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Abstract

The study of the prevalence of anti-leptospiral antibodies in pet dogs in urban areas and the variables 
associated with the risk of infection can aid in the identification of the serovars present in the region 
and indicated the reservoirs involved in this important zoonosis. The aim of the present study was to 
determine the prevalence of anti-leptospiral antibodies in 653 dogs from 369 households distributed 
throughout the urban area of the municipality of Jataizinho, Paraná (PR), and to investigate the variables 
associated with the risk of leptospiral infection in these animals. Serum samples were subjected to 
microscopic agglutination test (MAT) against 23 serovars of pathogenic leptospires. Among the 132 
(20.21%) reactive samples, 15 (11.36%) were reactive for more than one serovar, and the most likely 
serovar could not be determined. Among the 117 (88.73%) samples that reacted to a single serovar, the 
serovar Canicola was considered to be the most likely in 89 cases (76.07%). Variables associated with 
the risk of disease were investigated using an epidemiological questionnaire administered to each owner, 
and the data obtained were analyzed using the statistical software EpiInfo. The significant variables (p ≤ 
0.05) associated with seropositivity for leptospirosis in pet dogs in the urban area of the municipality of 
Jataizinho, PR, were the presence of rats in the household, adult or elderly dogs, free access of the dog 
to the street and contact with stray dogs. The results indicate a high prevalence of pet dogs in the urban 
area of Jataizinho, PR, with anti-leptospiral antibodies and suggest the need to educate the population of 
the municipality about the vaccination of dogs, as well as, the epidemiological role of the dog in urban 
leptospirosis. 
Key words: Epidemiology, microscopic agglutination, test, Leptospira spp., serovar Canicola, 
diagnosis, risk variables

Resumo

O estudo da prevalência de cães domiciliados em áreas urbanas com anticorpos antileptospiras e de 
variáveis associadas ao risco de infecção, pode auxiliar na identificação dos sorovares presentes na região 
e sugerir os reservatórios envolvidos nesta importante zoonose. O objetivo deste trabalho foi determinar 
a prevalência de anticorpos antileptospiras em 653 cães de 369 domicílios distribuídos na área urbana 
do município de Jataizinho, PR, e estudar variáveis associadas ao risco de infecção por leptospiras 
nesses animais. As amostras de soro foram submetidas a prova de soroaglutinação microscópica (SAM) 
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frente a 23 sorovares de leptospiras patogênicas. Das 132 (20,21%) amostras de cães reagentes, 15 
(11,36%) reagiram para mais de um sorovar, não sendo possível determinar o sorovar mais provável, 
e das 117 (88,73%) que reagiram para um sorovar somente, o sorovar Canicola foi considerado o mais 
provável em 89 (76,07%). Variáveis associadas ao risco da doença foram investigadas através de um 
questionário epidemiológico aplicado a cada proprietário e os dados obtidos foram analisados pelo 
programa estatístico EpiInfo. As variáveis significativas (p ≤ 0,05) associadas à soropositividade para 
leptospirose nos cães domiciliados em área urbana do município de Jataizinho, PR, foram: visualizar 
ratos no ambiente familiar, animal adulto ou idoso, livre acesso do cão à rua e contato com cães errantes. 
Os resultados indicam uma alta prevalência de cães domiciliados em área urbana de Jataizinho, PR, com 
anticorpos antileptospiras e sugerem a necessidade de conscientizar a população do município sobre a 
vacinação dos cães, assim como, o papel epidemiológico do cão na leptospirose urbana. 
Palavras-chave: Epidemiologia, soroaglutinação microscópica, Leptospira spp, sorovar Canicola, 
diagnóstico, variáveis de risco

Introduction

Leptospirosis is an important zoonosis caused by 
the spirochete Leptospira interrogans that affects all 
mammalian species. The disease has a worldwide 
distribution and can cause systemic infection with 
different clinical presentations, according the 
animal specie and the infecting serovar involved 
(FAINE et al., 1999).

Dogs are susceptible to all leptospiral serovars; 
however, when infected by serovar Canicola, they 
can act as asymptomatic carriers, eliminating the 
bacteria in the urine without any clinical presentation 
suggestive of leptospirosis (PRESCOTT, 2008).

