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RESUMO 
 

 

 

 

 
O contato entre humanos e animais de estimação tem se intensificado cada vez mais, o 
que pode representar um risco eminente na transmissão de zoonoses. Essas 
enfermidades geralmente possuem um forte componente social e ambiental, de maneira 
que abordagens multissistêmicas e multidisciplinares são necessárias a fim de reduzir a 
sua ocorrência. Neste contexto, o objetivo desta tese, composta por três capítulos, foi 
determinar as prevalências e os fatores de risco associados as infecções por Leptospira 

sp., Toxoplasma gondii, Neospora caninum, Leishmania spp. e Trypanosoma cruzi em 
cães atendidos em clínicas veterinárias na cidade de João Pessoa, Paraíba, Nordeste do 
Brasil. Foram utilizados 384 cães provenientes de 34 clinicas veterinárias no período de 
abril de 2015 a maio de 2016. Foram determinadas as prevalência de 11,7%, 9,63%, 
1,5%, 2,8% e 1,5% para as infecções por Leptospira sp., Toxoplasma gondii, Neospora 

caninum, Leishmania spp. e Trypanosoma cruzi respectivamente. Para a infecção por 
Leptospira sp., os fatores de risco foram idade entre 49 e 72 meses (OR = 2,74; IC 95% 
= 1,01 - 6,05), idade > 72 meses (OR = 3,22; IC 95% = 1,55 – 6,68), e limpeza mensal 
do ambiente (OR = 10,70; IC 95% = 1,21 – 95,53); para T. gondii, os fatores de risco 
foram  acesso à rua (OR = 4,60; IC 95% = 1,73-12,19) e viver em ambiente próximo a 
matas (OR = 2,79; IC 95% = 1,31-5,93); acesso à rua (OR = 4,81; IC 95% = 1,23 -
18,75) foi identificado como fator de risco associado à infecção por Leishmania spp.. 
Não foram identificados fatores de risco para N. caninum e T. cruzi. Conclui-se que cães 
atendidos em clínicas veterinárias de João Pessoa, Paraíba, Nordeste do Brasil, estão 
expostos às infecções Leptospira sp., T. gondii, N. caninum, Leishmania spp. e T. cruzi, 
determinadas  por sorologia, bem como sugere-se a condução de medidas de controle 
baseadas na correção dos fatores de risco identificados. 

PALAVRAS-CHAVE: Cães domiciliados; controle; epidemiologia; saúde única; 
zoonoses.  

 

 

  



 

 

ABSTRACT 
 
 
 
 
 

The contact between humans and pets has intensified more and more, which may pose 
an imminent risk in the transmission of zoonoses. These diseases usually have a strong 
social and environmental component, so that multisystem and multidisciplinary 
approaches are necessary to reduce their occurrence. In this context, the objective of this 
thesis, which consisted of three chapters, was to determine the prevalence and risk 
factors associated with Leptospira sp., Toxoplasma gondii, Neospora caninum, 
Leishmania spp. and Trypanosoma cruzi in dogs attended at veterinary clinics in the 
city of João Pessoa, Paraíba, Northeast Brazil. A total of 384 dogs were used from 34 
veterinary clinics from April 2015 to May 2016. The prevalence of 11.7%, 9.63%, 
1.5%, 2.8% and 1.5% for Leptospira sp., Toxoplasma gondii, Neospora caninum, 
Leishmania spp. and Trypanosoma cruzi respectively. For the infection by Leptospira 
sp., the risk factors age from 49 to 72 months (odds ratio = 2.74), age > 72 months 
(odds ratio = 3.22), and monthly cleaning of the environment (odds ratio = 10.70). for T. 

gondii the risk factors for access to the streets (OR = 4.60; 95% CI = 1.74-12.20) and 
environments close to forested areas (OR = 2.79; 95% CI = 1.32-5.93).; Access to the 
street (OR = 4.81; 95% CI -18.75 = 1.23) was identified as a risk factor associated with 
infection by Leishmania spp.. No risk factors for N. caninum and T. cruzi were 
identified. It is concluded that dogs attended at veterinary clinics in João Pessoa, 
Paraíba, Northeast Brazil, are exposed to infections Leptospira sp., T. gondii, N. 

caninum, Leishmania spp. and T. cruzi, determined by serology, and it is suggested to 
conduct control measures based on the correction of identified risk factors. 

KEYWORDS: Domiciled dog; control; epidemiology; one health; zoonoses.  
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1. INTRODUÇÃO E JUSTIFICATIVA 
 

Os cães foram os primeiros animais domesticados pelos humanos e seu 

relacionamento data de cerca de 10.000 anos atrás. Dessa relação simbiótica inúmeros 

benefícios foram observados como proteção, auxílio no trabalho além de companhia e 

lazer (WANG e TEDFORD, 2008). Nas ultimas décadas tem sido observado um grande 

apelo ao bem estar animal que expressa melhorias na qualidade de vida, sobretudo no 

que diz respeito à saúde (BROOM, 2005). Por outro lado, esta proximidade pode 

apresentar desvantagens principalmente relacionadas à transmissão de agentes 

zoonóticos.  

A ocorrência de zoonoses está relacionada a desequilíbrios ambientais, como 

desmatamento e urbanização, a fatores socioeconômicos, como pobreza e 

marginalização e a fatores culturais, como hábitos vida. Sendo assim, a utilização dos 

conceitos de saúde única (One Health, abordagem integrada que reconhece a 

interconectividade entre a saúde humana, dos demais seres vivos e do a do ambiente) 

são essenciais, uma vez que eles proporcionam abordagens complexas e multisistêmicas 

que avaliam através de diversos pontos de vista as enfermidades. Diante disto, doenças 

como a leptospirose, toxoplasmose, leishmaniose, doença de chagas e neosporose, que 

são influenciadas por fortes componentes ambientais e sociais, devem ser 

continuamente monitoradas e avaliados seus riscos de transmissão (ACHA e 

SZYFERES, 2001).  

A leptospirose é uma enfermidade causada por Leptospira sp. que possui duas 

formas de apresentação, uma assintomática que esta relacionada a hospedeiros 

adaptados os quais normalmente não apresentam sinais clínicos e eliminam o agente na 

urina e a outra de caráter clínico agudo e grave atrelada a hospedeiros acidentais 

(ADLER e MOTECZUMA, 2010). 

A toxoplasmose é causada por Toxoplasma gondii, protozoário intracelular 

obrigatório. É reconhecida por ser uma doença oportunista relacionada com a baixa 

imunidade e geralmente é assintomática. Apesar dos cães não serem hospedeiros 

definitivos, podem contribuir na disseminação do parasita de forma mecânica 

(FRENKEL et al. 2003).  

A neosporose é uma doença grave que afeta principalmente cães e bovinos 

causando alterações neurológicas e reprodutivas, respectivamente. É causada por 

Neospora caninum e possui como hospedeiros definitivos os cães (DUBEY, 2003), que 



 

 

eliminam as formas infectantes (oocistos) no ambiente através das suas fezes. Embora a 

neosporose não tenha o status de zoonose existem indícios sorológicos que os humanos 

apresentam anticorpos para o protozoário, principalmente pessoas imunocomprometidas 

(OSHIRO et al., 2015). 

A leishmaniose visceral e a doença de Chagas são protozooses causada por 

leishmanias do complexo Donovani e o Trypanossoma cruzi, respectivamente 

(GONTIJO e MELO, 2004; DIAS, 2002). Os cães são os principais reservatórios dos 

parasitas e ambos são transmitidos por vetores. Essas enfermidades são consideradas 

endêmicas no Brasil, sendo causadoras de óbitos entre humanos e animais (BRASIL, 

2006; BRASIL, 2010). 

A transmissão dessas enfermidades tem em comum o contato próximo com cães 

sendo necessária a realização de monitoramento da sanidade dos animais a fim de 

controlar a disseminação dos patógenos. Além disso, os estudos epidemiológicos sobre 

agentes zoonóticos fornecem indicadores para que sejam realizadas politicas públicas a 

fim de reduzir o número de casos positivos.  

