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Abstract
American cutaneous leishmaniasis (ACL) is a neglected zoonotic disease caused mainly by Leishmania (Viannia) 
braziliensis, which is endemic throughout Brazil. Canine ACL cases were investigated in a rural area of Monte Mor, 
São Paulo, where a human ACL case had been confirmed. Dogs were evaluated through clinical and laboratory 
diagnosis including serology, cytological tissue preparations and PCR on skin lesions, lymph node and bone marrow 
samples. Entomological investigations on sandflies trapped in the surroundings of the study area were performed 
for 14 months. Nyssomyia neivai was the predominant phlebotomine species, comprising 94.65% of the captured 
specimens (832 out of 879). This species was the most abundant in all trapping sites, including human homes 
and dog shelters. Ny. whitmani, Migonemyia migonei, Pintomyia monticola, Evandromyia cortellezzii, Pi. fischeri and 
Expapilata firmatoi were also captured. Two of the three dogs examined were positive for anti-Leishmania IgG in 
ELISA using the antigen Fucose mannose ligand and skin samples were positive for L. (V.) braziliensis in PCR, but 
all the samples collected were negative for L. (L.) infantum. One of the dogs had a confirmed persistent infection 
for more than one year.

Keywords: Dogs, Leishmania (Viannia) braziliensis, American cutaneous leishmaniasis, laboratory diagnosis, 
phlebotomine sandflies.

Resumo
A leishmaniose tegumentar Americana (LTA) é uma doença zoonótica negligenciada, causada principalmente por 
Leishmania (Viannia) braziliensis, sendo endêmica em todo o Brasil. Foram investigados casos de LTA canina em 
uma área rural da cidade de Monte Mor, São Paulo, onde foi confirmado um caso humano de LTA. Os cães foram 
avaliados por diagnóstico clínico e laboratorial, incluindo sorologia, esfregaços microscópicos e PCR de amostras 
em lesões de pele, linfonodos e medula óssea. Também foram realizadas investigações entomológicas durante 
14 meses, usando-se armadilhas luminosas para flebotomíneos nas proximidades da área de estudo. Nyssomyia 
neivai foi a espécie de flebotomíneo predominante com 94,65% dos espécimes capturados (832 de 879). Essa 
espécie foi a mais abundante em todos os locais de captura, incluindo-se abrigos para humanos e cães. Foram 
também capturadas as espécies Ny. whitmani, Migonemyia migonei, Pintomyia monticola, Evandromyia cortellezzii, Pi. 
fischeri e Expapilata firmatoi. Dos três cães examinados, dois apresentaram IgG anti-Leishmania positivo no ELISA, 
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usando-se o antígeno “Fucose mannose ligand”, PCR da lesão de pele positivo para L. (V.) braziliensis e negativo 
em todas amostras para L. (L.) infantum. Um dos cães apresentou infecção persistente por mais de um ano.

Palavras-chave: Cães, Leishmania (Viannia) braziliensis, leishmaniose tegumentar Americana, diagnóstico 
laboratorial, flebotomíneos.

Introduction
Leishmaniases are caused by parasites from the Leishmania genus and consist of a group of chronic diseases 

generally transmitted from animals to humans by the bite of infected female sandflies. There is a broad spectrum 
of clinical forms, including those that affect skin, mucosa and internal organs. The two most common clinical 
forms are visceral leishmaniasis (VL), which compromises internal organs with high lethality in untreated hosts, 
and cutaneous leishmaniasis (CL). The cutaneous form is mostly characterized by skin lesions, mainly ulcers, on 
exposed parts of the body, which leave life-long scars, eventually progressing to a mucocutaneous form that 
invades the mucous membranes of the upper respiratory tract, causing gross mutilation by destroying tissues in 
the nose, mouth and throat, causing also serious psychological problems among these patients (Alvar et al., 2012; 
Goto & Lauletta Lindoso, 2012; WHO, 2015).