In urban environments, dogs are the main 
reservoirs involved in the transmission of 
leptospirosis to humans and other dogs (BROD et 
al., 2005). Jansen et al. (2005) and Fraga (2008) 
associated the risk of human infection with the 
presence of dogs infected by leptospires inside the 
household or near it. 

Several studies on pet and stray dogs have 
identified different variables associated with the 
risk of infection by leptospires, such as gender, age, 
presence of flooded areas near the household, contact 
with rodents, hunting habits and type of access to 
the street (RUBEL et al., 1997; MASCOLLI et al., 
2002; QUERINO et al., 2003; LOPES et al., 2005; 
MAGALHÃES et al., 2007).

Rubel et al. (1997) consider that the transmission 
of leptospirosis in stray dogs can occur through direct 
contact with asymptomatic carriers or indirectly 
through contact with an environment contaminated 
by leptospires. Humid soils and stagnant water are 
important routes of infection for dogs that urinate, 
drink and walk over these microenvironments 
that favor the survival of leptospires for months 
(TRUEBA et al., 2004).

The immunization of dogs can prevent canine 
leptospirosis. Non-vaccinated populations can reach 
an incidence of disease of 75% of dogs (WARD, 
2002).

Vaccines against leptospirosis are bacterins and 
produce a serovar-specific response, with no cross-
protection between serotypes. Nonspecific vaccine 
titers can be detected by a microscopic agglutination 
test (MAT) up to three months after immunization 
(MILLER et al., 2011). Harkin et al. (2003) and 
Minke et al. (2009) showed that the vaccines prevent 
renal colonization, leptospiruria over long periods 
and death after extreme challenges in experimental 
infections. 

The aim of the present study was to determine the 
prevalence and identify the risk variables associated 
with leptospirosis in pet dogs in the urban area of 
the municipality of Jataizinho, Paraná (PR). 
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Materials and Methods

Information on the city of Jataizinho, PR

The municipality of Jataizinho, PR, is located 79 
km from Londrina, PR, with an area of 159.18 Km² 
and 11,875 inhabitants. According to the Brazilian 
Institute of Geography and Statistics (INSTITUTO 
BRASILEIRO DE GEOGRAFIA E ESTATÍSTICA 
– IBGE, 2010), 12.8% of permanent private 
households in the urban area have inadequate 
sanitation, and the monthly household income per 
capita in this area is R$ 478.00.

The urban geographical area of the municipality 
was divided by the Epidemiological Surveillance, 
together with the Municipal Health Department, 
into five independent districts that correspond to the 
coverage area of the Basic Health Units (BHUs) in 
the municipality as a strategy for the implementation 
of health programs. 

Households

In 2009, the urban area of Jataizinho-PR had 
4,692 properties, of which 80% (3,754) were family 
households registered in the Family Health Program 
of the BHU, with 13,286 registered individuals and 
an average of 3.54 individuals per household. 

Sample size

In urban areas, the human:dog ratio is 4:1, and 
92.70% of these dogs are domicilieted (ALVES et 
al., 2005). Therefore, the initial population of pet 
dogs in Jataizinho, PR, was estimated at 3,079 
animals. 

The calculation of the sample size was performed 
using the software Epi 6.0 (DEAN et al., 1994), with 
an expected prevalence of 50%, accuracy of 5% and 
level of confidence of 95%. The size of the sample 
obtained was multiplied by 1.5 (design effect – 
Deff) as a way of correcting for cluster sampling, 
totalizing 513 dogs.

 

Sampling

A 20% loss in visitation was estimated 
considering dogs younger than six months, dogs 
with aggressive behavior, refusal of the owner 
to participate in the study and closed houses. Six 
hundred and twenty households were visited, which 
were distributed into 42 randomly selected blocks, 
proportional to the number of households in each 
region and based on 15 households per block.

Sample collection

Sample collection was performed between July 
and November 2010, and an informed consent 
form was signed by the animal’s owner before each 
collection.

