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Abstract

Rural settlements are defined as family-run agrarian spaces. Their purpose, based on public policies,
is to strengthen family agriculture. They are peculiar environments that can predispose to the risk of
diseases, especially zoonotic diseases, due to close natural contact with animals that can be sources of
infection. The aim of this study was to determine the frequency of anti-Leptospira antibodies in dogs
from rural settlements in the state of Paraiba, Northeast Brazil, and to identify the risk factors associated
with infection. A total of 306 dogs were sampled and Leptospira screening was performed using the
microscopic agglutination test. In all, 27 of 306 (8.82%; 95% CI = 6.13-12.5%) dogs were seropositive
for Leptospira spp. The most frequent serotype was Pomona. Street access (odds ratio =3.53, p=0.012)
was indicated as a risk factor for infection. The results indicate that leptospirosis is present in dogs
from rural settlements in the state of Paraiba, Northeast Brazil. This reinforces the need to limit contact
between dogs and wild reservoirs and perform serological monitoring of swine. It also reinforces the
need for implementation of control measures such as improvements in hygienic-sanitary conditions
in the settlements, including the construction of pigsties away from homes, and the introduction of
vaccination to reduce the occurrence of this disease, which will prevent transmission to humans and
animals.
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Resumo

Os assentamentos rurais sdo definidos como espagos agrarios de organizagdo familiar, cuja finalidade
¢ o fortalecimento da agricultura familiar a partir de politicas ptblicas. Sdo ambientes peculiares que
podem predispor ao risco de doengas, especialmente de carater zoonotico, considerando naturalmente o
convivio estreito com os animais, que de certo modo, podem atuar como fontes de infecg¢do. O objetivo
deste estudo foi determinar a frequéncia de anticorpos anti-Leptospira spp. em cdes de assentamentos
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rurais do Estado da Paraiba, Nordeste do Brasil, bem como identificar os fatores de risco associados
com a infeccdo. Foram utilizados 306 caes e o diagnostico de Leptospira spp. realizados pela técnica
de Soroaglutinagao Microscopica (MAT). Foram identificados 27/306 (8,82%; IC 95% = 6,13 - 12,5%)
caes soropositivos para Leptospira spp. O sorotipo mais frequente foi o Pomona. A criagdo do tipo
solto (Odds ratio = 3,53; p = 0,012) foi apontada como fator de risco para a infec¢do. Os resultados
do presente estudo indicam que a leptospirose estd presente em caes de areas de assentamentos rurais
do estado da Paraiba, Nordeste do Brasil. Isso refor¢a a necessidade de limitar o contato de caes com
reservatorios silvestres, bem como fazer o monitoramento sorolégico dos suinos e implantagdo de
medidas de controle como melhorias nas condigdes higiénico-sanitarias nos assentamentos, destacando-
se a construcdo de pocilgas afastadas das residéncias e a introdu¢do de vacinagdo com o intuito de
reduzir a ocorréncia dessa doenga e, consequentemente, prevenir a transmissao da infeccdo aos seres

humanos e animais.

Palavras-chave: Zoonoses. Zona rural. Fatores de risco. Sorologia.

Introduction

Leptospirosis is caused by bacteria of the genus
Leptospira, which is widespread in tropical regions
and can affect several animal species, including
humans (ADLER; DE LA PENA MOCTEZUMA,
2010). Several species of animals can act as
reservoirs of the disease, and infected dogs are a
primary source of infection for humans (BATISTA
et al., 1999, 2004), as they are able to eliminate
Leptospira through the urine for long periods, thus
exposing humans to infection (SCHULLER et al.,
2015).

Various studies have demonstrated a large
number of serotypes in wild animals. Silva et
al. (2010) observed that opossums (Didelphis
albiventris) and deer can be reservoirs of the Patoc,
Autumnalis, Icterohaemorrhagiae, ~Andamana,
and Canicola serotypes for domestic animals such
as cattle, goats, sheep, pigs, horses, and dogs.
The reservoirs of the Grippotyphosa serotype
are wild animals such as raccoons and skunks
(SALABERRY et al., 2011). In certain regions,
different serotypes of Leptospira are prevalent and
are associated with one or more maintenance hosts
that act as reservoirs of the agent; reservoirs are
usually wild species but may occasionally include
companion and production animals (BOLIN, 1996).

