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ABSTRACT. Leishmaniasis is a disease caused by protozoa of
the genus Leishmania. Two distinct forms are recognized: visceral
leishmaniasis (VL) and cutaneous leishmaniasis (CL). In the Americas,
the causative agent of VL is L. infantum chagasi, whereas L. braziliensis
is principally responsible for CL. Domestic dogs constitute the main
source of VL in urban environments, and have also been implicated in
CL epidemiology. We carried out molecular and serological surveys to
detect Leishmania infection in dogs from the municipality of Itubera
in Bahia, Brazil. Furthermore, we identified risk factors associated
with illness in dogs from this locality. Blood samples were collected
from 399 dogs and tested using an indirect immunofluorescence assay
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(IFA) and polymerase chain reaction (PCR) to detect Leishmania
spp antibodies and L. infantum chagasi and L. braziliensis DNA,
respectively. Dogs were clinically evaluated and tissue samples from
those exhibiting skin lesions were examined for parasites. In addition,
the dog owners completed an epidemiological questionnaire to identify
factors associated with infection. Skin lesions consistent with CL
were found on 37 (9.3%) of the evaluated animals, but parasitological
examination was negative for all samples. The IFA returned positive
results for 60 (15%) dogs. PCR identified DNA from L. braziliensis
in 86 (21.6%) animals, where as all samples proved negative for L.
infantum chagasi. The 134 dogs (33.6%) testing positive using IFA and/
or PCR were considered infected, and of these, only 13 demonstrated
skin lesions. Animals from rural areas were 3.39-times more likely to
be infected compared to those in urban environments.

Key words: Leishmania spp.; Dogs; Serology; Molecular biology;
Risk factors

INTRODUCTION

Leishmaniasis is a zoonosis caused by heteroxenous digenetic intracellular protozoa
of the genus Leishmania, and transmitted to vertebrate hosts (mammals) by female sandfly
bites. This disease has a world wide distribution, affecting 88 countries across the Middle East,
Africa, Asia, Europe, and the Americas (Ashford, 2000). According to clinical manifestations,
leishmaniasis can be divided into two categories: visceral (VL) and cutaneous (CL) (Ministério
da Saude Brasil, 2010).

VL, or kala azar, is a chronic zoonotic disease affecting humans, wildlife, and domestic
animals. In the Americas, this condition is caused by Leishmania infantum chagasi. In Latin
America, it has been documented in at least 12 countries, with approximately 90% of reported
cases occurring in Brazil, the northeast region of which is particularly affected (Ministério da
Satde Brasil, 2013). Domestic dogs (Canis familiaris) play a fundamental role in maintaining
this disease in endemic areas, asthey act as reservoirs of infection in both rural and urban
environments (Dantas-Torres, 2007; Werneck et al., 2007).

CL has been described from the furthest southern United States to northern Argentina,
with the exception of Chile and Uruguay. According to the World Health Organization, more
than one million new cases of human CL are diagnosed worldwide each year. Brazil together
with Afghanistan, Algeria, Colombia, Iran, Pakistan, Peru, Saudi Arabia, and Syria accounts
for 90% of these cases (World Health Organization, 2015). In Brazil, seven dermotropic
Leishmania species are recognized, the most important being Leishmania (Viannia)
braziliensis (Ministério da Saude Brasil, 2010). Of the CL diagnoses made in this country,
90.14% are recorded in the North, Northeast, and Midwest regions. In Bahia State, this disease
is present in all regions and 58.5% of municipalities. Despite being originally associated with
wild animals, American cutaneous leishmaniasis has been reported in domestic contexts,
suggesting that domestic and peridomestic animals, particularly dogs, act as reservoirs in such
environments (Marzochi and Marzochi, 1994). This possibility maybe supported by the fact
that certain locations with high numbers of human cases are associated with elevated canine
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infection rates (Falqueto et al., 1986; Dantas-Torres, 2007; Pittner et al., 2009).

Canine leishmaniasis affects thousands of animals in Brazil and other countries
around the world. In Northeast Brazil, the prevalence of Leishmania infection in dogs ranges
from 21.7 to 54.7% (Paranhos-Silva et al., 1996; Rondon et al., 2008; Carvalho et al., 2015;
Leca-Junior et al., 2015). Although previous investigations have been carried out in the state
of interest to the present study, the prevalence of Leishmania infection among dogs and
the identity of the species involved need to be determined in each region, because human
leishmaniasis is endemic in many municipalities. Considering the importance of dogs in the
transmission of VL and their possible role as domestic reservoirs in CL, we aimed to identify
L. braziliensis and L. infantum chagasi infection in the canine population of an endemic CL
area in northeastern Brazil, and the associate drisk factors.