A household epidemiological questionnaire 
was administered to the owners that contained the 
following variables: accumulation of rainwater 
near or in the yard; sewage and garbage disposal; 
vacant land; flooded areas; presence of rivers, 
lakes or forests near the household; observation of 
rats in the household; and presence of a toilet and 
debris outside the house. The following variables 
were investigated for each dog: gender; age; breed; 
vaccination history; contact with other dogs in 
the household or stray dogs, rodents, cattle or 
possums; access to the street; type of access, alone 
or accompanied by the owner; and hunting habits. A 
blood sample was collected from each dog to obtain 
serum samples, which were placed in sterile flasks, 
labeled and stored at –20°C until processing. 

Microscopic agglutination test (MAT)

All of the serum samples were tested for anti-
Leptospira spp. antibodies against 23 reference 
serovars: Australis, Bratislava, Autumnalis, 
Butembo, Castellonis, Bataviae, Canicola, 
Fortbragg, Whitcombi, Cynopteri, Grippotyphosa, 
Hebdomadis, Copenhageni, Icterohaemorrhagiae, 
Panama, Pomona, Pyrogenes, Hardjo, Wolffi, 
Shermani, Tarassovi, Sentot and Ballum. 
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The cultures used as antigens were kept at 28°C 
for 5 to 10 days in Ellinghausen-McCullough-
Johnson-Harris (EMJH) medium (DIFCO® – USA) 
modified by the addition of rabbit serum (FAINE, 
1982). The sera were considered to be reactive 
when at least 50% of leptospires were agglutinated, 
starting at a titer of 100 and geometrically diluting by 
two for the determination of the maximum positive 
dilution (FAINE et al., 1999). The serovar presenting 
the highest agglutinating titer was considered to be 
the most likely serovar (VASCONCELLOS et al., 
1997). Only the sera presenting coagglutination in 
the highest dilution were considered to be reactive 
to Leptospira interrogans (ALMEIDA et al., 1994).

Statistical analysis

The data obtained from the epidemiological 
questionnaire and the results of serodiagnosis were 
analyzed with the software EpiInfo (DEAN et al., 
1994). The Chi-squared test or Fisher’s Exact Test 
were used to determine the statistical significance 
of the data. The strength of the association was 
determined by calculating the odds ratio (95% 

confidence interval). A 5% level of significance was 
adopted. 

Results

Blood samples were collected from 653 dogs in 
369 households distributed into five regions of the 
urban area of the municipality of Jataizinho, PR.

Among the 132/653 (20.21%) reactive samples, 
15/132 (11.36%) were reactive for more than one 
serotype, and the most likely serovar could not 
be determined; whereas of the 117/132 (88.73%) 
samples that reacted to a single serovar, Canicola 
was the most likely serovar in 89 (76.07%) samples. 

The most likely serovars detected were Canicola, 
Butembo, Pyrogenes, Grippotyphosa, Ballum, 
Bratislava, Copenhageni, Pomona and Tarassovi, 
with titers varying between 100 and 12.800 (Table 1).

The significant variables (p≤0.05) associated 
with seropositivity for leptospirosis in dogs were the 
presence of rats in the household, adult or elderly 
dogs, free access to the street and contact with stray 
dogs (Table 2). 

Table 1. The most likely serovars of Leptospira interrogans and the titers detected in the microscopic agglutination 
test (MAT) in 117 pet dogs in the urban area of Jataizinho, PR, between July and November 2010.

Titers 100 200 400 800 1600 3200 6400 12800 Total (%)
Canicola 30 28 14 09 03 03 01 01 89 (76.07)
Butembo 02 02 01 02 07 (5.99)
Pyrogenes 05 05 (4.27)

Grippotyphosa 03 02 05 (4.27)
Ballum 03 01 04 (3.42)

Bratislava 03 03 (2.57)
Copenhageni 01 01 02 (1.69)

Pomona 01 01 (0.85)
Tarassovi 01 01 (0.85)

Total 
(%)

49
(41.89)

32
(27.35)

16
(13.67)

12
(10.26)

03
(2.57)

03
(2.57)

01
(0.85)

01
(0.85)

117 
(100.00)

Source: Elaboration of the authors.
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Table 2. Analysis of the variables associated with the risk of infection by Leptospira spp. evaluated in 653 pet dogs in 
the urban area of the municipality of Jataizinho, PR, between July and November 2010.

