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Abstract
Leptospirosis and toxoplasmosis are diseases that may affect man and domestic and wild animals. They
also have wide geographical distributions and thus cause large public health issues. The objective of
the current study was to conduct leptospirosis and toxoplasmosis seroepidemiology in horses used for
animal traction in small rural propertiesof the municipality of Umuarama, in northwest region of the
state of Paraná, Brazil. Blood samples were collected from 312 horses from 87 small farms. Microscopic
agglutination tests (MAT) and indirect immunofluorescence (IIF) analysis were performed on sera to
detect leptospirosis and toxoplasmosis, respectively. These were performed in conjunction with an
epidemiological questionnaire. The MAT results included 180 (57.69%) samples that were considered
reactive with titers between 100 and 12800 for one or more serovars. Thirty-three (10.57%) samples
subjected to IIF were considered reactive, with titers ranging between 64 and 1024. From the analyzed
variables, contact with wild animals (p= 0.012) and animal exchange between properties (p = 0.004)
were associated with toxoplasma infection. The study revealed that horses in the northwestern region
of Paraná were exposed to Leptospira spp. and Toxoplasma gondii, with an insignificant implication
of the animals’ clinical condition; however, since it is possible for animals to transmit infection to
other animals as well as humans via the intermittent shedding of leptospires through urine into the
environment, it may be considered a problem of one health. As for the presence of T. gondii antibodies,
these horses played the role of sentinel of the infection. Environmental sanitation measures, serological
studies of herds, control of rodents and felids on properties, and the dissemination of information about
these diseases are relevant for disease control at the study site.
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Resumo
A leptospirose e a toxoplasmose são enfermidades de ampla distribuição geográfica e podem acometer
o homem, animais domésticos e selvagens que causam elevados problemas para a saúde pública. O
objetivo deste trabalho foi realizar a soroepidemiologia da leptospirose e toxoplasmose em equinos
utilizados como tração animal de pequenas propriedades rurais do município de Umuarama, região
noroeste do estado do Paraná, Brasil. Foram coletadas amostras de sangue de 312 equinos de 87
pequenas propriedades rurais. Para detectar a leptospirose e toxoplasmose os soros foram submetidos às
técnicas de soroaglutinação microscópica (SAM) e imunofluorescencia indireta (IFI) respectivamente
associada ao preenchimento de um questionário epidemiológico. Na SAM, 180 (57,69%) amostras
foram consideradas reagentes apresentando títulos entre 100 e 12800, para um ou mais sorovares.
Na IFI, 33 (10,57%) amostras foram consideradas reagentes com títulos de 64 a 1024. Em relação às
variáveis analisadas, o contato com animais selvagens (p= 0,012) e troca de animais entre propriedades
(p= 0,004) foram associados à infecção toxoplásmica. O estudo revela que os equinos da região
noroeste do Paraná estão expostos a Leptospira spp. e ao Toxoplasma gondii, tendo uma implicação
insignificante relacionado ao aspecto clínico destes animais, porém podendo ser considerados um
problema para a saúde única, pois, os animais possivelmente estão eliminando leptospiras pela urina
de forma intermitente no meio ambiente podendo infectar outros animais e também o homem. Quanto
à presença de anticorpos anti T. gondii estes equinos fizeram papel de sentinelas da infecção. Medidas
de saneamento aplicadas ao meio ambiente, estudos sorológicos dos rebanhos, controle de roedores e
felídeos das propriedades e a divulgação de informações sobre estas enfermidades são relevantes para
o controle no local de estudo.
Palavras-chave: Carroceiros. Fatores de risco. Leptospira spp. Toxoplasma gondii. Zoonose.

Introduction
According to Instituto Brasileiro de Geografia
e Estatística (IBGE), there are approximately
5.8 million horses in Brazil, which makes it the
largest herd in Latin America and the third largest
in the world, after China and Mexico, moving
R$ 7.3 billion/year (BRASIL, 2013). The herd of
equines involves several segments, including the
distribution of inputs, breeding, and their final
destination, forming the basis of the so-called Horse
Agribusiness Complex, responsible for generating
3.2 million direct and indirect jobs. Equidae have
been used for many years solely as a means of
transportation and in daily agricultural activities,
mostly the management of the cattle herd. Recently,
equidae have been involved in other areas of
activity, such as leisure activities, sports, and even
therapy (BRASIL, 2016).
Leptospirosis is a cosmopolitan geographic
distribution anthropozoonosis that affects humans

