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ABSTRACT
The seroprevalence of Leptospira spp. and infection risk factors were investigated in horses from a military contingent 
in the Rio Grande do Sul State, Brazil. A total of 446 horses were evaluated and categorized into 309 mares, 11 stallions, 
and 126 horses with an average age of three years. To determine seroprevalence, serum samples from all horses were 
submitted to the microscopic agglutination test against 12 serovars belonging to nine serogroups, usually circulating 
in equine populations. To investigate the possible risk factors of infection by Leptospira spp., questionnaires were 
applied in that military unit. The seroprevalence in the horses with an average age of 3 years, mares, and stallions were 
57.94% (73/126), 54.05% (165/309), and 45.45% (5/11), respectively. The main risk factors identified were contact with 
different water sources, the presence of rodents, and contact with wild and domestic animals. The high seroprevalence 
of anti‑Leptospira spp. antibodies may be associated with the presence of these risk factors. Therefore, the exposure of 
horses to possible reservoirs of Leptospira spp. should be minimized. Also, the immunoprophylaxis protocol should be 
reviewed and a shorter interval between vaccinations adopted to control leptospirosis in this herd.
Keywords: Leptospirosis. Abortion. Serologic tests. Risk factors. Horses.

RESUMO
A soroprevalência de Leptospira spp. e os fatores de risco para infecção foram investigados em cavalos de um contingente 
militar no Rio Grande do Sul, Brasil. Um total de 446 cavalos foram avaliados e categorizados em 309 éguas, 11 garanhões 
e 126 cavalos com idade média de três anos. Para determinação da soroprevalência, amostras de soro de todos os equinos 
foram submetidas ao teste de aglutinação microscópica contra 12 sorovares pertencentes a nove sorogrupos, normalmente 
circulantes em populações equinas. Para investigar os possíveis fatores de risco da infecção por Leptospira spp., foi 
aplicado um questionário naquela unidade militar. A soroprevalência nos cavalos com idade média de três anos, éguas 
e garanhões foi de 57,94% (73/126), 54,05% (165/309) e 45,45% (5/11), respectivamente. Os principais fatores de risco 
identificados foram o contato com diferentes fontes de água, a presença de roedores e o contato com animais silvestres 
e domésticos. A alta soroprevalência de anticorpos anti-Leptospira spp. pode estar associada à presença desses fatores 
de risco. Portanto, a exposição destes equinos aos possíveis reservatórios de Leptospira spp. deve ser minimizada. Além 
disso, o protocolo de imunoprofilaxia deve ser revisto e, possivelmente, um menor intervalo entre as vacinas deve ser 
adotado para o controle da leptospirose neste plantel.
Palavras-chave: Leptospirose. Aborto. Diagnóstico sorológico. Fatores de risco. Cavalos.
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Introduction
Leptospirosis is a zoonotic infectious disease caused 

by bacteria of the genus Leptospira. The genus Leptospira 
is currently divided into 35 species classified into three 
phylogenetic clusters, which supposedly correlate with the 
virulence of the bacteria, being Leptospira interrogans, which 
is considered the most relevant. More than 200 serovars 
belonging to 23 serogroups are recognized. Each has its 
primary hosts, even though it may infect other species. This 
disease has a cosmopolitan distribution. In Brazil, however, 
it is an endemic disease that becomes epidemic in periods of 
high rainfall (Brasil, 2017; Silveira et al., 2017; Vincent et al., 
2019; World Organisation for Animal Health, 2014).

Horses are susceptible to infection by a wide variety of 
Leptospira spp. serogroups with different serovars. However, the 
most prevalent serovars in equine leptospirosis are Australis, 
Autumnalis, Ballum, Bratislava, Canicola, Grippotyphosa, 
Hardjoprajitno, Icterohaemorrhagiae, Pomona, Pyrogenes, 
and Tarassovi. Infection in horses may be accompanied 
by clinical signs such as fever, jaundice and pulmonary 
hemorrhage. It may also result in abortion, stillbirth, and 
recurrent equine uveitis, which may progress to blindness. 
Leptospirosis is a common disease; however, it is probably 
underestimated because of the large number of chronically 
infected and asymptomatic animals. In equine species, this 
infection has been neglected. But the recognition that the 
disease can cause major economic losses, mainly because 
of abortion and blindness in animals of high zootechnical 
value, has attracted greater attention to this disease (Adler, 
2015; Castro et al., 2011; Sousa et al., 2020).

