2 0 0 0 0 1 1 1 1 1 1 1 0 1 0 10
2400 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 7
Ba 2100 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 4
2400 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 2
Har 2100 0 0 0 0 0 0 0 2 0 0 0 0 4 88 0 94
2400 0 0 0 0 0 0 0 0 0 0 0 0 2 27 0 29
Dog Ic 2100 | 10 8 6 0 0 2 1 1 1 1 1 12 8 3 4 58
> 400 5 1 5 0 0 0 0 1 0 0 0 2 0 2 0 16
Ca 2100 1 1 0 0 0 0 0 0 0 0 0 3 1 2 5 13
> 400 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
Po 2100 0 0 0 0 0 1 0 0 0 0 0 1 0 4 10 16
> 400 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2
Tar 2100 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
> 400 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
Gr 2100 0 0 0 0 0 0 0 0 0 0 0 2 1 1 0 4
> 400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Br 2100 6 9 6 2 2 1 0 1 2 0 1 6 3 4 4 47
> 400 2 1 5 1 1 1 0 01 0 0 0 2 0 4 0 18
Ba 2100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Har >100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Goat Ic 2100 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 9
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2400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ba 2100 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
2400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Har 2100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Ic 2100 14 11 6 1 0 2 1 1 4 10 1 13 43 12 6 125
2400 5 3 5 0 0 0 0 1 0 6 0 2 6 2 1 31
Ca 2100 2 1 0 1 0 0 0 0 0 0 0 3 7 9 5 28
2400 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 2
Po 2100 0 1 0 0 0 6 0 2 0 0 0 1 9 103 145 267
2400 0 0 0 0 0 0 0 1 0 0 0 0 0 34 33 68
Tar 2100 0 0 0 0 0 0 0 0 0 0 0 0 20 11 1 32
2400 0 0 0 0 0 0 0 0 0 0 0 0 6 3 0 9
Gr 2100 3 17 0 0 0 0 0 0 0 0 0 2 18 15 34 89
2400 1 2 0 0 0 0 0 0 0 0 0 0 3 6 2 14
Br 2100 12 17 10 2 2 2 0 1 2 0 1 6 17 111 41 224
2400 3 3 6 1 1 1 0 1 0 0 0 2 1 43 5 67
Ba 2100 2 0 0 0 0 0 0 0 0 0 0 0 9 1 1 13
2400 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 4
Har 2100 1 0 0 0 0 0 0 2 0 0 0 0 18 100 8 129
2400 0 0 0 0 0 0 0 0 0 0 0 0 6 38 5 49

Note: Ic: Icterohaemorrhagiae; Ca: Canicola; Po: Pomona; Tar: Tarassovi; Gri: Grippotyphosa; Br: Bratislava; Ba: Ballum; Har: Hardjo
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