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ABSTRACT
Leptospirosis is an infectious disease that can affect animals and humans. Distributed worldwide, the disease is more 
prevalent in tropical regions due to socioenvironmental characteristics. Dogs can serve as sentinels for environmental 
contamination due to their frequent contact with humans. This study investigated the frequency of occurrence of 
canine leptospirosis in asymptomatic populations from the Southwest Region of the State of São Paulo, Brazil. Thus, 
blood samples collected from 572 asymptomatic dogs from the cities of Apiaí, Cananeia, Itapeva, and Itu were tested 
with a microscopic agglutination test (MAT). A total of 40.5% of animals in Apiaí reacted to Leptospira spp., 42.6% in 
Itapeva, 7.1% in Cananeia, and 5.1% in Itu. The data from the present study demonstrate that at least one animal from 
the municipalities of Itapeva, Apiaí, and Cananeia had a titer equal to or higher than 800, indicating that Leptospira is 
circulating in these municipalities and that the teams working on castration campaigns need to be educated on the correct 
use of personal protective equipment, especially when mechanically emptying the bladder of these animals. This study 
also suggests that castration campaigns can strategically monitor zoonotic diseases and assist in establishing preventive 
strategies for human and animal health.
Keywords: Leptospira spp. Leptospirosis. Seroprevalence. Dog. Sentinel.

RESUMO
A leptospirose é uma enfermidade infectocontagiosa que pode acometer os animais e o homem. Nos países tropicais e 
em desenvolvimento ocorrem 70% dos casos humanos, com mortalidade variando entre 10 a 70%. Os cães podem se 
tornar portadores assintomáticos por um longo período, podendo transmitir a Leptospira para humanos. Devido ao 
intenso convívio com o ser humano, os cães podem servir como sentinelas da contaminação ambiental. Esse trabalho 
investigou a frequência de ocorrência da leptospirose canina em populações assintomáticas da região sudoeste do estado 
de São Paulo. Para isso foram examinadas pela técnica de soroaglutinação microscópica (MAT), amostras de sangue 
provenientes de 572 cães assintomáticos dos municípios de Apiaí, Cananeia, Itapeva e Itu por amostragem de conveniência, 
oriundos de campanhas de castração. Em Apiaí, foram encontrados 40,5% dos animais reagentes para Leptospira spp.; 
em Itapeva, 42,6%; em Cananeia, 7,7% e em Itu, 5,1%. Os dados encontrados demonstram que, pelo menos, um animal 
dos municípios de Itapeva, Apiaí e Cananeia apresentaram título igual ou maior que 800, indicando a circulação da 
bactéria nessas localidades e que a equipe envolvida nas campanhas de castração precisam ser alertadas sobre o correto 
uso de equipamento de proteção individual, principalmente no esvaziamento mecânico da bexiga antes do procedimento 
cirúrgico. O estudo também sugere que as campanhas de castração podem ser estratégicas no monitoramento de doenças 
zoonóticas e poderiam auxiliar no estabelecimento de ações preventivas para a saúde humana e animal.
Palavras-chave: Leptospira spp. Leptospirose. Soroprevalência. Cães. Sentinela.
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Introduction
Leptospirosis is a disease that is distributed worldwide 

and can affect several species of mammals. Tropical and 
developing countries account for approximately 70% of 
global human cases (Costa et al., 2015), with the mortality 
ranging between 10 and 70% (McBride  et  al., 2015). 
This pattern is attributed to socioeconomic, climatic, 
environmental factors, and the abundance of reservoirs 
that favor the survival of Leptospira spp., increasing the 
risk of transmission to humans and animals (Ganoza et al., 
2006; Reis et al., 2008).

Human infection generally occurs through contact with 
water or soil contaminated with the bacteria, especially 
during floods, in which Rattus norvegicus are expelled from 
burrows and contaminate the water. As a  consequence, 
humans who have prolonged contact with floods are 
infected. Rattus norvegicus is the maintenance host for the 
Copenhageni and Icterohaemorrhagiae serovars (Sakata et al., 
1992). For this reason, most human infections in Brazil and 
worldwide are attributed to these serovars, both of which 
belong to the serogroup Icterohaemorrhagiae (Acha & 
Szyfres, 1989; Guernier et al., 2016; Pagès et al., 2016), but 
there are reports of human infection due to recreational 
contact with water (Abb, 2002; Grobusch  et  al., 2003; 
Pagès et al., 2016). Humans can also become infected with 
other serovars, such as Canicola (Sakata et al., 1992).