Around 95% of CL cases occur in the Americas, the Mediterranean basin, the Middle East and Central Asia. 
In 2018, over 85% of new CL cases (600,000 to one million per year) occurred in 10 countries worldwide (WHO, 
2021). The epidemiology of CL in the Americas is very complex, with variations in transmission cycles, reservoir 
hosts, phlebotomine sandflies, clinical manifestations and response to therapy; and multiple Leishmania species 
circulate in the same geographical area (WHO, 2021). CL is widely distributed from northern Argentina to the southern 
USA and is called American cutaneous leishmaniasis (ACL). In Brazil, around 28,000 new ACL cases are registered 
annually (Brasil, 2017). In the state of São Paulo (Brazil), the incidence of ACL has increased, and at present time, 
the incidence rate is approximately 350 new human cases notified per year, in 400 different municipalities (CVE, 
2021). These endemic regions are characterized by old human settlements with no occupational characteristics. 
The zoonotic transmission cycles occur in peri-urban and/or urban areas associated with domestic and/or 
synanthropic animals (Tolezano, 1994).

The most common ACL agent in Brazil, including the state of São Paulo, is Leishmania (Viannia) braziliensis. 
The main vectors are phlebotomine sandflies belonging to the Nyssomyia intermedia complex, like Ny. intermedia 
and Ny. neivai. Other vectors, such as Ny. whitmani, Migonemyia migonei, Pintomyia fischeri and Pi. pessoai are 
considered to be secondary vector species (Gomes, 1994; Camargo-Neves et al., 2002; Lainson & Rangel, 2005).

Besides being the main domestic reservoir for L. (L.) infantum, (Lainson & Rangel, 2005; Brasil, 2014), dogs 
have been found naturally infected by other Leishmania species, such as L. (V.) braziliensis (Gomes et al., 2007; 
Dantas-Torres, 2011) and L. (L.) amazonensis (Tolezano et al., 2007; Brasil, 2017) in São Paulo state. Thus, the 
diversity of species causing ACL and the role of domestic dogs as reservoirs, near the human domiciles and its 
surroundings remain to be elucidated.

The identification of Leishmania species in infected dogs is appropriate for an accurate diagnosis, with the aim 
of mitigating the risk of human infection, especially in areas silent and/or vulnerable for VL, where transmission 
cycles of L. (V.) braziliensis occur. Domestic animals such as dogs may act as good risk indicators in these areas 
(Gomes et al., 2007).

Given that there are few recent reports of natural foci of zoonotic L. (V.) braziliensis transmission in the state of 
São Paulo, this study describes the clinical and laboratory findings that determined this diagnosis among dogs, in 
relation to a human ACL case. In addition, this study includes an investigation of the phlebotomine fauna in the 
same area as the ACL cases, over a 14-month period of active trapping.

Materials and Methods

Ethics statement
This study was performed, after approval (Protocol: CEUA-IAL 06/2014) and in accordance with the 

recommendations of the Ethics Committee for Animal Use of the Adolfo Lutz Institute (Comissão de Ética no Uso 
de Animais do Instituto Adolfo Lutz, CEUA-IAL) that is based in recommendations of the National Experimentation 
Control Council (Conselho Nacional de Controle de Experimentação, CONCEA).
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Study area
The study area consisted of a small farm located near the Capivari River (22° 59’ 12” South and 47° 23’ 03” West; 

altitude of 528 meters) in the municipality of Monte Mor, state of São Paulo, on the border with the municipalities 
of Elias Fausto and Capivari, next to highway SP 101, which connects Campinas to Monte Mor and Capivari cities. 
Figure 1 shows the location of Monte Mor and the exact location of the rural property and where the human and 
canine cases occurred. The site was a simple masonry house, with an unlined roof that allowed insects to enter 
the dwelling. The house was about 5 meters from the edge of the Atlantic riparian forest of the Capivari River. This 
forest had 5 to 30 meters wide along of the river and the study area. Surrounding the house (5 to 20 meters) there 
was a kennel, which lived three adult mongrel female dogs.

