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Abundance of Lutzomyia longipalpis in urban households  
as risk factor of transmission of visceral leishmaniasis
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Urban occurrence of human and canine visceral leishmaniasis (VL) is linked to households with characteristics 
conducive to the presence of sand flies. This study proposes an ad hoc classification of households according to the 
environmental characteristics of receptivity to phlebotominae and an entomological study to validate the proposal. 
Here we describe the phlebotominae population found in intra- and peridomiciliary environments and analyse the 
spatiotemporal distribution of the VL vector Lutzomyia longipalpis of households receptive to VL. In the region, 
153 households were classified into levels of receptivity to VL followed by entomological surveys in 40 of those 
properties. Kruskal-Wallis verified the relationship between the households’ classification and sand fly abundance 
and Kernel analysis evaluated L. longipalpis spatial distribution: of the 740 sand flies were captured, 91% were L. 
longipalpis; 82% were found peridomiciliary whilst the remaining 18% were found intradomiciliary. No statistically 
significant association was found between sandflies and households levels. L. longipalpis counts were concentrated 
in areas of high vulnerability and some specific households were responsible for the persistence of the infestation. L. 
longipalpis prevails over other sand fly species for urban VL transmission. The entomological study may help target 
the surveillance and vector control strategies to domiciles initiating and/or maintaining VL outbreaks.
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Visceral leishmaniasis (VL) is a neglected tropical 
disease with an incidence between 200,000 and 400,000 
new cases and over 20,000 deaths occurring worldwide 
each year (WHO 2015). In the Americas, the disease 
is caused by the protozoan Leishmania (Leishmania)  
infantum and its main vector is Lutzomyia (Lutzomyia) 
longipalpis (Lainson & Rangel 2005, WHO 2015).

In Brazil, L. longipalpis is found not only in for-
ests but also in urban environments (Lainson & Rangel 
2005, Fernández et al. 2010), particularly in areas with 
some vegetation (de Oliveira et al. 2012, Fernández et al. 
2013). Other species such as Lutzomyia cruzi and Lutzo-
myia evansi are restricted to the Brazilian state of Mato 
Grosso do Sul and Colombia, respectively (Travi et al. 
1990, Santos et al. 1998, 2003). These species transmit 
L. infantum to humans and other mammals including ca-
nines and rodents (Gontijo & Melo 2004).

Between 2011 and 2013, over 3,000 cases of VL were 
reported in Brazil with a fatality rate of 6.7% in 2013 
(PAHO 2015). The city of Belo Horizonte, capital of 
the Brazilian state of Minas Gerais (MG), has recorded 
cases of human VL since 1994 (Silva et al. 2001). The 
incidence of human VL in Belo Horizonte for the pe-
riod between 2006 and 2014 increased from 1.6 to 5.5 
cases per 100,000 inhabitants whilst the fatality rate 
ranged between 12.8 and 21.4%. In the same period, the 
canine seroreactivity to L. infantum increased from 3.2 
to 13.9% (PBH 2015). The presence of the vector L. lon-
gipalpis was recorded in the city in 1978 in parks forests 
(Martins et al. 1978) and between 1997-2014 at high and 
low densities in different areas of the municipality both 
intra- and peridomiciliary (Souza et al. 2004, Resende et 
al. 2006, Saraiva et al. 2011, Lara-Silva et al. 2015).

Poor living conditions and poor sanitation are associ-
ated with human and canine VL infections by L. infantum 
in urban areas (Moreira et al. 2003, Moreno et al. 2005, 
Oliveira et al. 2006b, Coura-Vital et al. 2013). Moreover, 
areas with homes surrounded by trees with large cano-
pies or vegetation (de Oliveira et al. 2012, Fernández et 
al. 2013), with dumping of disposable material in the soil 
(Fernández et al. 2013) and hens in peridomicile (Quintana 
et al. 2012) favor infections by enabling the survival and 
reproduction of the vector and facilitates transmission in 
the urban and periurban environments. Thus, the identifi-
cation of households presenting characteristics that favors 
the colonisation and proliferation of the vector and, there-
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by, the transmission of VL (i.e. vulnerability) can help vec-
tor control strategies in urban areas.

The Brazilian Visceral Leishmaniasis Surveillance 
and Control Program (VL-SCP) aims to reduce the risk 
of transmission as well as the mortality rates and the 
degree of morbidity of this disease through rapid diag-
nosis and early treatment of human cases. To this end, 
the Control Program has adopted reservoir and vector 
control strategies targeted to high risk areas focusing 
on health education and environmental management 
(MS 2006). However, these strategies are frequently not 
enough to curb the spread of the disease, particularly in 
big cities. Thus, the development of a methodology to 
categorize households according to their receptivity to 
the spread of VL may provide insightful information to 
optimise the VL-SCP resources to control vector disper-
sion and VL transmission in urban areas.

This study proposes an ad hoc classification of 
households according to the environmental character-
istics of receptivity to phlebotominae and an entomo-
logical study to validate the proposal. Its analyses the 
diversity of sand flies according to the level of receptiv-
ity of households classified by health agents of Brazil-

ian system of public health. It reveals the spatiotemporal 
distribution of L. longipalpis in households identified as 
receptive to the transmission of VL in a neighborhood of 
the northwestern region of Belo Horizonte, Brazil.

MATERIALS AND METHODS

Study area - Belo Horizonte is a city of 2,491,109 in-
habitants in 331,401 Km2, a population density of 7,167 
inhabitants/Km2 (IBGE 2015). The climate fits the Aw 
class, which means a tropical climate (A) with summer 
rains (w) and average altitude of 852 m, according to the 
Köppen classification (Köppen & Geiger 1928).

