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Abstract
The incidence of caprine leptospirosis and its productive impact have been insufficiently studied in Cuba; however, due to increased herd breeding for meat and milk production, there is a critical need to conduct comprehensive discussions on the manifestations and consequences of the disease in the country. A review of recently published papers was presented in this article, in order to provide updated and abridged information on this topic to specialists and other interested parties. Emphasis was placed on the relevance of caprines as reservoirs of the pathogen and sources of transmission to humans.
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Introduction
Most domesticated animals act as reservoirs of Leptospira species, which are pathogenic to humans, thus making them an important source of transmission of one of the most widely occurring zoonoses worldwide (Costa et al., 2015). For several years, ovines and caprines were not regarded as important intermediate hosts of spirochetes due to the animals´ ostensible resistance (Rodríguez, Barreto, García, and Vázquez, 2017a). Unfortunately, it is otherwise (Bedotti and Rossanigo, 2011; Spickler and Leedom Larson, 2013; Petrakovsky et al., and 2014; Rizzo et al., 2017), goats are even more susceptible, since they can acquire the disease and transmit it to humans (Vihol et al., 2016).

The most recent experience has demonstrated the existence of a wide range of Leptospira serovars which have chosen goats as their preferred targets (Petrakovsky et al., 2014; and Rodríguez, Barreto, García, and Vázquez, 2017a); as a result, there is a need to enhance epidemiological surveillance of animals (Delgado, Libera, and Barreto, 2016), and provide adequate training to all interested parties. 

In developing countries, the rise observed in goat production is compelling authorities to publish materials that provide wider knowledge, particularly where proper diagnostic and prevention of infectious diseases is affected by the lack of sufficient resources (Barreto, Bidot, Rodríguez, and Delgado, 2017a). Only pertinent knowledge will help implement measures to increase herd productivity, and guarantee the health of farmers, consumers, and the environment, which the United Nations Food and Agriculture Organization (FAO) has established as a goal for human survival, known as One Health (FAO, 2016).
Development
Leptospirosis
It is the most widely spread zoonosis today, ranking first among bacterial zoonoses in the lists of the Protocol for Developing a Database of Zoonotic Disease Research in India (DoZooRI) (Chatterjee, Bhaumik, Chauhany, Kakkar, 2017). The global figures have increased to 1.03 million cases, of which 58 900 die every year. These reports are incomplete, though, especially in the poorest areas of the world, coinciding with the most affected regions that lack sufficient control and surveillance systems (Costa et al., 2015). In spite of this reality, diagnostic has been underestimated, as in the case of other zoonoses (Saminathan et al., 2016).

The highest mean annual rate of incidence (95.5 per 100 000 persons) corresponds to Africa. Then, the list continues with the West Pacific (66.4), the Americas (12.5), Southeast Asia (4.8), and Europe (0.5), (Mgode et al., 2015). In Brazil, one of the countries with quite a large number of studies, between 2000 and 2015, the amount of cases reported reached 3 780, of which 364 (9.6%) died. In the north, the lethality percent was even higher (12.8%) (Rizzo et al., 2017). 

The impact of this disease on domesticated animals has not been quantified thoroughly in humans. Nevertheless, there is consensus in terms of considerable economic losses. Besides suffering from the disease, a broad range of species act as maintenance hosts or reservoirs; goats are an example (Barreto, Barreto, Rodríguez, García and Vázquez, 2017b; Rodríguez, Barreto, García, and Vázquez, 2017a).  

Countries in Latin America and the Caribbean have undergone general outbreaks. In these regions, the climatic and ecological factors of the tropics, particularly (Bacallao et al., 2014), are remarkable, according to the data collected between 2002 and 2014. Six of the eleven pathogenic species have been identified (Petrakovsky et al., 2014); many of their serovars may utilize these small ruminants to infect humans.
Etiological agent
Leptospira gathers very thin spirochetes (0.1 µm diameter by 6-8 µm long), which are flexible, motile, and strictly aerobic. They are very sensitive to drying, direct sunlight, and excessive cold, though they can survive up to -20 °C for 100 days. They do not tolerate acidic medium, and lose motility in 15 min. The optimum pH for multiplication is 7.2-7.4. They are viable (up to 180 days) in fresh water, mainly dammed water; however, they cannot survive in salty water conditions (Fentahun and Alemayehu, 2012).