A presente tese de doutorado é composta por três capítulos constituídos por 

artigos científicos originais. O Capítulo I é consiste a um artigo científico submetido à 

Revista Semina Ciências Agrárias - Qualis B1, e descreve as soroprevalências e os 

fatores de risco para a infecção por Leptospira sp. em cães atendidos em clínicas 

veterinárias de João Pessoa, Estado da Paraíba, no Nordeste brasileiro. O Capítulo II é 

composto por um artigo submetido à Revista Brasileira de Parasitologia Veterinária - 

Qualis A2, no qual foram avaliadas as soroprevalências e os fatores de risco para as 

infecções por Toxoplasma gondii e Neospora caninum em cães atendidos em clínicas 

veterinárias de João Pessoa Estado da Paraíba, Nordeste do Brasil. O Capítulo III 

compreende um artigo científico submetido à Revista Semina Ciências Agrárias - 

Qualis B1, na qual foi investigada a prevalência Leishmania spp., T. cruzi,. em cães 

atendidos em clínicas veterinárias de João Pessoa Estado da Paraíba, Nordeste do 

Brasil. 
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3. CAPITULO I 

 

PREVALENCE OF AND RISK FACTORS TO Leptospira spp. INFECTION IN 

DOGS ATTENDED AT VETERINARY CLINICS IN JOÃO PESSOA, PARAÍBA 

STATE, NORTHEASTERN BRAZIL 

“Prevalência e fatores de risco da infecção por Leptospira spp. em cães atendidos em 
clínicas veterinárias em João Pessoa, Paraíba, Nordeste Brasil” 
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Prevalence of and risk factors to Leptospira spp. infection in dogs attended at veterinary 1 

clinics in João Pessoa, Paraíba State, Northeastern Brazil 2 

Prevalência e fatores de risco da infecção por Leptospira spp. em cães atendidos em clínicas 3 

veterinárias em João Pessoa, Paraíba, Nordeste Brasil  4 

 5 
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Abstract 14 

The aim of this study was to determine the prevalence and risk factors associated with 15 

Leptospira sp. in dogs attended at veterinary clinics in the city of João Pessoa, State of Paraíba, 16 

Northeast Brazil.  A total of 384 blood samples from dogs from 34 veterinary clinics were used 17 

from April 2015 to May 2016. The diagnosis of Leptospira sp. was carried out through 18 

Microscopic Agglutination Test (MAT), using a collection of 20 pathogenic antigens and 19 

adopting a 1: 100 dilution as cutoff point. An epidemiological questionnaire was applied to the 20 

owners of the animals to obtain data to be used in the analysis of risk factors. The prevalence of 21 

seropositive animals was 11.7% (45/384), with reactions for serogroups Icterohaemorrhagiae 22 

(62.3%), Grippotyphosa (22.2%), Canicola (13.3%), Djasiman 2%) and Pomona (2.2%). The 23 

following risk factors were identified: age from 49 to 72 months (odds ratio = 2.74), Age > 72 24 

months (odds ratio = 3.22), and monthly cleaning of the environment where the animals are kept 25 

(odds ratio = 10,70). It is concluded that dogs attended at veterinary clinics in João Pessoa are 26 

exposed to infection by Leptospira sp., with predominance of serogroups kept by wild animals, 27 

and it is suggested that the periodic cleaning of the environment where the animals are kept. 28 

 29 

Key words: Canine leptospirosis, Microscopic agglutination test, Epidemiology, Control. 30 

 31 

Resumo 32 

O objetivo deste estudo foi determinar a prevalência e os fatores de risco associados à infecção 33 

por Leptospira sp. em cães atendidos em clínicas veterinárias da cidade de João Pessoa, Estado 34 

da Paraíba, Nordeste do Brasil. Foram utilizadas 384 amostras sanguíneas de cães provenientes 35 
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de 34 clínicas veterinárias no período de abril de 2015 a maio de 2016. O diagnóstico da 1 

infecção por Leptospira sp. foi realizado através da Soroaglutinação Microscópica (SAM), 2 

utilizando uma coleção com 20 antígenos patogênicos e adotando como ponto de corte a 3 

diluição 1:100. Foi aplicado um questionário epidemiológico aos proprietários dos animais para 4 

obtenção de dados a serem utilizados na análise de fatores de risco. A prevalência de animais 5 

soropositivos foi de 11,7% (45/384), com reações para os sorogrupos Icterohaemorrhagiae 6 

(62,3%), Grippotyphosa (22,2%), Canicola (13,3%), Djasiman (2,2%) e Pomona (2,2%). Foram 7 

identificados os seguintes fatores de risco: idade entre 49 e 72 meses (odds ratio = 2,74), idade 8 

maior que 72 meses (odds ratio = 3,22), e limpeza mensal do ambiente onde os animais 9 

permanecem (odds ratio = 10,70). Conclui-se que cães atendidos em clínicas veterinárias de 10 

João Pessoa estão expostos à infecção por Leptospira sp., com predominância de sorogrupos 11 

mantidos por animais selvagens, bem como sugere-se que seja realizada a limpeza periódica do 12 

ambiente onde os animais permanecem.  13 

Palavras-chave: Leptospirose canina, Soroaglutinação microscópica, Epidemiologia, Controle. 14 

 15 

Introduction 16 

 17 

The relationship among humans, animals and the environment has generated severe 18 

ecological imbalances, causing the depletion of natural resources. These environmental changes 19 

directly affect the dynamics of zoonoses, changing their forms of presentation, occurrence and 20 

pathogenicity (MWANGI et al., 2016). In this context, pets, such as dogs, which are 21 

increasingly incorporated into family nuclei as members of the family, may play a major role in 22 

the maintenance and transmission of infectious agents, besides being sentinels for the respective 23 

diseases (ULLMAN et al., 2008). In this way, diseases such as leptospirosis need to be 24 

monitored and their risks assessed in the ecosystem.  25 

Leptospirosis is caused by bacteria of the genus Leptospira, classified according to 26 

homology of DNA in three groups: pathogenic, with 10 species; intermediates, five species; 27 

saprophytic, six species (BOURHY et al., 2014). Disease transmission occurs by direct contact 28 

of the intact or damaged skin and mucous membrane with urine, and by indirect contact with 29 

contaminated water (HAAKE; LEVETT, 2014). 30 

Pathogenic Leptospira sp. may cause reproductive, renal and liver disorders or even 31 

unapparent infection, depending on the infecting serovar. Serovars adapted to dogs generally 32 

cause chronic infection with absence of clinical signs. However, the manifestation is generally 33 

acute and severe in infections caused by accidental serovars (ADLER; MOCTEZUMA, 2010). 34 

Rodents are potential reservoirs of leptospires, and may eliminate them through the 35 

urine (FAINE et al., 1999). However, due to the closeness with human beings, dogs play an 36 
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important role in the transmission of leptospires, as they may harbor the agent in the kidneys 1 

and eliminate it in the urine in a continuous or intermittent form (MIOTO et al., 2016). 2 

Moreover, the municipality of João Pessoa reported an occurrence of 86 cases of human 3 

leptospirosis between 2007 and 2015 (SINAN, 2017), which reinforces the need to conduct 4 

epidemiological surveys in dogs once these animals are important source of infection of 5 

Leptospira sp. in urban environment. Therefore, this survey aimed to determine the prevalence 6 

of Leptospira sp. infection in dogs attended at veterinary clinics of João Pessoa, Paraíba state, 7 

Northeastern Brazil, as well as to identify risk factors associated with the infection. 8 

 9 

Material and Methods 10 

 11 

Study area  12 

 13 

The survey was conducted in the municipality of João Pessoa, capital city of the state of 14 

Paraíba, which has about 720 thousand inhabitants (BRASIL, 2010), distributed in 59 boroughs, 15 

and with an area of preserved Atlantic Forest in the center of the urban spot and bordered by 16 

mangroves (PARAÍBA, 2014). Its climate is humid tropical, with annual average temperatures 17 

of 23ºC and annual rainfall rate above 1,906 mm (PEREIRA, 2014).  18 

 19 

Sampling 20 

 21 

The selection of the veterinary clinics was based on data from the Regional Council of 22 

Veterinary Medicine (CRMV-PB), which has informed the existence of 40 registered clinics, 23 

however, in the on-the-spot verification four establishments had closed and in two others, the 24 

owners preferred not to participate. Then, 34 veterinary clinics in the municipality of João 25 

Pessoa distributed in the four zones of the city (north, south, east and west) were used. 26 

The minimum number of animals was determined by the formula for simple random 27 

sampling (THRUSFIELD, 2004): 28 � = �² x � ሺ1 − �ሻ�²  29 

Where: 30 

n = number of sampled animals 31 

Z = value of the normal distribution for the confidence level of 95% 32 

P = expected prevalence of 50% (sampling maximization) 33 

d = error of 5% 34 

In total, 384 apparently healthy dogs, unvaccinated or vaccinated over six months 35 

against leptospirosis were selected. Females in the periparturient and lactation periods were 36 
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excluded from the study. The collections were carried out in the period from April 2015 to May 1 

2016. Samples were collected by venipuncture of the cephalic or jugular vein, using vacuum 2 

tubes of 5 mL, and sera were placed into microtubes and frozen until the serologic tests were 3 

performed.  4 

 5 

Serologic diagnosis of Leptospira sp. infection 6 

  7 

 The serologic diagnosis was performed by the microscopic agglutination technique 8 

(MAT) (GALTON et al., 1965; COLE et al., 1973), which is the test recommended by the 9 

World Organization for Animal Health (OIE). A collection of 20 serovars of Leptospira sp. 10 

were used: Australis, Copenhageni, Bataviae, Bratislava, Canicola, Grippotyphosa, 11 

Hardjoprajitno, Pomona, Icterohaemorrhagiae, Hebdomadis, Wolffi, Autumnalis, Castellonis, 12 