MATERIAL AND METHODS
Study area

This study was conducted in the municipality of Ituberd, in the southeast of Bahia
State (13°43'S, 39°08'W). The city has a total area of 417 km? and a population of 26,591,
at a density of 71.5 inhabitants/km? (Instituto Brasileiro de Geografia e Estatistica, 2015).
The region has a hot and humid climate, with an average temperature of 25.3°C, varying by
5.6°C annually, and 1800-2400 mm annual rainfall distributed throughout the year. The area is
representative of the Atlantic Forest biome.

Animals and sampling

Sample size calculations were performed using the Epi Info 3.5.2 software with
95% confidence intervals, considering the size of the dog population to be 12% of the
local human population (Escobar Cifuentes, 1988). The frequency of infected animals was
estimated as 50%, because no previous studies have measured this figure in this region, and
the sampling error was 5%.

This study included 399 adult dogs domiciled in the city of Itubera. Sampling
took place between May and September 2012 and was conducted evenly throughout the
city neighborhoods, covering both rural and urban areas, in which 59 and 340 dogs were
examined, respectively. The population of each district was determined as a proportion of the
total population. The Ethics Committee on Animal Use of Universidade Estadual de Santa
Cruz approved this study under protocol No. 020/11.

With the permission of their owners, the dogs received an initial clinical
assessment for the presence of skin lesions. By puncture of the jugular or cephalic vein,
approximately 5 mL venous blood was then collected in plastic tubes containing or
lacking an anticoagulant (ethylenediaminetetraacetic acid; EDTA) for molecular biology
procedures and serological tests, respectively.

Epidemiological data

Dog owners that participated in the study completed an epidemiological questionnaire
to identify factors associated with infection. It covered the general characteristics of the dog,
environmental factors, and contact with other animals. The data were recorded individually.
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Parasitological diagnosis

Tissue samples from dogs with skin lesions consistent with CL were collected for
direct identification of parasites. The animals were physically restrained and 0.2% lidocaine
was applied to the area around the lesion. Samples were obtained by scraping lesions with
scalpel blades. The collected material was placed on glass slides and treated with Giemsa stain
before being assessed by light microscopy to identify amastigotes of Leishmania spp.

Serology

Blood samples lacking anticoagulant were centrifuged at 1292 g for 15 min to obtain
serum, which was stored at -20°C. Detection of anti-Leishmania antibodies was then performed
by indirect immunofluorescence assay (IFA) using glass slides sensitized with L. infantum
chagasi (Jaboticabal strain) and treated with an anti-dog immunoglobulin G fluorescein
isothiocyanate-conjugated antibody (F7884; Sigma, St. Louis, MO, USA). The method was
adapted from that previously described by Oliveira et al. (2008). Serological titers >1:40 were
considered positive.

Molecular biology

Blood samples containing EDTA were centrifuged at 1292 g for 15 min to separate
the buffy coat. DNA was extracted using an Easy-DNA kit (Invitrogen, Carlsbad, CA,
USA) and stored at -20°C. The final DNA concentration of each sample was determined by
spectrophotometry, based on optical density at 260nm.

The primers B1 (5'-GGGGTTGGTGTAATATAGTGG-3") and B2 (5'-CTAATTGTGC
ACGGGGAGG-3"), previously described by de Bruijn and Barker (1992), were used for
amplification of a 750-bp fragment of L. braziliensis DNA. The polymerase chain reaction
(PCR) conditions employed were similar to those outlined by Reithinger et al. (2000). Each
25-uL. PCR comprised 17 pL PCR SuperMix (Invitrogen), which included 1 U 7ag DNA
polymerase and 0.6 mM MgCl,, 20 pmol each primer, and 100 ng DNA. Amplification was
performed using a Biocycler MJ96G (Applied Biosystems do Brasil Ltda) thermocycler and
the following conditions: initial denaturation for 5 min at 94°C, followed by 35 cycles of 94°C
for 1 min, 59°C for 1 min, and 72°C for 1 min, before a final extension at 72°C for 7 min.
PCR products were electrophoresed on a 2% agarose gel stained with ethidium bromide and
bands were visualized with a transilluminator. A L. braziliensis strain pure culture (MHOM/
BR/3456) and ultrapure water were used as positive and negative controls, respectively.

