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ABSTRACT

Background: Leptospirosis and brucellosis are zoonosis worldwide distributed that have great economic importance, 
especially in goats. This study aimed to carry out a cross-sectional study to determine the prevalence of anti-Leptospira 
spp. and anti-Brucella abortus antibodies and to determine epidemiological variables associated to infection by these 
ethiological agents in goats. 
Materials, Methods & Results: Serum samples were collected from 1055 goats of 95 properties distributed in 18 regional 
centers of Paraná State from April to August of 2010. Collected samples were submitted to microscopic agglutination test 
(MAT) for the detection of anti-Leptospira spp. antibodies with 22 reference serovars: Australis, Bratislava, Autumnalis, 
Butembo, Castellonis, Bataviae, Canicola, Fortbragg, Whitcombi, Cynopteri, Grippotyphosa, Hebdomadis, Copenhageni, 
Icterohaemorrhagiae, Panama, Pomona, Pyrogenes, Hardjo, Wolffi, Shermani, Tarassovi and Londrina 1 (L1). The samples 
were also submitted to buffered acidified plate antigen test (BAPA) and 2-mercaptoethanol test (2-ME) to detect anti-Brucella 
abortus antibodies. The results obtained from epidemiological and serological study were analysed by Epi Info 3.5.3. We 
observed 9.9% (104/1055) of goats reagents in at least one serovar of Leptospira spp. and no reagent animal to Brucella 
abortus. The variables that were statistically significant with leptospirosis were: production type meat, sewer destination 
in dry sump, frequent abortion, shared use of pastures, slaughter of animals on the property, the presence of pigs and wild 
animals such as deer and capybaras on the property.
Discussion: This was the first study about antibodies prevalence against Leptospira spp. and Brucella abortus in goat herds 
from Paraná State. The presence of both animal species were statiscally associated to risk of leptospirosis. It is necessary 
avoid the acess of these animals in herds, decreasing the dissemination of the agent. The production type meat is a form of 
creation in which the animals have no care of zookeepers and continuous veterinary care. The final destination of sewage 
was statistically associated to risk of leptospirosis in goats and this is a big problem in rural properties, requiring greater 
attention of authorities for proper disposal of this wastewater, reducing water and food contamination. Among the variables 
related to management, the herds that used rented pasture or shared pastures also were statistically associated to risk of 
leptospirosis in goats; with the sharing of pastures a greater flow of animals transiting in the pickets occurs, allowing not 
only flocks of goats, but other species also, to use the same pastures and become more exposed to certain diseases. The 
slaughter of pigs, sheep, cattle and goats on the property is a problem for animal and human health due to lack of sanitary 
inspection. Abortion is one of the main clinical signs of leptospirosis in farm animals, particularly goats. The knowledge 
of these results will be useful to develop control programs for the disease in Paraná State herds.  The absence of circulating 
anti-Brucella abortus antibodies in goat herds has also been reported in other Brazilian States.
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INTRODUCTION

Goat farming is an economic activity explored 
all around the world and which is expanding. In 2011, 
the Brazilian herd was estimated at 9,384,894 animals. 
The South Region has 341,637 animals [17], and of 
this total 185,206 animals are in Paraná State [18].

Leptospirosis is a zoonosis worldwide distrib-
uted caused by infection by any pathogenic member 
of the genus Leptospira [8,9,34], almost present in 
all countries, its occurrence is associated with moist 
periods [23,25]. The reservoirs of leptospirosis are 
synanthropic and domestic animals, rodents are one of 
the main disseminators of the agent by the urine [4]. 
This disease can cause abortions and high mortality 
rate (over 40%) in young goats [3]. The serovars most 
commonly found in goats are Grippotyphosa, Pomona, 
Icterohaemorrhagiae, Autumnalis, Sejroe, Ballum and 
Canicola [25].

Brucella melitensis is considered the main spe-
cies of Brucella that affects goats. However, due to the 
co-creation of goats and cattle, there is the possibility 
to detect Brucella abortus in this species. The disease 
is characterized by reproductive signs such as abor-
tions in the final stage of pregnancy, premature birth, 
infertility and low milk production [19].