Dogs can be infected by a wide variety of serotypes;

however, infection is more frequently associated
with the presence of antibodies against the Canicola
and Icterohaemorrhagiae serotypes (SCHULLER et
al., 2015).

Leptospirosis is of considerable economic
and public health importance, as it is widely
disseminated, and there is a high rate of infectivity
between domestic and wild animals. In dogs,
this disease is a serious public health problem,
not only due to the severity of its pathogenesis,
but also as a potential element of contagion to
humans due to close proximity (MASCOLLI
et al., 2002; POLACHINO; FUJIMORI, 2015).
Velineni et al. (2007) serologically assessed 55
humans with suspected leptospirosis using the
microscopic agglutination test (MAT), and 50 of 55
serum samples tested positive for anti-Leptospira
spp. antibodies. The predominant serotype was
Icterohaemorrhagiae (68%), followed by Australis
(22%) and Autumnalis (8%). Although dogs are not
the natural reservoir of those serotypes, they are
usually identified in canines (ALVES et al., 2004;
SCHULLER et al., 2015); thus, when infected, dogs
can be a source of infection for other animals and
for humans due to close contact.

In Brazil in recent years, the most common
identified in serological
studies of canine species are Canicola, Copenhageni,

Leptospira serotypes
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Autumnalis, and Grippotyphosa (AZEVEDO et al.,
2011; CASTRO et al., 2011; FERNANDES et al.,
2013; LAVINSKY et al., 2012; MASCOLLI et al.,
2016; PAZ et al., 2015).

Dogs are infected by direct contact with urine
and tissues from infected animals, or indirectly by
contact with water contaminated with the urine of
infected animals (ADLER et al., 2011), and may
be used as sentinel of the presence of Leptospira
in the environment (GHNEIM et al., 2007). Canine
leptospirosis displays varied clinical polymorphisms
and must be considered by veterinary practitioners
when establishing the differential diagnoses of
major infectious diseases that affect this species (DE
CASTRO et al., 2010). The most common signs
observed in affected dogs are jaundice, hemorrhagic
diathesis, and presentation of renal insufficiency
(VAN DE MAELE et al., 2008).

The confirmation of leptospirosis can be
performed using either clinical methods or laboratory
data; the second is of paramount importance for
diagnosis. Among laboratory methods, the MAT is
the serological method recommended by the World

Organization for Animal Health (OIE, 2012).

Rural settlements are areas designated for
landless workers through government policies.
They are peculiar environments that may predispose
residents to the risk of diseases. Zoonotic diseases
are a particular risk given the rural environment

and the natural interaction with animals, which to a
certain extent may be acting as sources of infection
(GHNEIM et al., 2007; MASCOLLI et al., 2016).
The present study is important because it increases
understanding of the epidemiology of leptospirosis
in dogs in rural settlements in Northeast Brazil,
providing important information for the prevention
and control of the disease in humans and in animal
reservoirs.

Given the
dogs and the importance of identifying the most

importance of leptospirosis in

frequent Leptospira serotypes in the region to
better understand the epidemiology of the disease
and establish public health policies directed to its
control (GIANGASPERO et al., 2013), the aim
of this study was to determine the frequency of
anti-Leptospira spp. antibodies in dogs from rural
settlements in the semiarid region of Paraiba
State, Northeast Brazil, and identify the risk factors
associated with infection.