Primers RV1 (5'-CTTTTCTGGTCCCGCGGGTAGG-3") and RV2 (5'-CCACCTGGC
CTATTTTACACCA-3') were used to amplify a 145-bp fragment of L. infantum chagasi DNA
(Ravel et al., 1995). The PCR conditions were adapted from those previously described by
Lachaud et al. (2002). Each PCR contained 17 pL PCR SuperMix, 20 pmol each primer,
and 100 ng DNA, in a final volume of 25 pL. Cycling conditions were as follows: initial
denaturation for 5 min at 94°C, then 35 cycles of 94°C for 45 s, 59°C for 45 s, and 72°C
for 45 s, followed by a final extension at 72°C for 7 min. PCR products were subjected to
electrophoresis on a 2% agarose gel stained with ethidium bromide, of which images were
recorded. A L. infantum chagasi strain pure culture (MHOM/BR2000/Merivaldo) was used as
a positive control, and ultrapure water as a negative control.
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Statistical analysis

Statistical analysis was performed using Epi Info 3.5.2, taking into account
exposure variables and the results of serological and molecular tests. Data were compared
using the Fisher exact test and the chi-square test, and P values < 0.05 were considered
significant. Variables with P values less than or equal to 0.2 were subjected to unconditional
multivariate logistic regression analysis, with the final model built using the input and
output variables (the backward elimination). The degree of agreement between the
serology and PCR results was determined by calculating the Kappa (k) values with 95%
confidence intervals.

RESULTS

Skin lesions, found mainly in the ears, scrotum, and mucocutaneous junction of
the nose, were observed on 37 (9.3%) dogs. These presented mostly as chronic, single, and
ulcerated or ulcerated/crusted lesions. Cytological examination failed to reveal the presence of
Leishmania spp amastigotes in the evaluated samples.

The IFA for L. braziliensis returned positive results for 60 (15%) dogs, and
showed antibody titers ranging from 1:40 to 1:640. Using PCR, L. braziliensis DNA was
detected in 86 (21.6%) of the animals examined (Table 1), whereas none tested positive
for L. infantum chagasi.

A total of 134 dogs (33.6%) were considered to be infected on the basis of positive [FA
and/or PCR results. Of these, 13 (9.97) had cutaneous lesions suggestive of CL, eight of which
tested positive by PCR, six by serology, and one by both techniques (Table 1). The calculated
Kappa value with a 95% confidence interval was k£ =-0.016 (-0.111 - 0.080) for serology and
PCR, indicating a low agreement between the results of these methods.

Table 1. Comparison of results obtained by serological and molecular methods.

Serology

Positive

Negative

Total

PCR

Positive

12

74

86

Negative

43

265

313

Total

60

339

399

Kappa =-0.016. PCR = polymerase chain reaction.

Basic health-related facilities, such as garbage collection, septic tanks, sewerage,
and bathrooms, were present in 85.5, 25.3, 51.6, and 84.4% of households visited,
respectively. Respondents reported the presence of animals outside the home, including
cats (69.9%), stray dogs (48.9%), and rodents (37.3%). Vacant land, banana trees, fruit
trees, rearing of chickens, and breeding of birds were observed in 52.4, 55.1, 83.5, 55.6,
and 7.3% of homes, respectively.

Among the variables assessed, only habitat acted as a risk factor, with dogs from
rural areas being 3.39-times more likely to be infected than those from urban regions
(Tables 2 and 3).
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Table 2. Factors associated with Leishmania braziliensis infection in dogs having tested positive by serological
and/or molecular methods.