The study was conducted by the Health Department 
of the Northwestern District of Belo Horizonte, which is 
assisted by the Pindorama Health Centre (PHC) cover-
ing a population of 20,672 inhabitants and a population 
density of 12,920 inhabitants/Km2. According to the 
Zoonosis Control Unit of the Northwest Health District, 
the PHC coverage area had 2,415 dogs in 2012 and 2,423 
in 2013. The northwest region of Belo Horizonte was se-
lected because of the high coverage and good continu-
ity of the VL control activities over the past few years 
(2006-2013), which included canine census and vector 

Fig. 1: Vulnerability Index map of Belo Horizonte, Minas Gerais, Brazil, and study area (northwestern region).
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control strategies targeted to annually prioritised micro 
regions. The LVH (human LV) incidence rate to the re-
gion in 2006 to 2014 ranged from 31.4-5.2 and canine 
seroreactivity for L. infantum from 7.3-4% (PBH 2015).

The region studied includes areas of high indexes 
of risk to health according to the Health Vulnerability 
Index (HVI) developed by the Health Department of 
Belo Horizonte. The HVI of 2012 was determined for 
each of the 2,563 census sectors of the city according 
to the following indicators: sanitation, housing, income, 
education and health (HVI 2015). This index allows the 
classification of the census sectors into four health vul-
nerability categories: low, medium, high and very high 
(Fig. 1). In some districts, the VL control measurements 
are active only in the microareas where the HVI is high. 
In Belo Horizonte, the HVI is commonly used in health 
policy and planning. Furthermore, some indicators such 
as income and education were associated with the risk of 
becoming ill by VL (de Araújo et al. 2013).

Sample calculation - The study area comprises 9,233 
households. From these, the Health agents from the Bra-
zilian public health selected a total of 153 by convenience 
sampling, according to the presence of characteristics, 
raised in the literature. Selected houses had a history of 
presence of positive dogs for LV at domicile or in the 

neighborhood. This sample included households classi-
fied to a four differentiated levels of receptive to the risk 
of VL infection (including control level) according to 
physical and environmental characteristics of intradomi-
ciliary and peridomiciliary contexts. The criteria for these 
ratings are shown in Table I. A random subsample of 40 
households was selected for entomological assessment.

The receptive households were defined as those pre-
senting conditions conducive to the colonisation and pro-
liferation of sand flies such as shading, soil organic mat-
ter, vegetation, soil moisture and presence of animals. 
These households were selected for sand fly surveys in 
urban areas because they have environmental character-
istics associated with a high risk of VL infection in ur-
ban areas (Lainson & Rangel 2005, Moreno et al. 2005, 
Oliveira et al. 2006b, Resende et al. 2006, Fernández et 
al. 2010, 2013). Buildings classified at level three were 
receptive and considered vulnerable to sand flies inva-
sion, according to the condition of the walls, windows 
and roofs such as the presence of holes and cracks or 
the absence of plaster. Indeed, unplastered adobe build-
ings have been associated with the risk of infection by 
L. infantum in Belo Horizonte (Coura-Vital 2013). Other 
features considered were the presence of at least one ca-
nine and/or human case in the residence or in the vicin-
ity over the past five years.

TABLE I

Criteria used by Endemy Control Agents and field supervisors from Brazilian system public health to  
classify the household risk of Visceral leishmaniasis transmission and abundance of sand flies

Criteria for the classification of receptive/vulnerable households Level

Positive canine and/or human case for Leishmania infantum at the domicile or in the neighboring home 3
Presence of a lot of organic matter, fruits, animal feces on the ground of the peridomicile
Presence of trees and shrubs in the peridomicile
Presence of more than one animal species
Shaded peridomicile (tree canopies)
Presence of decomposing organic matter on the ground
Presence of holes and/or cracks (on the wall, ceiling), presence of attic

Positive canine and/or human case for L. infantum at the domicile or in the neighboring home 2
Presence of organic matter on the ground
Presence of trees and shrubs in the peridomicile
Presence of one animal species
Walls and ceiling in good structural conditions

Positive canine and / or human case for L. infantum at the domicile or in the neighboring home 1
Presence of little organic matter on the ground
No animal husbandry
Walls and ceiling in good structural conditions

Positive canine and / or human case for L. infantum at the domicile or in the neighboring home 0
Partially or fully cemented yard
Absence of any of the above listed characteristics in the peridomicile and intradomicile
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Entomological surveys - The sampled households 
were surveyed every two months for three consecutive 
nights, from May 2012-June 2013, totaling seven peri-
ods of capture. Two HP light traps (Pugedo et al. 2005) 
were used: one inside the house and another in the peri-
domicile. Traps were placed approximately 1.5 m above 
the ground as recommended by the VL-SCP manual 
(de Araújo et al. 2013). Traps were installed in places 
considered more likely to attract sand flies such as fruit 
trees, balconies, henneries, barnyards, gardens and in 
the walls surrounding the peridomiciles. The traps sam-
pled the sites, intra e peridomicile in 40 domiciles, 1680 
times totaling 13.440 hours of capture.

The sand fly specimens were first identified using a 
magnifying glass, and prepared, clarified and mounted 
as described in the Langeron protocol (Langeron 1949). 
The specimens’ subgenus, genus and species were iden-
tified using optical microscopy according to Young and 
Duncan (1994).

To verify the association between entomological 
data and households classification for receptivity was 
performed the test of Kruskal-Wallis. The explanatory 
variable was “receptivity level/of households” and the 
outcome variables were considered: “total number of 
sand flies captured in intradomicile”; “total number of 
sand flies captured in peridomicile” and “total number 
of sand flies in domicile”. Significance level of 5% was 
considered in the test.

Spatial statistics analysis - The 40 households selected 
from the neighborhood of the PHC were geo-referenced 
by their addresses using a global positioning system (GPS) 
receiver and referenced into the Universal Transverse 
Mercator (UTM) projection. Subsequently, we analysed 
the intra- and peridomiciliary population densities, from 
the abundance of the LV vector L. longipalpis in each of 
the seven periods studied, using the kernel estimate. Maps 
of vector densities were designed to analyse hotspots in 
space and time using the quartic kernel function. The de-
gree of smoothing was controlled by a bandwidth with a 
radius of 200m. This analysis reveals the intensity of a 
given characteristic, in this study the L. longipalpis counts 
captured in the intra- and peridomicile areas.