Hardjobovis, Hardjoprajitno, Tarassovi, Sejroe, Guaricura, Cynopteri and Panama, provided by 13 

the Veterinary Bacteriology Laboratory of the Fluminense Federal University  (UFF) and 14 

originated from the Pasteur Institute, France. Reactive samples at dilution rate 1:100 needed to 15 

be diluted two folds to determine the maximum positive dilution with 50% agglutination. The 16 

probable serogroup for each sample was the one that showed the highest titration, and the 17 

remaining agglutinations were considered cross-reactions. Animals which had two or more 18 

serogroups with identical titration were positive, and considered for the prevalence calculation, 19 

although not considered for calculating the most common serogroups (OIE, 2014). 20 

 21 

Risk factor analysis 22 

  23 

 Epidemiological questionnaires were applied to dog owners in order to obtain data to 24 

be used in the risk factor analysis. The analyzed variables and their respective categories were: 25 

educational level of the owner (illiterate, incomplete primary school, complete primary school, 26 

incomplete high school, complete high school, incomplete university degree, university degree), 27 

gender (female, male), breed (pure-bred, crossbred), age (up to 48 months, 49 to 72 months, 28 

above  72 months), access to street (no, yes), feed (commercial food, homemade food, food 29 

scraps, raw meat), access to treated water  (no, yes), reason for keeping the dog (company, 30 

guard, other), contact with dogs (no, yes), contact with bovine (no, yes), contact with equine 31 

(no, yes), contact with wild animals (no, yes), contact with cats  (no, yes), contact with goats 32 

(no, yes), contact with sheep (no, yes), contact with swine  (no, yes), type of housing (masonry, 33 

shacks, stilts, mud huts), environment where the animal lives (soil, cement, soil/cement), house 34 

near woodlands or agricultural areas (no, yes),  regular garbage collection (no, yes), cleaning 35 

and disinfection of the environment where the animals are kept (daily, weekly/fortnightly, 36 

monthly), vaccination (no, yes), contact with flooded areas (no, yes), presence of rodents (no, 37 
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yes), occurrence of abortions (no, yes), occurrence of stillbirths (no, yes), presence of ticks (no, 1 

yes). 2 

An univariable exploratory analysis of the data was carried out for the selection of 3 

variables with P ≤ 0.2 using the chi-square or Fischer exact tests. Subsequently the significant 4 

variables passed to a multivariable analysis using the multiple logistic regression with 5 

significant level of 5% (HOSMER; LEMESHOW, 2000). The adjustment of the final model 6 

was verified with the Hosmer and Lemeshow test, by which a value of P ≥ 0.05 indicates a good 7 

fit. The collinearity between independent variables was verified by correlation analysis; for the 8 

variables with strong collinearity (correlation coefficient > 0.9), one of the two variables was 9 

excluded from the multiple analysis according to the biological plausibility (DOHOO et al., 10 

1997). Confounding was evaluated by the monitoring the alterations in the model’s parameters 11 

(> 20%) when adding new variables. Data analyses were carried out using the SPSS 23.0 for 12 

Windows software.  13 

 14 

Results and Discussion 15 

 16 

Figure 1 presents the geographical distribution of the dogs attended at the veterinary 17 

clinics according to the zone. All animals were proceeding from the city of João Pessoa. Of the 18 

384 evaluated samples 45 were seropositive, with a prevalence of 11.7%. The most frequent 19 

serogroup was Icterohaemorrhagiae (62.3%), followed by Grippotyphosa (22.2%), Canicola 20 

(13.3%), Djasmani (2.2%) and Pomona (2.2%), with antibody titers ranging from 100 to 3200 21 

(Table 1). 22 

 The prevalence of Leptospira sp. positive dogs attended at veterinary clinics in João 23 

Pessoa wera larger than those to that found in Natal, Rio Grande do Norte state, where 24 

seropositivity in dogs from veterinary clinics was 6.8% (FERNANDES et al., 2013). Other 25 

studies on the presence of anti-Leptospira sp. antibodies in domiciled and stray dogs in Paraíba 26 

state referred frequencies of 19.7% and 20.4% (BATISTA et al., 2004; AZEVEDO et al., 2011).  27 

Compared to this study it is believed that the high frequencies observed above are related to 28 

population composition, since these studies evaluated animals from veterinary care in poor areas 29 

that did not have access to vaccination against leptospirosis, while the majority of the animals in 30 

the present study was vaccinated against leptospirosis over six months. 31 

Dogs are accidental hosts of the Icterohaemorrhagiae serogroup, and when infected, 32 

develop signs such as high temperature, jaundice and hemorrhage that may lead to death 33 

(ELLIS, 2014). The importance of this serogroup as a cause of severe illness in humans should 34 

be highlighted. The reservoirs of this serogroup are rodents, especially Ratus norvergicus, and 35 

the occurrence of the disease is related to the high levels of rainfall and a deficit of adequate 36 

sanitary conditions (FAINE et al., 1999). 37 
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 The serogroup Grippotyphosa has as most adapted hosts wild mammals 1 

(HARTSKEERL; TERPSTRA, 1996), however, dogs may get infected with this serogroup 2 

(BATISTA et al., 2004; FERNANDES et al., 2013). The municipality of João Pessoa has a 3 

natural reserve of Atlantic Forest which extends through 23 boroughs and hosts several species 4 

of wild mammals, including rodents and marsupials (PARAÍBA, 2014), which may act as 5 

sources of infection for dogs (CORREA, 2007). The serogroup Canicola has already been 6 

described in Paraíba with a frequency of 2.1% (BATISTA et al., 2005). Dogs are maintenance 7 

hosts of this serogroup, eliminating it through the urine and acting as sources of infection for 8 

other animals and humans (ELLIS, 2014). The low frequency of seropositive animals for this 9 

serogroup was expected since it has an adaptability for dogs and therefore the antibody titers 10 

produced may not have been sufficient to be detected in the serological test. 11 

The serogroup Djasiman was found in dogs in Brazil, in the municipality of Botucatu, 12 

with frequencies of 8.7% and 2.3% (COIRO et al., 2011; LANGONI et al., 2013). This 13 

serogroup is broadly described in a great variety of wild animals (VIERA et al., 2016; 14 

LANGONI et al., 2016), however, it has already been isolated in a case of abortion in a bitch in 15 

Argentina (ROSSETTI  et al., 2005). It should be noted that commercial vaccines for dogs in 16 

Brazil do not contemplate this serogroup, so there is no vaccine protection for the animals. In a 17 

serological study carried out in stray dogs in Paraiba it was observed a prevalence of 17% for 18 

the serogroup Pomona (BATISTA et al., 2004), whereas in this survey it was 2.2%. Dogs are 19 

accidental hosts of this serogroup, being swine the main reservoirs.  20 

The results of the univariable analysis for the risk factors with the most associated 21 

variables (P ≤ 0.2) are presented in Table 2.  In the final model of logistic regression the 22 

identified risk factors were (Table 3): age from 49 to 72 months (odds ratio = 2.47), age > 72 23 

months (odds ratio = 3.22), and monthly cleaning of the environment where the animals are kept 24 

(odds ratio =10.70). The final model presented a good fit (Hosmer and Lemeshow test: chi-25 

square = 0.620; degrees of freedom = 3; P = 0.892). 26 

 The age groups from 48 to 72 months and > 72 months were identified as risk factors 27 

for leptospirosis, and it has been evidenced by other authors (BATISTA et al., 2005; GHNEIM 28 

et al., 2007; ZWIJNENBERG et al., 2008; LANGONI et al., 2013), and such a fact may be 29 

explained by the greater possibility of exposure of the animals to the agent according to age. It 30 

is known that age of up to one year is a protective factor against Leptospira sp. infection, and it 31 

can be justified by the greater care that the owners have with puppies and the colostral immunity 32 

of vaccinated mothers. (OLIVEIRA-LAVINSKY et al., 2014).  33 

The cleaning of the environment only monthly was also a risk factor for leptospirosis. 34 

Inadequate sanitary conditions are a classical risk factor for urban and rural leptospirosis. With 35 

the accumulation of residues there is the increase of the contact with rodents, which facilitates 36 

the emergence of the infections (HAAKE; LEVETT, 2014). It is worth mentioning that the odds 37 
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ratio values for this variable (10.70) may not reflect the real risk of infection, since the number 1 

of positive animals was small (n = 2), which contributes for the increase of the odds ratio and 2 

amplification of the confidence interval of 95%. 3 

 4 

Conclusions 5 

 It is concluded that dogs attended at veterinary clinics in João Pessoa, Paraíba state, 6 

Northeastern Brazil, are exposed to Leptospira sp. infection, with predominance of serogroups 7 

maintained by wild animals,  as well as it is suggested the periodic cleaning of the environment 8 

where the animals are kept. 9 

  10 

Ethical approval. This experiment was approved and performed under the guidelines of Ethics 11 