Variable N Positive Prevalence (%) OR 95%CI P value

Age 1-2 years 163 52 31.9 1.13 0.74-1.74 0.63
>2 years 236 82 34.7 1 (Reference)

Sex Male 236 83 35.1 1.19 0.78-1.82 0.48
Female 163 51 313 1 (Reference)

Habitat Rural 59 32 54.2 2.76 1.57-4.85 <0.01
Urban 340 102 30 1 (Reference)

Contact with cats Yes 279 97 34.7 1.02 0.64-1.61 0.98
No 120 37 30.8 1 (Reference)

Contact with stray dogs Yes 195 73 37.4 1.4 0.92-2.16 0.13
No 204 61 29.9 1 (Reference)

Contact with rodents Yes 149 48 322 0.89 0.57-1.37 0.68
No 250 86 344 1 (Reference)

Presence of vacant land Yes 209 65 31.1 0.79 0.52-1.2 0.31
No 190 69 36.3 1 (Reference)

Presence of banana tree Yes 220 80 36.4 1.33 0.86-2.0 0.23
No 179 54 30.1 1 (Reference)

Presence of fruit trees Yes 333 117 35.1 1.56 0.86-2.83 0.18
No 66 17 25.7 1 (Reference)

Presence of chicken Yes 222 78 35.1 1.17 0.76-1.78 0.52
No 177 56 31.6 1 (Reference)

Presence of birds Yes 29 12 414 1.43 0.66-3.1 0.47
No 370 122 33 1 (Reference)

Presence of sewerage Yes 206 66 32.0 0.86 0.57-1.31 0.57
No 193 68 352 1 (Reference)

Presence of septic tank Yes 101 29 28.7 0.74 0.45-1.21 0.28
No 298 105 352 1 (Reference)

Presence of bathroom Yes 336 109 324 0.73 0.42-1.27 0.33
No 63 25 39.7 1 (Reference)

Presence of garbage Yes 341 109 31.9 0.62 0.35-1.09 0.13
collection No 58 25 43.1 1 (Reference)

OR = odds ratio; 95%CI = 95% confidence interval.

Table 3. Final model of non-conditional logistic regression of factors associated with Leishmania braziliensis
in dogs from Itubera, Bahia, Brazil.

P value
0.0004

Variable | Odds ratio \ 95% confidence interval
Habitat | 2.77 | 1.58-4.85

P =0.003, likelihood = 0.004.

DISCUSSION

In this study, most of the dogs considered to be infected were asymptomatic. The skin
lesions observed on symptomatic dogs animals were similar to those described by other authors
(Serra et al., 2003). Silveira et al. (1996) and Serra et al. (2003) also recorded large numbers
of asymptomatic animals, with 16.7 and 21.7% of seropositive dogs in their investigations
exhibiting skin lesions, respectively. According to Passos et al. (1996), injuries caused by CL
in dogs alternate between periods of spontaneous healing and recurrence, which may explain
the small number of animals with lesions at the time of observation. Ferrer (2002) reported
that the number of asymptomatic animals in endemic regions maybe as high as 80%, and that
such dogs, which cannot be identified owing to the absence of clinical symptoms, can act as a
source of infection for vectors of the disease.
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The absence of amastigotes revealed by cytological examination indicates the low
sensitivity of this technique for the diagnosis of CL in dogs, as demonstrated recently by Leca-
Junior et al. (2015). Such results can be explained by the scarcity of parasites in the lesions of
dogs infected by L. braziliensis, as described by Zanzarini et al. (2005). Moreover, according to
Furtado (1980), the likelihood of detecting a parasite diminishes as the time between the lesion’s
appearance and a parasitological diagnosis increases. The sensitivity of this diagnostic method for L.
braziliensis infection is approximately 100% in the first two months following onset of symptoms,
75% at six months, and 20% after 12 months (Furtado, 1980). This suggests that the animals in
this study had chronic leishmaniasis, reducing the chance of parasite detection. Schubach et al.
(2001) also highlighted the occurrence of secondary bacterial infections that can further hinder
the visualization of amastigotes in direct parasitological examination. In addition, the skin lesions
observed in this study were nonspecific, and may be related to other dermatopathies.

Regarding serological diagnosis, the results obtained here are similar to those
published by Silveira et al. (1996), who reported that 18.2% of animals in the State of Parana
are seropositive. However, variation in the prevalence rate is very high (2.16 to 54.7%) when
considering the values estimated by other authors (Pereira et al., 2008; Reis et al., 2011;
Araujo et al., 2014; Carvalho et al., 2015; Lega-Junior et al., 2015). Although IFAs are widely
employed for their convenience and low cost, their use is controversial owing to low levels
of detectable serum antibodies and the possibility of cross-reactions (Antunes Uchoa et al.,
2001). Serological diagnosis results vary depending on the stage of infection (Heusser Junior
etal., 2010). According to Antunes Uchoa et al. (2001), higher levels of specific antibodies are
produced when multiple cutaneous lesions are present in the later stages of infection, and in
cases with simple skin lesions and lymphatic system involvement. In addition, seroconversion
may take up to 22 months; therefore, during this period, it is not possible to detect infected
animals by serological methods (Solano-Gallego et al., 2005).