The kernel density estimate is a suitable interpolation 
technique for the positions of individual points based on 
a mathematical model that creates a symmetrical sur-
face on each point, by assessing the distance of the point 
to a reference position and then adding the value of all 
such surfaces to the reference position (Bailey & Gatrell 
1995, Gatrell et al. 1996).

RESULTS

Seven hundred and forty sand flies were captured in 
the 40 selected households. However, only 733 specimens 
were actually considered because, upon withdrawal of the 
traps, seven suffered anatomical damages that compro-
mised the identification of their domicile of origin. The 
Kruskal-Wallis test revealed no difference in household 
levels and the sand flies abundance in intra-, peri- and do-
micile. In spite of the results, it was observed difference 
between sand flies counts in the domiciles; the difference 
was not enough to identify the most receptive properties 
according to the characteristics studied (Table II).

91% of the captured sand flies were identified as L. 
longipalpis (670 specimens), 4.8% were Lutzomyia cor-
telezzii, 0.27% were Lutzomyia whitmani, and 0.14% were 
Lutzomyia longispina. Due to anatomical damages in-
flicted upon withdrawal of the traps, 4% of the captured 
sand flies were identified only in terms of genera. As 
shown in Table III, 20 males and 16 females were identi-
fied as L. cortelezzii (Galati et al. 1989). The ratio of males 
to females was 7:3. The highest numbers of captured sand 
flies were in January and April 2013 (Table III).

Of the captured sand flies identified as L. longipal-
pis, 82% (547) were found in the peridomicile and 18% 
in the intradomicile areas (Fig. 2). L. longipalpis was 1.1 
in the peridomicile and 3.4 in the intradomicile.

The spatiotemporal analysis by kernel estimation 
revealed that the density of L. longipalpis was in the 
households located in the central, north, especially in 
south regions of the area studied. Shades of red and or-
ange depict regions of the map presenting greater den-
sity and abundance of sand flies, whereas shades of yel-
low and greens represent regions with lower densities. 
Some buildings were identified as hotspots for the abun-
dance of L. longipalpis collected intra and peridomicili-

TABLE II
Classification of households according to the level of receptivity and vulnerability,  

rate of infested households, and total counts and median of sand flies captured in the sampled buildings

Receptivity level Households
Infested households

(%)
Sand flies

(N/Median)

0 4 3 (75) 2/0,5 16/2 18/2,5
1 7 5 (71.4) 3/0 141/1 144/1
2 11 10 (90.9) 43/2 300/1 343/3
3 18 14 (77.7) 95/1 133/1,5 228/4
Total 40 32 (85) 143 590 733
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arily, which oscillated along each capture period (Fig. 
3). The region with the highest number of continually 
infested buildings was located to the south of the area 
studied, where settlements of low socioeconomic status 
are found (areas with high vulnerability index).

DISCUSSION

This study revealed the infestation profile of house-
holds by sand flies in the northwestern region of Belo 
Horizonte subjected to a systematic intervention of the 
VL-SCP. It proposes a system to classify the households 
as receptive to infestation by sand flies that revealed no 
difference in the number of captured sand flies in the do-
miciles classified in levels of receptivity. These results 
showed the difficulties to identify households that pres-
ent fixed and standardised characteristics of degrees of 
receptivity levels. Moreover, the captures in intra- and 
peridomicile showed a pattern of spatiotemporal ag-
gregation of L. longipalpis populations in specific areas 
from the surveyed households.

The area surveyed showed households with environ-
mental differences often related to socioeconomic con-
ditions, such as receptive homes level three, which were 
considered vulnerable to vector invasion. The level one 
houses, which apparently had not receptive conditions, 
were triggered by the houses of the neighborhood, which 
showed higher levels. The environmental conditions of 
peridomestic in the region are very similar, occurring 
low macrohabitats detection (considering intra- and 
peridomicile) using entomological data.

Factors associated with the risk of human VL infec-
tion include the presence of dogs (infected or not), the 
proximity to areas of green coverage, poor sanitary and 
housing conditions and the population density of the vec-
tor L. longipalpis (Quinnell & Dye 1994, Oliveira et al. 
2001, Margonari et al. 2006, de Araújo et al. 2013). Recep-
tive households are strategic locations to install sand fly 
traps in urban areas (Lainson & Rangel 2005, Resende et 
al. 2006, Santini et al. 2012, Fernández et al. 2013). Most 
of the households level two and three had large yards with 
the characteristics listed in Table I. The such as the pres-
ence of soil organic matter (Feliciangeli 2004) at least 
one animal specie (maintained at high density or not), the 
presence of trees and shrubs outside the home and intra-
domiciles in poor structural condition (presence of attic, 
broken windows, holes and cracks). These peridomicile 
areas have sites that favor the breeding of the sand fly 
larvae such as logs, hollow trees, roots and soil with fae-
ces (Feliciangeli 2004, Sangiorgi et al. 2012). These large 
peridomicile areas of the PHC neighborhood classified in 
these levels may be responsible for the maintenance of po-
tential breeding and/or sand fly outbreaks in the region.