According to Lasta et al. (2013) and Finger et al. (2014), 
the following factors may influence the seroprevalence of 
Leptospira spp.: access to different water sources, increased 

rainfall, flooding, presence of other animal species (domestic, 
wild, and synanthropic animals), deficiencies in sanitary 
management in a population, and favorable conditions that 
attract rodents. Environments containing stagnant water, 
moist soil, and decaying organic matter allow the bacteria 
to survive for up to 6 months (Adler, 2015; Brasil, 2017).

The prophylactic approach to minimize leptospirosis in 
animals is based on the use of vaccination in association 
with the control of environmental risk factors. Commercially 
available vaccines for Leptospira spp. include bacterins 
that are serovar-specific and induce short-term immunity. 
Vaccine tests performed on different animal species, such 
as sheep (Herrmann et al., 2011), cattle (Rodrigues et al., 
2011), and equines (Martins et al., 2017) have demonstrated 
that antibodies produced in those vaccinated animals with 
bacterin vaccines for leptospirosis could not be detected using 
the microscopic agglutination test (MAT) for long periods 
after immunization. In horses, specifically, vaccination-
induced antibody titers have been shown to decline after 
60 days of vaccination. Besides, these titers are difficult to 
detect using the MAT after 90 days (Martins et al., 2017).

Currently, the biggest challenge to immunity against 
Leptospira spp. infections are the development of 
immunobiological agents that promote broader and 
longer‑lasting protection, by using a recombinant vaccine that 
can replace bacterins and/or the addition of autochthonous 
serovars (Silveira et al., 2017).

Military contingent horses represent an important sector 
of Brazilian horse breeding. These animals participate in 
different activities, such as military ceremonies, patrolling 
and guarding border areas and instruction camps, as well as 
in sports, such as dressage, jumping, full riding competition, 
and polo. Moreover, these horses are usually housed in 
stables with strict sanitary management and rigorous 
reproductive control (Campos et al., 2007).

This research was conducted in a military unit belonging 
to the Brazilian army, in the state of Rio Grande do Sul (RS), 
where the horses are destined for reproduction and sport. 
Although the health status of the animals in this establishment 
is a constant concern, there have been reports of the occurrence 
of abortions in mares, generating a concern with the health 
of the animals and a great economic impact on the herd. 
Thus, the objectives of this study were to determine the 
seroprevalence of Leptospira spp. in horses and to verify the 
risk factors of leptospirosis in that military unit.

Material and Methods
This research was conducted in a military unit, belonging 

to the Brazilian army, in the Rio Grande do Sul State (RS), 
Brazil. This unit breeds horses for reproduction and sports 
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activities. The unit is located in the Southwest region where 
the climate is temperate, with four well-defined seasons 
and considerable rainfall throughout the year. The average 
temperature is 20.5°C, and the average annual rainfall is 
1.567 mm (Climate-Data.Org, 2019).

The study population comprised a total of 446 horses 
categorized into 309 mares, 11 stallions, and 126 horses 
with an average age of three years (female and males). Each 
category was grouped according to age and reproductive 
status, receiving different management procedures. Only 
the stallions were housed. The other animals were raised 
semi-extensively. The horses were kept in good sanitary 
conditions. Since sanitary control was provided to all animals, 
according to veterinary recommendations, quarantine was 
also practiced on animals newly arrived in the flock. The 
herd was regularly vaccinated, including for leptospirosis. 
This vaccine contained bacterins and was administered 
every six months.

In this establishment, abortions were reported in 
breeding mares. Besides leptospirosis, other agents have 
been investigated as a probable cause of equine abortion, 
including equine herpesvirus. However, the diagnosis for 
this agent was negative.