Dogs are accidental hosts for most of the described 
serovars, except for the Canicola serovar, for which dogs 
are considered a maintenance host (Schuller et al., 2015). 
Transmission to dogs occurs mainly through contact with 
soil and/or water contaminated with urine or through 

direct contact of susceptible individuals with infected 
dogs (Picardeau, 2013). Once infected, dogs can become 
chronic carriers, excreting leptospires in urine, putting 
other animals, and humans at risk (Miotto et al., 2018a).

Dogs are good sentinels to detect the presence of 
leptospires in an environment with high population 
density because they are more exposed to risk factors 
and environmental contamination (Jorge  et  al., 2017). 
Also, dogs are predators that can ingest prey (rats) that 
may be infected and thus probably have more contact 
with Leptospira. Surveillance in dogs is also important, as 
they can alert local health authorities of the introduction 
of a new serovar in each population or geographic area 
(Bier et al., 2013; Blazius et al., 2005).

For this reason, the objective of this work was to investigate 
the frequency of the presence of anti-Leptospira agglutinins 
in asymptomatic canine populations from the Southwest 
Region of the State of São Paulo, Brazil.

Materials and Methods

Characterization of study samples

Serum samples collected from 572 healthy dogs were 
analyzed for Leptospira antibodies. Conveniently available 
samples were collected from animals treated during neutering 
campaigns in Itapeva (202), Apiaí (41), and Cananeia (52) 
municipalities and from presurgical evaluations for castration 
in Itu (277). Samples were collected between 2014 and 
2016 in municipalities, and at the time of the procedure, 
all animals were healthy. Samples were collected in July 
in the cities of Itapeva, Apiaí, and Cananeia, and in Itu, 
the collection took place between March and November. 
The dogs’ vaccination history was unknown.

The study was performed as a part of the Rondon 
SP Project and the university extension of Santo Amaro 
University and was approved by the Ethics Commission 
of Animal Use (CEUA) of the Santo Amaro University 
(UNISA) under protocol number CEUA 35/2012, 19/2014, 
28.1/2016.

Characterization of the study area

The municipalities of Itu, Itapeva, and Apiaí are 
classified as subtropical and temperate (Cwa) regions, with 
hot summers and summer rains, by the Koppen-Geiger 
scale and Cananéia county (Af) has a hot and humid 
climate without a defined dry season (Dubreuil  et  al., 
2018). Cananeia, Itu and Apiaí municipalities contain the 
Atlantic Forest as a biome, and Itapeva contains a savanna 
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biome (Cerrado) (Instituto Brasileiro de Geografia e 
Estatística, 2020)

Itu is a city with an estimated population and population 
density of 241.01 inhabitants/km. A total of 97% of households 
have adequate sanitation, 93% of urban households are 
on public roads with afforestation, and 52% of urban 
households are on public roads with adequate urbanization 
(Instituto Brasileiro de Geografia e Estatística, 2020). 
Apiaí is a municipality in the state of São Paulo, located 
in the Vale do Ribeira region, Brazil. It has a population 
of approximately 25,191 and a population density of 
25.85 inhabitants/km2. The area of the territorial unit in 
2017 was 974.322 km2. In the municipality, 54.4% of houses 
have basic sanitation, 32% are urbanized, and 72.3% are 
on public roads with afforestation (Instituto Brasileiro de 
Geografia e Estatística, 2020).

Itapeva is a municipality in the state of São Paulo that 
is in the southwest region of the state of São Paulo and has 
a territory of 1,826,258 km2. Approximately 84.4% of the 
houses have basic sanitation, 24.7% of the public roads 
are urbanized, and 66.8% have afforestation (Instituto 
Brasileiro de Geografia e Estatística, 2020). Cananeia is a 
municipality in the state of São Paulo, located in the far 
south of the São Paulo coast in Brazil. It had an estimated 
population in 2018 of 12,539 people, with a demographic 
density of 9.86 inhabitants/km2. Its territorial area in 2017 
was 1,237,357 km2; in 2010, approximately 76% of houses 
had basic sanitation, with 4.9% of public roads were 
urbanized and 43.4% were afforested (Instituto Brasileiro 
de Geografia e Estatística, 2020).

Microscopic Agglutination Technique (MAT)

For anti-Leptospira spp., the microscopic agglutination test 
(MAT) was used, applying a collection with 24 serological 
variants of live antigens among reference samples and native 
strains from Brazil (Fávero et al., 2002).