The vector densities varied along time, with outbreaks 
appearing in one location one month and somewhere 
else at another point in time. This observation suggests 
a dynamic variation in the L. longipalpis abundance dis-
tribution throughout the year in the sampled houses, as 
proposed by Fernández et al. (2013). The present study 
identified areas of low and high vector aggregation. Sa-

TABLE III
Sand fly species captured in the sampled households northwest regional,  

Belo Horizonte, Minas Gerais, Brazil, from May 2012-June 2013

Month/Year
Lutzomyia  
longipalpis

Lutzomyia  
cortelezzii

Lutzomyia  
whitmanni

Lutzomyia  
longispina

Lutzomyia 
sp. Total

F M F M F M F M
May/2012 11 73 0 4 1 0 0 0 9 98
July/2012 4 13 0 1 0 0 0 0 0 18
September/2012 6 37 0 2 0 0 0 0 3 48
November/2012 20 75 3 3 0 1 0 0 0 102
January/2013 4 99 3 4 0 0 0 0 5 115
April/2013 29 221 10 5 0 0 0 1 12 278
June/2013 1 77 0 1 0 0 0 0 2 81
Total 75 595 16 20 1 1 0 1 31 740*

F = female; M = male; *Seven specimens could not be properly ascribed to their domicile of origin.

Fig. 2: number of Lutzomyia longipalpis captured in the peri- and in-
tradomicile areas, separated by gender, demonstrating the exophilic 
and endophilic behaviors of the populations. Northwestern region of 
Belo Horizonte, Minas Gerais, Brazil.
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lomón et al. (2004) suggested that the distribution of L. 
longipalpis is heterogeneous and the “source popula-
tions” are distributed into a geo-spatial pattern of high 
and low abundance regions. Using the kernel estimate, 
Almeida et al. (2011) found high-risk areas for human 
VL were concentrated in the outskirts of Teresina, the 
capital city of the Brazilian northeastern state of Piauí, 
which followed a heterogeneous distribution pattern 
over the period analysed. It is therefore plausible to think 
possible that the population of L. longipalpis population 
would follow a similar distribution pattern, perhaps even 
for other big cities of Brazil. Indeed, Camargo-Neves et 
al. (2001) evaluated the distribution of vector density in 
the city of Araçatuba in the southeastern Brazilian state 
of São Paulo and found a heterogeneous distribution of 
the vector, similar to that shown by the maps derived 
from the kernel analysis presented here. These studies 
support our findings suggesting a focal pattern of spatial 
infestation of sand flies in the households.

The households with abundant and persistent infes-
tation over the study revealed different characteristics 
as to the other with respect to the trapped animals like 
chickens and dogs in dark and humid places, the pres-

ence of organic matter in the ground, shading in peri- 
and intradomicile, and presence of leafy trees, (levels 
two and three). The presence of different animal species 
at peridomicile may increase sand flies abundance, due 
to increased availability of hosts. L. longipalpis in ru-
ral areas has been captured near the horses, chickens, in 
burrows of armadillos and cavies (Ximenes et al. 1999).

A receptive household in LV transmission risk area 
should be prioritised, for example, for the environmental 
management. Find properties with persistent infestation 
over the months is important because and its may function 
as a supporting source of vectors throughout the year to 
areas around, hindering the natural environmental control 
due to climate conditions and rainfall. Persistence of L. 
longipalpis in the dry season months like autumn (April) 
probably indicates one (or more) breeding site being kept 
at home or around in peridomicile or neighborhood.

The effective control of VL in Brazil remains incipi-
ent because of numerous factors including the existence 
of gaps in the information on the dispersion and the 
location(s) of the vector(s) L. longipalpis and L. cruzi, the 
two main Brazilian VL vectors (Santos et al. 2003, Lain-
son & Rangel 2005, Pita-Pereira et al. 2008, Carvalho 

Fig. 3: distribution of properties sampled in the area studied and the abundance of Lutzomyia longipalpis in the peri- and intradomicile areas 
according to kernel analysis. Northwestern region of Belo Horizonte, Minas Gerais, Brazil.
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et al. 2010). The present study shows that L. longipalpis 
is still the main vector of VL in Belo Horizonte because 
it is the most commonly found species in the city ś resi-
dential areas, have been found naturally infected by L. 
infantum in the city (Saraiva et al. 2011, Lara-Silva et al. 
2015). The results reported herein are in accordance to 
findings reported elsewhere (Souza et al. 2004, Resende 
et al. 2006, Lara-Silva et al. 2015).

A retrospective analysis of L. longipalpis infesta-
tion in Belo Horizonte and surrounding areas seems 
to reveal changes on this vector’s infestation pattern, 
which suggest an evolution in the process of urbanisa-
tion of this species similar to that reported for the city of 
Campo Grande, capital of the central western Brazilian 
state of Mato Grosso do Sul (Oliveira et al. 2006a). Lut- 
zomyia longipalpis presence in the metropolitan region 
of Belo Horizonte was first reported in 1978 and after to 
the early 1990s (Martins et al. 1978, Passos et al. 1993). 
Then, between 1997-1999, Resende et al. (2006) found 
that 39% of the sand fly specimens captured in the met-
ropolitan area were L. longipalpis and, in the period be-
tween 2001-2003. Souza et al. (2004) reported this spe-
cies represented 68.2% of the sand flies found in the city. 
More recently, Saraiva et al. (2011) and Lara-Silva et al. 
(2015) reported that L. longipalpis constituted 94% and 
96.5% in the urban area of Belo Horizonte, respectively. 
Their data were similar to those revealed in the present 
study. These studies have used different sampling meth-
ods (CDC and Shannon traps) in diverse locations (green 
urban spaces or transition areas that do not include the 
peridomicile). Taken together, these observations indi-
cate that this particular vector species stood out amongst 
the others over the last two decades. They confirm the 
invasive nature, ability to adapt to new ecological niches, 
opportunism and synanthropy of the most important VL 
vector species in the Americas (Rangel & Vilela 2008).

Among the other sand fly species captured in this 
study, only L. whitmani is a vector for human cutaneous 
leishmaniasis (Mayrink et al. 1979, Rangel & Lainson 
2003). The other two species identified, L. cortelezzii 
and L. longispina, are not considered vectors of leish-
maniasis. Although samples from L. cortelezzi have test-
ed positive for L. infantum (Lana et al. 2015, Lara-Silva 
et al. 2015) or Leishmania braziliensis (Rosa et al. 2012, 
Lana et al. 2015) this species remains considered of no 
epidemiological importance in the transmission of VL.