The aim of this work was to carry out an epi-
demiological cross-sectional study in goat herds from 
Paraná State, with the determination of the prevalence 
of antibodies anti-Leptospira spp. and anti-Brucella 
abortus and to determine variables related to envi-
ronmental characteristics and property management 
associated to infection by these ethiological agents.

MATERIALS AND METHODS

Epidemiological Analysis

The state of Paraná is located in the southern 
region of Brazil with an extension of 199,709 Km2. It 
consists of 20 regional units of animal health, 399 mu-
nicipalities and 4,515 properties of goat farming [26]. 
We have conducted a cross-sectional observational 
study. To raffle the goat herds and the animals to be 
selected to the study a database of 4,515 properties 
and 80,780 animals from SEAB-2009 was used. To 
calculate the sample size EpiInfo 3.5.1 [7] was used 
with a prevalence estimated at 50%, error of 3.5%, 
95% of confidence level and Deff of 1.5, resulting in 
1,055 young and adult animals for a cluster sampling. 

The sampling was performed in two stages: in the first 
stage, 95 properties were systematically raffled, cover-
ing 18 of the 20 regional units of animal health from 
Paraná State, in the second stage, goats were randomly 
selected according to the total number of animals on 
each property. 

The samples were collected from April to Au-
gust of 2010 after the signatures of a knowledge and au-
thorization document by the owners. Blood collection 
was done by jugular venipuncture with 40 mm x 12 mm 
needles in vacuum tubes without anticoagulant. For the 
analysis of variables associated with Leptospira spp. 
and Brucella abortus infection, the owners answered an 
epidemiological questionnaire with information about 
the property, creation system, environmental and herd 
variables, such as: cleaning installations frequency, 
source of drinking water, final destination of sewage, 
the presence of marshy areas, sex, age, breeding sys-
tem, production type, breed, management, presence of 
veterinary assistance, pastures in common with other 
properties, slaughtering of animals on the property, 
the presence of other livestock and/or wild animals, 
acquisition of new animals, requirement tests for the 
acquisition of new animals, annual worming, abortion, 
heat repetition and reproductive problems.

Serological Tests

All serum samples were tested for the detection 
of anti-Leptospira spp. antibodies with 22 reference 
serovars: Australis, Bratislava, Autumnalis, Butembo, 
Castellonis, Bataviae, Canicola, Fortbragg, Whitcombi, 
Cynopteri, Grippotyphosa, Hebdomadis, Copenhageni, 
Icterohaemorrhagiae, Panama, Pomona, Pyrogenes, 
Hardjo, Wolffi, Shermani, Tarassovi and Londrina 1 
(L1).

Antigen cultures were maintained at 28°C from 
5 to 10 days in modified EMJH medium (DIFCO®1). 
Serum samples able to agglutinate at least 50.0% 
of leptospires starting from titer levels of 100 were 
considered positive for leptospirosis. The sera from 
positive animals were diluted twofold to determine the 
maximum positive dilution [10].

Serovars with the higher agglutination titers 
were considered the most likely match for animals. 
Samples with co-agglutination at the highest dilu-
tions were considered reactive only to Leptospira 
interrogans. 

On the property, the most likely match serovar 
showed the largest titer and the highest number of 
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positive reactions. A property was considered positive 
when presented at least one reagent animal to Lepto-
spira interrogans.

All samples were tested to Brucella abortus an-
tigen by buffered acidified plate antigen test (BAPA2) 
and 2-mercaptoethanol test (2-ME2). The antigen for 
BAPA consisted of an inactivated cell suspension of 
Brucella abortus strain 1119-3, pH 3.65 ± 0.05, in a 
concentration of 8%. For 2-ME test the concentration 
was 4.5% (Paraná Institute of Technology - Tecpar). 
The BAPA was considered positive when macroscopic 
agglutination occurred and 2-ME was considered posi-
tive when there was formation of a precipitated film 
on the bottom of the tube and clear supernatant. The 
sample was considered positive when reagent in both 
serological tests.