Serum screening was performed with 24 antigens 
(Castellonis (Ballum, L. borgpetersenii), Hardjo-prajitno 
(Sejroe, L. interrogans), Hardjobovis (Sejroe, L. borgpetersenii), 
Javanica (Javanica, L. borgpetersenii), Tarassovi (Tarassovi, 
L. borgpetersenii), Whitcombi (Whitcombi, L. borgpetersenii), 
Australis (Australis, L. interrogans), Autumnalis (Autumnalis, 
L. interrogans), Bataviae (Bataviae, L. interrogans), 
Bratislava (Australis, L. interrogans), Canicola (Canicola, 
L. interrogans), Copenhageni (Icterohaemorrhagiae, 
L. interrogans), Hebdomadis (Hebdomadis, L. interrogans), 
Pomona (Pomona, L. interrogans), Pomona (GR6) (Pomona, 
L. interrogans), Pyrogenes (Pyrogenes, L. interrogans), 
Icterohaemorrhagiae (Icterohaemorrhagiae, L. interrogans), 

Sentot (Djasiman, L.  interrogans), Grippotyphosa 
(Grippotyphosa, L.  kirschneri), Butembo (Autumnalis, 
L. kirschneri), Cynopteri (Cynopteri, L. kirschneri), Panama 
(Panama, L. noguchi), Shermani (Shermani, L. santarosai), 
and Guaricura (Sejroe, L. santarosai)).

Serum samples with a titer equal to 100 were subjected 
to titration with reagent antigens using a serial dilution 
with ratio 2. The final titer was the reciprocal of the highest 
dilution that generated 50% of agglutination. The most 
likely serovar was the one with the highest titration at 
the highest frequency. Animals with serovars with equal 
titers were considered seroreactive for Leptospira spp., 
but serovar identifications were disregarded (Fávero et al., 
2002). For analysis, animals with a titer equal to or above 
800 were not considered to be vaccinated (Reagan & Sykes, 
2019) or have an active infection.

Spatial localization

To perform georeferencing, geographic coordinates 
were obtained from the address provided by the dog’s 
owner when filling out the consent form. The longitude 
and latitude were obtained using the global positioning 
system (GPS) and map ccordinates.net, a service of Vivid 
Planet Software GmbH.

The QGIS version 2.18 program was used to plot results 
obtained from animals (reactive and nonreactive) in each 
city analyzed.

Results
Sera samples from 572 dogs were analyzed for 

Leptospira spp. One hundred twenty-one (21.15%) were 
reagents for at least one serological variant investigated. 
The dogs were healthy at sample collection.

In Apiaí, 40.5% (17/41) of the animals reacted to 
Leptospira spp. The most frequent serovar was Canicola, with 
a mode of 1,600, followed by Castellonis (Table 1). The most 
likely serovar was Canicola (14/16). Seven animals had a 

Table 1 – Absolute, relative frequency, mode, and variation of 
serovar titers found in seroreagent dogs regardless of 
whether it is single or coagglutination, in the city of 
Apiaí, SP, 2014-2016

Serovar Absolute 
frequency

Relative 
frequency 

(%)

Titer 
(variation) Mode

Bratislava 1 3.22 100 100
Castellonis 9 29.04 100-400 400
Canicola 14 45.16 100-2500 1600
Copenhageni 1 3.23 800 800
Pyrogenes 6 19.35 100-400 200
Total 31 100
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titer equal to or greater than 800 for the serovar Canicola 
and one for the serovar Copenhageni.

In the municipality of Itapeva, 42.6% (86/202) of the 
animals were seroreactive for Leptospira spp., with the 
predominance of the Copenhageni serovar (29.07%). 
The titers ranged from 100 to 12,800, followed by the 
Icterohaemorrhagiae serovar (20.54%) (Table 2). The most 
common serovar was Copenhageni (48/73), followed by 
Cynopteri (7/73). Thirty-three animals had titers equal 
to or greater than 800, 79% for the serovar Copenhageni, 
9% for Canicola, 6% for Cynopteri, and 3% for the serovars 
Icterohaemorrhagiae and Castellonis.

The municipalities of Cananeia and Itu had a lower 
occurrence of animal seroreactivity for Leptospira spp., 
7.7% (4/52), and 5.05% (14/277), respectively (Tables 3 and 4). 
In Itu, an animal presented an 800 titer for Icterohaemorrhagiae 
and in Cananeia, one for Copenhageni.

The spatial distribution of seroreactive and nonreactive 
animals in the municipalities of Itu, Itapeva, and Cananeia 
by the municipality can be seen in Figure 1.