as well as domestic and wild animals. It is more
prevalent in tropical and subtropical regions
(ELLIS, 2015; FINGER et al., 2014) and is caused
by different pathogenic leptospire species. It can be
found in soil, water, and possibly infected animal
reservoirs in urban and rural areas (FINGER et al.,
2014; HASHIMOTO et al., 2007). Transmission
may occur through exposure of the skin and/or
mucous membranes to contaminated milk, water,
or food, as well as through infected urine, placental
fluids, semen, and vaginal discharge (BATISTA et
al., 2015; ELLIS, 2015; RODRIGUEZ et al., 2017).
In horses, Leptospira spp. infections may show
acute or chronic manifestations; however, most
cases present with non-specific symptoms, which
makes the disease difficult to diagnose. Recurrent
uveitis, abortion, and other reproductive disorders
have been reported by several authors (ELLIS,
2015; LINHARES et al., 2005; WITKOWSKI et
al., 2016).
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22 reference serovars were used: Australis,
Bratislava, Autumnalis, Fortbragg, Castellonis,
Bataviae, Canicola, Whitcombi, Cynopteri,
Grippotyphosa,
Hebdomadis,
Copenhageni,
Icterohaemorrhagiae, Panama, Pomona, Pyrogenes,
Hardjo, Wolffi, SentotTarassovi,andShermani.
Antigens were maintained at 28°C for five to 10 days
in Difco™ Leptospira Enrichment (EMJH) medium
(DIFCO®-USA), modified by the addition of rabbit
serum (ALVES et al., 1996). A 1:100 dilution was
used as the cut-off point (MYERS, 1985).
Serum containing at least 50% of agglutinated
leptospires were considered reactive and were
subsequently geometrically diluted in ratio two to
determine the maximum positive dilution. In the
analysis of the results, the most-probable serovar
was that with the highest titer (VASCONCELLOS
et al., 1997). The sera that coagglutinated at the
highest dilution were considered only reactive for
Leptospira spp. (ALMEIDA et al., 1994).
To detect anti-T. gondii antibodies, sera were
assessed using the indirect immunofluorescence test
(IIF) (CAMARGO, 1974) with commercial antiBovine IgG conjugate (FITC - Sigma®, USA) at the
Zoonoses and Public Health Laboratory of the State
University of Londrina (UEL). Sera were tested in
sequential base four dilutions up to 1: 4096. Those
with a fluorescent tachyzoites at a titer ≥ 16 were
considered reactive.
Research Instrument
To detect the variables associated with
leptospirosis
and
toxoplasmosis,
property
owners were interviewed, who responded to an
epidemiological questionnaire that contained
information on the following: animal age,

vaccination, feeding, sharing of water with other
animals, exchange of animals between farms,
veterinary assistance, presence of reproductive
problems, presence of wild animals on the property,
and presence of felines and rodents on the property,
among others.
Statistical analysis
The results obtained after the study of the variables
associated with the presence of Leptospira spp. and
T. gondii infections were statistically analyzed via
the chi-square test (ҳ²) with Yates correction or
Fisher’s exact test and a 5% significance level using
SPSS statistical software, v. 21.0.

Results
Samples were collected from 312 horses used
for animal traction in 87 small farms (118 [37.82%]
male and 194 [62.18%] female horses).
The MAT revealed that 180 (57.69%) animals
from 70 (80.46%) properties were considered
reactive for leptospirosis (37.22% male and
62.78% female). Antibodies against the most
probable serovars detected were as follows:
Ichterohaemorrhagiae, with 68 (50.37%) samples;
Butembo, with 19 (14.07%); Pomona, with nine
(6.67%); Canicola and Hardjo, with seven (5.18%)
each; Grippotyphosa, Australis and Wolffi with five
(3.70%) each; Copenhageni, with three (2.23%);
Bratislava, with two (1.48%); and Castellonis,
Panama, Pyrogenes, Sentot,andTarassoviwith
one (0.74%) each. Titers ranged between 100 and
12800 (Table 1). It was not possible to identify the
most probable serovar in 45 (25%) animals, which
were thus considered only reactive for Leptospira
spp. There were no variables associated with
leptospirosis infection.
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Table 1. Most probable serovars and titers detected in microscopic serum agglutination (MAT) for leptospirosis in
135 seroreactive samples of equine of traction from 70 small rural properties of the municipality of Umuarama, in
northwest region of the state of Paraná, Brazil, 2016.

