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Abstract: Leptospirosis is a worldwide-distributed, re-emerging zoonosis due to the large variety
of wild and domestic animal species that can play the role of natural or accidental host. Currently,
specific animal species play an important role as the reservoir for particular Leptospira serovars,
although recent investigations have highlighted new host–pathogen interactions involved in Leptospira
epidemiology. Furthermore, the constant modification of ecosystems and wildlife habitats and the
constantly increasing number of animal species moving towards urban or peri-urban areas are
increasing the possibility of direct or indirect contacts between wildlife and domestic animals;
furthermore, the constant modification of animal leptospirosis also causes problems for human health.
The studies published in this Special Issue have evidenced and confirmed the hidden role of a large
variety of animal species, domestic and wild, in the leptospirosis epidemiology. They highlighted the
necessity for continuous monitoring and large-scale surveillance studies to better understand this
neglected and re-emerging zoonosis.
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Introduction

Leptospira spp. is a Gram-negative bacterium belonging to Spirochetales order. Leptospira species,
with more than 260 antigenically distinct serovars, have been grouped into pathogenic, intermediate,
and saprophytic, with different levels of pathogenicity for animals and humans [1]. Pathogenic species of
Leptospira are causes of leptospirosis, a re-emerging and widespread zoonosis. Moreover, intermediate
Leptospira may be potentially pathogens and are responsible for mild infection, while saprophytic ones
are spread in the environment and they are nonpathogenic [2,3].

Leptospirosis occurs in tropical, subtropical, and temperate zones, representing a public health
problem due to its involving of humans, domestic and wild animals, which can be maintenance or
accidental hosts [4,5]. Maintenance hosts are asymptomatic renal carriers, that contribute to maintaining
and sharing the infection-shedding Leptospira with urine in the environment. Accidental contact with
Leptospira-infected urine represents the first cause of infection, that could produce clinical disease [1].
So, the Leptospira epidemiology is closely related to the maintenance host species, generally linked to a
specific Leptospira serovar; usually Icterohaemorrhagiae and Ballum serogroups are associated with
rodents [6–9], Pomona and Tarassovi serogroups with pigs and wild boar [10–13], Bratislava serogroup
with horses [14,15] and Sejroe serogroup with bovines and ovine [16,17].

To better understand the epidemiology of the Leptospira infection in wild and domestic animals,
this Special Issue aims to bring together research studies related to investigating the role of these
animals in leptospirosis epidemiology, as well as new prospective for treatment and prevention.
The seven studies published in this Special Issue highlighted a wide-spectrum of Leptospira hosts
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in relation to different geographic areas and they emphasized new host−pathogen interactions in
common and uncommon animal species.

Bertasio et al. performed a Leptospira investigation on 131,660 pigs sampled from 2002 to 2017
from 4715 farms in Northern Italy. A serological positivity rate of 13.05% was determined through
Microscopic Agglutination Test (MAT). Australis was the most frequently identified serogroup (77.29%),
followed by Pomona (18.47%), Tarassovi (1.51%) and Icterohaemorrhagiae (1.40%). Moreover, culture
isolation and RealTime PCR were performed on 347 kidneys and 470 clinical samples, respectively.
Using a Multi-Locus sequence typing (MLST) and Variable-Number Tandem Repeat (VNTR) analysis,
43 samples produced identical profiles but, after 2014, three new Leptospira interrogans serogroup
Pomona genotypes were observed. Moreover, two isolates showed new MLST profiles and an
unclassified identification by monoclonal antibodies [18].

Balboni and colleagues characterized Leptospira isolated in dogs with confirmed symptomatic
acute leptospirosis. Leptospira spp. DNA were detected in urine, blood, or both in samples from nine
infected dogs; obtained isolates were analyzed using the MLST technique. The isolates from two dogs
were successfully typed: one belonging to Sequence Type (ST) 17 and one to ST198, Leptospira interrogans
serogroups Icterohaemorrhagiae and Australis, respectively. The study provided the first molecular
analysis aimed at identifying infectious Leptospira directly on DNA from biological samples of dogs.
The authors showed that serogroup Australis could lead to a severe clinical presentation of leptospirosis
in dogs [19].