Discussion
In Brazil, the prevalence of canine leptospirosis varies 

greatly depending on the region, the sample used and the 
presence or absence of clinical manifestations (Favero et al., 
2002; Fonzar  & Langoni, 2012; Jorge  et  al., 2017; 
Latosinski et al., 2018; Miotto et al., 2018b; Morikawa et al., 
2015; Oliveira, 2010; Rodrigues et al., 2007; Vasconcellos, 
1997). In a systematic review by Pinto et al. (2017), the 
most prevalent serogroups found in dogs were Canicola 
and Icterohaemorrhagiae, the same ones found in the 
cities studied, showing direct or indirect contact with the 
sources of infection.

Of the 572 animals examined in the four municipalities, 
121  were reagents for Leptospira spp. The municipality 
of Itapeva (42.6%) presented the highest frequency of 
reactive animals, followed by Apiaí (40.5%) and, finally, 
Cananeia  (7.79%) and Itu (2.4%). The four cities have 
different biomes and population densities, and these 
characteristics inherent to each municipality, together 
with the management that these animals are subjected to 
(domiciliation, vaccination, origin, and age), may influence 
the distribution of the agent (Bier et al., 2013).

Of the 109 animals positive for Leptospira spp., 
71  (65.14%)  had a titer above 800, 65.14% came from 
animals in the municipality of Itapeva, 15.5% from Apiaí, 
and 1.4% from Cananeia. Despite the similar occurrence of 
animal seroreactivity for Leptospira spp. in the municipalities 

Table 2 – Absolute, relative frequency, mode, and variation of 
serovar titers found in seroreagent dogs, regardless of 
being single or coagglutination, in the municipality of 
Itapeva, SP, 2014-2016

Serovar Absolute 
frequency

Relative 
frequency 

(%)

Titer 
(variation) Mode

Australis 18 6.98 100-800 200
Bratislava 1 0.39 100 100
Autumnalis 6 2.32 200-800 200
Butembo 1 0.39 400 400

Castellonis 9 3.49 100-1600 200 and 
400

Canicola 35 13.56 100-25600 200
Cynopteri 37 14.34 100-6400 200

Hebdomadis 2 0.77 100-1600 100 and 
1600

Copenhageni 75 29.07 100-12800 400
Icterohaemorrhagiae 53 20.54 100-1600 200
Panama 1 0.39 400 400
Pomona 2 0.77 200 200
Pyrogenes 13 5.04 100-800 100 e 200

Wolffi 3 1.16 100-400 100, 200 
and 400

Andamane 2 0.77 100-400 100 and 
400

Total 258 100

Table 3 – Absolute, relative frequency, mode, and variation of 
serovar titers found in seroreagent dogs, regardless of 
being single or coagglutination, in the municipality of 
Cananeia, SP, 2014-2016

Serovar Absolute 
frequency

Relative 
frequency 

(%)

Titer 
(variation)

Canicola 2 33.33 100-400
Hebdomadis 1 16.66 200
Copenhageni 1 16.66 800
Icterohaemorrhagiae 1 16.66 100
Cynopteri 1 16.66 100
Total 6 100

Table 4 – Absolute, relative frequency, mode, and variation of 
serovar titers found in seroreagent dogs, regardless of 
being single or coagglutination, in the municipality of 
Itu, SP, 2014-2016

Serovar Absolute 
frequency

Relative 
frequency 

(%)

Titer 
(variation) Mode

Australis 1 3.85 100 100
Bratislava 1 3.85 100 100
Autumnalis 1 3.85 100 100
Canicola 5 15.38 100 and 200 100 and 200
Cynopteri 2 7.69 100 100
Grippotyphosa 3 11.54 200 200

of Apiaí (40.5%) and Itapeva (46.6%), this result should be 
analyzed with caution.

In Apiaí county, blood samples came from dogs from 
a single shelter, and the most common serological serovar 
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Figure 1 – Distribution of seroreagent (red) and non-reactive (green) dogs for leptospirosis in the municipality of Itu (1), Itapeva (2), 
and Cananeia (3) municipality of São Paulo State, 2014-2016.
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was Canicola. The finding that the Canicola serogroup 
was the most common and animals had titers greater than 
800 indicates that the Canicola serogroup is being maintained 
in the population (Table 2). Dogs without symptoms of 
leptospirosis have already been reported, showing the 
risk of transmission of the agent to potential adopters 
and employees (Adler & Moctezuma, 2010; Miotto et al., 
2018b). Measures such as the use of personal protective 
equipment (EPIS), quarantine, vaccination, and treatment 
of dogs are important to reduce the circulation of the 
agent among animals in the shelter. Shelter dog treatment 
to eliminate the carrier status of dogs and, consequently, 
minimize possible transmission to humans was supported 
by Sakata et al. (1992) and Damião (2015).