Committee for Animal Protocol (010.2016) Use of Federal University of Campina Grande  12 
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Figure 1. Map with the division of the city of João Pessoa in zones and geographical location of the 1 

animals, according to positive and negative conditions for infection by Leptospira sp. Detail shows the 2 

location of João Pessoa within Paraíba. 3 

 4 

5 
  6 

 7 

Source: Elaborated by the authors   8 
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Table 1. Leptospira sp. seropositivity in dogs attended at veterinary clinics in the municipality of João 1 

Pessoa, Paraíba, from April 2015 to May 2016 according to serogroup and respective antibody titers 2 

Source: Elaborated by the authors   3 

Serogroup Antibody titre 
 Total 

(%) 

  100 200 400 800 1600 3200   

Icterohaemorrhagiae 10 12 5 1 0 0 28 (62.3) 

Grippotyphosa 1 6 2 0 0 1 10 (22.2) 

Canicola 5 0 0 0 0 0 5 (13.3) 

Djasmani 1 0 0 0 0 0 1 (2.2) 

Pomona 1 0 0 0 0 0 1(2.2) 

Total 18 18 7 1 0 1 45 (100) 
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Table 2. Univariable analysis of the risk factors associated with Leptospira sp. infection in dogs attended 1 

at veterinary clinics in João Pessoa, Paraíba, from April 2015 to May 2016, with variables presenting P ≤ 2 

0.2. 3 

Variables Categories Total no. of animals 
No. of seropositive 

animals (%) 
P 

Age Up to 48 months 219 16 (7.3) 

49 to 72 months  63 9 (14.3) 

> 72 months 102 20 (19.6) 0.005 

     

Access to treated water No 7 2(28.6) 

Yes 377 43(11.4) 0.193 

     

Contact with bovine No 375 42 (11.2) 

Yes 9 3(33.3) 0.076 

     

Contact with equine No 375 42(11.2) 

Yes 9 3(33.3) 0.076 

     

Contact with wild  No 368 41 (11.1) 

Animals Yes 16 4 (25) 0.104 

     

Contact with goats No 377 42(11.1) 

Yes 7 3 (42.9) 0.038 

     

Contact with sheep No 376 42 (11.2) 

Yes 8 3 (37.5) 0.055 

     

Contact with swine No 377 42 (11.1) 

Yes 7 3 (42.9) 0.038 

     

Cleaning and disinfection of the 

environment where the animals are kept  Daily 287 36 (12.5) 

 Weekly/fortnightly 93 7 (7.5) 

Monthly 4 2 (50) 0.024 

     

Vaccination  No 46 1(2.2) 

Yes 338 44 (13) 0.028 

     

Presence of ticks No 174 27(15.5) 

  Yes 210 18(8.6)  0.039 

Source: Elaborated by the authors 4 
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 1 

Table 3. Risk factors associated with leptospirosis in dogs attended at veterinary clinics of João Pessoa, 2 

Paraíba, from April 2015 to May 2016, estimated by multiple logistic regression. 3 

 4 

Hosmer and Lemeshow test: chi-square = 0.620; degrees of freedom = 3; P = 0.892 5 

Source: Elaborated by the authors  6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

  17 

Risk factors Regression coefficient 
Standard 

error 
Wald 

Degrees of 

freedom  

Odds 

ratio 
95% CI  P 

Age from 49 to 72 months 0.906 0.456 3.941 1 2.47 [1.012 -6.053] 0.047 

Age > 72 months 1.170 0.373 9.850 1 3.22 [1.552 – 6.688] 0.002 

Monthly cleaning of the 

environment where the animals are 

kept   

2.376 1.114 4.552 1 10.70 [1.213- 95.535] 0.033 
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 7 

4. CAPITULO II 8 

PREVALENCE AND RISK FACTORS ASSOCIATED WITH Toxoplasma gondii 9 

AND Neospora caninum INFECTION IN DOGS ATTENDED AT VETERINARY 10 

CLINICS IN JOÃO PESSOA, PARAÍBA. 11 

“Prevalência e fatores de risco associados à infecção por Toxoplasma gondii e Neospora 12 

caninum em cães atendidos em clínicas veterinárias de João Pessoa, Paraíba.” 13 

 (Artigo submetido à revista Revista Brasileira de Parasitologia Veterinária, Qualis 14 

A2) 15 

  16 
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Prevalence and risk factors associated with Toxoplasma gondii and Neospora 1 

caninum infections in dogs attended at veterinary clinics in João Pessoa, Paraíba 2 

state, Northeastern Brazil 3 

 4 

Prevalência e fatores de risco associados às infecções por Toxoplasma gondii e 5 

Neospora caninum em cães atendidos em clínicas veterinárias de João Pessoa, Estado 6 

da Paraíba, Nordeste do Brasil 7 

 8 

Arthur Willian de Lima Brasil1, Roberta Nunes Parentoni1, José Givanildo da Silva2, 9 

Carolina de Sousa Américo Batista Santos1, Rinaldo Aparecido Mota2, Sérgio Santos de 10 

Azevedo1*. 11 

 12 

1Laboratório de Doenças Transmissíveis, Programa de Pós-graduação em Medicina 13 
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 17 

Abstract 18 

The aim of this study was to determine the prevalences of infections due to Toxoplasma 19 

gondii and Neospora caninum and corresponding risk factors among dogs attended at 20 

veterinary clinics in the city of João Pessoa, Paraíba, northeastern Brazil. Blood samples 21 

were collected from 384 dogs that were attended at 34 veterinary clinics between April 22 

2015 and May 2016. These two agents were diagnosed through the indirect 23 

immunofluorescence reaction (IFAT). Among the 384 animals evaluated, 37 (9.6%) 24 

were positive for T. gondii, with titers ranging from 16 to 512. Six dogs (1.6%) were 25 

positive for N. caninum, with titers of 50 to 200. Access to the streets (OR = 4.60; 95% 26 

CI = 1.74-12.20) and environments close to forested areas (OR = 2.79; 95% CI = 1.32-27 

5.93) were found to be risk factors for T. gondii infection. It is recommended that dogs 28 

in this region do not transit close to forested areas and it is suggested that animals that 29 

go onto the streets should not have access to contaminated water, food and 30 

environments. 31 

 32 

Key words: Toxoplasmosis, Neosporosis, Domiciled dogs, Northeastern Brazil 33 

 34 
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 1 

Resumo 2 

O objetivo deste trabalho foi determinar a prevalência e os fatores de risco das infecções 3 

por Toxoplasma gondii e Neospora caninum em cães atendidos em clínicas veterinárias 4 

da cidade de João Pessoa, Paraíba, Nordeste do Brasil. Foram colhidas 384 amostras de 5 

sangue cães de procedentes de atendimento 34 clínicas veterinárias no período de abril 6 

de 2015 a maio de 2016. O diagnóstico para os dois agentes foi realizado pela reação de 7 

imunofluorescência indireta (RIFI). Dos 384 animais avaliados 37 (9,6%) foram 8 

positivos para T. gondii com títulos variando de 16 a 512. Para N. caninum seis (1,6%) 9 

cães foram positivos com títulos de 50 a 200. Foram constatados como fatores de risco 10 

para T. gondii as variáveis acesso à rua (OR = 4,60; IC 95% = 1,74-12,20) e ambiente 11 

próximo a matas (OR= 2,79; IC 95% = 1,32-5,93). Recomenda-se que os cães dessa 12 

região não transitarem próximos a matas e sugere-se que os animais que frequentam a 13 

rua não tenham acesso à água, alimentos e ambiente contaminados. 14 

 15 

Palavras-chave: Toxoplasmose, Neosporose, Cães domiciliados, Nordeste do Brasil 16 

 17 

Introduction 18 

The interrelations among animals, humans and the environment have intensified 19 

over recent decades, which has been causing a variety of ecological imbalances. From a 20 

public health point of view, these changes have taken on great importance, given that 21 

there is a real possibility of increased transmission of zoonoses (ZINSSTAG et al., 22 

2011).  Thus, pets such as dogs, which are increasingly incorporated into family groups 23 

as members of the family, may play a major role in maintaining and transmitting 24 

infectious agents. They may also act as sentinels for their respective diseases 25 

(ULLMAN et al., 2008). For this reason, monitoring of diseases like toxoplasmosis and 26 

neosporosis is needed and their risks towards the ecosystem need to be assessed. 27 