L. longispina is a species found in the Atlantic Forest 
(Pinto et al. 2008, 2010) and in the peri-urban (Andrade 
et al. 1997) and urban (Souza et al. 2014) environments. 
The present study is the first to report its presence in 
Belo Horizonte, pointing to a possible process of adapta-
tion of other sand fly species of the wild and of the peri-
urban areas to the urban environment.

Corroborating other studies, the sand fly captures were 
higher in the peridomicile compared to the intradomicile 
areas (Barata et al. 2004, Souza et al. 2004, Dias et al. 
2007, 2011, Michalsky et al. 2009, Holcman et al. 2013). 
Similar data were reported elsewhere in the literature re-
garding the ratio of males to females (Souza et al. 2004, 
Dias et al. 2007, de Almeida et al. 2010, Nascimento et al. 

2013). The ratio of males to females in the present study 
was four times higher peridomiciliary (11.6) compared to 
intradomiciliary (3.4) areas probably because males feed 
on plant sap and not on blood (Smith et al. 1941, Pessoa & 
Barreto 1948, Deane et al. 1955). The males form the “mat-
ing lek”, i.e. they accompany the females feeding on blood 
to increase their chance of mating and can be captured 
more than females (Jarvis & Rutledge 1992). The perido-
micile area has sites with animals (hosts), moisture and 
shady tree trunks, soils with decomposing fruits, leaves 
and animal feces i.e. full of microenvironments conducive 
to the reproduction and colonisation by sand flies.

L. longipalpis can feed on humans inside their homes 
and therefore transmit VL at this location (Souza et al. 
2004, Barata et al. 2005, Monteiro et al. 2005, Dias et 
al. 2007, 2011, Michalsky et al. 2009). In the households 
where the focus of infestation was the peridomicile, the 
sand flies probably fed mainly on animals such as chick-
ens often raised in those areas since, in nature, they ha-
bitually feed on birds (Lainson & Rangel 2005). This 
was observed in a household located to the south of the 
studied region (data not shown).

One limitation of the study was the sampling pro-
cess by convenience adopted by the health agents and 
the small number of households with a receptivity rating 
of zero. The convenience sample was used because the 
study prioritised homes with some degree of receptivity. 
As a result of the sampling process, another limitation 
was a presence of one house level two where there was 
a greater number of captured sand flies (n = 287). This 
domicile had a large chicken coop surrounding the peri-
domicile, presence of trees and a lot of organic matter in 
the soil, and a large yard.

This study is the first to try a system to classify the 
households regarding their risk of sand fly colonisa-
tion. Although the domiciles receptivity levels were not 
validated, they showed some characteristics that could 
confirmed the heterogeneity of vector population distri-
bution. The knowledge about the L. longipalpis spatial 
behavior is an important strategy to assist the VL-SCP to 
combat infestation in its local focus and optimise finan-
cial resources invested in vector control. These analyses 
can contribute to greater effectiveness of VL-SCP in 
Brazil by directing the vector chemical control and op-
timise the program’s operational strategies to decrease 
the sand fly populations and thus reduce the incidence 
of canine and human VL in urban areas.

ACKNOWLEDGEMENTS

To the endemic control agents from the Pindorama Health 
Centre, to the technical team of the Department of Health of 
Belo Horizonte City Hall, Northwestern and Central regions, 
and to the drivers involved in this work.

REFERENCES

Almeida AS, Medronho RDA, Werneck GL. Identification of risk ar-
eas for visceral leishmaniasis in Teresina, Piaui state, Brazil. Am 
J Trop Med Hyg. 2011; 84(5): 681-7.

Andrade FJ, Carneiro AP, Lima ML, Santiago RM, Gama MA, San-
tos CA, et al. Sand flies in Timóteo, Minas Gerais, Brazil. Cad 
Saude Publica. 1997; 13(4): 767-70.



Households and risk of leishmaniasis • Elisa Neves Vianna et al. 309

Bailey TC, Gatrell AC. Interactive spatial data analysis. Essex, United 
Kingdom: Longman Scientific & Technical; 1995.

Barata RA, da Silva JCF, da Costa RT, Fortes-Dias CL, da Silva JC, de 
Paula EV, et al. Phlebotomine sand flies in Porteirinha, an area of 
American visceral leishmaniasis transmission in the state of Minas 
Gerais, Brazil. Mem Inst Oswaldo Cruz. 2004; 99(5): 481-7.

Barata RA, França-Silva JC, Mayrink W, da Silva JC, Prata A, Lo-
rosa ES, et al. Aspects of the ecology and behaviour of phleboto-
mines in endemic area for visceral leishmaniasis in state of Minas 
Gerais. Rev Soc Bras Med Trop. 2005; 38(5): 421-5.

Camargo-Neves VLF, Katz G, Rodas LAC, Poletto DW, Lage LC, Spíno-
la RMF, et al. Use of spatial analysis tools in the epidemiological sur-
veillance of American visceral leishmaniasis, Araçatuba, São Paulo, 
Brazil, 1998-1999. Cad Saude Publica. 2001; 17(5): 1263-7.

Carvalho GM, Gontijo CM, Falcão AL, Andrade Filho JD. Study 
of phlebotomine sand flies (Diptera: Psychodidae) collected in 
a Leishmania-endemic area of the metropolitan region of Belo 
Horizonte, Brazil. J Med Entomol. 2010; 47(6): 972-6.

