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ABSTRACT

Adaptation of the vector and displacement of infected dogs to previously disease-free areas 
challenges visceral leishmaniasis (VL) control, and leads to geographic dispersion and 
occurrence in urban and peri-urban areas. Continuous VL control measures over time must 
be applied with a wide geographic reach, along with better diagnosis practices and timely 
treatment. The high case-fatality of human VL in areas of recent introduction and its growing 
association with HIV impose the need for an early diagnosis, treatment and the adoption 
of active search for human and canine cases incorporated into the routine of periodic home 
visits by health professionals. The increasing on public rejection of canine euthanasia as a 
control measure, the limitations of canine therapy with the current available drugs, and the 
controversies regarding available vaccines for canine protection are discussed. Good prospects 
on the insecticide-impregnated collars as an effective control measure are emphasized.
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INTRODUCTION

Visceral leishmaniasis (VL) is considered a neglected tropical 
disease, and this clinical manifestation of leishmaniasis is responsible for 
most of the disease’s lethality (Bezerra et al., 2018; PAHO, 2021). In the 
Americas, including Brazil, the protozoa Leishmania infantum is the main 
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etiologic agent of this zoonosis in humans and dogs, and it is transmitted 
by the female phlebotomine of the Lutzomyia genus, also known as 
sandfly (Ribeiro et al., 2018; Sousa-Paula et al., 2019). According to the 
Pan-American Health Organization, Brazil was responsible for 97% of the 
human cases reported in the Americas in 2021 (PAHO, 2021).

From 1970’s onward, a change in the epidemiological VL profile 
in Brazil was observed, from a typically rural disease to an undergoing 
process of urbanization (Gualandi, 2013). The first urban epidemics were 
reported in Rio de Janeiro in the neighborhoods of the west area of the 
city in the 70s, without previous rural VL (Marzochi et al., 1985), and in 
Teresina (Piaui State) between 1980 and 1986, when the disease, initially 
limited to rural areas, expanded to peripheral areas in the city (Costa et 
al., 1990).

Since then, the disease has been expanding from cities in the 
Northeast to urban centers in the North, South, Southeast and Midwest 
regions of the country (de Oliveira et al., 2020). The urbanization of 
VL and its geographic dispersion to previously disease-free areas poses 
several challenges related to the displacement of the vector and infected 
dogs, reinforcing the need of control measures with a wide geographic 
reach that must be continuous over time.

Although VL still predominates in the Northeast region of Brazil  
which was responsible for 49.1% of the country’s notifications in 2019, 
autochtonous cases were reported in 24 of 27 Federal Units in the same 
year (Ministério da Saúde, 2021a). Along with VL advances to previously 
disease-free areas, there has been an increase trend on case-fatality in 
Brazil, with an upsurge of 108% on the Global Burden of Disease (GBD) 
estimates of Years of Life Loss (YLL) between 1990 and 2016 (Bezerra et 
al., 2018). The lethality rate in 2019 was the highest in the last 10 years, 
accounting for 9% of the cases, with especial concern towards the infants 
(<1-year-old) (10.3% lethality) and adults older than 50 years old (19.2%) 
(Ministério da Saúde, 2021a).

The epidemiology of VL in Brazil and future scenarios rely upon  
the environmental, biological and social condition (Valero et al., 2021), 
therefore highlighting the importance of a better understanding about  
the disease determinants and its impacts on surveillance and control 
strategies. This understanding may be reached through medical and 
veterinary sciences combined to establish proper surveillance and control 
of the disease (Palatnik-de-Sousa & Day, 2011; Hong et al., 2020).
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Challenges in surveillance and control measures

Surveillance and control measures of human VL in Brazil are 
essential and include early diagnosis and treatment, besides the active 
cases’ search. Due to the potential life-threatening disease in areas where 
canine or human cases have occurred, such actions must anticipate 
patients’ passive pursuit for health treatments through primary health 
care teams (Marzochi et al., 1985; Marzochi et al., 2009). The active 
investigation and referral of suspected human cases to Health Units would 
help to protect patients from the disease’s severity and lethality. This is 
particularly important for those co-infected with HIV, which represented 
11% of the diseases’ notifications in 2019 with increasing rates in North 
and Midwest of Brazil (Ministério da Saúde, 2021a). Besides the probable 
intensification of early diagnosis and treatment, the closer contact 
between health care teams and local population would promote not only 
staff training, but the spread of information and prophylaxis awareness to 
the population.