Toxoplasmosis and neosporosis are caused by Toxoplasma gondii and Neospora 28 

caninum, respectively, which are obligate intracellular coccidian protozoa belonging to 29 

the phylum Apicomplexa. Cats and dogs are the definitive hosts of T. gondii and N. 30 

caninum, respectively. Transmission of these parasites takes place through ingestion of 31 

oocysts that are eliminated from the feces of the definitive hosts; through ingestion of 32 

tissue cysts that are present in the musculature of infected animals; and through the 33 
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transplacental route (DUBEY, 2010; DUBEY, 2003). T. gondii is considered to be a 1 

zoonotic agent (DUBEY, 2010). On the other hand, there is no evidence of zoonotic 2 

characteristics regarding N. caninum, although some studies have demonstrated that 3 

humans can present antibodies against this protozoon (OSHIRO et al., 2015). Even 4 

though dogs are not definitive hosts for T. gondii, they have an important role in 5 

mechanical dissemination of the agent (FRENKEL et al., 2003).  6 

In Brazil, recent studies on the seroprevalence of T. gondii in dogs demonstrated 7 

variation from 11.5% to 70.8% (DANTAS et al., 2013; LANGONI et al., 2013), while 8 

for N. caninum this variation was from 4.2% to 43.1% (SOUSA et al., 2012; 9 

RAIMUNDO et al., 2015). The main risk factors reported in relation to T. gondii were 10 

the following: contact with cats (RODRIGUES et al., 2016); male sex (LANGONI et 11 

al., 2013; RODRIGUES et al., 2016); and greater age and access to the streets 12 

(AZEVEDO et al., 2005; DANTAS et al., 2013; RAIMUNDO et al., 2015). In relation 13 

to N. caninum, the risk factors were homemade diets, rural environment, greater age, 14 

cleansing of the environment only done weekly and presence of rats (BRESCIANI et 15 

al., 2007, PARADIES et. al., 2007, DANTAS et al., 2013). 16 

Epidemiological surveys on toxoplasmosis and neosporosis among dogs are of 17 

strategic public health importance, because they provide an overview of the dynamics of 18 

these diseases in a given region. Such knowledge is of major importance in places like 19 

the city of João Pessoa, Paraíba, northeastern Brazil, which has a climate and 20 

environment that are favorable for parasite development. In this light, the aim of this 21 

study was to ascertain the seroprevalence of T. gondii and N. caninum and the risk 22 

factors associated with infections in dogs attended at veterinary clinics in João Pessoa.  23 

 24 

Material e Methods 25 

 26 

Study area  27 

The survey was conducted in the municipality of João Pessoa, capital city of the 28 

state of Paraíba, which has about 720 thousand inhabitants (BRASIL, 2010), distributed 29 

in 59 boroughs, and with an area of preserved Atlantic Forest in the center of the urban 30 

spot and bordered by mangroves (PARAÍBA, 2014). Its climate is humid tropical, with 31 

annual average temperatures of 23ºC and annual rainfall rate above 1,906 mm 32 

(PEREIRA, 2014).  33 

 34 
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Sampling 1 

The selection of the veterinary clinics was based on data from the Regional 2 

Council of Veterinary Medicine (CRMV-PB), which has informed the existence of 40 3 

registered clinics, however, in the on-the-spot verification four establishments had 4 

closed and in two others the owners preferred not to participate. Then, 34 veterinary 5 

clinics in the municipality of João Pessoa distributed in the four zones of the city (north, 6 

south, east and west) were used. 7 

The minimum number of animals was determined by the formula for simple 8 

random sampling (THRUSFIELD, 2004): 9 � = �² x � ሺ1 − �ሻ�²  10 

Where: 11 

n = number of sampled animals 12 

Z = value of the normal distribution for the confidence level of 95% 13 

P = expected prevalence of 50% (sampling maximization) 14 

d = error of 5% 15 

 16 

In total, 384 apparently healthy dogs, unvaccinated or vaccinated over six 17 

months against leptospirosis were selected. Females in the periparturient and lactation 18 

periods were excluded from the study. The collections were carried out in the period 19 

from April 2015 to May 2016. Samples were collected by venipuncture of the cephalic 20 

or jugular vein, using vacuum tubes of 5 mL, and sera were placed into microtubes and 21 

frozen until the serologic tests were performed.  22 

 23 

Serological diagnosis of infections due to T. gondii and N. caninum 24 

To detect anti-T. gondii and anti-N. caninum antibodies, the indirect 25 

immunofluorescence reaction (IFAT) was used. For T. gondii, the dilution of 1:16 was 26 

taken to be the cutoff point (LANGONI et al., 2013) and the technique was performed 27 

in accordance with the methodology described by Camargo (1974), using tachyzoites 28 

from the RH strain as the antigen. For N. caninum, the cutoff point was the dilution of 29 

1:50 (ACOSTA et al., 2016) and the technique was performed in accordance with Paré 30 

et al. (1995), using the NC-1 strain from N. caninum cultured in bovine monocytes as 31 
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the antigen. In both tests, both positive and negative serum samples were used as 1 

controls. 2 

 3 

Risk factor analysis 4 

 Epidemiological questionnaires were applied to dog owners in order to obtain 5 

data to be used in the risk factor analysis. The analyzed variables and their respective 6 

categories were: educational level of the owner (illiterate, incomplete primary school, 7 

complete primary school, incomplete high school, complete high school, incomplete 8 

university degree, university degree), gender (female, male), breed (pure-bred, 9 

crossbred), age (up to 48 months, 49 to 72 months, above  72 months), access to street 10 

(no, yes), feed (commercial food, homemade food, food scraps, raw meat), access to 11 

treated water  (no, yes), reason for keeping the dog (company, guard, other), contact 12 

with dogs (no, yes), contact with bovine (no, yes), contact with equine (no, yes), contact 13 

with wild animals (no, yes), contact with cats  (no, yes), contact with goats (no, yes), 14 

contact with sheep (no, yes), contact with swine  (no, yes), type of housing (masonry, 15 

shacks, stilts, mud huts), where the animal is kept (soil, cement, soil/cement), 16 

environment where the animal lives  (rural or urban), environment near woodlands area 17 

(no, yes),  regular garbage collection (no, yes), cleaning and disinfection of the 18 

environment (daily, weekly/fortnightly, monthly), vaccination (no, yes), contact with 19 

flooded areas (no, yes), presence of rodents (no, yes), occurrence of abortions (no, yes), 20 

occurrence of stillbirths (no, yes), presence of ticks (no, yes). 21 

An univariable exploratory analysis of the data was carried out for the selection 22 

of variables with P ≤ 0.2 using the chi-square or Fischer exact tests. Subsequently the 23 

significant variables passed to a multivariable analysis using the multiple logistic 24 

regression with significant level of 5% (HOSMER; LEMESHOW, 2000). The 25 

adjustment of the final model was verified with the Hosmer and Lemeshow test, by 26 

which a value of P ≥ 0.05 indicates a good fit. The collinearity between independent 27 

variables was verified by correlation analysis; for the variables with strong collinearity 28 

(correlation coefficient > 0.9), one of the two variables was excluded from the multiple 29 

analysis according to the biological plausibility (DOHOO et al., 1997). Confounding 30 

was evaluated by the monitoring the alterations in the model’s parameters (> 20%) 31 

when adding new variables. Data analyses were carried out using the SPSS 23.0 for 32 

Windows software.  33 
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Results 1 

 Among the 384 animals analyzed, 37 (9.6%) were seropositive for T. gondii, 2 

with the following respective antibody titers and frequencies: 16 (35.1%), 32 (18.9%), 3 

64 (8.1%), 128 (13.5%), 256 (16.3%) and 512 (8.1%). For N. caninum, six dogs (1.6%) 4 

were seropositive, with titers and frequencies of 50 (66.8%), 100 (16.6%) and 200 5 

(16.6%), respectively. One animal was seropositive for both parasites. Figure 1 presents 6 

the geographical locations of the homes of the dogs that were positive and negative for 7 

T. gondii (Fig. 1A) and N. caninum (Fig. 1B) in João Pessoa. 8 

In univariable analysis on the risk factors associated with T. gondii (Table 1), the 9 

following variables were selected: type of rearing, access to treated water, aim of 10 

rearing, contact with dogs, contact with wild animals, environment in which the animal 11 

lived, locality, frequency of cleansing of the environment and contact with rats. 12 

Through multivariable analysis (Table 2), the variables of access to the streets (OR = 13 

4,60; 95% CI = 1.74-12.20) and environment close to forested areas (OR = 2.79; 95% 14 

CI = 1.32-5.93) were identified as risk factors for T. gondii. There were no risk factors 15 

for N. caninum. 16 

 17 

Discussion 18 

The results found in the present study regarding the prevalence of T. gondii are 19 

close to those found by Dantas et al. (2013) in Natal, Rio Grande do Norte, who 20 

observed that 11.5% of the dogs were seropositive; and by Dantas et al. (2014) in Patos, 21 

Paraíba, who observed that 15.6% were seropositive. Both of those populations 22 

consisted of dogs attended at veterinary clinics.  23 

However, in an evaluation on dogs during a vaccination campaign in Campina 24 

Grande, Paraíba, Azevedo et al. (2005) found a prevalence of 45.1%. In this context, 25 

since the serological diagnostic method used was the same in these studies, it is believed 26 

that the characteristics of the canine population may have influenced the seroprevalence 27 

of toxoplasmosis. The dogs of the present study were attended at veterinary clinics, 28 

which leads us to believe that they were receiving better care from their owners 29 

regarding hygiene and health than were dogs that were vaccinated through public 30 

campaigns. 31 
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Although dogs that are regularly attended at veterinary clinics have received 1 

better care regarding hygiene and health (DANTAS et al., 2013), these animals may 2 

nonetheless acquire oocysts of T. gondii from the environment or through contact with 3 

the feces of infected cats. These oocysts may adhere to the animals’ fur, which gives 4 

rise to the possibility that humans might become infected through contact with these 5 

animals. One important point is that dogs may act as sentinels for toxoplasmosis. Thus, 6 

epidemiological monitoring of the behavior of this zoonosis in these animals is 7 

immensely important (NAVA, 2008).  8 

  Dogs play a fundamental role in transmission of neosporosis to other animals, 9 

especially to cattle. Neosporosis in cattle causes economic losses relating to abortions of 10 

the order of US$ 1.2 billion worldwide (REICHEL et al., 2013). High prevalences of 11 

anti-N. caninum antibodies in dogs are generally correlated with living in rural areas 12 