Sample collection and clinical diagnosis
In July 2010, the veterinarian of the Center for Zoonosis Control of the municipality of Monte Mor has been 

investigated suspected cases of canine visceral leishmaniasis (CVL) in a rural area. A woman who owned three 
dogs (A, B, C) had previously been diagnosed as having ACL, with a cutaneous ulcer on the posterior surface 
of the right thigh, as shown in Figure 2E. She also presented to the veterinarian the result of a positive indirect 
immunofluorescence test (IFAT) for ACL. She stated that dogs had persistent lesions on their ears and muzzle, 
despite treatment with topical antibiotics.

One month later (August 2010), the dogs were clinically examined and restrained for clinical sample collection. 
They were sedated subcutaneously with acepromazine (0.2% Acepran®; 0.5 mg/kg) and either butorphanol 
(Torbugesic®; 0.1 mg/kg). All dogs also received 1% lidocaine subcutaneously in the skin. Blood samples were 
collected from the jugular vein (5 mL) using plastic vacutainer tubes without anticoagulant, to obtain serum. Biopsies 
were obtained from lymph nodes, bone marrow and the active skin lesions. The biopsies fragments were divided 
into two aliquots. One of them was placed on glass slides, fixed in methanol and stained with Giemsa. The other 
was transferred to a tube containing a buffered saline solution and was used for DNA extraction and polymerase 
chain reaction (PCR).

Further clinical evaluations were done after the first inspection, 15, 60 and 90 days later. After 16 months of 
the first inspection, clinical and laboratory evaluations were again performed on dogs A and C. Blood collections 
were obtained for serological tests. Biopsies of skin lesions, lymph node and bone marrow were obtained for PCR.

Laboratory diagnosis
For the parasitological diagnosis, imprints of skin lesions, lymph node and bone marrow were fixed on glass 

slides with methanol and stained with Giemsa. These samples were analyzed under a microscope (magnification 
1,000 x).

For serological diagnosis, the reactions were performed on serum samples using IIR (Bio-Manguinhos); an 
immunochromatographic test (IT) with the antigen k29 (k26, k39 and k9-DPPTM Leishmania test; Bio-Manguinhos); 
and ELISA using three different antigens: i) heat shock protein 70 Kd (HSP70) (S7 antigen); ii) fucose mannose ligand 
(FML); and iii) Leishmania major-like (Bio-Manguinhos). Reactions were performed as manufacturer’s instructions. 
IIR and IT were manufactured only for CVL diagnosis.

For molecular diagnosis, before performing the DNA extraction, canine samples were crushed and digested in 
a lysis buffer (Tris-HCl, 10 mM, pH 8.0; EDTA 10 mM; SDS, 0.5%; N-lauryl sarkosyl, 0.01%; and proteinase K, 100 µg/
mL). Then, samples were incubated in water bath at 56 °C until tissues were lysed (2 to 18 h) (Gomes et al., 2008). 
Next, DNA samples were extracted using the QIAamp DNA mini-kit (Qiagen), as the manufacturer’s instructions. 
DNA concentrations and purity were determined by means of the optical density (O.D.) ratio at 260 and 280 nm 
in a NanoDrop ND1000 (Thermo Scientific).

Leishmania spp. was identified by PCR using the primer pair 150/152 (Passos et al., 1999), which amplifies 120 bp 
from a conserved region of kDNA minicircles of Leishmania spp. Presence of L. (L.) infantum was investigated by 
using the primer pair RV1/RV2 (Lachaud et al., 2002; Gomes et al., 2007), which amplifies 145 bp of kDNA minicircles. 
L. (V.) braziliensis complex was investigated by amplification of a fragment that ranged from 146 to 149 bp from 
the multicopy spliced leader RNA gene using the primer pair LU-5A/LB-3C (Harris et al., 1998; Gomes et al., 2008). 
To verify the quality of the extracted DNA and presence of PCR inhibitors, all samples were assayed using PCR 
that amplifies a housekeeping gene (911-bp fragment) of the canine glyceraldehyde-3-phosphate dehydrogenase 
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gene using the primer pair GAPDH4F/GAPDH4R (Colombo  et  al., 2015). The reactions were run following the 
same conditions as described before (Gomes et al., 2007). Each amplification run contained one negative control 
(ultra-pure water) and one positive control (DNA extract of L. (V.) braziliensis promastigotes (WHO reference strain-
MHOM/BR/75/2903). After thermal cycles, PCR products were electrophoresed in 2% agarose gel and stained 
with ethidium bromide. Amplified products were made visible by UV illumination, and images were analyzed by a 
Syngene GeneSnap Imager, version 6.05.01. The sizes of fragments were based on comparison to a 100-bp ladder.