The dynamics of VL and its expression on the Basic Reproduction 
Ratio (R0) considers the interactions between involved participants in 
the cycle of the disease (mainly sandflies, domestic dogs, and human 
populations). Intervention control measures focused in at least one of these 
factors are tools capable of affecting the transmission of the disease with 
varying effectiveness degrees (Marzochi et al., 2009; Prestes-Carneiro et 
al., 2019). VL control has so far failed in Brazil due to several complex 
factors involving the disease transmission dynamics (Barreto et al., 2011). 
Besides the difficulties in control implementation and its maintenance 
during long periods, another challenge is quantifying their impact and 
effectiveness over the years.

Control of dogs

There have been evidences that the presence of dogs at the domicile 
and higher dog seropositivity in neighboring areas are associated with 
human L. infantum infection in the Americas (Belo et al., 2013). Although 
the domestic dog has become a major reservoir for the disease in the 
context of the rapid urban expansion (Barreto et al., 2011), the culling of 
infected dogs as a control measure is vastly rejected. Also, considering 
the conflicting results about the role of culling infected dogs in canine 
VL control, lawsuit projects prohibiting the euthanasia of animals with 
leishmaniasis have been discussed in Brazil (Prestes-Carneiro et al., 2019).
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Canine culling still seems to be the least acceptable intervention at 
community level (Romero & Boelaert, 2010; Dantas-Torres at al., 2019) 
with judicialization by the population and great mobilization of the scientific 
community to seek alternatives. Reinforcing rejection, studies have shown 
that only a percentage of infected dogs are infectious to sandflies; besides, 
dogs that have a natural death are rapidly replaced in nature by others, usually 
younger and immune naïve, or even by other species of reservoirs, which is 
an important implication for impairing culling programs success (Courtenay et 
al., 2002; Dantas-Torres et al., 2018a; Maia et al., 2018). Other aspects related 
to the scientific rejection are documented failures of controlling human and 
canine cases trough culling programs (Sousa-Paula et al., 2019), sensibility 
and specificity variation between commercial serological tests and cross-
reactions with other pathogens, such as trypanosomes (Dantas-Torres et al., 
2018b; Travi et al., 2018).

Recent evidence of effectiveness and cost-effectiveness sustain the 
incorporation of insecticide-impregnated dog collars, it impacts the vector 
population access to the dogs due to their insecticide or repellent potential, 
hence reducing the prevalence of canine VL which might impact the incidence 
of the disease in humans (Kazimoto et al., 2018; Silva et al., 2018). Studies using 
insecticide–impregnated dog collars with deltamethrin, imidaclopridalone or 
their combination with other insecticides show promising results in Brazil and 
in other countries, which shows the cost-effectiveness of this strategy (Brianti 
et al., 2016; Papadopoulos et al., 2017; Shimozako et al., 2017; Assis et al., 
2020; de Carmargo-Neves et al., 2021). 

The effectiveness of insecticide-impregnated collars in reduce the 
prevalence of canine VL was demonstrated in some controlled intervention 
studies. Coura-Vital et al. (2018) evidenced in an intervention study carried 
out in two regions of Governador Valadares (control and intervention) with 
a 12 months follow-up, that the effectiveness by intention-to-treat was 48%. 
In the analysis per-protocol, the effectiveness increased to 63%. Also, the 
authors emphasize the importance of the uninterrupted use of deltamethrin-
impregnated collars to expand the protection against canine VL. Leite et al. 
(2018) demonstrated in an interventional field effectiveness study in a highly 
endemic area in Monte Gordo (Bahia-Brazil) that the seroprevalence in 
the intervention area reduced to 6.0% during the final evaluation versus an 
increase of 11.0% in the control area and the estimated relative risk (RR = 
0.55) indicated protection against  canine VL in the intervention area.