To confirm the suspicion of leptospirosis in the military 
unit, blood samples from 446 horses were sent to the 
following laboratories for leptospirosis diagnosis: Laboratory 
of Diagnosis and Research of Leptospirosis (LABLEPTO) 
at the Federal University of Santa Maria (UFSM) and 
Laboratory of Leptospirosis at the Institute of Veterinary 
Research Desidério Finamor (IPVDF). All blood samples 
were collected in 2018 six months after vaccination. However, 
in mares that required an urgent diagnosis because of the 
clinical signs of abortion, blood samples were collected 
around five months after vaccination. All serum samples 
were subjected to the microscopic agglutination test (MAT) 
using live antigens from Leptospira spp., including the 
serogroups Australis (Australis and Bratislava serovars), 
Ballum (Ballum serovar), Canicola (Canicola serovar), 
Grippotyphosa (Grippotyphosa serovar), Icterohaemorrhagiae 
(Copenhageni and Icterohaemorrhagiae serovars), Pomona 
(Pomona serovar), Pyrogenes (Pyrogenes serovar), Sejroe 
(Hardjo type Hardjoprajitno and Wolffi serovars), and 
Tarassovi (Tarassovi serovar), which were maintained in a 
selective medium for Leptospira spp., i.e., EMJH medium, 
according to the recommendations of World Organisation 
for Animal Health (2014).

For sample screening, previously diluted (1:50) sera 
were tested with bacterial antigens to analyze possible 
antigen-antibody reactions at a 1:100 dilution. Samples 

that showed 50% or more agglutination, detected using 
dark‑field microscopy, were considered positive. For antibody 
titration, samples with agglutination activity were again 
tested against Leptospira spp. antigens using 1:100 to 1:3200 
serial dilutions (World Organisation for Animal Health, 
2014). The titer adopted as a cutoff point was 200 because 
of the endemic character of Leptospira spp. infection in 
tropical regions (Pinna et al., 2008; Siqueira et al., 2020) 
and to reduce the possible interference of vaccine titers on 
the seroprevalence in the studied population.

To investigate the possible risk factors that could 
act as potential facilitators for Leptospira spp. infection, 
questionnaires were applied to obtain information about 
individual characteristics of each animal category, including 
sanitary and management conditions, presence of rodents, 
contact with different water sources, the permanence 
of wetlands, contact with wild and domestic animals, 
presentation of clinical signs related to Leptospira spp. 
infection, and quarantine process for newly arriving horses.

The seroprevalence and frequency of anti-Leptospira 
agglutinins according to serovars were analyzed among all 
of the studied categories by using the Kruskal-Wallis test. 
When differences were found in this test, the means were 
compared using the Bonferroni test. The analyses were 
performed using the SAS statistical program, version 9.2 
(SAS Institute, 2009).

This research was approved by the Animal Use Ethics 
Committee at UFSM (protocol number CEUA 8496030419).

Results and Discussion
In this study, 243 horses showed antibodies against 

Leptospira spp., with titers equal or superior to 200. The 
seroprevalence obtained in this herd was 54.48% (243/446). 
Among the animal categories, the horses with an average age 
of three years, mares, and stallions showed seroprevalences 
of 57.93% (73/126), 53.39% (165/309) and 45.45% (5/11), 
respectively. No difference was observed in the seroprevalences 
obtained in the different categories (P>0.05).

The blood samples tested were collected at six months 
(from stallions and horses with an average age of three years) 
and five months (from mares) after vaccination against 
Leptospira spp. The observed seroprevalence varied widely in 
previous research conducted in southern Brazil. In the state 
of Santa Catarina, Silva et al. (2020) and Farias et al. (2020) 
found 45.9% (273/595) and 45.4% (94/207) of horses were 
positive for anti-Leptospira antibodies. And in the state of 
Paraná, the seroprevalence of 75.8% (47/62) (Finger et al., 
2014) were detected, while in RS, studies involving cart 
horses reported seroprevalences of 60% (75/125) in the city 
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of Porto Alegre (Lasta et al., 2013) and 89.9% (107/119) 
in Pelotas (Dewes, 2017). The animals tested in all these 
studies were non-vaccinated. Also, these animals generally 
presented lower titers than the minimum titer of 100, 
which was the cutoff for a positive MAT. Although the 
present study population consisted of vaccinated horses, 
a considerable number of these animals (36/243) had 
antibody titers ≥ 800, suggesting a possible recent contact 
with the pathogen.