Statistical Analysis 

 The results obtained from epidemiological 
and serological study were analysed by Epi Info 3.5.3 
[7]. Statistical significance of observed results and the 
expected ones, were analysed by Chi square (χ2) and 
Fisher’s exact tests in a 5.0% of significance level. The 

measure of association was determined by Odds ratio 
(OR) in a confidence interval (CI) of 95%.

RESULTS

From 1,055 goat sera analyzed, 9.9 % 
(104/1055; 95 % CI 8.12 to 11.81 %) were positive 
for Leptospira spp., while for Brucella abortus were 
negative. The reactive sera (104) had antibodies 
with the following titles: 100 (72.1%; 75/104), 200 
(14.4%; 15/104), 400 (10.6%; 11/104), 800 (1, 9%, 
2/104) and 1,600 (1.0%; 1/104). The most preva-
lent serovars in animals were Pyrogenes 21.15% 
(22/104), Hardjo 18.27% (19/104) and Bratislava 
10.58% (11/104). Among the 95 properties analyzed 
48.42% (46/95) had at least one reagent animal. 
The most prevalent serovars in the properties were 
Pyrogenes 21.74% (10/46), Hardjo 10.87% (5/46) 
and Autumnalis 10.87% (5/46). The other serovars 
in reagent animals and positive properties are de-
scribed in Table 1.

The variables in the epidemiological study 
analyzed by statistical significance are described in 
Table 2.

Table 1. Most prevalent serovars for Leptospira spp. in reagent goats and positive properties in Paraná State, 2010.

Serovar
Reagent 
Animals

(%)
Positive 

Properties
(%)

Pyrogenes 22/104 21.15 10/46 21.74

Hardjo 19/104 18.27 5/46 10.87

Bratislava 11/104 10.58 4/46 8.70

Autumnalis 9/104 8.65 5/46 10.87

Fortbragg 8/104 7.70 2/46 4.35

Icterohaemorrhagiae 6/104 5.77 3/46 6.52

Canicola 5/104 4.81 4/46 8.70

Butembo 4/104 3.85 2/46 4.35

Copenhageni 2/104 1.92 2/46 4.35

Grippotyphosa 2/104 1.92 - -

Shermani 2/104 1.92 - -

Australis 1/104 0.96 - -

Pomona 1/104 0.96 1/46 2.17

Tarassovi 1/104 0.96 1/46 2.17

Serologic draw* 11/104 10.58

Not determined serovar** - - 1/46 2.17

Several prevalent serovars*** - - 6/46 10.04
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Table 2. Characteristics of the property, management and reproductive problems statistically associated to reagent goats to Leptospira spp. in Paraná State, 2010.

Variable Reagents/Total (%) P- value OR (CI 95%)

Production type

Meat 96/851 11.3 0.0063

Milk 1/16 6.3

Mixed 7/188 3.7

Sewer destination

Dry sump 83/710 11.7 0.0139

Septic sump 17/256 6.6

Others 4/89 4.5

Sharing pastures

Yes 11/42 26.2 0.0015 3.51(1.70-7.21)

No 93/1013 9.2

Sheep slaughtered on the property

Yes 66/552 12.0 0.0218 1.66 (1.09-1.09)

No 38/503 7.6

Pig slaughtered on the property

Yes 79/678 11.7 0.0119 1.85 (1.16-2.96)

No 25/377 6.6

Cattle slaughtered on the property

Yes 53/433 12.2 0.0393 1.56 (1.04-2.34)

No 51/622 8.2

Goats slaughtered on the property

Yes 94/861 10.9 0.0214 2.25 (1.15-4.41)

No 10/194 5.2

Presence of pigs

Yes 90/747 12.0 0.0003 2.87 (1.61-5.13)

No 14/308 4.5

Presence of wild animals

Yes 81/696 11.6 0.0095 1.92 (1.18-3.11)

No 23/359 6.4

Presence of capybaras

Yes 45/350 12.9 0.0283 1.61 (1.07-2.43)