In Brazil, the Ministry of Health acquired in 2020 collars impregnated 
with deltamethrin 4% for subsequent distribution in 16 States, prioritized 
by their high numbers of human cases, being the first country to officially 
incorporate the insecticide-impregnated collars as a measure of public health 
and leishmaniases control (Ministério da Saúde, 2021a; Ministério da Saúde, 
2021b).
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Despite the insecticide-impregnated collar being an important 
advancement in control strategy, improvements in durability and safety of 
the collars should be considered in order to avoid operational difficulties, 
which includes collar loss (Alves et al., 2018). An alternative could be 
the development of subcutaneous implantable long-term insecticide/
repellent-releasing devices, similar to those used to release hormones in 
humans. Other viable and available alternatives are spray insecticides at 
the domicile and peridomicile in highly endemic areas and the human 
regular use of topic insecticides and insecticide impregnated bed nets even 
though the lack of compliance and the incorrect use might contribute to 
unsatisfactory results (Miró et al., 2017; Balaska et al., 2021; Montenegro-
Quiñonez et al., 2022). It is also important to limit the dog’s access to the 
peridomicile during the sandflies peak of activity, preferably not allowing 
dogs to sleep in the backyard, especially if not paved (Leal et al., 2018).

Canine treatment

Canine treatment with pentavalent antimonials has been carried 
out in Europe since the 1950s, but the use of this medicine for the 
treatment of human VL to manage diseased animals is prohibited in 
Brazil, due to the possibility of inducing Leishmania drug resistance in 
the country (Ministério da Saúde, 2008). In 2016, miltefosine has been 
approved for canine VL treatment in Brazil (Brasil, 2016). To this date, 
no therapeutic regimen has been shown to be completely effective for 
canine leishmaniasis, especially since the parasitological cure is still a 
challenge to achieve. However, some studies have demonstrated that 
miltefosine in combination with allopurinol, offers a safe, convenient, and 
effective alternative treatment option for canine leishmaniasis (Miró et 
al., 2009; Ribeiro et al., 2018). However, the main issue regarding the 
drug treatment is that it requires clinical, laboratorial and parasitological 
accompanying of the dogs, which makes a high-cost treatment and non-
accessible therapy for most of the population. It also requires the animal to 
have a tutor committed to the life-long treatment (Ribeiro et al., 2018). In 
addition, both infected and non-infected dogs must still use impregnated 
collars and be kept in areas sprayed with insecticides, and despite of the 
treatment, not only as a prophylaxis to contamination, but also as a mean 
to avoid the reservoir role of animals at the beginning of the treatment that 
still carry a high parasite level on the skin.
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Canine vaccination

Canine mass vaccination is another strategy to be discussed as a 
promising control measure treatment in Brazil, yet it is limited in robust scientific 
evidence due  to the insufficient number of randomized controlled field studies. 
Furthermore, immunoprophylaxis by Leish-tec® vaccine is the only approved 
in the country and it presents contradictory results. Thus, this measure needs 
more scientific evidence before its recommendation as a public health measure. 
Grimaldi et al. (2017) evidenced that after two transmission cycles completed, the 
cumulative incidence of infection did differ significantly (p = 0.016) between the 
vaccinated (27%) and non-vaccinated (42%) dogs. The study also demonstrated 
that 43% of vaccine recipients developed disease over time. Regina-Silva et al. 
(2016) evidenced a significant reduction of VL cases in the vaccinated group 
dogs. The efficacy was estimated according to parasitological results (71.4%; 
p=0.001; risk ratio=0.287), by adding results of xenodiagnosis and parasitological 
exams (58.1%; p=0.002; risk ratio=0.419). Among the animals that converted to 
a positive anti-A2 serology, efficacy reached 80.8% (p=0.001; risk ratio=0.192). 
Also, xenodiagnosis has detected a reduction of 46.6% (p=0.05) in transmission 
to sand flies from vaccinated animals presenting anti-A2 positive serology.

Some concerns around the immunoprofilaxis for canine mass vaccination 
include the limitations regarding effectiveness of the vaccines in prevent infection, 
although they succeed in lowering parasite levels and clinical symptoms, also 
some vaccines could possible indiscriminate serological tests between vaccine 
elicited antibodies and those produced upon infection (Miró et al., 2017; Dantas-
Torres et al., 2018a). New scientific evidences on canine vaccination are needed, 
since this strategy could be useful in endemic areas of VL in Brazil.