Cilia et al. carried out an investigation aimed at evaluating the prevalence of Leptospira with
serological, bacteriological, and molecular assays in wild boar (Sus scrofa) hunted in Tuscany (Italy)
during two hunting seasons. In total, 287 specimens of sera, kidneys, and liver were collected to
perform MAT, isolation, and RealTime PCR to detect pathogenic (lipL32 gene), intermediate (16S rRNA
gene), and saprophytic (23S rRNA gene) Leptospira. Within the sera, 39 (13.59%) were positive to
MAT, and Australis was the most represented serogroup (4.88%), followed by Pomona (4.18%), and
Tarassovi (3.14%). Moreover, four Leptospira cultures were positive and isolates were subjected to MLST
analysis; one of them was identified as L. borgpetersenii serovar Tarassovi, and three as L. interrogans
serovar Bratislava. Pathogenic Leptospira DNA were detected in 32 wild boar kidneys (11.15%).
The characterization through the amplification of the rrs2 gene highlighted they were positive for
L. interrogans (23 kidneys), L. borgpetersenii (4 kidneys), and L. kirschneri (1 kidney), while nine kidneys
(3.14%) were positive for intermediate Leptospira, all belonging to L. fainei [20].

Gregoire et al. investigated bovine leptospirosis. During July 2014, an emerging phenomenon
of increased incidence of icteric abortions associated with leptospiral infection occurred in southern
Belgium. First-line serological analyses targeting cattle-adapted serovars failed at initial diagnosis.
This study provided a comprehensive description of laboratory findings—at the level of necropsy,
serology and molecular diagnosis—regarding icteric and non-icteric abortions (n = 116) recorded
during this time (years 2014–2015) and associated with incidental infection by serovars such as
Grippotyphosa, Australis and Icterohaemorrhagiae. Based on these tests, a diagnostic pathway is
proposed for these types of infection in cattle to establish an affordable but accurate diagnosis in
the future. The investigations add insight into the understanding of the pathogenesis of bovine
leptospirosis associated with serovars classically described as no maintenance host [21].

Rajeev and colleagues investigated the potential asymptomatic Leptospira carrier status among
African green monkeys (Chlorocebus sabeus) on the Caribbean island of Saint Kitts. Moreover, the authors
analyzed if any renal pathology could be associated with Leptospira exposure. Of the African green
monkeys tested, 48% were positive for Leptospira antibodies by the microscopic agglutination test.
Leptospira DNA was detected in 4% of kidney samples tested, using a lipl32 gene-based PCR. Microscopic
renal lesions, from minimal to severe, were evidenced in 85% of the African green monkey kidneys.
Most of the African green monkeys (n = 26) had only minimal to mild interstitial nephritis and a few
(n = 3) had moderate to severe lesions. The presence of interstitial nephritis was not significantly
associated with Leptospira exposure [22].
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Bertasio and colleagues detected and genotyped Leptospira isolated from symptomatic dogs
in northeast Italy between 2013 and 2019. In total, 1631 dogs were tested using RealTime PCR,
and the isolates from 193 dogs were subjected to MLST and a VNTR analysis. The bacteria were
successfully isolated from 15 symptomatic dogs. Six distinct STs were found for 135 isolates, with 3 STs
characterizing Leptospira interrogans (ST17, ST198 and ST24), 2 STs characterizing Leptospira kirschneri
(ST117 and ST289) and 1 ST characterizing Leptospira borgpetersenii (ST155), revealing the circulation
of the serogroups Icterohaemorrhagiae, Australis, Sejroe and Pomona. The genomic analysis of 17
samples did not result in any additional discrimination. Genotypes were compared with those of
strains present in the historical internal database, and possible transmission chains were identified
from rat, mouse, hedgehog, and pig. The work highlights the importance of molecular methods in
revealing and identifying circulating Leptospira strains, and it also encourages the evaluation of the
ability of commercially available vaccines to reduce the disease burden among dogs [23].