In Itapeva, the dispersion of seroreactive animals was 
observed in 29 districts, the most common serogroup 
being Copenhageni, whose maintenance host is the rat 
(Rattus  norvegicus). It is noteworthy that 26 animals 
had titers greater than or equal to 800. In the map of the 
municipality (Figure 1), there was a cluster of samples from 
the Vila Santa Maria and Bela Vista neighborhoods. This 
agglomeration occurred because the castration campaigns 
were carried out in both neighborhoods.

The Vila Santa Maria district (Itapeva) was in front of 
a landfill that was on the other side of the highway, and 
many families worked in recycling at the time of sample 
collection. Currently, the dump has been deactivated. 
Of the 87 sera analyzed in Vila Santa Maria, only two were 
reactive for Leptospira spp., one for the serological variant 
Autumnalis, with a titer of 100, and another for Wolffi, 
with a titer of 400. Autumnalis has already been described 
by other authors (Aguiar et al., 2007; Batista et al., 2004; 
Castro et al., 2011; Pinto et al., 2017), and together with 
the serovariant Wolffi, indicates that the environment is 
shared by different animal species.

In the Bela Vista district, the Copenhageni serological 
variant had the highest occurrence (12/17) among 
seroreactive animals, indicating that measures of deratization, 
anti-ratification, and health education are necessary to reduce 
environmental contamination and decrease the likelihood 
of human infection. Most human infections in Brazil and 
the world occur through the serovars Copenhageni and 
Icterohaemorrhagiae, both belonging to the serogroup 
Icterohaemorrhagiae. (Acha & Szyfres, 1989; Guernier et al., 
2016; Pagès et al., 2016). Six out of 12 dogs seroreactive to 
the Copenhageni serological variant had a titer equal to or 
greater than 800, which, according to the criterion used, is 
characteristic of active infection.

In Cananeia, 7.7% (4/52) of the animals were reactive to 
Leptospira spp. (Table 3), and only one animal had a titer 
equal to 800 for serovar Copenhageni. The others presented 
titers for Hebdomadis (one animal with a titer of 200), 
another had a titer of 100 for Canicola, one had a titer of 
100 for Cynopteri, and the fourth presented coagglutination 
for the serological variants Canicola, Copenhageni, and 
Icterohaemorrhagiae. Animals that had titers for a single 
serovar of Canicola or Hebdomadis lived on the same street 
in the neighborhood of Acaraú, suggesting contact with 
different hosts, probably due to greater contact between 
forest areas and the municipality (Carvalho, 2016). The other 
animals were from the Rocio and Carijo neighborhoods 
(Figure 1). It is interesting to note that the presence of the 
spotted fever agent was demonstrated (Carvalho, 2016) in 
these same neighborhoods, showing that both the human 
and canine populations are susceptible to various infectious 
agents, highlighting the importance of using dogs from 
sterilization campaigns as sentinel animals.

In Itu, the 14 samples positive for Leptospira spp. were 
found in nine different neighborhoods (Figure  1), with 
Canicola the most common serological variant. Only one 
sample presented a titer of 800 for the Canicola serovar. 
This was the city with the largest number of samples. They 
came from screening performed before surgical sterilization 
carried out by the Zoonosis Control Center. In the cities 
of Apiaí, Itapeva, and Cananeia, samples were collected 
during campaigns in partnership with the municipality 
and university extension.

Considering that samples were obtained in July in Apiaí, 
Cananeia, and Itapeva, it can be seen that even during drier 
periods of the year, great environmental contamination and 
infection by Leptospira cannot be ruled out. And, as can 
be seen mainly in the municipality of Itapeva, this should 
alert the agents that promote human and animal health.

Given the spread of Leptospira spp. infection in animals 
treated by surgical sterilization programs for the population 
control of dogs and cats, biosafety measures, such as the 
use of personal protective equipment to minimize the 
transmission of the agent through the mucous membranes, 
should be adopted by the castration team. The monitoring, 
quarantine, diagnosis, vaccination, and treatment of 
asymptomatic shelter dogs should be instituted as routine 
measures to minimize infection risks for employees, 
volunteers, and adopters.

Conclusions
The data from the present study demonstrated that at least 

one animal from the municipalities of Itapeva, Apiaí, and 
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Cananeia had a titer equal to or greater than 800, indicating 
that Leptospira spp. is circulating in these municipalities and 
that the teams working in the neutering campaigns need 
to be educated on the correct use of personal protective 
equipment, especially when mechanically emptying the 
bladder of these animals before a surgical procedure.

This study also suggests that castration campaigns 
can strategically monitor zoonotic diseases and assist in 
establishing preventive strategies for human and animal 
health.
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