The use of molecular techniques has brought about a rearrangement of the genus. A separate item about this issue has been included in this article due to the poor dissemination and implicit changes in the taxonomy and nomenclature of Lesptospira.

Update in Leptospira nomenclature and taxonomy
The molecular techniques used have proven that genus Leptospira comprises 21 genome species: nine pathogenic species (L. alexanderi; L. weilii; L. borgpetersenii; L. santarosai; L. kmetyi; L. alstonii; L. interrogans; L. kirschneri; L. noguchii) isolated from humans and animals. Other six intermediate species (L. licerasiae; L. wolffii; L. fainei; L. inadai; L. broomii; L. idonii); and a similar number are non-pathogenic species (L. vanthieli; L. biflexa; L. wolbachii; L. terpstrae; L. meyeri; L. yanagawae), have been isolated from the environment (Picardeau, 2013).

Each species is subdivided into many serovars, the most widely used category in epidemiological and serological studies, as well as in treatment and prevention of the disease. Their new spelling does not coincide with the standards of scientific nomenclature: capital letter without italics or other requirements of genus and species. One example would be, Leptospira interrogans serovar Icterohaemorrhagiae (Levet, 2015). The abbreviation in many publications only uses the name serovar (Barreto and Rodríguez, 2018), which will also be used in this paper.

Main Leptospira serovars reported in goat. 
In Brazil, several papers have reported serovar Autumnalis as the most frequently found in screenings made to goats in semiarid regions of the country (Higino et al., 2013). Nevertheless, in adjacent areas, other researchers consider Icterohaemorrhagiae as hegemonic (85.57%), followed by Australis, Pomona, Sejroe, and Pyrogenes to a lesser extent (Rizzo et al., 2017). Whereas Pasquali et al. (2017), using a MAT panel made of 22 reference serovars, reported Pyrogenes and Hardjo in the state of Paraná.

In Europe, Topazio et al. (2015) considered Hardjo, Wolffi, Grippotyphosa, Canicola, Icterohaemorrhagiae, Copenhageni, Australis, Bratislava, and Pomona as the most frequently found serotypes.

Clearly, the number and predominance of serovars with an affinity for goats depends largely on the geographical surrounding and other factors beyond the pathogen-host specificity (Rood et al., 2017). Many of the serovars mentioned above are pathogenic to other domesticated species and humans (Rodríguez, Barreto, García, and Vázquez, 2017a; and Rodríguez, Barreto, García, and Vázquez, 2017b). In the 1980s in Cuba, the most frequently reported serovars were Icterohaemorrhagiae, Canicola, Ballum, Pomona, Hebdomadis, and Sejroe (Puentes, Encinosa, Pérez, and Urquiaga, 2009). Today, this selection is still used as reference. Therefore, the addition of other serovars has been suggested, such as Harjo, Wolffi, Grippotyphosa, Copenhageni, Australis, and Bratislava (Rodríguez, Barreto, García, and Vázquez, 2017b). It might contribute to a reduction in the difference between the actual number of infected individuals and the cases diagnosed (Samir, et al., 2015).

Pathogeny
The spirochetes penetrate through the mucosa or damaged skin. After variable incubation (4-20 days), they join the blood torrent, and access the kidneys, liver, lungs, genital tract, and central nervous system, where they multiply (7-10 days). During this period, the signs of acute disease are manifested, which may vary depending on the animal species and the serovar involved. Finally, the neutralizing antibodies are easily detected in the serum when the agent leaves the blood and most organs, making all clinical signs disappear. In cases of severe damage, the organs are not recovered, and the animal can suffer chronic disease or death (Lunn, 2015).

The clinical signs observed in goats include fever, anorexia, conjunctivitis, and diarrhea. The most severe cases include icteric disease, hemoglobinuria, hemolytic anemia, pneumonia, and signs of meningitis (lack of coordination, salivation, and muscular stiffness). Some of those conditions are lethal. Generally, the adult animals do not show signs of fever or depression. On dairy farms, the common signs include miscarriages, placental retention, infertility, and increased neonatal mortality. Some serovars can cause agalactiae or decreased milk production (Spickler and Leedom Larson, 2013).