(ROBBE et al., 2016), which may explain the low frequency of seropositive dogs in the 13 

present study, given that all the dogs investigated originated from the urban zone of 14 

João Pessoa.  15 

Access to the streets among these dogs was a risk factor for infection with T. 16 

gondii in the present study. Similar results were described by Lopes et al. (2011) in 17 

Portugal, such that dogs with access to the streets had a higher chance of presenting 18 

anti-T. gondii antibodies. Dantas et al. (2013) stated that dogs that had access to the 19 

streets were 4.6 times more likely to be seropositive for T. gondii. Access to the streets 20 

provides greater possibilities for dogs to eat intermediate hosts such as birds and 21 

rodents, which are common sources of T. gondii infection (SVOBODA & 22 

SVOBODOVÁ, 1987), and for them to consume sporulated oocysts that are present in 23 

water and in the environment.  24 

Gennari et al. (2015) evaluated wild rodents and marsupials of the Atlantic 25 

Forest in the state of São Paulo and found that some individuals were seropositive for T. 26 

gondii. This suggested that these animals might be sources of infection for the fauna of 27 

the region and for domestic animals. In the present study, it was observed that dogs 28 

living in homes that were close to forested areas presented greater risk of infection with 29 

T. gondii. In the municipality of João Pessoa, there is an area of preserved Atlantic 30 

Forest (Figure 1) covering an area of more than 515 hectares that borders 25 districts of 31 

the city (CAVALCANTI, 2013). Moreover, there are several other areas with thick 32 

plant cover. Because of this proximity between city districts and forested areas, it is 33 
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believed that this facilitates contact with a wide variety of sources of T. gondii infection, 1 

which increases the possibility of disease transmission. 2 

The prevalence of toxoplasmosis and the risk factors for this disease found 3 

among the dogs of this study emphasize the importance of monitoring not only this 4 

disease in the canine population, but also various other zoonotic diseases of importance 5 

for public health. The changes that have stemmed from urbanization and deforestation 6 

of previously unexploited areas have altered the behavior and speed of propagation and 7 

appearance of these diseases. Thus, an in-depth approach addressing the ecosystem, 8 

based on multidisciplinary concepts of public health, is needed (KARESH et al., 2012; 9 

MWANGI et al., 2016). 10 

 11 

Conclusion 12 

The dogs attended at veterinary clinics in João Pessoa are exposed to infections 13 

caused by T. gondii and N. caninum. This is a matter of concern from a public health 14 

point of view, especially in relation to toxoplasmosis, which is an important zoonosis 15 

with involvement of environmental factors. Based on the risk factors, it can be 16 

suggested that greater care should be taken regarding dogs that have access to the streets 17 

and that do not transit in environments close to forested areas. 18 
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Table 1. Univariate analysis (P ≤ 0.20) of the risk factors associated with seropositivity 1 

for T. gondii in dogs attended at veterinary clinics in João Pessoa-PB, from April 2015 2 

to May 2016. 3 

Variables Categories 
Total nºof 
animals 

Nº seropositives animals 
(%) P 

Access to street No 358 30 (8.4) 0.002 
Yes 26 7 (26.9) 

Access to treated water 
 

Não 7 2 (28.6) 0.139 
Sim 

 377 5 (9.3) 
Reason for keeping the dog Company 269 21 (7.8) 0.115 

Guard 68 8  (11.8) 
Other 47 8 (17.0) 

Contact with dogs 
 

No 68 10 (14.7) 0.171 

 
Yes 316 27 (8.5) 

 
Contact with wild animals 

 
No 368 33 (9.0) 0.057 
Yes 16 4 (25.0) 

 
Where the animal is kept Cement 243 19 (7.8) 0.032 

Soil/Cement 116 12 (10.3) 
Soil 

 25 6 (24.0) 
Environment where the 

animal lives Rural 30 5 (16.7) 0.191 
Urban 354 32 (9.0) 

Environment near 
woodlands areas 

 
No 192 11 (5.7) 0.009 
Yes 192 26 (13.5) 

Cleaning and disinfection 
of the environment Daily 287 23 (8.0) 0.138 

Weekly/ fortnightly 93 13 (14.0) 
Monthly 4 1 (25.0) 

 
Presence of rodents  No 206 15 (7.3) 0.093 

 
Yes 178 22 (12.4) 

  4 

  5 
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Table 2. Risk factors associated with seropositivity for T. gondii in dogs attended at 1 

veterinary clinics in João Pessoa-PB, from April 2015 to May 2016 2 

Varible 
Logistic regression 
coefficient 

Standard 
error 

Wald 
Degrees of 
freedom 

Odds Ratio CI 95% P 

Access to street 1.527 0.497 9.421 1 4.60 [1.74-12.20] 0.002 
Environment near 
woodlands areas 1.028 0.384 7.166 1 2.79 [1.32-5.93] 0.007 

Hosmer e Lemeshow test: Chi-square = 0,102; Degrees of freedom = 1; P = 0,749 3 

 4 
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Figure 1. Geographic location of dogs attended at veterinary clinics in the city of Joao Pessoa-PB, from April 2015 to May 2016, according to the 

serological condition for T. gondii (Fig. 1A) and N. caninum (Fig. 1B ). The detail shows the city of João Pessoa in the state of Paraíba.
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5. CAPITULO III 

PREVALENCE ATND RISK FACTORS ASSOCIATED WITH Leishmania spp. AND 
Trypanosoma cruzi INFECTIONS IN DOGS ATTENDED AT VETERINARY CLINICS IN 

THE CITY OF JOÃO PESSOA, PARAÍBA STATE, NORTHEASTERN BRAZIL 

“Prevalência e fatores de risco associados às infecções por Leishmania spp. e Trypanosoma cruzi 

em cães atendidos em clínicas veterinárias da cidade de João Pessoa, Estado da Paraíba, Nordeste 
do Brasil” 

 

(Artigo submetido à revista Semina: Ciências Agrárias, Qualis B1) 
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Abstract 

The aim of this work was to determine the prevalence and the risk factors associated with the 

infection by Leishmania spp. and Trypanosoma cruzi in dogs attended at veterinary clinics in the 

municipality of João Pessoa, Paraíba state, Northeastern Brazil. A total of 384 blood samples collected from 

dogs from 34 veterinary clinics during April 2015 to May 2016 were used. Leishmania spp. serological 

diagnosis was performed by the indirect fluorescent antibody test (IFAT) using Leishmania major 

promastigotes as antigens and cut-off point of 1:40. The reagent sera were submitted to a confirmatory test 

using the ELISA S7. The animals were considered positive when the samples reacted to both tests. For the 

serological diagnosis of T. cruzi the IFAT was also carried out, with T. cruzi epimastigotes (Y strain) as 

antigens and cut-off point of 1:40. The seroprevalence of Leishmania spp. was 2.8% (11/384), and for T. 

cruzi it was 1.5% (6/384). Two animals were found to be positive for both parasites.  The variable access to 

street was identified as risk factor for Leishmania spp. infection (OR = 4.81; 95% CI = 1.23 - 18.75), 

however, there was no risk factor associated with T. cruzi infection. We concluded that dogs attended at 

veterinary clinics in João Pessoa are exposed to Leishmania spp. and T. cruzi infections, as well as it is 

suggested that greater care should be taken for dogs with access to the street. 

 

Keywords: Leishmaniosis, Chagas disease, Urban environment, Domiciled dogs, Northeastern Brazil. 
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Resumo 

 

O objetivo deste estudo foi determinar a prevalência e os fatores de risco associados à infecção por 

Leishmania spp. e Trypanosoma cruzi em cães atendidos em clínicas veterinárias na cidade de João Pessoa, 

Estado da Paraíba, Nordeste do Brasil. Foram utilizadas 384 amostras sanguíneas de cães procedentes de 

atendimentos de 34 clínicas veterinárias no período de abril de 2015 a maio 2016. Para diagnóstico 

sorológico da infecção por Leishmania spp. foi empregada a reação de imunofluorescência indireta (RIFI), 

utilizando promastigotas de Leishmania major, adotando ponto de corte 1:40.  Os soros reagentes foram 

submetidos a uma prova confirmatória utilizando o ELISA S7. Os animais foram considerados positivos 

quando as amostras reagiam para os dois testes. Para o diagnóstico sorológico para doença de Chagas foi 

realizada a RIFI, com epimastigotas de T. cruzi (estirpe Y) adotando ponto de corte 1:40. A soroprevalência 

para Leishimania spp. foi de 2,8% (11/384). Para T.cruzi a soroprevalência foi de 1,5% (6/384). Apenas dois 

animais foram positivos para ambos parasitas.  A variável, acesso à rua, foi identificada como fator de risco 

para infecção por leishmaniose (OR= 4,81; [IC:1,23 -18,75]). Conclui-se que os cães atendidos em clínicas 

veterinárias de João Pessoa estão expostos às infecções por Leishmania spp. e T. cruzi. Com base nos fatores 

de risco, sugere-se maiores cuidados com cães que tem acesso à rua.  