Entomological investigations
From September 2011 to October 2012, entomological investigations were carried out in the ACL area and its 

surroundings, with a total of 240 hours of trapping effort. Two different rural properties were evaluated. The locations 
of these properties are shown in Figure 1. The first site was where the ACL cases had been diagnosed (Figure 1C). 
The second was a small property about 2 km away from the first one. Automatic light traps were used overnight 
(from dusk to the morning of the next day), inside human dwellings, kennels, a chicken coop, a pig pen and a corral 
with cattle and at sites with natural vegetation close to human homes and animal shelters. On a single occasion, 
a Shannon trap was used besides the pig pen from 6 to 11 PM.

Figure 1. Map of South America and Brazil (A), São Paulo and municipality of Monte Mor (in red) located within the metropolitan 
region of Campinas city (B). The rural property where the ACL focus was identified is inside the red circle (C). The Capivari River and 
the residual riparian Atlantic forest in the close vicinity of the human/dog dwelling is shown together the agricultural/peri-urban 
landscape surroundings (latitude 22° 59’ 13.65” S and longitude 47° 23’ 04.05” W; altitude 528 m). The image was acquired 
through Google Earth, Google Inc, with permission as described on the website (Google Inc, 2021).
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Phlebotomine sandflies: sample collection and identification
A total of 8 episodes of insect capture (September 15, 2011; October 10, 2011; February 1, 2012; March 1, 2012; 

March 19, 2012, April 5 and 6, 2012; May 5, 2012; and October 1, 2012) were performed. The insects captured 
were killed by keeping them cold. The sandflies were separated from the other insects and were screened using a 
magnifying glass to distinguish males and females. They were then fixed, dissected, stained and mounted on glass 
slides. Species identification was done in accordance with the taxonomic key of Galati (2003).

Results

Clinical and laboratory diagnosis
In August 2010, the clinical examination of three dogs showed that none of them presented any systemic clinical 

signs compatible with CVL. Dog A had a cutaneous ulcer (1.5 cm diameter) with raised borders, inside the right ear 
and two crustal lesions (0.5 and 1.0 cm diameter), inside the left ear (Figure 2A). ELISA/FML was positive. Dog B had 
a ulcerated lesion (0.5 cm diameter) inside the right ear and one crusted lesion (0.2 cm diameter) inside the left 
ear. However, all laboratory tests were negative. Dog C had a 0.5 cm circular cutaneous ulcer in the dorsal nasal 

Figure 2. Lesions caused by L. (V.) braziliensis in dogs (August 2010): Dog A with a lesion and crusts on the inner side of ears 
(A). Dog C with a lesion in the dorsal nasal region (C). In November 2011, 16 months after the first inspection, the lesions were 
found to have been stable throughout the observational period, in dog A (B) and dog C (D). Cutaneous ulcer on the left leg of 
the dog owner, diagnosed as ACL (E).
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region and a small crusted lesion on the muzzle (Figure 2C) and presented a positive ELISA/FML test. The results 
from the laboratory tests on the canine samples are shown in Table 1.

The three dogs had negative results from cytological examination under a microscope and negative PCR for 
L. (L.) infantum in the bone marrow and lymph nodes biopsies. Only dog C had positive PCR for Leishmania spp. 
and L. (V.) braziliensis complex in skin lesions, but not in samples from lymph nodes and bone marrow. Figure 3A 
shows the amplified products of L. (V.) braziliensis complex.

Seventy-five days after the first clinical evaluation, Dog A persisted with an ulcerated lesion in the right ear 
and crusted lesions in the left ear. Dog B presented healed lesions in the ears. Dog C had a crusted lesion on the 
previously diagnosed ulcer.