No 59/705 8.4

Presence of deer

Yes 41/244 16.8 0.00005 2.39 (1.57-3.65)

No 63/811 7.8

Frequent abortion

Yes 36/258 14.0 0.0133 1.76 (1.14-2.71)

No 67/795 8.4
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The results indicate that 75.5% (797/1055) 
were female, 72.1% (575/797) were more than one 
year old. Males were 24.4% (257/1055) and 46.6% 
(125/257) were more than one year old. The pre-
dominant farming system was the extensive, with 
51.7% (545/1055); followed by the semi-extensive, 
with 41.0% (433/1055) and the confined, with 7.3% 
(77/1055). The meat production was predominant 
with 80.7% (851/1055) followed by mixed produc-
tion 17.8% (188/1055) and 1.5% was milk production 
(16/1055). In relation to the breed, 60.2% (635/1055) 
of the goats were crossbreed; 29.6% (342/1055) were 
Boer and 4.6% (49/1055) were Saanen.

In relation to the properties installations, 31.6% 
(30/95) performed cleaning three times in a year; 9.5% 
(9/95) two times in a year; 21.1% (20/95) one time in 
a year and 36.8% (35/95) did not perform cleaning. 
The origin of drinking water was mines and streams 
for 91.6% (87/95) of animals and 86.3% (82/95) of hu-
man. The sewage destination was dry sump in 62.1% 
(59/95) of the properties wetlands were present in 
31.6% (30/95) of them.

The results regarding to the presence of other 
animal species indicate that 97.9% (93/95) of the 
properties had dogs, 73.7% (70/95) cats, 85.3% (81/95) 
cattle, in 61.1% (58/95) of the properties goats and 
cattle lived together; 70.5% (67/95) of the properties 
had the presence of wild animals: 26.3% (25/95) of 
capybaras, 16.8% (16/95) of cervids and 83.2% (79/95) 
of rodents. In relation to the management of properties, 
37.9% (36/95) had veterinary care, 92.6% (87/95) did 
not share pastures with other properties, 73.7% (70/95) 
of goats were slaughtered or intented for consumption 
and 66.3% (63/95) of the animals were slaughtered on 
the property.

Regarding the health of livestock, during two 
years prior to the study there was the acquisition of ani-
mals in 46.3% (44/95) of the properties, 87.4% (83/95) 
had done worming annually, 18.9% (18/95) of the prop-
erties had reproductive problems, including: abortion 
in 21.1% (20/95) or heat repetition in 11.6% (11/95).

DISCUSSION

In small ruminants, particularly goats, few 
studies have been conducted in Brazil in order to iden-
tify risk factors associated with infection by Leptospira 
spp. [16]. Paraná State does not have epidemiological 
studies in this way, which highlights the importance 

of performing this work, considering that leptospirosis 
has great economic importance and causes direct and 
indirect damage to herds, among them goats.

During years 2003 and 2004, in a study in Rio 
de Janeiro State were observed a prevalence of 11.1% 
(111/1000) [19] and  in the semi-arid of Paraíba State 
found 8.7% (98/975) of reagents goats [14], both re-
sults were close to those found in this work. While in 
Rio Grande do Sul State a prevalence of 3.4% (12/354) 
in dairy goats were found [31], this can be justified by 
the fact that dairy farms have higher veterinary care 
and better care in managements, reducing the risk of 
infection.

In Uberlândia city Minas Gerais State, found 
a prevalence of anti-Leptospira spp. antibodies in 
31.30% (72/230) of goats, and 66.67% of the titers 
were 100 [30], this results are similar to ours (72.1%; 
75/104 with title 100), demonstrating the chronicity 
of reactive animals in epidemiological studies. The 
chronicity found shows the risk of further spread of 
the agent to other animals and humans, as these goats 
with low levels of antibodies, can be carriers and 
eliminate the bacteria to the environment, without any 
clinical signs.