Reactive/Total (%) OR
(95%CI) p

Observation of rats in the household
Yes 107/482 (22.2) 1.65
No 25/170 (14.7) (1.02-2.66) 0.047

Contact with stray dogs
Yes 81/338 (24.0) 1.63
No 51/315 (16.2) (1.10-2.41) 0.017

Age 
Puppy (a) 9/80 (10.0)
Adult (b) 96/4371 (20.6) 2.3

(1.11 – 4.74) 0.0308

Elderly (b) 27/70 (27.8) 3.42
(1.51 – 7.78) 0.0041

Type of access
Restrict (c) 8/61 (13.1)
Partial (c) 28/149 (18.8) 1.53

(0.65 – 3.58) 0.0429

Free (d) 43/137 (31.4) 3.03
(1.32 – 6.92) 0.0111

OR = odds ratio, CI = confidence interval and p = probability. The variables followed by letters in the columns differ significantly 
(p<0.05).
Source: Elaboration of the authors.

No significant differences were noted among 
the following variables: accumulation of rain water 
near the house (p=0.081); accumulation of rain 
water inside the house (p=0.307); flooded areas near 
the house (p=0.770); rivers or lakes near the house 
(p=0.800); forest regions near the house (p=0.470); 
vacant land near the house (p=0.773); sewage 
disposal (p=0.071); garbage disposal (p=0.477); 
presence of debris inside the house (p=0.621); 
presence of a toilet outside the house (p=0.053); 
gender (p=0.056); breed (p=0.197); contact with 
dogs inside the house (p=0.463); contact with 
rodents (p=0.083); contact with cattle (p=0.503); 
contact with possums (p=0.251); access to the street 
(p=0.102); or hunting habits (p=0.233). 

Discussion

The majority of studies on the seroprevalence 
of canine leptospirosis in dogs considered to 
be domiciled indicate rates of infection below 
18.0% in different states of Brazil (FÁVERO et 
al., 2002; MASCOLLI et al., 2002; LOPES et al., 

2005; MODOLO et al., 2006; MAGALHÃES 
et al., 2007; SILVA et al., 2009; SPOHR, 2009; 
MORIKAWA, 2010; GONÇALVES et al., 2010), 
whereas in stray dogs, a seroprevalence of 21.6% 
has been described in São Paulo, São Paulo state 
(SP) (YASUDA; SANTA ROSA; YANAGUITA, 
1980), a seroprevalence of 21.2% in Londrina, 
PR (BENITEZ et al., 2010) and a seroprevalence 
of 20.0% in Patos, Paraíba (PB) (BATISTA et al., 
2004). In the present study, the prevalence of anti-
leptospiral antibodies in pet dogs (20.2%) was 
similar to that described in stray dogs and can be 
related to the free access of the studied dogs to the 
street and the frequency of contact with stray dogs or 
places that could be contaminated with leptospires. 

The detection of the serovar Canicola as the most 
likely in 89 (76.07%) of the seroreactive dogs in the 
urban area of the municipality of Jataizinho, PR, is 
consistent with the results described by Rubel et al. 
(1997), who indicated the free access of dogs to the 
street as the most important risk factor for canine 
leptospirosis, particularly for the serovar Canicola. 
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Dogs are considered to be the main reservoirs of 
the serovar Canicola, and as asymptomatic carriers, 
they can eliminate bacteria in the urine over long 
periods without showing signs of infection (FAINE 
et al., 1999). Direct contact between healthy dogs and 
dogs that are asymptomatic carriers of leptospires 
can favor the transmission of Leptospira spp., given 
the species’ behavior of smelling the urine of other 
animals and licking the genitals of females in heat. 
These behaviors may have been responsible for the 
high prevalence of dogs with antibodies against the 
serovar Canicola found in this study.

Of the 89 pet dogs that were found to be reactive 
to the serovar Canicola, 61 (68.54%) had direct 
contact with stray dogs. Access to the street without 
supervision was reported by the owners of 53 
dogs, whereas eight other dogs, though kept under 
restraint in the backyards of their homes, had direct 
contact with stray dogs inside the household due 
to the lack of protective walls or fences around the 
houses.