Coura-Vital W, Reis AB, Reis LS, Braga SL, Roatt BM, Soares 
RDOA, et al. Canine visceral leishmaniasis: incidence and risk 
factors for infection in a cohort study in Brazil. Vet Parasitol. 
2013; 197(3-4):411-7.

de Almeida PSD, Minzão ER, Minzão LD, da Silva SR, Ferreira AD, 
Faccenda O, et al. Aspectos ecológicos de flebotomíneos (Diptera: 
Psychodidae) em área urbana do município de Ponta Porã, Estado 
de Mato Grosso do Sul. Rev Soc Bras Med Trop. 2010; 43: 723-7.

de Araújo VEM, Pinheiro LC, Almeida MCDM, de Menezes FC, Mo-
rais MHF, Reis IA, et al. Relative risk of visceral leishmaniasis 
in Brazil: a spatial analysis in urban area. PLoS Negl Trop Dis. 
2013; 7(11): e2540.

de Oliveira EF, Araújo e Silva E, Fernandes CES, Paranhos Filho AC, 
Gamarra RM, Ribeiro AA, et al. Biotic factors and occurrence 
of Lutzomyia longipalpis in endemic area of visceral leishmani-
asis, Mato Grosso do Sul, Brazil. Mem Inst Oswaldo Cruz. 2012; 
107(3): 396-401.

Deane LM, Deane MP, Alencar JE. Observações sobre o combate ao 
Phlebotomus longipalpis pela dedetização domiciliária em focos 
endêmicos de calazar, Ceará. Rev Bras Malariol Doencas Trop. 
1955; 7: 131-41.

Dias ES, França-Silva JC, da Silva JC, Monteiro EM, de Paula KM, 
Gonçalves CM, et al. Flebotomíneos (Diptera: Psychodidae) de 
um foco de leishmaniose tegumentar no estado de Minas Gerais. 
Rev Soc Bras Med Trop. 2007; 40: 49-52.

Dias ES, Regina-Silva S, França-Silva JC, Paz GF, Michalsky EM, 
Araújo SC, et al. Eco-epidemiology of visceral leishmaniasis 
in the urban area of Paracatu, state of Minas Gerais, Brazil. Vet 
Parasitol. 2011; 176(2-3): 101-11.

Feliciangeli MD. Natural breeding places of phlebotomine sandflies. 
Med Vet Entomol. 2004; 18(1): 71-80.

Fernández M, Salomón OD, Cavia R, Pérez AA, Acardi SA, Guccione 
JD. Lutzomyia longipalpis spatial distribution and association 
with environmental variables in an urban focus of visceral leish-
maniasis, Misiones, Argentina. Acta Trop. 2010; 114(2): 81-7.

Fernández MS, Santini MS, Cavia R, Sandoval AE, Pérez AA, Acardi S, 
et al. Spatial and temporal changes in Lutzomyia longipalpis abun-
dance, a Leishmania infantum vector in an urban area in northeast-
ern Argentina. Mem Inst Oswaldo Cruz. 2013; 108(7): 817-24.

Galati EAB, Nunes VLB, Oshiro ET, Rego Jr FA. Nova espécie de 
Phlebotominae, Lutzomyia corumbaensis sp. n.(Diptera, Psy-
chodidae) do complexo Lutzomyia cortelezzii. Rev Bras Entomol. 
1989; 33: 465-75.

Gatrell AC, Bailey TC, Diggle PJ, Rowlingson BS. Spatial point pat-
tern analysis and its application in geographical epidemiology. 
Trans Inst Br Geogr. 1996; 21(1): 256-274.

Gontijo CMF, Melo MN. Leishmaniose visceral no Brasil: quadro atual, 
desafios e perspectivas. Rev Bras Epidemiol. 2004; 7(3): 338-349.

Holcman MM, Sampaio SMP, Rangel O, Casanova C. Spatial and sea-
sonal distribution of Lutzomyia longipalpis in Dracena, a city in the 
western region of the state of São Paulo, Brazil, that is endemic with 
visceral leishmaniasis. Rev Soc Bras Med Trop. 2013; 46(6): 704-12.

HVI - Health Vulnerability Index. [Internet]. IVS. Índice de Vulnera-
bilidade à Saúde. Secretaria Municipal de Saúde, Prefeitura de 
Belo Horizonte [cited 2015 Mar 20]. Available from: http://por-
talpbh.pbh.gov.br/pbh/ecp/files.do?evento=download&urlArqPl
c=ivsaude-risco2012.pdf.

IBGE - Instituto Brasileiro de Geografia e Estatística. [Internet]. Estimati-
vas populacionais para os municípios brasileiros [cited 2015 May 14]. 
Available from: http:// www.ibge.gov.br/home/estatistica/populacao.

Jarvis EK, Rutledge LC. Laboratory observations on mating and lek-
like aggregations in Lutzomyia longipalpis (Diptera: Psychodi-
dae). J Med Entomol. 1992; 29(2): 171-7.

Köppen W, Geiger R. Klimate der Erde. [map] Gotha: Verlag Justus 
Perthes. Wall-map 150cmx200cm; 1928.

Lainson R, Rangel EF. Lutzomyia longipalpis and the eco-epidemiolo-
gy of American visceral leishmaniasis, with particular reference to 
Brazil - A Review. Mem Inst Oswaldo Cruz. 2005; 100(8): 811-27.

Lana RS, Michalsky EM, Fortes-Dias CL, França-Silva JC, Lara-
Silva FO, Lima ACVMR, et al. Phlebotomine sand fly fauna and 
Leishmania infection in the vicinity of the Serra do Cipó National 
Park, a natural Brazilian heritage site. Biomed Res Int. 2015; 9 pp.

Langeron M. Précis de microscopie. Paris: Masson et Cie, Libraires 
de L’Académie de Medicine, Saint-Germain, 1949.

Lara-Silva FO, Michalsky ÉM, Fortes-Dias CL, Fiuza VDOP, Pessa-
nha JEM, Regina-Silva S, et al. Epidemiological aspects of vec-
tor, parasite, and domestic reservoir in areas of recent transmis-
sion and no reported human cases of visceral leishmaniasis in 
Brazil. Acta Trop. 2015; 148: 128-36.