FINAL COMMENTS

New investments should be directed towards the reduction of human and 
canine VL cases and fatality in both rural and urban areas. The cases and death 
control requires continuous actions and complementary strategies depending 
on the location and epidemiological situation. The most likely factors for the 
establishment and expansion of urban VL are rural-urban migration (human 
and canine population) from an endemic area to a disease-free area; disorderly 
cities growth (environmental changes), adaptation of Lu. longipalpis to the 
urban environment (possible introduction by road and rail transport by organic 
fertilizers, cereal residues and ornamental plants containing sandflies’ eggs, 
larvae and pupae) (Marzochi, 2016).
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Canine leishmaniasis precedes human cases, so there is no endemic 
urban VL without infected dogs and sandflies involved in the area. Surveillance 
of the occurrence of canine and human cases through active search is essential. 
Thus, considering that infected, symptomatic and asymptomatic dogs, present 
Leishmania infantum in all the body surface (Madeira et al., 2004), the biggest 
challenge to control is to recognize the condition of the dog as a real source 
of infection or not. This distinction might be harder on dogs that are treated, 
vaccinated and/or using insecticide-impregnated collars, especially those 
kept in the domestic environment with judicial authorization despite their 
serological status.

We should consider that the current evidence does not support the 
maintenance of euthanasia as a control measure in terms of effectiveness. 
However, evidence do not rule out that euthanasia might be a possibility in 
poorer areas where treatment is not a feasible alternative. Due to treatment high 
cost, for dogs without a tutor that could take responsibility for its continuity, 
euthanasia might ensure animals can be released from pain and suffering 
from the disease. Therefore, responsible ownership measures should be better 
implemented and target tutors whose dogs are undergoing treatment. Also, 
the lack of quantitative evidence regarding combined components (human, 
animal, environment) contributing to disease scenarios of transmission remain 
as a public health problem. Integrated one health approaches must consider 
scientific evidence that contemplates these different aspects in order to propose 
more effective strategies for its resolution.

ACKNOWLEDGMENTS

MCAM is grateful to Conselho Nacional de Desenvolvimento Científico e 
Tecnológico – CNPq: Bolsa de Produtividade Sênior, Processo No. 308889/2017-7. 
GRA is grateful to Coordenação de Aperfeiçoamento de Pessoal de Nível Superior – 
CAPES, for the doctoral scholarship.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest or financial ties to 
disclose.

REFERENCES

1. Alves EB, Figueiredo FB, Rocha MF, Werneck GL. Operational difficulties in the use of 
insecticidal dog collars for the control of visceral leishmaniasis, municipality of Montes 
Claros, MG, Brazil, 2012. Epidemiol Serv Saude 27: e2017469, 2018.



8 J Trop Pathol Vol. 52 (1): 1-10.  jan.-mar. 2023

2. Assis TM, Azeredo-da-Silva ALFD, Cota G, Rocha MF, Werneck GL. Cost-effectiveness of 
a canine visceral leishmaniasis control program in Brazil based on insecticide-impregnated 
collars. Rev Soc Bras Med Trop 53: e20200680, 2020.

3. Balaska S, Fotakis EA, Chaskopoulou A, Vontas J. Chemical control and insecticide resistance 
status of sand fly vectors worldwide. PLoS Negl Trop Dis 15: e0009586, 2021.

4. Barreto ML, Teixeira MG, Bastos FI, Ximenes RA, Barata RB, Rodrigues LC. Successes 
and failures in the control of infectious diseases in Brazil: Social and environmental context, 
policies, interventions, and research needs. Lancet 377: 1877-1889, 2011.

5. Belo VS, Werneck GL, Barbosa DS, Simões TC, Nascimento BWL, Silva ES, Struchiner CJ. 
Factors associated with visceral leishmaniasis in the americas: a systematic review and meta-
analysis. PloS Negl Trop Dis 7: e2182, 2013.