Palavras-chave: Leishmaniose, Doença de Chagas, Nordeste 

Introduction 

 Dogs are an important part in the development of society, performing various roles such as work, 

security and company (CANATTO et al., 2012). Due to the intensification of the relationships between dogs 

and humans, a great concern arises related to the transmission of diseases; furthermore there are the massive 

alterations in the environment, such as deforestation and increase of urbanization in previously preserved 

areas, which causes alteration to the dynamics of these diseases (ZINSSTAG et al., 2011). In this 

perspective, the canine visceral leishmaniasis (CVL) and the Chagas disease (CD) assume importance 

because they are endemic zoonosis in Brazil. 

 The CVL and the CD are anthropozoonosis caused by the protozoa Leishmania spp. and 

Trypanossoma cruzi, respectively. In Brazil, the CVL is transmitted by the bite of hematophagous 

mosquitoes of the genus Lutzomyia, and the reservoirs are the wild and domestic canids. The CD, also 

known American trypanosomiasis, is transmitted mainly by the contact of the susceptible individuals with 

the feces of hematophagous insects of the  Reduviidae Family after their blood repast . Other important 

transmission routes include the oral route by means of the ingestion of contaminated food, and congenitally. 

The reservoirs of the T. cruzi are about 200 domestic and wild mammals (GALVÃO, 2014).  

After the 1990’s, the presence of these agents was restricted to the rural environment, however, in 

recent years, due to the increase of the urbanization, mainly the invasion of peri-urban areas, occurred their 

proliferation in the urban environment, and as a consequence, the number of infected people and domestic 

animals has been rising (AMORÁ et al., 2006; ARGOLO et al., 2008, WHO, 2010). According to the 

SINAN, in Brazil, from 2001 to 2015 were diagnosed approximately 50 thousand cases of visceral 

leishmaniosis in humans, with most cases coming from the Northeast region. It is estimated that in Brazil 



52 

 

 

about one million people are infected with Chagas disease, with the greatest occurrence in the North region 

(WHO, 2015). 

Recent studies indicated that the seroprevalence of CVL in Brazil varies from 7.8 to 41.7% 

(BARBOSA et al., 2015; CARVALHO et al., 2015; FERNANDES et al., 2016) having as main risk factors 

the semi-domiciled and free rearing of dogs, and contact with other animals (CURI et al., 2014; 

FERNANDES et al., 2016; BRITO et al., 2016). For CD in dogs the prevalence varied from 4.08% to 38% 

(MENDES et al., 2013; SALDAÑA et al., 2015;  BEZERRA et al., 2014FERNANDES t al., 2016), being 

considered as risk factors the semi-domiciled and free rearing of dogs, contact with bovine,  living in mud-

houses, poultry houses close to the homes and accumulation of garbage (FERNANDES et al., 2016;).  

From the point of view of public health, epidemiological inquiries are tools of upmost importance, 

specifically for Leishmania spp. and T. cruzi, regarding the monitoring, distribution and mapping of these 

diseases, mainly in studies with dogs, besides these animals being reservoirs of these zoonosis they behave 

as sentinels of the diseases. This way, the objective of this work was to determine the prevalence and risk 

factors for the infections by  Leishimania spp. and Trypanossoma cruzi in dogs attended at veterinary clinics 

in  João Pessoa, State of Paraíba, Northeast of Brazil. 

 

Material e Methods 

 

Study area  

The survey was conducted in the municipality of João Pessoa, capital city of the state of Paraíba, 

which has about 720 thousand inhabitants (BRASIL, 2010), distributed in 59 boroughs, and with an area of 

preserved Atlantic Forest in the center of the urban spot and bordered by mangroves (PARAÍBA, 2014). Its 

climate is humid tropical, with annual average temperatures of 23ºC and annual rainfall rate above 1,906 mm 

(PEREIRA, 2014).  

 

Sampling 

The selection of the veterinary clinics was based on data from the Regional Council of Veterinary 

Medicine (CRMV-PB), which has informed the existence of 40 registered clinics, however, in the on-the-

spot verification four establishments had closed and in two others the owners preferred not to participate. 

Then, 34 veterinary clinics in the municipality of João Pessoa distributed in the four zones of the city (north, 

south, east and west) were used. 

The minimum number of animals was determined by the formula for simple random sampling 

(THRUSFIELD, 2004): � = �² x � ሺ1 − �ሻ�²  

Where: 

n = number of sampled animals 

Z = value of the normal distribution for the confidence level of 95% 
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P = expected prevalence of 50% (sampling maximization) 

d = error of 5% 

In total, 384 apparently healthy dogs, unvaccinated or vaccinated over six months against 

leptospirosis were selected. Females in the periparturient and lactation periods were excluded from the study. 

The collections were carried out in the period from April 2015 to May 2016. Samples were collected by 

venipuncture of the cephalic or jugular vein, using vacuum tubes of 5 mL, and sera were placed into 

microtubes and frozen until the serologic tests were performed.  

Diagnosis for Leishimania ssp and Trypanossoma cruzi 

For the diagnosis of both agents the indirect immunofluorescence reaction (IFAT) was used, 

adopting a cut-off point 1:40. The reagent samples were titrated in the dilutions 1:40, 1:80, 1:160, 1:320 and 

1:640 according to Camargo’s methodology (1966).  In the diagnosis of Leishmania spp. were used slides 

impregnated with Leishmania major promastigotes and in the diagnosis of  T.cruzi were used  T. cruzi 

epimastigotes (strain Y). Both antigens were maintained in LIT culture medium (Liver Infusion Tryptose) 

and NNN (Neal, Novy, Nicolle) culture medium. The positive and negative control sera for the parasites 

were provided by the Diagnostic Laboratory of Zoonoses, of the Veterinary Hygiene and Public Health 

Department, of the FMVZ/UNESP – Botucatu Campus, SP.  The final antibody titer was determined as the 

one correspondent to the highest dilution of the sera. In these conditions the membranes of at least 50% of 

the promastigotes (VCL) and epimastigotes (CD) emitted fluorescence at the cut-off point 40 or above 

(FERNANDES et al., 2016). 

The samples which reacted positively both to Leishmania spp. and to T. cruzi were submitted to a 

confirmatory test using the ELISA S7 kit (Biogene Indústria & Comercio Ltda ME, Recife-PE, Brazil) for 

the diagnosis of CVL. The execution of the test was as specified by the manufacturer.   

 To be considered positive for Leishmania spp. the dogs must have been positive in the IFAT with 

a minimum dilution of 1:40 and simultaneously reactive in the ELISA S7 test. For the determination of 

animals positive for T. cruzi the samples reacted at a minimum dilution of 1:40 in the IFAT. The samples 

which reacted positively for both agents were identified as co-infections. 

 

Risk factor analysis 

 Epidemiological questionnaires were applied to dog owners in order to obtain data to be used in 

the risk factor analysis. The analyzed variables and their respective categories were: educational level of the 

owner (illiterate, incomplete primary school, complete primary school, incomplete high school, complete 

high school, incomplete university degree, university degree), gender (female, male), breed (pure-bred, 

crossbred), age (up to 48 months, 49 to 72 months, above  72 months), access to street (no, yes), feed 

(commercial food, homemade food, food scraps, raw meat), access to treated water  (no, yes), reason for 

keeping the dog (company, guard, other), contact with dogs (no, yes), contact with bovine (no, yes), contact 

with equine (no, yes), contact with wild animals (no, yes), contact with cats  (no, yes), contact with goats 

(no, yes), contact with sheep (no, yes), contact with swine  (no, yes), type of housing (masonry, shacks, stilts, 

mud huts), where the animal is kept (soil, cement, soil/cement), environment where the animal lives  (rural or 
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urban), environment near woodlands or agricultural areas (no, yes),  regular garbage collection (no, yes), 

cleaning and disinfection of the environment (daily, weekly/fortnightly, monthly), vaccination (no, yes), 

contact with flooded areas (no, yes), presence of rodents (no, yes), occurrence of abortions (no, yes), 

occurrence of stillbirths (no, yes), presence of ticks (no, yes). 