Margonari C, Freitas CR, Ribeiro RC, Moura ACM, Timbó M, Gripp 
AH, et al. Epidemiology of visceral leishmaniasis through spatial 
analysis, in Belo Horizonte municipality, state of Minas Gerais, 
Brazil. Mem Inst Oswaldo Cruz. 2006; 101(1): 31-8.

Martins AW, Williams P, Falcão AL. American sand flies (Dip-
tera: Psychodidae: Phlebotominae). Rio de Janeiro: Academia 
Brasileira de Ciências; 1978. 195 pp.

Mayrink W, Williams P, Coelho MV, Dias M, Martins AV, Magalhães 
PA, et al. Epidemiology of dermal leishmaniasis in the Rio Doce 
Valley, state of Minas Gerais, Brazil. Ann Trop Med Parasitol. 
1979; 73(2): 123-37.

Michalsky EM, França-Silva JC, Barata RA, Lara e Silva FO, Lou-
reiro AMF, Fortes-Dias CL, et al. Phlebotominae distribution 
in Janaúba, an area of transmission for visceral leishmaniasis in 
Brazil. Mem Inst Oswaldo Cruz. 2009; 104(1): 56-61.

Monteiro EM, França-Silva JC, da Costa RT, Costa DC, Barata RA, 
de Paula EV, et al. Leishmaniose visceral: estudo de flebotomí-
neos e infecção canina em Montes Claros, Minas Gerais. Rev Soc 
Bras Med Trop. 2005; 38(2): 147-52.

Moreira ED, de Souza VM, Sreenivasan M, Lopes NL, Barreto RB, 
de Carvalho LP. Peridomestic risk factors for canine leishmani-
asis in urban dwellings: new findings from a prospective study in 
Brazil. Am J Trop Med Hyg. 2003; 69(4): 393-7.

Moreno EC, Melo MN, Genaro O, Lambertucci JR, Serufo JC, An-
drade ASR, et al. Risk factors for Leishmania chagasi infection 
in an urban area of Minas Gerais state. Rev Soc Bras Med Trop. 
2005; 38(6): 456-63.

MS - Ministério da Saúde (BR). Manual de vigilância e controle da 
leishmaniose visceral. Brasília: Ministério da Saúde; 2006. 122 pp.



310 Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 111(5), May 2016

Nascimento MDSB, Silva MH, Viana GMC, Leonardo FS, Bezerra 
GFB, et al. Spatial dynamics of urban populations of Lutzomyia 
longipalpis (Diptera: Psychodidae) in Caxias , State of Maranhão 
, Brazil. Rev Soc Bras Med Trop. 2013; 46(5): 555-9.

Oliveira AG, Galati EAB, Oliveira O, Oliveira GR, Espindola IAC, 
Dorval MEC, et al. Abundance of Lutzomyia longipalpis (Dip-
tera: Psychodidae: Phlebotominae) and urban transmission of 
visceral leishmaniasis in Campo Grande, state of Mato Grosso 
do Sul, Brazil. Mem Inst Oswaldo Cruz. 2006a; 101(8): 869-74.

Oliveira CD, Diez-Roux A, César CC, Proietti FA. A case-control 
study of microenvironmental risk factors for urban visceral leish-
maniasis in a large city in Brazil, 1999-2000. Rev Panam Salud 
Publica. 2006b; 20(6): 369-76.

Oliveira CL, Assunção RR, Reias IA, Proietti FA. Spatial distribution of 
human and canine visceral leishmaniasis in Belo Horizonte, Minas 
Gerais state, Brasil, 1994-1997. Cad Saude Publica. 2001; 17: 1231-9.

PAHO - Pan American Health Organization. Regional office of the 
World Health Organization. Leishmaniases: epidemiological 
report of the Americas [Internet]. 2015 [cited 2015 August 25]. 
Available from: http://www.paho.org/leishmaniasis/.

Passos VMA, Falcão AL, Marzochi MCA, Gontijo CMF, Dias ES, 
Barbosa-Santos EGO, et al. Epidemiological aspects of American 
cutaneous leishmaniasis in a periurban area of the metropolitan re-
gion of Belo Horizonte, Minas Gerais, Brazil. Mem Inst Oswaldo 
Cruz. 1993; 88(1): 103-10.

PBH - Prefeitura Municipal de Belo Horizonte. Dados da leishmani-
ose visceral no município de Belo horizonte [Internet]. [cited 2015 
Mar 20]. Available from: http://portalpbh.pbh.gov.br/pbh/ecp/co-
munidade.do?evento=portlet&pIdPlc=ecpTaxonomiaMenuPort
al&app=saude&tax=12768&lang=pt_BR&pg=5571&taxp=0&).

Pessoa SB, Barreto MP. Leishmaniasis tegumentar americana. Imp-
rensa Nacional: Rio de Janeiro; 1948.

Pinto IS, dos Santos CB, Ferreira AL, Falqueto A. Richness and diver-
sity of sand flies (Diptera, Psychodidae) in an Atlantic Rainforest 
reserve in southeastern Brazil. J Vector Ecol. 2010; 35(2): 325-32.

Pinto IS, Pires JG, Santos CB, Virgens TM, Leite GR, Ferreira AL, et al. 
First record of Nyssomyia yuilli yuilli (Young & Porter) and Tricho-
pygomyia longispina (Mangabeira) (Diptera: Psychodidae) in the 
state of Espírito Santo, Brazil. Biota Neotrop. 2008; 8(1): 221-3.

Pita-Pereira D, Cardoso MA, Alves CR, Brazil RP, Britto C. Detection 
of natural infection in Lutzomyia cruzi and Lutzomyia forattinii 
(Diptera: Psychodidae: Phlebotominae) by Leishmania infantum 
chagasi in an endemic area of visceral leishmaniasis in Brazil us-
ing a PCR multiplex assay. Acta Trop. 2008; 107(1): 66-9.

Pugedo H, Barata RA, França-Silva JC, Silva JC, Dias ES. HP: um 
modelo aprimorado de armadilha luminosa de sucção para a captu-
ra de pequenos insetos. Rev Soc Bras Med Trop. 2005; 38(1): 70-2.