Most likely serovars
Icterohaemorrhagiae
Butembo
Pomona
Canicola
Hardjo
Grippotyphosa
Australis
Wolffi
Copenhageni
Bratislava
Panama
Castellonis
Pyrogenes
Tarassovi
Sentot
Total

100
21
7
2
1
2
1
2
1
1
38

200
31
7
3
1
2
3
4
2
3
1
57

Serological Titers
400
800
11
5
5
2
2
3
1
1
1
1
1
24
9

1.600
1
1
2
1
5

3.200
1
1

12.800
1
1

Total (%)
68 (50.37)
19 (14.07)
9 (6.67)
7 (5.18)
7 (5.18)
5 (3.70)
5 (3.70)
5 (3.70)
3 (2.23)
2 (1.48)
1 (0.75)
1 (0.75)
1 (0.75)
1 (0.75)
1 (0.75)
135 (100)

*It was not possible to identify the most probable serovar in 45 (25%) animals, which are thus considered only as reactive against
Leptospira spp.

For toxoplasmosis, 33 samples (10.58%, of
which 63.63% were male and 36.37% were female)
from 25 (28.73%) properties were considered

reactive in the IIF analysis, with titers ranging from
64 to 1024 (Table 2).

Table 2. Anti-Toxoplasma gondii antibody titers detected via indirect immunofluorescence (IIF) in 33 seroreactive
samples from equine of traction from 25 small rural properties of the municipality of Umuarama, in northwest region
of the state of Paraná, Brazil, 2016.
Antibody titers
64
256
1024
Total (%)

Frequency
Female
20
0
1
21 (63.63)

Male
8
3
1
12 (36.37)

Total (%)
28 (84.8)
3 (9.10)
2 (6.10)
33 (100)

There were no variables associated with
leptospirosis infection (Table 3).
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Table 3. Analyzed variables for Leptospira spp. of the equine of traction from 87 small rural properties of the
municipality of Umuarama, in the northwest region of the state of Paraná, Brazil, 2016.
Variable
Vaccinated against leptospirosis
Yes
No
Feed Exposed to the Environment
Yes
No
Contact with Wild Animals
Yes
No
Shared water source
Yes
No
Exchange of animals between properties
Yes
No
Presence of Reproductive Problems
Yes
Not known
Veterinary care
Yes
No
Contact with Horses from Other Properties
Yes
No
Contact with other species
Yes
No
Presence of rodents
Yes - currently or in the past
Yes
No

Total Positivity (%)

P

OR (CI 95%)

3/3 (100%)
67/84 (79.8%)

1.000*

0.957
(0.911-1.006)

2/4 (50.0%)
68/83 (81.9%)

0.170*

0.2206
(0.0287-1.6934)

20/25 (80.0%)
50/62 (80.6%)

1.000*

0.960
(0.299 - 3.078)

46/57 (80.7%)
24/30 (80.0%)

0.937**

1.045
(0.344-3.174)

22/26 (84.6%)
48/61 (78.7%)

0.523**

1.490
(0.436 - 5.091)

6/6 (100%)
64/81 (79.0%)

0.3456*

-

28/34 (82.4%)
42/53 (79.2%)

0.721**

1.222
(0.405-3.685)

34/43 (79.1%)
36/44 (81.8%)

0.747**

0.840
(0.290-2.427)

64/81 (79.0%)
6/6 (100%)

0.593*

-

56/69 (81.2%)
14/18 (77.8%)
50/64 (78.1%)

0.745*

1.231
(0.348 - 4.358)

P = probability; * Fisher’s Exact Test; ** Chi-square with Yates correction; OR = Odds Ratio; CI = Confidence Interval.

Regarding the analyzed variables, contact with
wild animals (p = 0.012) and animal exchange

between properties (p = 0.004) were associated with
T.gondii infection (Table 4).
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Table 4. Analyzed variables for Toxoplasma gondiiof the equine of traction from 87 small rural of the municipality of
Umuarama, in northwest region of the state of Paraná, Brazil, 2016.
Variable
Feed Exposed to the Environment
Yes
No
Contact with Wild Animals
Yes
No
Shared water source
Yes
No
Exchange of animals between properties
Yes
No
Frequency of Reproductive Problems
First
Not known
Veterinary care
Yes
No
Contact with Horses from Other Properties
Yes
No
Contact with other species
Yes
No

Total Positivity (%)

P

OR (CI 95%)

1/4 (25%)
24/83 (28.9%)

1.000*

0.819
(0.081 - 8.275)

12/25 (48%)
13/62 (20.9%)

0.012**

3.479
(1.287 - 9.408)