Sixteen months later, FML/ELISA was positive for dogs A and C. The other serological tests were negative. PCR for 
Leishmania spp. and Leishmania (V.) braziliensis complex were positive on skin lesions, but not on lymph nodes and 
bone marrow samples from dogs A and C. Figure 3B shows the amplified products of L. (V.) braziliensis complex. 
We considered that the dogs were infected by L. (V.) braziliensis since this is the main causative agent of ACL and 
the only species from subgenus Viannia identified so far in the state of São Paulo.

Figure 3. L. (V.) braziliensis identification was performed using the LU-5A/ LC-3L primer pair that amplified a 145–149 bp product 
from a variable non-transcribed spacer, and specific region from the SL-RNA gene. The amplified products were analyzed in 
electrophoresis in 2% agarose gel. A, samples collected in Aug/2010 and B, samples collected in Nov/2011. Gel lanes 1 and 8, 
positive control, L. (V.) braziliensis promastigotes; lanes 2 and 9, negative control; lines 3 and 10, dog C; lines 4 and 11, dog A; 
line 5, dog B; and lines 6 and 7, 100 bp ladder.

Table 1. Laboratory diagnosis of clinical samples collected from three dogs in the municipality of Monte Mor (São Paulo, Brazil).

Methods Parasitological1 Molecular2 Serological3

Collection 
Date Dogs imprint

PCR
L. (V.) braziliensis 

complex

FML
ELISA

S7
ELISA

ELISA
L. major IIR IT

A Neg Neg Pos Neg Neg Neg Neg

Aug /2010 B Neg Neg Neg Neg Neg Neg Neg

C Neg Pos Pos Neg Neg Neg Neg

A ND Pos Pos ND Neg Neg Neg

Nov/2011 C ND Pos Pos ND Neg Neg Neg

Negative, Neg. Positive, Pos. ND, non-determined. 1Tests were done in skin lesions, lymph node and bone marrow biopsies; 2 PCR was 
performed on skin lesions; 3FML, fucose mannose ligand antigen; S7, heat shock protein 70 Kd; IIR, indirect immunofluorescence reaction; IT, 
immunochromatographic test.
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PCR for L. (L.) infantum was negative on all samples, including samples of the bone marrow and lymph nodes. 
The cutaneous lesions of dog A (Figure 2B) were stable, while dog C presented a discrete ulcer on the nasal area 
(Figure 2D)

Entomological investigations
The results from the entomological investigation carried out are described in Table 2. A total of 879 specimens 

of sandflies were captured and identified during 240 hours of trapping, considering all the traps used.

Among the 879 insects captured at the ACL area, seven distinct species were identified: Ny. neivai was the most 
abundant species at all trapping sites including human dwellings and kennels, totaling 832 (94.65%) specimens 
captured; Mi. migonei, 27 specimens (3.07%); Ny. whitmani, 12 specimens (1.37%); Pintomyia monticola, 4 specimens 
(0.46%); Evandromyia cortellezzii, 2 specimens (0.23%); Pi. fischeri and Expapillata firmatoi with only one identified 
specimen of each species.

Discussion
The original hosts of Leishmania species on the natural foci are wild mammals that normally do not present 

clinical abnormalities of the infection. This wild enzootic cycle is maintained between these vertebrates and 
sandflies, with no involvement of humans as host. Anthropic changes on the natural landscape may implicate in 
changes on demography, distribution and dynamics of wild vertebrate reservoirs and sandflies that can become 
more abundant near human habitations, connecting parasites once restricted to wild areas to new areas, allowing 
domestic dogs to potentially play not only a role sources of infection but also reservoirs to different species of 
Leishmania, like those causing ACL, in the peridomicile, which might increase the risk of transmission to humans 
(Roque & Jansen, 2014). The increasing and amazing adaptation of Lutzomyia longipalpis to the urban environment 
with the domestic dogs acting as main reservoir of L. (L.) infantum allowed that urban and peri-urban environments 
became established natural foci of VL, with no involvement of wild animals as reservoirs anymore (Lainson & 
Rangel, 2005; Brasil, 2014.) Despite the parasitism in different organs and severe clinical abnormalities on the 
dog, cutaneous parasitism by L. (L.) infantum amastigotes is usually present, even in healthy skin, and infected 
dogs are then an important source of infection for Lu. longipalpis during their blood feeding, which favors parasite 
transmission to humans in the domiciliary environment (Grimaldi & Tesh, 1993; Lainson & Shaw, 1998; Lainson & 
Rangel, 2005; Baneth et al., 2008).