Materials and Methods

This survey was conducted between March and
October 2015 in 13 rural settlements distributed in
the municipalities of Sao José de Espinharas, Santa
Terezinha, Sdo Mamede, Sdo José do Bonfim, and
Patos, located in the mesoregion of the Paraiba
hinterland, a semiarid region of Northeast Brazil
(Figure 1).
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Figure 1. A geographic representation of municipalit rom March to October 2015.
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The formula for simple random sampling was
used to determine the minimum number of animals
to be sampled (THRUSFIELD, 2007):

Z2Pexp(1—Pexp)
= e e (1)
where n = sample size, z = value of the normal
distribution for a confidence level of 95%, Pexp=

expected prevalence, and d = statistical error

The parameters used were expected prevalence
of 50% (maximization of sample), 95% confidence
level, and absolute error of 6%. According to these
parameters, the minimum sample was 267 animals.
However, 306 animals were sampled. We sampled
all unvaccinated dogs of both sexes at least six
months of age; dogs were different breeds and
from 13 settlements. Sampling was conducted after
owners gave consent by signing an informed consent
form. After the immobilization of the animal,
blood was collected by puncturing the cephalic,
saphenous, or external jugular vein using a 5-mL
disposable syringe, and was deposited immediately
into a plastic test tube without anticoagulant. After

T T T
S 25 34

collection, the tubes were properly identified,
placed in a polystyrene box with ice, and sent to
the Laboratory for Communicable Diseases at the
Centro de Saude e Tecnologia Rural, Universidade
Federal de Campina Grande (CSTR/UFCGQG), where
serum was collected and transferred to 1.5-mL
microtubes and stored at -20°C until analysis.

After prior training of the interviewers, an
epidemiological completed
by the dogs’ owners to obtain data for risk factor
analysis. The variables investigated and respective
categories were as follows: level of education
(illiterate, incomplete primary education, complete
primary education, incomplete secondary education,
complete secondary education, incomplete tertiary
education, complete tertiary education); family

questionnaire  was

income (up to two minimum wages, more than
two to four minimum wages, between five and six
minimum wages, more than six minimum wages);
having some knowledge of canine leptospirosis
(yes, no); washing hands before meals, after
touching the animals (yes, no, sometimes, never);
walking barefoot in the street or backyard (yes,
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no, sometimes, never); having rats in the house
(yes, no); accumulation of garbage (yes, no);
having water storage containers (yes, no); name of
the animal; gender (male, female); age (six to 12
months, more than 12 and up to 24 months, more
than 24 to 48 months, 4 to 6 years, above to 6 years);
breed (mongrel, with defined breed, which breed);
type of restraint (restrained, semi-loose, loose); diet
(commercial diet, food prepared athome, both); cases
of abortions (yes, no); deliveries of stillbirths (yes,
no); environment where the animal is kept (cement,
earth, earth/cement); cleaning or disinfection of
the site (yes, no); cleaning/disinfection frequency
(daily, weekly, bi-weekly, monthly); contact with
other animals (yes, no); if yes, which animals
(horses, cats, wild animals, dogs, pigs, cattle, sheep,
poultry); usually hunt with the animal (yes, no); the
animal has contact with ponds or flooded areas (yes,
no); the animal has received some vaccines (yes,
no); if yes, which (rabies, antiviral, both, other);
already has or has had ticks (yes, no); the animal has
or has had fleas (yes, no); and physical examination
of the animal.

The presence of anti-Lepfospira antibodies
was determined by the MAT (OIE, 2012), using as
antigens the Leptospira biflexa serotypes Andamana
and Patoc; interrogans
Australis, Bataviae,
Canicola, Grippotyphosa, Hardjoprajitno, Pomona,
Hebdomadis,
Wolffi, and Butembo; Leptospira borgpetersenii

Leptospira serotypes

Copenhageni, Bratislava,

Pyrogenes, Icterohaemorrhagiae,
serotypes Autumnalis, Castellonis, Hardjobovis,
Javanica, and Tarassovi; Leptospira santarosai
serotypes Guaricura and Shermani; Leptospira
kirschneri serotype Cynopteri; and Leptospira
noguchii serotype Panama. The strains were ceded
by the Laboratory of Veterinary Bacteriology of
Fluminense Federal University (UFF) and from
the Pasteur Institute, France. All samples with
agglutinating activity at a dilution of 1:100 were
considered positive (OIE, 2014). Positive samples
were titrated serially at a ratio of two, and the
antibody titer was the reciprocal of the highest

dilution that presented 50% of agglutinations. The
highest titer achieved was used to identify the
infecting serotype.