Seroprevalence of anti-Leptospira spp. antibodies 
according to the serogroup/serovar were analyzed among 
the categories of horses (Table 1). In the categories of horses 
with an average age of three years and stallions, reactions 
to the Ballum serogroup/serovar were the most frequent, 
while in mares, the prevalence was of reactions to the 
Icterohaemorrhagiae serogroup (Icterohaemorrhagiae and 
Copenhageni serovars). However, reactions to the Australis 
serogroup (Australis and Bratislava serovars) was the second 
most prevalent in the horses an age of three years and mares, 
while reactions to the Icterohaemorrhagiae serogroup was 
the third most prevalent in the horses with a mean age of 
three years, and to the Tarassovi serogroup/serovar was the 
second more prevalent in the stallions. Wide reactivity to 
Leptospira spp. serovars tested were observed in all categories, 
especially in the mares, which demonstrated agglutinins 
against all evaluated serogroups/serovars.

Previous studies have shown a relationship among 
Leptospira spp. serovars and carrier species. Thus, the Bratislava 
serovar has been considered the most adapted in equine 
species (Adler, 2015). Serological reactions to this serovar 
have also been frequently detected in most epidemiological 

studies conducted on horses (Pinna  et  al., 2008, 2010; 
Siqueira  et  al., 2020). In the studied horse population, 
reactions to this serovar were detected in approximately 
25% (61/243) of the blood samples and represented the 
fourth most prevalent serovar. However, if these results 
are analyzed in combination with those obtained against 
the Australis serovar, high reactivity to these two serovars 
(88/243) is observed. Since both serovars belong to the 
Australis serogroup (Bharti et al., 2003), we can infer this 
serogroup has a considerable prevalence (Table 1).

However, seroprevalence results for the Ballum serovar 
are less frequent, and it is rarely identified as the most 
prevalent serovar in equine studies. In a survey conducted by 
Lilenbaum (1998) in mares, this serovar had a seroprevalence 
of 7.24% (17/235). Another study, performed in Pelotas, RS, 
on cart horses found a seroprevalence of 36.1% (43/112) 
for the Ballum serovar (Dewes, 2017). In a study conducted 
in Chile, the reactions to Ballum serovar were the most 
frequent in a population of wagon horses. However, the 
same authors observed that the reactions to Autumnalis 
serovar was the most frequent among horses at military 
institutions (Tadich et al., 2016). Different Brazilian studies 
have shown a higher prevalence of serological reactions 
to the Icterohaemorrhagiae serovar. These studies were 
carried out in equine populations in the Brazilian states 
of São Paulo, Mato Grosso do Sul, Goiás (Langoni et al., 
2004), Paraná (Finger et al., 2014), and the city of Porto 
Alegre, RS (Lasta et al., 2013).

The prevalent serovars may indicate the possible 
agent‑maintaining hosts in each region. This information is 
relevant to the epidemiological understanding of leptospirosis 

Table 1 – Seroprevalence of Leptospira spp. in equines from a military unit belonging to the Brazilian army, in Southwest of Rio 
Grande do Sul State, Brazil, 2018 