Zakharova et al. assessed the potential risk expositing to the infection as a function of
environmental determinants in the Republic of Sakha (Yakutia), Russian Federation. The authors
applied environmental niche modeling using leptospirosis cases in livestock and wild animals in the
period from 1995 to 2019 with regard to a set of landscape, climatic, and socioeconomic variables,
both for the current climate and for the projected climate for 2041–2060. The MaxEnt model performed
well (AUC = 0.930), with the mean temperature of the warmest quarter, mean diurnal range, land cover
type, and altitude being the most contributing variables. Consequent zoning based on the proportion of
high-risk cells within each administrative unit suggested that five out of the 36 districts of the Republic
are at high risk in the current climate conditions, with three more districts expected to demonstrate a
high risk by 2060. The study presents the first ever attempt at leptospirosis ecological modeling in
Russia. Its results correspond well to the findings of other authors and underline the importance of
considering ecological factors when conducting a leptospirosis risk assessment [24].

Author Contributions: G.C., F.B. and F.F. conceptualized, wrote, and reviewed the manuscript. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: Authors are grateful to all authors and reviewers that participated in this Special Issue.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Adler, B.; de la Peña Moctezuma, A. Leptospira and leptospirosis. Vet. Microbiol. 2010, 140, 287–296.
[CrossRef]

2. Vincent, A.T.; Schiettekatte, O.; Goarant, C.; Neela, V.K.; Bernet, E.; Thibeaux, R.; Ismail, N.; Mohd
Khalid, M.K.N.; Amran, F.; Masuzawa, T.; et al. Revisiting the taxonomy and evolution of pathogenicity of
the genus Leptospira through the prism of genomics. PLoS Negl. Trop. Dis. 2019, 13, e0007270. [CrossRef]

3. Guglielmini, J.; Bourhy, P.; Schiettekatte, O.; Zinini, F.; Brisse, S.; Picardeau, M. Genus-wide Leptospira core
genome multilocus sequence typing for strain taxonomy and global surveillance. PLoS Negl. Trop. Dis. 2019,
13, e0007374. [CrossRef]

4. Bertelloni, F.; Cilia, G.; Turchi, B.; Pinzauti, P.; Cerri, D.; Fratini, F. Epidemiology of leptospirosis in
North-Central Italy: Fifteen years of serological data (2002–2016). Comp. Immunol. Microbiol. Infect. Dis.
2019, 65, 14–22. [CrossRef]

5. Picardeau, M. Virulence of the zoonotic agent of leptospirosis: Still terra incognita? Nat. Rev. Microbiol. 2017,
15, 297–307. [CrossRef] [PubMed]

6. Blasdell, K.R.; Morand, S.; Perera, D.; Firth, C. Association of rodent-borne Leptospira spp. with urban
environments in Malaysian Borneo. PLoS Negl. Trop. Dis. 2019, 13, e0007141. [CrossRef] [PubMed]

7. Mori, M.; Bourhy, P.; Le Guyader, M.; Van Esbroeck, M.; Djelouadji, Z.; Septfons, A.; Kodjo, A.; Picardeau, M.
Pet rodents as possible risk for leptospirosis, Belgium and France, 2009 to 2016. Eurosurveillance 2017, 22.
[CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.vetmic.2009.03.012
http://dx.doi.org/10.1371/journal.pntd.0007270
http://dx.doi.org/10.1371/journal.pntd.0007374
http://dx.doi.org/10.1016/j.cimid.2019.04.001
http://dx.doi.org/10.1038/nrmicro.2017.5
http://www.ncbi.nlm.nih.gov/pubmed/28260786
http://dx.doi.org/10.1371/journal.pntd.0007141
http://www.ncbi.nlm.nih.gov/pubmed/30811387
http://dx.doi.org/10.2807/1560-7917.ES.2017.22.43.16-00792
http://www.ncbi.nlm.nih.gov/pubmed/29090679