In Brazil, elucidation of the epidemiological importance of dogs in the transmission chain of human ACL is very 
important. Besides L. (V.) braziliensis, other species such as L. (V.) guyanensis, L. (V.) panamensis, L. (V.) peruviana and 
L. (L.) amazonensis are causative agents of ACL in dogs (Lainson & Shaw, 1998). Studies have shown that in some 

Table 2. Phlebotomine sand fly species captured in the municipality of Monte Mor (São Paulo, Brazil). The study on this area 
and its surroundings was performed between September 2011 and October 2012.

Sandyfly species
Human
house

Dog
kennel

Chicken
coop Pig pen Forest Corral Total

M F M F M F M F M F M F M F Total %

Nyssomyia neivai 12 10 43 23 261 93 121 84 125 54 4 2 566 266 832 94.65

Migonemyia migonei - 1 - - 3 12 1 2 5 2 1 0 10 17 27 3.07

Nyssomyia whitmani 1 - - - 1 4 3 - 1 1 - 1 6 6 12 1.37

Pintomyia monticola 1 - - - - - - - - 3 - - 1 3 4 0.46

Evandromyia 
cortellezzii

- - - 1 - - - - - 1 - - 0 2 2 0.23

Expapilatta firmatoi - 1 - - - - - - - - - - 0 1 1 0.11

Pintomyia fischeri - - - - 1 - - - - - - - 0 1 1 0.11

Total 14 12 43 24 266 109 125 86 131 61 5 3 584 295 879 100
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areas of Brazil, cases of VL and CL can coexist or involve canine infection caused by L. (V.) braziliensis, such as in 
Amazonia (Santos et al., 2020), in Bahia (Carvalho et al., 2015) and in Pernambuco (Dantas-Torres et al., 2010).

A campaign of active epidemiological surveillance of canine VL was carried out in the municipality of Monte 
Mor about 10 years ago, in which seven phlebotomine species were identified in the 16 different areas sampled. 
Among these species, the most abundant was Ny. neivai. However, Lu. longipalpis has never been captured in these 
areas. At the same time, a serological survey looking for the presence of anti-Leishmania IgG antibodies in dogs 
was performed randomly among 319 dogs living in different neighborhoods. No seropositive animal was found 
at that time (Cutolo et al., 2009). These findings confirmed the classification of the municipality as non-receptive 
and non-transmissive for VL, according to the epidemiological classification set up by the National Program on 
Surveillance and Control of VL (CVE, 2021). Unfortunately, dogs with autochthonous VL have been identified in 
municipalities bordering Monte Mor, which shows the vulnerability of the area to colonization by Lu. longipalpis. 
This scenario reinforces the epidemiological situation of this municipality today (Cutolo et al., 2009; CVE, 2021).

As the three dogs of this study presented clinical abnormalities compatible with canine leishmaniasis, in October, 
2010, the Zoonosis Control Service of Monte Mor performed an active search for other canine ACL cases in the 
area. Clinical inspections were done on 76 owned dogs in the surroundings of the study area. This inspection 
was done during an anti-rabies vaccination campaign. However, none of these 76 dogs had any lesions or clinical 
abnormalities compatible with CVL or canine ACL (data not shown).

Unlike VL, there are no specific control measures directed to dogs with ACL. Treatment with drugs for human use 
is not recommended due to the possibility of inducing drug resistance to Leishmania strains potentially shared with 
humans. Euthanasia is only indicated in terminal cases, for animal welfare reasons (Brasil, 2014). These measures 
led us to keep the dogs of this study together with their owners during the whole period of evaluations. From 
March 2011 onwards, the three dogs were wearing 4% deltamethrin collars (Scalibor®) as a repellent.