When we analyze the dispersion of agents 
between the regions we can observe variations in preva-
lence in flocks. Schmidt, Arosi & Santos [31] studied 
the prevalence of leptospirosis in 22 properties of dairy 
goats in Rio Grande do Sul State and found a preva-
lence of 13.64% (3/22). In the semi-arid region of the 
Northeast, Higino et al. [15] found 43.6% (48/110) of 
the properties with positive animals, showing a preva-
lence in herds similar to our study 48.42% (46/95).

This was the first study of the prevalence of 
anti-Leptospira spp. antibodies in goats in Paraná State, 
in which a homogeneous distribution of properties with 
reagent animals throughout the state was observed, as 
can be seen in Figure 1.

Among reagent goats, the most likely prevalent 
serovars observed were: Pyrogenes 21.15% (22/104), 
Hardjo 18.27% (19/104) and Bratislava 10.58% 
(11/104), while in the positive properties the most 
likely prevalent serovars were: Pyrogenes 21.74% 
(10/46), Hardjo 10.87% (5/46) and Autumnalis 10.87% 
(5/46). In São Paulo, was reported a prevalence of 2.4% 
(15/616) in goats, the most likely prevalent serovar 
was Pyrogenes with 21% of the reagent animals [11], 
similar to the results found in this study (21.15%). 
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However in Minas Gerais State had lower results for 
the prevalence of this serovar (13.13%), this can be 
justified by the ecosystem and the presence of wild 
animals [30]. Pyrogenes serovar was isolated in wild 
animals, humans, Uganda cattle, goats and sheep from 
Sudan [12]. In Brazil was isolated from wild animals 
[29]. In this work the variable presence of wild animals 
(P = 0.0095) (deer with P = 0.00005 and capybaras 
with P = 0.0283) was statistically associated to risk of 

leptospirosis in goats. It is known that wild animals 
are reservoirs of serovar Pyrogenes and can be the 
source of infection and spread of the agent to herds. 
In a study in cattle herds of Maranhão also noted that 
the presence of wild animals like capybaras and deer 
were risk variables for leptospirosis [32]. Due to the 
increasing ecological imbalance, wild animals, espe-
cially capybaras, tend to migrate to urban centers and 
crops, causing further spread of the agent [6].

In a study in Rio de Janeiro State, observed 
42.7% of goats reagents to Hardjo serovar, results 
superior to that found in our study (18.27%; 19/104). 
Regarding the properties, in this study the serovar 
Hardjo was the second most likely prevalent (10.87%; 
5/46) [22]. Superior results were found in Rio de Ja-
neiro State, where they observed 72.1% of the positive 
properties for that serovoar [19]. The serovar Hardjo 
can be present in bovines, sheep and pigs as reservoir, 
and in this study the presence of pigs in properties 
was statistically (P = 0.0003) associated to risk of 
leptospirosis in goats. Similar results were observed 
in cattle study in Bahia State, where pig farming was 
also associated factor with leptospirosis, which is an 
important reservoir for serovars as Hardjo, Pomona, 
among others [24]. Bratislava was the third most preva-
lent serovar with 10.58% (11/104) of the reagent goats, 
being that this serovar presents as main reservoirs: pigs, 
horses and rodents. In a study in Rio de Janeiro State, 
observed lower prevalence than found in our study, 
with only 3.8% of reacting animals [20]. It indicates 
that Hardjo and Bratislava serovars are keeping in 
herds through the dissemination of pigs to goats and 

vice versa, since the presence of pigs in properties was 
statistically associated to leptospirosis in the present 
goat population.

In semi-arid of Paraíba State found the Autum-
nalis serovar as the most prevalent in properties with 
positive animals, being observed in 10.9% (12/110) of 
them [14]. These results were similar to that observed 
in our study that had the Autumnalis serovar as the 
third most probable with 10.87% (5/46) of the posi-
tive properties. This serovar has as main reservoir the 
rodents, animals that were present in 83.2%  of the 
properties according to the epidemiological question-
naire (not statistically significant). This reservoir was 
present in flocks enabling the delivery of Leptospira 
spp. to other animals and humans, showing great health 
and public health concern.