Quinnell RJ, Dye C. Correlates of the peridomestic abundance of Lut-
zomyia longipalpis (Diptera: Psychodidae) in Amazonian Brazil. 
Med Vet Entomol. 1994; 8(3): 219-24.

Quintana MG, Fernández MS, Salomón OD. Distribution and abun-
dance of phlebotominae, vectors of leishmaniasis, in Argentina: 
spatial and temporal analysis at different scales. J Trop Med. 
2012; 2012: 652803.

Rangel EF, Lainson R. Transmissores de leishmaniose tegumentar 
americana. In: Rangel EF, Lainson R, editors. Flebotomíneos do 
Brasil. Rio de Janeiro: Fiocruz; 2003. p. 291-309.

Rangel EF, Vilela ML. Lutzomyia longipalpis (Diptera, Psychodidae, 
Phlebotominae) and urbanization of visceral leishmaniasis in 
Brazil. Cad Saude Publica. 2008; 24(12): 2948-52.

Resende MCD, Camargo MCV, Vieira JRM, Nobi RCA, Porto MN, 
Oliveira CDL, et al. Seasonal variation of Lutzomyia longipal-

pis in Belo Horizonte, state of Minas Gerais. Rev Soc Bras Med 
Trop. 2006; 39(1): 51-5.

Rosa J, Pereira DP, Brazil RP, Salomón O, Szelag E. Natural infection 
of cortelezzii complex (Diptera: Psychodidae: Phlebotominae) 
with Leishmania braziliensis in Chaco, Argentina. Acta Trop. 
2012; 123(2): 128-31.

Salomón OD, Wilson ML, Munstermann LE, Travi BL. Spatial and 
temporal patterns of phlebotomine sand flies (Diptera: Psychodi-
dae) in a cutaneous leishmaniasis focus in northern Argentina. J 
Med Entomol. 2004; 41(1): 33-9.

Sangiorgi B, Miranda DN, Oliveira DF, Santos EP, Gomes FR, Santos 
EO, et al. Natural breeding places for phlebotomine sand flies 
(Diptera: Psychodidae) in a semiarid region of Bahia state, Bra-
zil. J Trop Med. 2012; 2012: 5 pp.

Santini MS, Fernández MS, Pérez AA, Sandoval AE, Salomón OD. 
Lutzomyia longipalpis abundance in the city of Posadas, north-
eastern Argentina: variations at different spatial scales. Mem Inst 
Oswaldo Cruz. 2012; 107(6): 767-71.

Santos SO, Arias JR, Ribeiro AA, Hoffmann MP, Freitas RA, Ma-
lacco MAF. Incrimination of Lutzomyia (Lutzomyia) cruzi as a 
vector of American visceral leishmaniasis. Med Vet Entomol. 
1998; 12(3): 315-7.

Santos SOD, Arias JR, Hoffmann MDP, Furlan MBG, Ferreira WF, 
Pereira C, et al. The presence of Lutzomyia longipalpis in a focus 
of American visceral leishmaniasis where the only proven vector 
is Lutzomyia cruzi Corumbá, Mato Grosso do Sul state. Rev Soc 
Bras Med Trop. 2003; 36(5): 633-4.

Saraiva L, Andrade Filho JD, Falcão AL, de Carvalho DAA, de Souza 
CM, Freitas CR, et al. Phlebotominae fauna (Diptera: Psychodi-
dae) in an urban district of Belo Horizonte, Brazil, endemic for 
visceral leishmaniasis: characterization of favored locations as 
determined by spatial analysis. Acta Trop. 2011; 117(2): 137-145.

Silva ES, Gontijo CMF, Pacheco RS, Fiuza VOP, Brazil RP. Visceral 
leishmaniasis in the metropolitan region of Belo Horizonte, state of 
Minas Gerais, Brazil. Mem Inst Oswaldo Cruz. 2001; 96(3): 285-91.

Smith ROA, Halder KC, Ahmed I. Further investigations on the trans-
mission of kalaazar. Part VI: a second series of transmissions of L. 
donovani by P. argentipes. Indian J Med Res. 1941; 29(4): 799-802.

Souza CFD, Quaresma PF, Andrade Filho JD, Bevilacqua PD. Phle-
botomine fauna in the urban area of Timóteo, state of Minas 
Gerais, Brazil. Acta Trop. 2014; 134: 72-9.

Souza CMD, Pessanha JE, Barata RA, Monteiro EM, Costa DC, 
Dias ES. Study on phlebotomine sand fly (Diptera: Psychodidae) 
fauna in Belo Horizonte, state of Minas Gerais, Brazil. Mem Inst 
Oswaldo Cruz. 2004; 99(8): 795-803.

Travi BL, Vélez ID, Brutus L, Segura I, Jaramillo C, Montoya J. Lut-
zomyia evansi an alternate vector of Leishmania chagasi in a Co-
lombian focus of visceral leishmaniasis. Trans R Soc Trop Med 
Hyg. 1990; 84(5): 676-7.

WHO - World Health Organization. Leishmaniasis. 2015. [Internet]. 
Geneva: WHO; 2015 [cited 11 may 2015]. Available from: http://
www.who.int/leishmaniasis/en/.

Ximenes MFFM, de Souza MF, Castellón EG. Density of sand flies 
(Diptera: Psychodidae) in domestic and wild animal shelters in an 
area of visceral leishmaniasis in the state of Rio Grande do Norte, 
Brazil. Mem Inst Oswaldo Cruz. 1999; 94(4): 427-32.

Young DG, Duncan MA. Guide to the identification and geographic 
distribution of Lutzomyia sand flies in Mexico, the West Indies, 
Central and South America (Diptera: Psychodidae). Vol. 54. 
Gainesville: Memoirs of the American Entomological Institute. 
Associated Publishers; 1994. 881 pp.