PCR for the diagnosis of CL can be performed using peripheral venous blood and
samples from normal or lesioned skin biopsies and lymph node puncture (Reithinger et al.,
2000; Velasquez et al., 2006). However, PCR based on blood samples is considered by some
authors to be less sensitive, principally due to the reduced numbers of parasites in circulation
(Reithinger et al., 2000; Santos et al., 2010). In this study, buffy coat was used for PCR
detection of L. braziliensis DNA, resulting in the identification of many infected animals. Of
the asymptomatic infected dogs, 72% were identified by PCR, demonstrating the effectiveness
of this technique for the diagnosis of infection in these animals. Martins et al. (2010) also
demonstrated the efficiency of PCR carried out using peripheral venous blood samples for
detection of L. braziliensis DNA in humans with no cutaneous lesions. According to Rodrigues
(2000), this method displays significantly higher sensitivity and specificity than direct testing
techniques, isolation from culture, and IFA. These attributes favor the identification of
subclinical cases with low parasitism rates, enabling better monitoring of treatment and more
accurate assessment of disease prevalence in endemic areas (Rodrigues, 2000).

The high number of animals testing positive for L. braziliensis DNA by PCR but
serologically negative by IFA may be due to the fact that seroconversion had not occurred in
the assessed dogs by the time of the study. Furthermore, most of the evaluated animals were
asymptomatic, which according to Antunes Uchda et al. (2001) also reduces the possibility
of detecting specific antibodies. In this study, the majority of dogs were malnourished and
in poor condition, suggesting that they had weakened immune systems and were therefore
unable to generate antibodies against Leishmania infection. Antunes Uchoa et al. (2001) also
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state that the humoral immune response in CL cases is weak, and in most cases mediated by T
lymphocytes. In addition, Martins et al. (2010) found that PCR tests can be positive even years
after lesions have healed. They found that of the 93 patients in their study without lesions,
37 (39.8%) were PCR positive, indicating the presence of parasite-derived genetic material.
Taken together, these data may explain why serological examination has a lower detection
rate than molecular diagnosis. The absence of L. infantum chagasi-positive animals can be
explained by the lack of sandflies in the studied region, which are involved in the transmission
cycle. In a recent study undertaken by Cova et al. (2015) in the same area, the predominant
sandfly species were found to be Nyssomyia whitmani (Lutzomyia whitmani; 68%) and N.
intermedia (Lutzomyia intermedia; 26%), whereas the presence of Lutzomyia longipalpis, the
main vector of VL, was not detected.

The results obtained from the kappa test show a low agreement between the results of
serological and PCR methods and indicate the differences in the characteristics of sensitivity and
specificity of the techniques, allowing to conclude that these diagnostic methods are complementary.

Regarding the epidemiological variables assessed, only habitat was identified as a risk
factor, with dogs from rural areas being more exposed to infection. Similar results were obtained
by Zanzarini et al. (2005), who also observed large numbers of infected animals (55.2%) in rural
areas. Reithinger and Davies (1999) suggested that more infected animals are found in rural
habitats because of the proximity of non-domestic animals and dogs to disease vectors, given
that transmission typically occurs in the wild. However, in a study of 429 dogs in endemic CL
regions of Minas Gerais, Maywald et al. (1993) reported that only 1% tested positive in rural
areas, whereas 10.6% were found to be infected in urban environments. According to Falqueto
et al. (1986), the CL transmission cycle possesses unique features in each endemic region, and
data cannot always be extrapolated from one area to another. Thus, risk factors will differ in each
region according to the parasites, reservoirs, and sandfly species present.

The results of this study allow us to say that the municipality of Itubera in Bahia, an
area endemic for human CL, contains many infected dogs, most of which are asymptomatic.
The presence of these animals may be an indicator of the risk of this infection being transmitted
to humans in this locality. Rural habitat was found to be a risk factor for infection.
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