Confirmation that the causative agent of different suspected canine ACL cases was L. (V.) braziliensis may be 
obtained after euthanasia, from analysis of necropsy samples in different studies (Pires et al., 2014; Paz et al., 2018). 
In the present study, the dogs were followed up closely for 16 months. These clinical examinations, from the first 
(August 2010) until the last one (November 2011) allowed us to conclude that the natural infection was caused by 
L. (V.) braziliensis and that it was persistent in the dogs for the whole study period.

The role of dogs as a domestic reservoir for L. (V.) braziliensis is controversial. According to the Brazilian Ministry of 
Health, dogs are considered to be an accidental host for L. (V.) braziliensis with no specific control recommendations 
for them (Brasil, 2014). Moreover, several authors have discussed the role of dogs in the epidemiology of ACL and 
have asked whether dogs are a real reservoir of the parasite or just victims of the infection, like humans. The presence 
of dogs with ACL in areas with occurrences of human cases is a known fact (Padilla et al., 2002; Dantas-Torres, 
2007; Pittner et al., 2009; Marquez et al., 2017). On the other hand, for decades, different authors have confirmed 
that dogs are susceptible to L. (V.) braziliensis, including with occurrence of this parasite in internal organs like the 
mesenteric lymph nodes, liver, spleen and bone marrow (Reithinger & Davies, 1999; Dantas-Torres, 2007; Dantas-
Torres, 2011; Marquez et al., 2017; Paz et al., 2018). The majority of the descriptions have included clinical findings 
restricted to cutaneous clinical abnormalities, like ulcers with raised borders with poor healing prognosis, which 
occur in different body parts. In dogs, these ulcers are located mainly on the face, internal side of ears, muzzle 
and scrotum. These sites, with exposed skin, are more accessible for the phlebotomine vectors to obtain their 
blood meals. Asymptomatic infected animals also have been described (Padilla et al., 2002; Madeira et al., 2003; 
Carvalho et al., 2015; Esteva et al., 2017).

Infected dogs usually show only host lower amounts of L. (V.) braziliensis amastigotes in cutaneous lesions, which 
makes it difficult to diagnose their presence through direct methods such as culture and imprint on glass slides 
(Falqueto et al., 1986; Padilla et al., 2002). It has been estimated that the amount of amastigotes forms in the skin 
lesions of dogs may be lower than what is found in human cutaneous lesions (Padilla et al., 2002). These findings 
point to the possibility that humans may represent a better source of infection for phlebotomine sandflies than 
dogs (Rojas & Scorja, 1989; Padilla et al., 2002; Dantas-Torres, 2007).

Although serological techniques such as IFAT are specific, they have low sensitivity for identifying infected 
animals. Use of purified antigens may be an alternative for achieving higher diagnostic sensitivity (Padilla et al., 
2002; Porrozzi et al., 2007). In this study, among the serological methods used, only ELISA/FML antigen was capable 
to confirm the infection. This result can be explained by the fact that the IFAT and IT test kits are manufactured 
for VL diagnosis. Although the FML antigen is a glycoprotein extracted from L. (L.) donovani promastigotes, these 
results are interpreted as cross-reactions, since this occurrence is well known. The considerable genetic diversity 
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that exists between natural populations of Leishmania species can influence the expression of different surface 
antigens, thereby leading to cross-reactions (Cupolillo et al., 1998; Porrozzi et al., 2007).

Neither clinical examination nor the routine laboratory methods that are applied for diagnosing canine 
leishmaniasis, such as serological and parasitological methods using samples like serum samples and aspirates/
biopsies of lymph nodes and skin lesions, enable differentiation of Leishmania species. In L. (L.) infantum-free areas 
in Brazil, dogs presenting skin lesions must be properly evaluated by the veterinary public health service, using 
both clinical inspections and laboratory analysis, with the aim of correctly diagnosing the causative agent. These 
measures avoid misdiagnosis of possible introduced cases of VL that can potentially put at risk human communities 
through starting local zoonotic transmission and establishing the disease in a new area. Unfortunately, in Brazil 
dog culling is still a common practice adopted as a measure to control VL (Dantas-Torres et al., 2019). In this light, 
correct diagnosis also avoids the possibility of euthanasia of false-positive animals, since a serologically reactive 
dog may be infected only with L. (V.) braziliensis.