The results of the diagnostic tests and the
information from the questionnaires were stored in
a database using Microsoft Excel (Microsoft Corp.,
Redmond, WA, USA). The analysis of risk factors
was initially performed using univariate analysis,
in which each independent variable was submitted
for analysis of the association with the dependent
variable (the result of the serology); those with p
< 0.2 as determined by the chi-square test (ZAR,
1999) were selected for multivariate analysis using
logistic regression (HOSMER; LEMESHOW,
2000). The fit of the model was verified with the
Hosmer and Lemeshow test; p = 0.05 indicated
satisfactory adjustment. The level of significance
in the multiple analyses was 5%. All analyses were
performed using SPSS Statistics for Windows
Version 20.0 (IBM Corp., Armonk, NY, USA).

The project was assessed and approved by the
Research Ethics Committee (CEP) of the Health
and Rural Technology Center at the CSTR/UFCG
and was filed under project no. 324/2015.

Results

Of 306 canine serum samples analyzed, 27 were
seropositive (titer > 1:100) for Leptospira spp.,
resulting in an average frequency of 8.82% (95% CI
= 6.13-12.5%) (Table 1). Of these, 9.1% (21/232)
were male dogs and 8.1 % (6/74) were females.
The titer ranged from 1:100 to 1:400; serotypes
detected were Pomona (44.4%), Bataviae (11.1%),
Copenhageni, Australis, and Bratislava (7.4%),
and Icterohaemorrhagiae, Autumnalis, Tarassovi,
Grippotyphosa, (3.7%)
(Table 2); a higher frequency of seropositivity in
was observed in dogs from the Aroeira settlement
(22.22%), followed by the Oziel Alves (15.78%)
and Tubardo (15.15%) settlements (Table 1). Table
3 shows the results of the univariate analysis with

Djasimane, Canicola
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the variables most associated with seropositivity (p
< 0.2). In the final logistic regression model, being CI=1.32-9.46; p=0.012).
loose or having street access was determined to be a

risk factor for seropositivity (odds ratio =3.53; 95%

Table 1. Frequency of anti-Leptospira antibodies according to settlement and serotype detected in dogs; sampling was
conducted in the semiarid region of Paraiba State, from March to October 2015.

Settlement Total no. of dogs Positive (%) Serotypes detected
Tiradentes 14 0(0) -
Cachoeira 10 1(3.70) Pomona
Oziel Alves 19 3(11.11) Pomona, Bratislava
Maria Paz 20 0(0) -
Nova Espinharas 19 0(0) -
Nova Santana 24 1 (3.70) Bratislava
Dom Expedito 28 2 (7.40) Icterohaemorrhagiae, Autumnalis
Aroeira 18 4 (14.81) Djasiman, Copenhageni, Pomona, Australis
Tubarao 33 5(18.51) Pomona
Mundo Novo 27 1(3.70) Tarassovi
Saco do Monte 12 0(0) -
Campo Comprido 45 5(18.51) Pomona, Australis, Bataviae
Patativa 37 5(18.51) Copenhageni, Pomona, Grippotyphosa, Canicola
Total 306 27 (99.95)

Table 2. Serotypes of more prevalent Leptospira spp. and their titrations in dogs from settlements in Paraiba State,

Northeast Brazil, from March to October 2015.

Serotypes Titration Total (%)
100 200 400 800
Pomona 3 7 2 - 12 (44.4)
Bataviae 2 1 - - 3(1L.1)
Australis - 2 - - 2(7.4)
Bratislava 1 - 1 - 2(7.4)
Copenhageni - 1 1 - 2(7.4)
Autumnalis 1 - - - 1(3.7)
Icterohaemorrhagiae - 1 - - 1(3.7)
Canicola - 1 - - 1(3.7)
Grippotyphosa - 1 - - 1(3.7)
Tarassovi - 1 - - 1(3.7)
Djasiman - 1 - - 1(3.7)

2536
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Table 3. Univariate analysis of risk factors associated with leptospirosis in dogs from settlements in Paraiba State

between March and October 2015.