Pathogens 2020, 9, 573 4 of 4

8. Coppola, F.; Cilia, G.; Bertelloni, F.; Casini, L.; D’Addio, E.; Fratini, F.; Cerri, D.; Felicioli, A. Crested porcupine
(Hystrix cristata L.): A new potential host for pathogenic Leptospira among semi-fossorial mammals. Comp.
Immunol. Microbiol. Infect. Dis. 2020, 70, 101472. [CrossRef] [PubMed]

9. Cilia, G.; Bertelloni, F.; Coppola, F.; Turchi, B.; Biliotti, C.; Poli, A.; Parisi, F.; Felicioli, A.; Cerri, D.; Fratini, F.
Isolation of Leptospira serovar Pomona from a crested porcupine (Hystrix cristata, L., 1758). Vet. Med. Sci.
2020. [CrossRef] [PubMed]

10. Bertelloni, F.; Mazzei, M.; Cilia, G.; Forzan, M.; Felicioli, A.; Sagona, S.; Bandecchi, P.; Turchi, B.; Cerri, D.;
Fratini, F. Serological Survey on Bacterial and Viral Pathogens in Wild Boars Hunted in Tuscany. Ecohealth
2020, 17, 85–93. [CrossRef] [PubMed]

11. Cilia, G.; Bertelloni, F.; Mignone, W.; Spina, S.; Berio, E.; Razzuoli, E.; Vencia, W.; Franco, V.; Cecchi, F.;
Bogi, S.; et al. Molecular detection of Leptospira spp. in wild boar (Sus scrofa) hunted in Liguria region
(Italy). Comp. Immunol. Microbiol. Infect. Dis. 2020, 68, 101410. [CrossRef]

12. Vale-Goncalves, H.M.; Cabral, J.A.; Faria, M.C.; Nunes-Pereira, M.; Faria, A.S.; Veloso, O.; Vieira, M.L.;
Paiva-Cardoso, M.N. Prevalence of Leptospira antibodies in wild boars (Sus scrofa) from Northern Portugal:
Risk factor analysis. Epidemiol. Infect. 2015, 143, 2126–2130. [CrossRef] [PubMed]

13. Boqvist, S.; Bergström, K.; Magnusson, U. Prevalence of Antibody to Six Leptospira Servovars in Swedish
Wild Boars. J. Wildl. Dis. 2012, 48, 492–496. [CrossRef] [PubMed]

14. Arent, Z.; Frizzell, C.; Gilmore, C.; Allen, A.; Ellis, W.A. Leptospira interrogans serovars Bratislava and
Muenchen animal infections: Implications for epidemiology and control. Vet. Microbiol. 2016, 190, 19–26.
[CrossRef]

15. Rocha, T.; Ellis, W.A.; Montgomery, J.; Gilmore, C.; Regalla, J.; Brem, S. Microbiological and serological study
of leptospirosis in horses at slaughter: First isolations. Res. Vet. Sci. 2004, 76, 199–202. [CrossRef] [PubMed]

16. Farina, R.; Cerri, D.; Renzoni, G.; Andreani, E.; Mani, P.; Ebani, V.; Pedrini, A.; Nuvoloni, R. Leptospira
interrogans in the genital tract of sheep. Research on ewes and rams experimentally infected with serovar
hardjo (hardjobovis). New Microbiol. 1996, 19, 235–242. [PubMed]

17. Cerri, D.; Ebani, V.V.; Fratini, F.; Pinzauti, P.; Andreani, E. Epidemiology of leptospirosis: Observations on
serological data obtained by a “diagnostic laboratory for leptospirosis” from 1995 to 2001. New Microbiol.
2003, 26, 383–389.