16/57 (28.1%)
9/30 (30%)

0.850**

0.911
(0.345 - 2.405)

13/26 (50%)
12/61 (19.7%)

0.004**

4.083
(1.510 -11.041)

2/5 (40%)
23/82 (28%)

0.623*

1.710
(0.268-10.908)

11/34 (32.3%)
14/53 (26.4%)

0.550**

1.332
(0.519 - 3.421)

15/43 (34.9%)
10/44 (22.7%)

0.210**

1.821
(0.709 - 4.680)

24/81 (29.6%)
1/6 (16.7%)

0.669*

2.105
(0.233 - 18.988)

P = probability; * Fisher’s Exact Test; ** Chi-square with Yates correction; OR = Odds Ratio; CI = Confidence Interval.

Regarding the 87 rural properties studied, 70
(80.46%) and 25 (28.73%) presented at least one
animal deemed reactive by MAT against leptospirosis
and reactive by IIF against toxoplasmosis,
respectively. Of the studied properties, 24 (27.59%)
presented reactive animals for both diseases, while
16 (18.39%) were considered negative for both
infections.

Discussion
Unlike other segments of the Brazilian economy,
agribusiness has grown in recent years; within

this context, animal creation aimed at the urban
public, both for leisure activities and for sports,
has experienced strong growth. Unlike work
animals, usually associated with cattle, horses
involved in sports or recreational activities require
greater care and investment. However, working
animals still account for 80% of the national troop.
The denominated Horse Agribusiness complex
employs 607.329 people directly and, taking
into consideration the fact that each direct job
generates four other indirect jobs, one estimates that
2.429,316 jobs are generated. Thus, the Complex is
responsible, directly and indirectly, for three million
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employment opportunities (BRASIL, 2016).
There are different serological studies available
in the literature with equines used for animal
traction in urban areas. The majority describe a
high prevalence of leptospirosis that is related to
problems with the infrastructure and basic sanitation,
in conjunction with the presence of rodents (DIAS
et al., 2015; FINGER et al., 2014; LASTA et al.,
2013). Studies involving equines used for animal
traction in rural areas are scarcer, possibly due to
the distance and difficulty in the required travel
from one property to another. Thus, research under
this setting becomes important, considering that the
rural epidemiology of leptospirosis is quite different
from the urban one.
In the present work, MAT revealed that 57.69%
of animals were reactive against leptospirosis.
Similar results were described by Silva et al. (2015)
in the states of Mato Grosso do Sul (MS), Mato
Grosso (MT), Ceará (CE), Pernambuco (PE), and
Bahia (BA) and by Pinna et al. (2008) in Rio de
Janeiro (RJ), where they detected 52.63% and
55.40% of MAT seroreactive animals, respectively;
lower results (28%) were detected by Alves et al.
(2016) in Pajeú (PE) using the same test. These
serological results may have been influenced by the
differences in the prevalence of animal leptospirosis
in their respective locations, in addition to being a
reflection of the study periods, which may have
enhanced or decreased the probabilities of infection
occurring in these equines.
In rural areas, Ellis (2015) stated that the central
point of leptospirosis is the renal carrier excreting
leptospires into the environment; the author also
noted that sexual transmission is important in
intraspecies transmission. Keeping infectioncarrying equines and other species in contact with
the equine herd may pose an important risk factor.
According to Ellis (2015), the infected,
asymptomatic equines can excrete viable leptospires
intermittently over long periods of time through the
urine. This makes this animal species an important

reservoir of the disease, rendering it a health
problem, since environmental contamination and
consequently the infection of man and other animals
can occur.
Icterohaemorrhagiae was the most (50.37%)
prevalent of the assessed serovars in the present study;
similar results (42%) were also detected by Gomes
et al. (2007) in Bahia, Brazil. Icterohaemorrhagiae
is considered one of the leptospirosis serovars
of major clinical importance, since most of the
animals present with clinical symptoms suggestive
of leptospirosis, such as abortions, renal failure, and
uveitis. In the vast majority of cases, the infection is
associated with rodents (ADLER; MOCTEZUMA,
2010; BATISTA et al., 2015). In the current study,
this detection can be justified by the fact that 79.30%
of the rural properties reported the presence of
rodents, which is the main reservoir of this serovar.
MAT antibody titers ranged between 100
and 12800 in the current study. This suggests the
presence of possible chronic and acute infections
and late and recent exposures to Leptospira spp.
However, no animal at the time of blood collection
showed any clinical manifestations, which is
consistent with the work of Linhares et al. (2005)
and Hashimoto et al. (2007) in Goiânia (GO) and
Londrina (PR), respectively. It is worth emphasizing
that the infections detected by MAT are all (100%)
due to natural infections, with no chance of arising
from residual vaccination titers, as evidenced
by the farmers’ answers on the epidemiological
questionnaire about animal vaccination.
The analyzed variables did not show association
with leptospiral infection. This disagrees with the
work by Alves et al. (2016) in Pernambuco, where
pasture, the main food source, was considered a risk
factor, stemming from the fact that natural reservoirs
of the disease may be excreting the agent into the
environment. Fodder, which is the main food source
for animals in this region, originates from swampy
areas, which does not cause great concern since in
the region of the current study, the soil is sandy and
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well-drained, hindering the formation of wetlands.