6. Bezerra JMT, de Araújo VEM, Barbosa DS, Martins-Melo FR, Werneck GL, Carneiro M. 
Burden of leishmaniasis in Brazil and federated units, 1990-2016: Findings from Global 
Burden of Disease Study 2016. PLoS Negl Trop Dis 12: e0006697, 2018.

7. Brasil. Nota Técnica Conjunta n° 001/2016 – MAPA/MS. 2016. (accessed on 22/Apr/2022).  
Available at: https://www.gov.br/agricultura/pt-br/assuntos/insumos-agropecuarios/insumos-
pecuarios/produtos-veterinarios/legislacao-1/notas-tecnicas/nota-tecnica-no-11-2016-cpv-
dfip-sda-gm-mapa-de-1-09-2016.pdf/view. Accessed at 26.ago.2022.

8. Brianti E, Napoli E, Gaglio G, Falsone L, Giannetto S, Solari Basano F, Nazzari R, Latrofa 
MS, Annoscia G, Tarallo VD, Stanneck D, Dantas-Torres F, Otranto D. Field Evaluation of 
Two Different Treatment Approaches and Their Ability to Control Fleas and Prevent Canine 
Leishmaniosis in a Highly Endemic Area. PloS Negl Trop Dis 10: e0004987, 2016.

9. Costa CHN, Pereira, HF, Araújo, MV. Epidemia de leishmaniose visceral no Estado do Piauí, 
Brasil, 1980-1986. Rev Saúde Pública 24: 361-372, 1990.

10. Coura-Vital W, Leal GGdA, Marques LA, Pinheiro AdC, Carneiro M, Reis AB. Effectiveness 
of deltamethrin-impregnated dog collars on the incidence of canine infection by Leishmania 
infantum: A large scale intervention study in an endemic area in Brazil. PLoS One 13: 
e0208613, 2018.

11. Courtenay O, Quinnell RJ, Garcez LM, Shaw JJ, Dye C. Infectiousness in a cohort of brazilian 
dogs: why culling fails to control visceral leishmaniasis in areas of high transmission. J Infect 
Dis 186: 1314-1320, 2002.

12. Dantas-Torres F, Miró G, Baneth G, Bourdeau P, Breitschwerdt E, Capelli G, Cardoso L, Day 
MJ, Dobler G, Ferrer L, Irwin P, Jongejan F, Kempf VAJ, Kohn B, Lappin M, Little S, Madder 
M, Maggi R, Maia C, Marcondes M, Naucke T, Oliva G, Pennisi MG, Penzhorn BL, Peregrine 
A, Pfeffer M, Roura X, Sainz A, Shin S, Solano-Gallego L, Straubinger RK, Tasker S, Traub 
R, Wright I, Bowman DD, Gradoni L, Otranto D. Canine Leishmaniasis Control in the Context 
of One Health. Emerg Infect Dis 25: 1-4, 2019.

13. Dantas-Torres F, Miró G, Bowman DD, Gradoni L, Otranto D. Culling Dogs for Zoonotic 
Visceral Leishmaniasis Control: The Wind of Change. Trends Parasitol 35: 97-101, 2018a.

14. Dantas-Torres F, Sales KGS, da Silva LG, Otranto D, Figueredo LA. Level of agreement 
between two commercially available rapid serological tests and the official screening test used 
to detect Leishmania seropositive dogs in Brazil. Vet J 234: 102-104, 2018b.

15. de Camargo-Neves V, Calemes E, Rodas L, Galvis-Ovallos F, Silva L. Control of Canine 
Visceral Leishmaniasis: A Success Case Based on Deltamethrin 4% Collars. Epidemiologia 2: 
502-518, 2021.

16. de Oliveira EF, Oliveira AG, Arruda CCP, Fernandes WS, Medeiros MJ. Spatio-temporal 
modeling of visceral leishmaniasis in Midwest Brazil: An ecological study of 18-years data 
(2001-2018). PLoS One 15: e0240218, 2020.



9J Trop Pathol Vol. 52 (1): 1-10.  jan.-mar. 2023

17. Grimaldi G Jr, Teva A, Dos-Santos CB, Santos FN, Pinto ID, Fux B, Leite GR, Falqueto A. Field 
trial of efficacy of the Leish-tec® vaccine against canine leishmaniasis caused by Leishmania 
infantum in an endemic area with high transmission rates. PLoS One 12: e0185438, 2017.