18. Bertasio, C.; Papetti, A.; Scaltriti, E.; Tagliabue, S.; D’Incau, M.; Boniotti, M.B. Serological Survey and Molecular
Typing Reveal New Leptospira Serogroup Pomona Strains among Pigs of Northern Italy. Pathogens 2020, 9,
332. [CrossRef]

19. Balboni, A.; Zamagni, S.; Bertasio, C.; Boniotti, M.B.; Troìa, R.; Battilani, M.; Dondi, F. Identification of
Serogroups Australis and Icterohaemorrhagiae in Two Dogs with a Severe Form of Acute Leptospirosis in
Italy. Pathogens 2020, 9, 351. [CrossRef]

20. Cilia, G.; Bertelloni, F.; Angelini, M.; Cerri, D.; Fratini, F. Leptospira Survey in Wild Boar (Sus scrofa) Hunted
in Tuscany, Central Italy. Pathogens 2020, 9, 377. [CrossRef]

21. Grégoire, F.; Bakinahe, R.; Petitjean, T.; Boarbi, S.; Delooz, L.; Fretin, D.; Saulmont, M.; Mori, M. Laboratory
Diagnosis of Bovine Abortions Caused by Non-Maintenance Pathogenic Leptospira spp.: Necropsy, Serology
and Molecular Study Out of a Belgian Experience. Pathogens 2020, 9, 413. [CrossRef] [PubMed]

22. Rajeev, S.; Bolfa, P.; Shiokawa, K.; Beierschmitt, A.; Palmour, R. Leptospira Infection in African Green
Monkeys in an Endemic Area: An Opportunity for Comparative Studies in a Natural Environment. Pathogens
2020, 9, 474. [CrossRef] [PubMed]

23. Bertasio, C.; Boniotti, M.B.; Lucchese, L.; Ceglie, L.; Bellinati, L.; Mazzucato, M.; Furlanello, T.; D’Incau, M.;
Natale, A. Detection of New Leptospira Genotypes Infecting Symptomatic Dogs: Is a New Vaccine
Formulation Needed? Pathogens 2020, 9, 484. [CrossRef] [PubMed]

24. Zakharova, O.I.; Korennoy, F.I.; Toropova, N.N.; Burova, O.A.; Blokhin, A.A. Environmental Risk of
Leptospirosis in Animals: The Case of the Republic of Sakha (Yakutia), Russian Federation. Pathogens 2020,
9, 504. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.cimid.2020.101472
http://www.ncbi.nlm.nih.gov/pubmed/32208192
http://dx.doi.org/10.1002/vms3.308
http://www.ncbi.nlm.nih.gov/pubmed/32558332
http://dx.doi.org/10.1007/s10393-020-01475-y
http://www.ncbi.nlm.nih.gov/pubmed/32034585
http://dx.doi.org/10.1016/j.cimid.2019.101410
http://dx.doi.org/10.1017/S0950268814003331
http://www.ncbi.nlm.nih.gov/pubmed/25519057
http://dx.doi.org/10.7589/0090-3558-48.2.492
http://www.ncbi.nlm.nih.gov/pubmed/22493129
http://dx.doi.org/10.1016/j.vetmic.2016.05.004
http://dx.doi.org/10.1016/j.rvsc.2003.12.003
http://www.ncbi.nlm.nih.gov/pubmed/15046953
http://www.ncbi.nlm.nih.gov/pubmed/8841039
http://dx.doi.org/10.3390/pathogens9050332
http://dx.doi.org/10.3390/pathogens9050351
http://dx.doi.org/10.3390/pathogens9050377
http://dx.doi.org/10.3390/pathogens9060413
http://www.ncbi.nlm.nih.gov/pubmed/32466444
http://dx.doi.org/10.3390/pathogens9060474
http://www.ncbi.nlm.nih.gov/pubmed/32560055
http://dx.doi.org/10.3390/pathogens9060484
http://www.ncbi.nlm.nih.gov/pubmed/32570803
http://dx.doi.org/10.3390/pathogens9060504
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