other etiological agents (ABREU, 2013).

Although horses are among the domestic species
most resistant to Toxoplasma gondii, recent studies
show an increase in infections in the recent years,
with a significant and widespread prevalence,
varying between 10% and 28% throughout the
country (GENNARI et al., 2015; MOURA et al.,
2016; VALENÇA et al., 2015). Regarding the 87
rural properties in this study, 25 (28.73%) had at
least one animal reactive against toxoplasmosis
by IIF, a value below that found by Valença et
al. (2015) in Alagoas (AL), where 69.40% of the
studied properties had MAT-reactive animals.

Regarding the analyzed variables, animal
exchange between properties (p = 0.004) was
associated with infection in the present study, which
may indicate exposure to the etiologic agent at a
given time of these animals’ lives, as well as a sign
of possible infected felines in the premises.

In the current study, 10.57% of the animals
were seroreactive in IIF, similar to the results found
by Moura et al. (2016) in Santa Catarina (SC)
and Valença et al. (2015) in Alagoas (AL), with a
prevalence of 10.40% and 14.30%, respectively.
In the literature, there are also reports of higher
prevalence in Minas Gerais (MG) (GENNARI et
al., 2015) and Italy (PAPINI et al., 2015). However,
work performed in Mato Grosso (MT) detected
antibodies in only 2.5% of the equines surveyed
(LASKOSKI et al., 2015). Since the transmission
of this disease occurs only by elimination of the
etiological agent into the environment through
felids’ feces, with equines considered as infection
sentinels only, this difference is influenced by the
differences in the prevalence of toxoplasmosis in
felids (domestic or wild) at the respective study
sites.
Different diagnostic techniques, cut-off values,
geographic locations, and management conditions
may partially explain some of the differences in
prevalence found in the literature (FINGER et al.,
2013; VENTURI et al., 2017). In the present study, a
IIF antibody titer cut-off value of 64 was considered
an infection, which is consistent with previous
studies (GENNARI et al., 2015; MOURA et al.,
2016; PAPINI et al., 2015; VALENÇA et al., 2015).
This value guarantees greater specificity, in addition
to decreasing the possibility of cross-reactions with

Contact with wild animals (p = 0.012) was also
associated with T. gondii infection. According
to Cañón-Franco et al. (2013), the presence
of wild felids can be considered a risk factor
for toxoplasmosis transmission, justifying the
prevalence found in the current study, wherein
producers reported the presence of small wild felids
in the studied properties.
Since domestic cats were observed in many
rural properties during the study, it is important
to emphasize that the presence of cats in several
of the studied properties may have influenced the
positivity of their respective animals. According to
Rizzo et al. (2017), the risk of infection in places
where felines are present increases 1.37 times. On
the other hand, Valença et al. (2015) and AlvaradoEsquivel et al. (2012) found that providing animals
with hay and feed, instead of allowing them to
graze, is a risk factor worthy of investigation and
care on felines accessing that hay.

Conclusion
The study reveals that horses in small rural
properties of the municipality of Umuarama, in
northwest region of the state of Paraná are exposed
to Leptospira spp. and Toxoplasma gondii, with an
insignificant implication of their clinical aspect.
However, since animals are possibly intermittently
excreting leptospires through their urine into the
environment, with the ability to infect other animals
and man, it may be considered problematic for an
individual’s health. As for the presence of T. gondii
antibodies, these horses played the role of sentinel
of the infection. Environmental sanitation measures,
709

Semina: Ciências Agrárias, Londrina, v. 40, n. 2, p. 701-712, mar./abr. 2019

Pacheco, F. C. et al.

serological studies of herds, control of rodents
and felids on properties, and the dissemination of
information about these diseases are relevant for
disease control at the study site.
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