Serogroup Serovars

Animal Category
Animals aged ± 3 years Mares Stallions

Nº of positive 
reactions

Prevalence 
of serovar by 

category

Nº of positive 
reactions

Prevalence 
of serovar by 

category

Nº of positive 
reactions

Prevalence 
of serovar by 

category
AUS AUS 8 6.34%a 19 6.14%a 0 0.00%a

BRA 16 12.69%a 45 14.56%a 0 0.00%a

BAL BAL 36 28.57%a 58 18.77%a 4 36.36%a

CAN CAN 4 3.17%a 29 9.38%a 1 9.09%a

GRI GRI 0 0.00%a 39 12.62%a 1 9.09%a

ICT COP 0 0.00%a 9 2.91%a 0 0.00%a

ICT 23 19.05%a 58 18.77%a 0 0.00%a

POM POM 16 12.69%a 50 16.18%a 0 0.00%a

PYR PYR 8 6.34%a 18 5.82%a 0 0.00%a

SEJ HAR 10 7.93%a 22 7.11%a 1 9.09%a

WOL 0 0.00%a 12 3.88%a 0 0.00%a

TAR TAR 1 0.79%b 22 7.12%b 3 27.27%a

*Different letters in the line indicate difference by Bonferroni test (P <0.05). AUS: Australis; BRA: Bratislava; BAL: Ballum; CAN: Canicola; GRI: Grippotyphosa; 
ICT: Icterohaemorrhagiae; COP: Copenhageni; POM: Pomona; PYR: Pyrogenes; SEJ: Sejroe; HAR: Hardjo-prajitno; WOL: Wolffi; TAR: Tarassovi.
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(Lasta et al., 2013). However, it must be emphasized that 
serological analyses may suggest but not definitively 
identify the infecting serovar, because there is evidence of 
cross-serological reactivity among Leptospira spp. serovars 
and serogroups. Thus, an animal infected with a serovar 
will develop antibodies against the infectious serovar, and 
these antibodies may cross-react with other serovars, albeit 
usually with lower MAT titers (World Organisation for 
Animal Health, 2014).

Notably, the highest prevalence of antibodies against the 
Ballum and Icterohaemorrhagiae serogroup was observed 
in the categories tested. Also, the highest titers were found 
against the Ballum serovar. Among the samples with titers 
≥ 800, 32% (15/47) of samples were against the Ballum 
serovar. Furthermore, these titers were detected in 19% 
(9/47) of the samples that also reacted positively to the 
Icterohaemorrhagiae serovar. The detection of reactions 
to the Tarassovi serovar as the second most prevalent 
in the stallions is another relevant finding because this 
serovar is classified as a serovar of Leptospira borgpetersenii 
(Bharti et al., 2003). The consistency of these results justifies 
the discussion about the epidemiological aspects common 
to both serovars.

Rats and mice are described as the main hosts for the 
Ballum serovar, even though the infection has been described 
in wild animals, such as skunks, foxes, rabbits, and wild 
cats (Friedmann et al., 1973). The most frequent source 
of infection by the Icterohaemorrhagiae serovar is rodent 
contact, more specifically, contact with Rattus norvegicus, 
which is considered the main carrier of this serovar. Other 
reservoirs of this serovar are canines, swine, cattle, horses, 
sheep, and goats (Brasil, 2017; Langoni et al., 2004). The 
data presented in this study indicated that the presence of 
rodents and contact with wild animals were risk factors 
for the studied population. Thus, despite the possibility of 
cross-reaction among the serovars, the evidence suggests 

the involvement of the Ballum and Icterohaemorrhagiae 
serogroups in the studied horses.

Tadich et al. (2016) warned that despite the optimal 
sanitary conditions in the equine facilities of the military 
institution they studied, 23.31% of the animals had 
anti-Leptospira spp. antibodies. Moreover, studies have 
hypothesized that dogs may be the source of infection 
of Leptospira spp. Tarassovi serovar (Castro et al., 2011). 
Interestingly, stallions were the category with the highest 
seroprevalence against the Tarassovi serovar and this was 
the only category that had contact with dogs (information 
obtained through the questionnaire).

By applying the questionnaires, the main risk factors 
in the environment were identified that may have favored 
the maintenance and dissemination of the agent (Table 2). 
These included contact with different water sources and 
wetlands, the presence of rodents, and contact with wild 
and domestic animals (mainly cattle).