18. Gualandi FC. Medicina tropical no Brasil: Evandro Chagas e os estudos sobre a Leishmaniose 
visceral americana na década de 1930. [dissertation]. Fiocruz: Rio de Janeiro, 2013. 141p.

19. Hong A, Zampieri RA, Shaw JJ, Floeter-Winter LM, Laranjeira-Silva MF. One Health 
Approach to Leishmaniasis: Understanding the Disease Dynamics through Diagnostic Tools. 
Pathogens 9: 809, 2020.

20. Kazimoto TA, Amora SSA, Figueiredo FB, Magalhães JME, Freitas YBN, Sousa MLR, Melo 
AECDS, Campos MP, Alves ND, Werneck GL. Impact of 4% Deltamethrin-Impregnated 
Dog Collars on the Prevalence and Incidence of Canine Visceral Leishmaniasis. Vector Borne 
Zoonotic Dis 18: 356-363, 2018.

21. Leal GGA, Carneiro M, Pinheiro AC, Marques LA, Ker HG, Reis AB, Coura-Vital W. Risk 
profile for Leishmania infection in dogs coming from an area of visceral leishmaniasis 
reemergence. Prev Vet Med 150: 1-7, 2018.

22. Leite BMM, Solcà MdS, Santos LCS, Coelho LB, Amorim LDAF, Donato LE, Passos SMdS, 
Almeida AOd, Veras PST, Fraga DBM. The mass use of deltamethrin collars to control and 
prevent canine visceral leishmaniasis: A field effectiveness study in a highly endemic area. 
PLoS Negl Trop Dis 12: e0006496, 2018.

23. Maia C, Dantas-Torres F, Campino L. Parasite Biology: The Reservoir Hosts. In: Bruschi F, 
Gradoni L. (eds) The Leishmaniases: Old Neglected Tropical Diseases. Springer, Cham 79-
106, 2018.

24. Marzochi MC, Fagundes A, Andrade MV, Souza MB, Madeira MF, Mouta-Confort E, Schubach 
AO, Marzochi KB. Visceral leishmaniasis in Rio de Janeiro, Brazil: eco-epidemiological 
aspects and control. Rev Soc Bras Med Trop 42: 570-580, 2009.

25. Marzochi MCA, Coutinho SG, Sabroza PC, Souza MA, de Sousa PPM, Toledo LM, Filho 
FBR. Leishmaniose visceral canina no Rio de Janeiro - Brasil. Cad Saúde Pública 1: 432-446, 
1985.

26. Marzochi MCA. Visceral leishmaniasis in Southern Rio de Janeiro State and the risk of 
propagation to São Paulo State, Brazil. Rev Soc Bras Med Trop 49: 147-149, 2016.

27. Ministério da Saúde. Portaria Interministerial ANVISA-MAPA 1.426 de 11/07/2008.  2008. 
Available at: http://bvsms.saude.gov.br/bvs/saudelegis/gm/2008/pri1426_11_07_2008.html. 
Accessed at: 26.ago.2022.

28. Ministério da Saúde. 2021a. Secretaria de Vigilância em Saúde. Boletim Epidemiológico: 
Doenças tropicais negligenciadas - 30 de janeiro - Dia mundial de combate às Doenças 
tropicais negligenciadas. Available at: https://www.gov.br/saude/pt-br/centrais-de-conteudo/
publicacoes/boletins/boletins-epidemiologicos/especiais/2021/boletim_especial_doencas_
negligenciadas.pdf. Accessed at: 26.ago.2022.

29. Ministério da Saúde. Saúde lança nova estratégia para controle da leishmaniose visceral. 
2021b. Available at: https://aps.bvs.br/lis/resource/?id=48323 Accessed at: 26.ago.2022.

30. Miró G, Oliva G, Cruz I, Cañavate C, Mortarino M, Vischer C, Bianciardi P. Multicentric, 
controlled clinical study to evaluate effectiveness and safety of miltefosine and allopurinol for 
canine leishmaniosis. Vet Dermatol 20: 397-404, 2009.