. Total no. of o
Variable Category Individuals Positive (%) p
Have knowledge of leptospirosis No 266 21(7.9)
Yes 40 6 (15)
Contact with pigs No 233 17 (7.3)
Yes 73 10 (13.7) 0.148
Contact with ponds No 141 8(36.2)
Yes 165 19 (40.6) 0.104
Municipality Sao José de Espinharas 46 6 (13)
Sdo Mamede 106 5(4.7)
Santa Terezinha 33 5(15.2)
Séo José do Bonfim 82 10 (12.2)
Ducks 39 1(2.6) 0.094
Cistern No 44 1(2.3)
Yes 262 26 (9.9) 0.147
Breeding Home Kept 42 6 (14.3)
Semi-loose 227 14 (6.2)
Loose 37 7 (18.9) 0.016
Discussion to the topography; region; temperature; humidity;

The frequency of seropositive animals (8.82%)
identified in this study was similar to that observed
by Fernandes et al. (2013) in studies conducted in
the state of Rio Grande do Norte and by Lavinsky
et al. (2012) in Bahia, who reported frequencies of
6.8% and 7.1%, respectively. Higher results were
obtained by Paz et al. (2015) in Para, PA; Castro
et al. (2011) in the municipality of Uberlandia,
MG; Azevedo et al. (2011) in Patos, PB; Lemos
et al. (2010) in the municipality of Aracaju, SE;
Aguiar et al. (2007) in the municipality of Monte
Negro, RO; and Batista et al. (2005) in the city of
Campina Grande, PB; who observed, respectively,
17%, 28.4%, 19.74%, 37%, 27.3%, and 21.4%
seropositivity. These differences in positivity can be
explained by the variety of factors that influence the
occurrence of leptospirosis, particularly with regard

rainfall; wild reservoirs such as Brazilian guinea
pigs, foxes, and skunks; domestic reservoirs; and
other environmental factors (ALVES et al., 2000).
The low frequency of seropositive animals in this
study may be justified by the difference in canine
populations studied and the lower rainfall observed
in the period and region studied. According to Costa
et al. (2001), an increase in leptospirosis cases
occurs with an increase of rainfall.

From 2011 to 2015, the Northeast region suffered
from lower rainfall than expected. In 2015, rainfall
did not reach 550 mm in the cities studied (AESA,
2015), which was below or at the limit (500 to 550
mm) necessary for survival and spread of Leptospira
in the semiarid region (ALVES et al., 1996). Thus,
the long drought can be considered responsible for
the low seroreactivity observed in the dogs in this
study.
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The frequency between the settlements from the
different municipalities ranged from 0% to 18.51%.
Although all were located in the semiarid region,
this difference may be related to the characteristics
of the microclimate and environmental factors,
such as the presence of ponds, dams, streams, and
land topography, and also to the control measures
implemented. In addition, the structural conditions
of the settlements may have helped determine the
occurrence of the disease, given that there were
marked differences in sanitary conditions among
them, such as sanitary sewage, paving, and piped
water. These factors, alone or in combination, may
have influenced the frequency of leptospirosis in the
animals analyzed.

The Pomona serotype, most frequent in this study,
is considered incidental in dogs. This serotype was
also found by Batista et al. (2004) and Alves et al.
(2000) in dogs, but it normally circulates in swine
(FIGUEIREDO et al., 2013). Its occurrence as the
most prevalent variant in the canine population from
the settlements indicates contact between canine
and swine populations, which occurs frequently
in the various settlements where a number of the
settlers interviewed (44/184) have small pig farms.
As swine are important reservoirs of the Pomona
serotype, the serological results suggest that they
may function as reservoirs of this serotype for
canines and eventually for humans and other animal
species in these nesting areas. The Pomona serotype
was associated with an outbreak of leptospirosis in
humans in the Province of Ciego de Avila, Cuba
(HERNANDEZ et al., 1999).