In Brazil, several authors who have studied 
pet dogs in urban areas have detected a higher 
prevalence of seroreactive animals among adult and 
elderly dogs and associated this finding with the 
greater period of exposure and frequency of contact 
with different routes of transmission, represented by 
places contaminated by Leptospira spp. and stray 
dogs with leptospiruria (MASCOLLI et al., 2002; 
MAGALHÃES et al., 2007; FRAGA, 2008). In the 
present study, the variable of adult or elderly dogs 
was associated with dogs that were seroreactive in 
the MAT, which emphasizes the need to prevent the 
contact of pet dogs with stray dogs by controlling 
their access to the street. 

Antibodies against the serovar Canicola can 
be detected after vaccination; however, a lack of 
vaccination against leptospirosis was reported in 
100% of the dogs, which excluded the presence of 
vaccine antibodies. The high prevalence observed 
for this serovar was likely caused by exposure of 
these animals to leptospires in the environment 
and urine of infected dogs, which suggests a high 

circulation of this serovar and serves as an alert 
for the utilization of antileptospiral vaccines in the 
canine population of the studied area. 

The presence of rodents was reported in 73.9% 
of households and was considered to be a risk factor 
associated with the seroprevalence of dogs with 
anti-leptospiral antibodies. The presence of these 
rodents, described by the residents as mice, which 
could be both Mus musculus and/or Rattus rattus, 
could influence the prevalence of dogs’ reactivity to 
the serovar Ballum; however, the habit of hunting 
rodents was not described for the dogs included in 
the study, limiting their direct contact with these 
animals. It is possible that the lack of dog owner 
observation could influence this variable. The dogs’ 
indirect contact with the urine of rats was likely 
small, which may explain the low prevalence (3.4%) 
observed for this serovar. 

In contrast to the majority of studies conducted on 
dogs in urban areas (VIEGAS et al., 2001; QUERINO 
et al., 2003; SILVA et al., 2009; MORIKAWA, 
2010), the serovar Icterohaemorrhagiae was not 
detected in the dogs included in the present study. 
Given the residents’ reports on the rodents observed 
in the household, this result would be expected, as 
according to Faine et al. (1999), the main reservoir 
of this serovar in urban areas is the sewer rat (Rattus 
norvegicus). Spohr (2009) detected no antibodies 
against the serovar Icterohaemorrhagiae in 172 
rodents captured in 25 locations used for recycling 
collected solid residues and old iron in Londrina, 
PR. All of the captured rodents were identified 
as Rattus rattus, which is not considered to be a 
reservoir of the serovar Icterohaemorrhagiae.

The lower frequency of seroreactive dogs for 
the serovars Butembo (5.9%), Pyrogenes (4.2%), 
Grippotyphosa (4.2%) and Bratislava (2.5%) 
suggest the minimal contact of these dogs with 
reservoirs for these serovars. Similar results were 
detected by Lilenbaum, Rodrigues and Barboza 
(2000) when evaluating the relationship between 
different serovars of leptospires in the urban canine 
population of Oriximiná, Pará (PA), and the local 
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wildlife. These authors concluded that the possibility 
of contact with these animals was not decisive in the 
epidemiology of canine leptospirosis. 

According to Mascolli et al. (2002), the variants 
that circulate in the human and dog populations 
are the same, given that the proximity of these 
populations leads to their exposure to the same risk 
factors. During the period of study on dogs in the 
municipality of Jataizinho, PR, the serovar Canicola 
was detected by MAT in one human patient who 
had symptoms of chronic renal failure (*verbal 
communication). This result, associated with the 
high frequency of antibodies detected for serovar 
Canicola in the dogs included in the study, suggests 
the participation of pet dogs in the transmission of 
leptospirosis to humans in this municipality. 

Conclusion

The high prevalence of pet dogs in the urban area 
of Jataizinho, PR, with anti-leptospiral antibodies, 
especially against serovar Canicola, indicates 
the need to adopt measures that will prevent the 
contact between pet and stray dogs, with the aim 
of interrupting the transmission cycle of these 
bacteria. The vaccination of dogs as wellas owners 
knowledge of the epidemiological role of these 
animals in this important zoonosis is also essential. 
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