Molecular methods have been proven to be efficient for determining the presence, quantity and/or genotyping 
of Leishmania species that cause infections, since they are sensitive and specific (Gomes et al., 2007; Gomes et al., 
2008; Cutolo et al., 2014). In this study, we reported identifying L. (V.) braziliensis in biopsied skin samples from 
dogs, from the border of active cutaneous lesions and from healing skin ulcers. Presence of Leishmania identified 
through PCR may be persistent in tissues from healed human lesions (scars), thus showing that clinical cure may not 
correspond to parasitological cure (Brasil, 2017). LU-5A/LB-3C primer set used in this study amplifies a 146-149 bp 
sequence from a gene of L. (V.) braziliensis complex, including the species L. (V.) braziliensis, L. (V.) guyanensis, L. (V.) 
panamensis, L. (V.) peruviana (Harris et al., 1998). Previous studies have shown the high sensitivity and specificity of 
this primer pair tested in crude extracts of dermal scrapings prepared from ulcerated lesions of confirmed cutaneous 
leishmaniasis from patients in South and Central America (Harris et al., 1998) and dogs in Brazil (Gomes et al., 2007). 
Since most of the of ACL cases in Brazil are caused by L. (V.) braziliensis (Grimaldi & Tesh, 1993; Ramos-E-Silva & De 
Moura Castro Jacques, 2002; Gomes et al., 2008), this primer pair was selected for this study.

Furthermore, our results showed that L. (L.) infantum was absent in the dog samples and one of the dogs had 
an active lesion for 16 months after the first diagnosis. Thus, presence of L. (V.) braziliensis was identified by PCR 
in two different occasions. This is the first time such persistency has been reported in dogs, to our knowledge. 
The infectivity of phlebotomine sandflies by feeding on the lesions and scars of dogs needs to be well investigated 
in order to better understand the possible role of dogs in the epidemiology of ACL. These results illustrate that PCR 
can be considered to be a viable quick diagnostic tool for supporting epidemiological investigations on leishmaniasis 
in the field, not only by the veterinary public control service, but also as a differential diagnostic method that could 
be used in private vet clinics.

Regarding the phlebotomine entomofauna identified in the study area, it was notable that at least four species 
that are considered potential vectors of the causative agent of ACL in the state of São Paulo were found. These were 
Ny. neivai, Ny. whitmani, Mi. migonei and Pi. fischeri. The abundance and dominance of Ny. neivai in other areas of the 
state of São Paulo is well known (Camargo-Neves et al., 2002). This species has been found naturally infected by L. 
(V.) braziliensis in Brazil (Pita-Pereira et al., 2009). In addition to the abundance and predominance of this species 
over the other species present in all the traps in the study area, it was also found inside human homes and kennels, 
thus confirming its zoophilic and anthropophilic behavior. These characteristics are mandatory for Leishmania 
transmission among different host species and locations. This species is the probable vector of L. (V.) braziliensis 
in the focus studied here. Two newly encountered species are described for the first time in this municipality, Pi. 
fischeri and Ex. firmatoi. It is also worth mentioning that Ev. cortellezzii was identified in the kennels. Although only 
one specimen was found in association with the dogs, this phlebotomine species had previously been found in 
the urban area of Monte Mor, in opossum shelters located in the backyards of human houses (Cutolo et al., 2014). 
The association between Ev. cortellezzii and opossums or dogs shows the affinity of this phlebotomine species 
with these mammals. The hypothesis that Ev. cortellezzii may act as a link between sylvatic and urban/peri-urban 
cycles of transmission needs to be considered, since opossums are a potential wild reservoir for Leishmania spp.
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