The Bataviae serotype was the second most
frequent in this study, followed by Australis,
Copenhageni, Icterohaemorrhagiae, Grippotyphosa,
and Autumnalis, which strengthens the hypothesis
that dogs are infected from wild animals, as the
region has wild fauna and microclimates favorable to
the survival and spread of Leptospira. Spickler and
Leedom Larson (2013) pointed to the importance
of the rodent population in the transmission of
the disease, as synanthropic rodents such as the

rat (Rattus norvegicus) are common hosts of
Icterohaemorrhagiae and Copenhageni serotypes
and wild rodents are common hosts of Autumnalis
(FAINE etal., 1999). Consequently, it is possible that
the serotypes found are related to the occurrence of
these hosts in the environment, as most respondents
(139/184) reported the presence of these rodents on
their properties, and 42/184 hunted wild animals.
Alves et al. (2004) found that 8.95% (17/190) of
hunting dogs in the state of Paraiba tested positive
for anti-Leptospira agglutinins. The most frequently
detected serotype was Autumnalis, suggesting
involvement of wild animals in the transmission
cycle of the disease. Although occurring at low
frequency, Canicola and Icterohaemorrhagiae are
known to be the most commonly found serotypes
in this species (SCHULLER et al., 2015); as dogs
can eliminate these serotypes for long periods in
their urine, the test results alerted health officials to
the risk of infection of humans (FAINE et al., 1999;
TESSEROLLI et al., 2008).

Being loose or having street access was
considered a risk factor for infection by Leptospira
spp. in dogs. A seropositivity rate of 18.9% was
observed in loose animals, while dogs kept at home
or in semi-loose conditions displayed 14.3% and
6.2% seropositivity, respectively. Similar results
were obtained by Mascolli et al. (2016) in a study
conducted in dogs of the tourist resort of Ibitina, Sdo
Paulo, which found that the type of establishment
where the animal remains loose was a risk factor for
the occurrence of leptospirosis. In a study conducted
in dogs in the city of Botucatu, Sdo Paulo, Silva et
al. (2006) showed that dogs who had access to the
street were more seroreactive. Although this study
found that allowing animals to remain loose was a
risk factor, it was found that semi-loose management
prevailed under the conditions of rural settlements,
where the dogs were restrained in the yard, but were
also released by the owner or used when hunting, a
situation that could be a risk condition for this type
of environment. However, in the statistical analysis,
this type of management was not considered to
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be a risk factor, even after finding 14 (51.8%)
seropositive dogs.

The settlements studied presented environmental
and socio-cultural characteristics that provided a
favorable environment for the maintenance of the
agent. These characteristics include the following:
houses near forests, lack of basic sanitation,
accumulation of garbage, poor housing conditions,
accumulation of organic matter, and the joint
breeding of several animal species, including pigs.
Although without significant influence in the risk
analysis in this study, breeding may have influenced
the higher frequency of the Pomona serotype.
Another aspect that increases the risk of infection is
the practice of hunting wild animals, which exposes
dogs and humans to contaminated environments.
Alves et al. (2004) found a leptospirosis frequency
of 8.95% (17/190) in hunting dogs in Paraiba.
Lastly, the peculiar situation regarding the period of
intense drought should be considered, which may
have favored the approach of animals, especially
wild animals, to the peridomicile in search of water
and food, thus causing the contamination of the
environment through urine. However, as discussed
earlier, drought restricts Leptospira survival.

Conclusion

The results of this study indicate that leptospirosis
is present in dogs from rural settlement areas in
Paraiba, Northeast Brazil. This reinforces the need
to limit the contact of dogs with wild reservoirs, to
serologically monitor swine, and to deploy control
measures such as improvements to hygienic-sanitary
conditions in the settlements, construct pigsties
away from residences, and introduce vaccination to
reduce Leptospira occurrence, which will prevent
its transmission to humans and other animals.
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