Notably, the horses with an average age of three years 
and mares were under a semi-extensive breeding regime, 
having contact with water sources and wetlands. Both 
categories sometimes shared pastures with cattle and had 
contact with rodents and wild animals. Farias et al. (2020) 
pointed out that the presence of different animal species 
occupying the same spaces suggests the environment as 
a determining factor in the infection epizootiology and 
variability of circulating serovars. The presence of rodents 
was also reported in the feed deposit of mares. Although 
rodent control measures are performed at the evaluated 
establishment, the complete elimination of these synanthropic 
animals is difficult, especially in rural properties. Among 
the three animal categories studied, the stallions were the 
least exposed to rodents and showed a lower prevalence of 
antibodies against the microorganism than did the other 
two categories. Also, confinement was identified as a risk 
factor specifically in the category of stallions. These horses, 

Table 2 – Risk factors identified by the application of questionnaires in a military equine breeding unit, belonging to the Brazilian 
army, in the Southwest of Rio Grande do Sul State, Brazil, 2018

Risk Factors
Categories of horses

Mares Animals aged ± 3 years Stallions
Stalled
Rodents in the feed depot
Contact with various water sources
Contact with wetlands
Contact with rodents
Contact with wild animals
Contact with domestic animals (cattle and sheep) (cattle) (dog)
Presentation of ocular clinical signs
No quarantine on newly arrived animals
Presence of risk factors in the category 6/9 5/9 3/9
Caption: The gray rectangle indicates the presence of the risk factor. The white rectangle indicates the absence of the risk factor.
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although stabled, sometimes had contact with dogs, as 
reported in the questionnaire.

In the evaluated property, reports of clinical signs 
associated with leptospirosis were cases of abortions and, 
through the questionnaire, the presence of ocular clinical 
signs was identified only in some animals in the three‑year‑old 
category. Both categories of mares and stallions did not 
show this clinical sign.

Although other causes of abortion may be present at 
this facility, the high seroprevalence of Leptospira spp. 
suggests this bacterium as a probable etiological agent of 
the reproductive problem in the evaluated herd. Even if 
horses were vaccinated every six months, the vaccination 
program may not have been effective in preventing abortion 
in the mares, because leptospirosis vaccines are suspensions 
of one or several inactivated serovars, which result in 
attenuated immunogenic activity (World Organisation for 
Animal Health, 2014). Additionally, the vaccines containing 
bacterins are the only commercial immunobiological agents 
currently available against Leptospira spp., and they induce 
short‑term immunity, which is serovar-specific depending on 
the antigens contained in the vaccine (Silveira et al., 2017).

In regions with high seroprevalence and high rates of 
reproductive disorders, an important health management 
strategy is to shorten the interval between vaccinations 
(World Organisation for Animal Health, 2014). Another 
alternative would be the use of autochthonous vaccines 
containing Leptospira spp. isolates from the most prevalent 
serovars in a particular geographic region, since the immunity 
induced by vaccination, is specific to homologous serovars 
(Rodrigues et al., 2011; World Organisation for Animal 
Health, 2014).

Current vaccines have limited efficacy. Nevertheless, 
immunization against leptospirosis is important to control 
this infection. Also, decreasing contact with potential risk 
factors is fundamental to control the dissemination of the 
infectious agent in the environment and to susceptible 

individuals (Pinna  et  al., 2008; World Organisation for 
Animal Health, 2014).

Conclusion
The evaluated equine population showed a high prevalence 

of antibodies against Leptospira spp., especially the Ballum 
and Icterohaemorrhagiae serogroups/serovars. The main 
risk factors identified were contact with different water 
sources, the presence of rodents and contact with wild and 
domestic animals. Consequently, the high seroprevalence 
of anti-Leptospira spp. antibodies may be associated with 
the presence of risk factors identified in this research. 
Therefore, the exposure of animals to possible reservoirs 
of Leptospira spp. infection must be minimized, and the 
immunoprophylaxis program reevaluated to reduce the 
interval between vaccinations to induce effective and 
long‑lasting immunity in the herd.
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