An univariable exploratory analysis of the data was carried out for the selection of variables with P ≤ 

0.2 using the chi-square or Fischer exact tests. Subsequently the significant variables passed to a 

multivariable analysis using the multiple logistic regression with significant level of 5% (HOSMER; 

LEMESHOW, 2000). The adjustment of the final model was verified with the Hosmer and Lemeshow test, 

by which a value of P ≥ 0.05 indicates a good fit. The collinearity between independent variables was 

verified by correlation analysis; for the variables with strong collinearity (correlation coefficient > 0.9), one 

of the two variables was excluded from the multiple analysis according to the biological plausibility 

(DOHOO et al., 1997). Confounding was evaluated by the monitoring the alterations in the model’s 

parameters (> 20%) when adding new variables. Data analyses were carried out using the SPSS 23.0 for 

Windows software.  

Results 

 Of the 384 evaluated samples 21(5.4%) were positive only for IFAT, however only eleven were 

confirmed for Leishmania spp. in the Elisa S7 which generated a prevalence of 2.8%. The antibody titer for 

Leishmania spp. of the positive samples in both tests and their respective frequencies in the IFAT were 40 

(22.2%), 80 (33.3%), 160 (33.3%) and 640 (10.2%). Six of the tested samples (1.5%) were positive for T. 

cruzi. The antibody titers and their frequencies were 40 (25%), 80 (50%) and 320 (25%). Two samples were 

positive for both agents with titers of 40 for Leishmania spp. and 80 for T. cruzi. In  Figure 1 are presented 

maps of the municipality of  João Pessoa and the spatial distribution per residence of the dogs positive and 

negative for Leishmania spp. (A) and T. cruzi (B). In the univariate analysis of the risk factors for 

Leishmania spp., the following variables were selected: age of the animals , type of rearing, access to the 

street, contact with flooded areas, occurrence of stillbirths (Table 1) and in the multivariate analysis the 

variable access to the street was identified as a risk factor  (OR= 4.81; CI 95%=1.23-18.75; P= 0.024). Risk 

factors for CD were not identified. 

Discussion 

 Domestic dogs are reservoirs of the CVL and play an important role in the transmission of the agent 

in endemic areas such as the Brazilian Northeast. Recent studies about the prevalence of CVL in this region 

have presented variations between 7.8% to 41.7% (SANTOS et al., 2010; BARBOSA et al., 2015; 

CARVALHO et al., 2015; FERNANDES et al., 2016).  

The prevalence value of the present study was lower than the aforementioned, and this possibly 

occurred due to the living conditions of the animals, seen that all the participants were from veterinary 

clinics and domiciled . Thus, it is assumed that the owners of these animals have greater care with their 

health and hygiene. A concerning issue is that all the animals seropositive for CVL in this study did not 
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present clinical signs compatible to the disease, therefore it is important to highlight that the presence of 

asymptomatic seropositive individuals is a strong indicator of the maintenance of the parasite in the 

municipality.  

 According to the Figure 1 it is observed that the canine visceral leishmaniosis is geographically 

distributed in all the regions of the municipality of João Pessoa. Notwithstanding, many of these areas of the 

city suffered a rapid urbanization characterized by the deforestation of preserved areas and its transformation 

into residential sectors. Santos et al. (2016) using information from patient’s records from the University 

Hospital of the Federal University of Paraiba, in the years 2007 to 2012, stated that in this period 50 people 

contracted Visceral leishmaniosis in the municipality of João Pessoa and that the majority of the cases 

concentrated in these two regions mainly in the boroughs of  Mangabeira, Oitizeiro and Alto do Mateus. 

 Chagas disease is also endemic in dogs in the Brazilian northeast presenting prevalence of 4.08% to 

38% (MENDES et al., 2013; BEZERRA et al., 2014; FERNANDES et al., 2016; PEREZ et al., 2016). It is 

important to highlight that CD is an anthropozoonosis which presents a predominant rural occurrence and 

that the majority of the studies mentioned above were carried out with animals originated from these areas. 

This fact may explain the low prevalence of CD in the present study, as all the dogs evaluated were 

originally from an urban environment. According to data from the SINAN in Paraiba in the period from 2001 

to 2006 were notified 110 cases of acute CD in humans. Evaluating this same database between the years of  

2007 to 2014 only one case was diagnosed, which leads to believe that the disease is underdiagnosed in the 

state, what may be confirmed by the data of  Costa (2014) who evaluated human beings in the municipality 

of  Santo André, Paraiba, whose prevalence of antibodies anti-T. cruzi was of  3.2%. 

 In the present work were observed two animals positive for both agents. It is known that the state of 

Paraiba is endemic for CVL and presents confirmed cases of Chagas disease in dogs (BRITO-FILHO, 2013; 

SANTANA et al., 2014). Therefore the is a possibility of simultaneous occurrence of both infections as 

observed by Fernandes et al. (2016) in  Natal, Rio Grande do Norte, and  Morais et al. (2013) in Araguaína, 

Tocantins. However, Luciano et al. (2009), who evaluated the occurrence of cross reactions between  

Leishmania spp. and T. cruzi in the  IFAT in dogs, stated that the occurrence of cross reactions for these 

agents are common , and it is possible to identify cross reactions by the analysis of the titres . The levels of 

antibodies which the animals presented, in the present study, for Leishmania spp. and T. cruzi were 40 and 

80 respectively. Thus as there are no great discrepancies between the titres it is believed that the animals 

evaluated had the two coexisting infections   (LUCIANO et al., 2009). 

 Access to the street was a risk factor for the infection by Leishmania spp. In dogs in João Pessoa. Its 

occurrence may be justified by the greater possibility of exposure to the vectors. The presence of humid 

environments rich in organic matter, in the municipality, favors the reproduction and dissemination of the 

insects which transmit leishmaniosis. Furthermore, the rapid urbanization contributes for the occurrence of 

the disease in animals and humans. The cases of seropositive dogs contribute to the occurrence of the disease 

in animals and humans. The cases of dogs found positive for   CVL and CD (Figure 1) were concentrated in 

areas close to woods or areas which recently were deforested and were transformed into housing sectors. It 
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deserves to highlighting, as it is known that the infections in animals precede their emergence in humans 

(QUINNELL; COURTENAY, 2009).  

 Visceral leishmaniosis and CD in dogs and humans are becoming more and more frequent in the 

urban centers, mainly due to environmental and socioeconomic imbalances. The results of this research are 

very important for the city of  João Pessoa, as over the last decades the municipality has been undergoing 

rapid urbanization, which alerts for the need for more complex, multidisciplinary  and multisystemic 

approaches as the “One health”, particularly when dealing with zoonotic diseases which have a strong 

environmental component involved  (CUNNINGHAM et al., 2017; CLEVELAND et al., 2017). 

Conclusion 

It is concluded that the dogs attended at veterinary clinics of João Pessoa are exposed to infections 

by Leishmania spp. and T. cruzi, which raises concern from the public health point of view, as they are 

important zoonosis with the involvement of environmental components. Based on the risk factors, it is 

suggested that greater care should be taken with dogs which have access to the streets. 
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Table 1. Univariate analysis of risk factors associated with canine leishmaniasis in the municipality of João Pessoa 

(P≤0,2). 

Variable Categories 
Total nº of 

animals 
Nº seropositive 

animals (%) P 

Age Up to 48 months 219 5 (2,3) 

49 to 72 months 63 4 (6,3) 

Above 72 meses 102 2 (2,0) 0,191 

     

Access to street No 238 3(1,3)  

 Yes 146 8(5,5) 0,024 

     

Contact with flooded areas No 356 9(2,5)  

 Yes 28 2(7,1) 0,188 

     

Occurrence of stillbirths No 377 10(2,7)  

 Yes 7 1(14,3) 0,185 
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Figure 1. Distribution of dogs positive for Leishmania spp. (A) and Trypanosoma cruzi (B) attended at veterinary clinics in the city of João Pessoa, according to their 1 

housing, from April 2015 to May 2016. 2 

 3 
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6. CONCLUSÕES 4 

Ao final desta tese pode-se concluir que: 5 

✓ Foram detectados cães sorologicamente reagentes para os agentes patogênicos 6 

Leptospira sp, Toxoplasma gondii, Neospora caninum, Leishmania spp. e 7 

Trypanossoma cruzi atendidos em clínicas veterinárias na cidade de João Pessoa, 8 

Paraíba.   9 

✓ A detecção desses agentes nos cães domiciliados de João Pessoa é preocupante uma 10 

vez que esses animais podem estar sendo reservatórios de graves zoonoses, o que 11 

aumenta o risco de transmissão dessas enfermidades, sobretudo nas comunidades em 12 

vulnerabilidade social. 13 

✓ Baseado nas análises de fatores de risco observou-se que são necessários maiores 14 

cuidados com a higiene do local onde os cães vivem, deve se ter mais atenção com os 15 

animais que habitam áreas próximas a matas, além disso, deve-se controlar o acesso 16 

dos animais a rua.  17 

✓ Sugere-se que para as reduções das prevalências dos agentes infecciosos encontrados 18 

sejam adotadas politicas públicas baseadas na correção dos fatores de risco 19 

indentificados nas visões multidisciplinares dos conceitos de saúde única. 20 

 21 