In the analyzed properties the production 
type (meat, milk and mixed) were statistically (P = 
0.0063) associated to risk of leptospirosis in goats, 
and most properties had production type meat (80.7%; 
851/1055). In a study with cattle in Mato Grosso do 
Sul State, observed that the production type meat had 
12.17 times more chances to have infection for at 

Figure 1. Geographical map with distribution of municipalities with at least one property with at least 
one animal reagent to Leptospira spp., Paraná, 2010.Source: Map adapted available in: http://www.
zonu.combrazil_mapsParana_State_Municipality_Map_Brazil.htm. [Accessed in 18 January 2014].
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least one serovar of Leptospira spp. when compared 
to production type milk or mixed [13]. The production 
type meat is a form of creation in which the animals 
have no care of zookeepers and continuous veterinary 
care, in this type of farm animals are in the field, graz-
ing away from the center of individual managements, 
taking care sporadically, more predisposed to the risk 
of spreading disease among them. 

Among the environmental variables, the final 
destination of sewage was statistically (P = 0.01390) 
associated to risk of leptospirosis in goats, and the an-
swer dry sump was more present with 11.7% (83/710). 
This is a big problem in rural properties, requiring 
greater attention of authorities for proper disposal of 
this wastewater, reducing water and food contaminatio-
nin. In a study of canine leptospirosis in Curitiba Paraná 
State, found that areas with lower socioeconomic and 
environmental conditions, with the presence of open 
sewers near homes, garbage and debris had statistically 
higher risk for spread of leptospirosis [2].

Among the variables related to management, 
the herds that used rented pasture or shared pastures 
also were statistically (P = 0.0015) associated to risk 
of leptospirosis in goats. Similar results were found in 
a study with cattle in Bahia State [24], where the share 
of pasture was presented as an associated factor, which 
suggests the contamination of pastures and water by 
the animals coming from other properties and by the 
intense movement of new animals. With the sharing 
of pastures a greater flow of animals transiting in the 
pickets occurs, allowing not only flocks of goats, but 
other species also, to use the same pastures and become 
more exposed to certain diseases.

The slaughter of pigs, sheep, cattle and goats on 
the property showed statistical (P = 0.0214) association 
to risk of leptospirosis in goats. Which is a problem 
for animal and human health, for not having sanitary 
inspection nor sanitary conditions suitable for personal 
protection to the operator and to the consumer of the 
final product. The same was observed by in a study of 
cattle properties in Bahia State, where they noted that 
the slaughter of animals on the farm was a variable 
associated with the risk of leptospirosis [24].

The variable frequent abortion appeared as 
statistically (P = 0.0133) associated, and abortion is 
one of the main clinical signs of leptospirosis in farm 
animals, particularly goats. A study with goat herds in 
Espírito Santo State found a higher risk of occurrence 
of abortion, with 15.61 times greater chance of miscar-
riages in animals reagents in serology for leptospirosis 
compared to not reagents [5]. Prevalence of 48.8% 
(61/125) in females reagents for Leptospira spp. in an 
outbreak, in which the main clinical sign observed was 
abortion [21].  

The absence of circulating anti-Brucella 
abortus antibodies in the studied herds has also been 
reported in northeastern Brazil [1], with prevalence 
between 0.6% [27] and 0.2% [33].

CONCLUSIONS

In this study, it was observed that the most 
prevalent serovars circulating in animals and properties 
were Pyrogenes and Hardjo. The main reservoirs of 
these serovars are wild animals and pigs, respectively. 
The presence of both animal species were statiscally 
associated to risk of leptospirosis. It is necessary avoid 
the acess of these animals in herds, decreasing the dis-
semination of the agent.

The factors statistically associated with lepto-
spirosis, that remain not described in goat herds, are: 
production type meat, sewer destination in dry sump, 
shared use of pastures, slaughter of animals on the 
property, the presence of pigs and wild animals such 
as deer and capybaras on the property. The knowledge 
of these results will be useful to develop control pro-
grams for the disease in Paraná State herds, since this 
epidemiological study is the first in the state.  
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