31. Miró G, Petersen C, Cardoso L, Bourdeau P, Baneth G, Solano-Gallego L, Pennisi MG, Ferrer 
L, Oliva G. Novel Areas for Prevention and Control of Canine Leishmaniosis. Trends Parasitol 
33: 718-730, 2017.

32. Montenegro-Quiñonez CA, Buhler C, Horstick O, Runge-Ranzinger S, Rahman KM. 
Efficacy and community-effectiveness of insecticide treated nets for the control of visceral 
leishmaniasis: A systematic review. PLoS Negl Trop Dis 16: e0010196, 2022.



10 J Trop Pathol Vol. 52 (1): 1-10.  jan.-mar. 2023

33. PAHO. Pan American Health Organization. Leishmaniasis: Epidemiological Report in 
the Americas (Leishmaniasis Report, n°10). 2021. Available at: https://iris.paho.org/
handle/10665.2/51742. Accessed at: 26.ago.2022.

34. Palatnik-de-Sousa CB, Day MJ. One Health: the global challenge of epidemic and endemic 
leishmaniasis. Parasit Vectors 4: e197, 2011.

35. Papadopoulos E, Angelou A, Diakou A, Halos L, Beugnet F. Five-month serological monitoring 
to assess the effectiveness of permethrin/fipronil (Frontline Tri-Act®) spot-on in reducing the 
transmission of Leishmania infantum in dogs. Vet Parasitol Reg Stud Reports 7: 48-53, 2017.

36. Prestes-Carneiro LE, Daniel LAF, Almeida LC, D’Andrea LZ, Vieira AG, Anjolete IR, André 
L, Flores EF. Spatiotemporal analysis and environmental risk factors of visceral leishmaniasis 
in an urban setting in São Paulo State, Brazil. Parasit Vectors 12: 251, 2019.

37. Regina-Silva S, Feres AM, França-Silva JC, Dias ES, Michalsky ÉM, de Andrade HM, Coelho 
EA, Ribeiro GM, Fernandes AP, Machado-Coelho GL. Field randomized trial to evaluate the 
efficacy of the Leish-Tec® vaccine against canine visceral leishmaniasis in an endemic area of 
Brazil. Vaccine 34: 2233-2239, 2016.

38. Ribeiro RR, Michalick MSM, da Silva ME, Dos Santos CCP, Frézard FJG, da Silva SM. 
Canine Leishmaniasis: An Overview of the Current Status and Strategies for Control. Biomed 
Res Int 2018: e3296893, 2018.

39. Romero GA, Boelaert M. Control of visceral leishmaniasis in latinamerica-a systematic 
review. PLoS Negl Trop Dis 4: e584, 2010.

40. Shimozako HJ, Wu J, Massad E. The Preventive Control of Zoonotic Visceral Leishmaniasis: 
Efficacy and Economic Evaluation. Comput Math Methods Med 2017: e4797051, 2017.

41. Silva RA, Andadre AJ, Quint BB, Raffoul GES, Werneck GL, Rangel EF, Romero GAS. 
Effectiveness of dog collars impregnated with 4% deltamethrin in controlling visceral 
leishmaniasis in Lutzomyia longipalpis (Diptera: Psychodidade: Phlebotominae) populations. 
Mem Inst Oswaldo Cruz 113: e170377, 2018.

42. Sousa-Paula LC, Silva LGD, Sales KGDS, Dantas-Torres F. Failure of the dog culling strategy 
in controlling human visceral leishmaniasis in Brazil: A screening coverage issue? PLoS Negl 
Trop Dis 13: e0007553, 2019.

43. Travi BL, Cordeiro-da-Silva A, Dantas-Torres F, Miró G. Canine visceral leishmaniasis: 
Diagnosis and management of the reservoir living among us. PLoS Negl Trop Dis 12: 
e0006082, 2018.

44. Valero NNH, Prist P, Uriarte M. Environmental and socioeconomic risk factors for visceral and 
cutaneous leishmaniasis in São Paulo, Brazil. Sci Total Environ 797: e148960, 2021.