In smaller ruminants, the disease usually runs silently, which is a clinical limitation added to the long list of factors that hinder its study and control, particularly in poor countries. Vihol et al. (2016) has shed light on the behavior of some hematic and biochemical parameters that differentiate infected animals from healthy ones. They demonstrated that except for leukocyte count values (total and differential), the remaining hematic values were significantly reduced in animals with Leptospira, particularly hemoglobin. 

Concerning the biochemical profiles, Vihol et al. (2016) found a rise in the level/activity of alanine aminotransferase and aspartate aminotransferase, as well as in total bilirubin levels, and decreased total proteins in animals that were positive to spirochetes. Their suggestion, based on other elements, is an attractive alternative for colleagues who study this disease in caprines. In the same way microagglutination (MAT) is the golden technique to contrast infected animals from the rest of the herd (Rodríguez et al., 2017b), the contributions made by Vihol et al. (2016) provided deeper knowledge on the clinical pathology of the disease, since the changes of hematic and biochemical profiles represented hepatic damage; for instance,

Evasion mechanisms
Similar to other microbial diseases, to succeed in colonizing the host, the pathogen has to implement multiple strategies to overcome the defensive mechanisms, which are associated to innate immunity and acquired immunity, as well as other anatomical and physiological barriers including microbial antagonisms (Rooijakkers and van Strijp, 2007). The complement (C) is one of the most efficient defensive mechanisms, particularly due to its three activation ways, two of which (alternative and lectin pathways) do not require the mediation of immunoglobulins (IgG or IgM), which enables a more immediate response (Fraga, Barbosa, and Isaac, 2011).  

The supernatant of pathogenic Leptospira cultures is one example of the above. In contrast, saprophytes can inhibit the three action ways of the complement. Blocking is a consequence of the action on the C3 molecule, the key element of such variants, and on other specific proteins like the B factor, C2 and C4b (Fraga et al., 2013). 

Transmission
Leptospirosis is one of the bacterial zoonoses transmitted directly or through human contact, or materials contaminated by them (Chikeka and Dumler, 2015). Spirochetes can be transmitted among animals through direct or indirect ways. Transmission is mostly indirect and it involves contact with urine, miscarriaged fetuses, uterine secretions, and contaminated placental fluids or milk; it can also be transmitted transplacentally and by wounds or bites. The infection in incidental hosts, like humans, is often caused by exposure to contaminated areas or asymptomatic animals. The agent can penetrate through the respiratory tract or the conjunctive (Lunn, 2015).   

Wounds from bites or infected tissues can also be sources of infection. The direct spread of the agent increases when the areas are overcrowded. The recovered animals excrete the microorganism through urine intermittently after the infection (Sandow and Ramírez, 2005).

The control of the disease in small ruminants involves the adoption of measures, like identification and treatment of carriers and other sources of infection, quarantine of infected animals, and systematic immunization with vaccines containing circulating serovars as antigens (Martins and Lilenbaum, 2013; and Rodríguez et al., 2017b).

Final considerations
In the first two thirds of the last century, leptospirosis was given high priority by veterinary and public health surveillance systems. Later, that attention declined, particularly in temperate countries, perhaps due to 1) the reduced number of cases reported in humans and animals; 2) the existence of effective alternatives for prevention and therapy; 3) the insurance provided by proper epidemiological control (Wasiński and Dutkiewicz, 2013).  

Such confidence has taken a high toll. In this new millennium, the disease became the most widely extended zoonosis on the planet. In Cuba, very few local veterinary diagnostic laboratories (LTDV) can determine the serovar type through screening. To accomplish that, they use antigens based on the criteria embraced in the 1980s; their homologues for humans can only establish links in the transmission chain of the disease (Rodríguez et al., 2017a and b). The meager results published lack statistical validation (Barreto et al., 2017b). No recent reports have been made about the behavior of the disease in goats (Barreto et al., 2017c).
Conclusions
Leptospirosis is the most widespread zoonosis today. In spite of it, diagnostic is not complete, and the role of some domesticated animals as reservoirs has been underestimated. Such is the case of goats, a species with increased breeding rates, which demands a very close interaction with the breeder.
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