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Visceral leishmaniasis (VL) in America is caused by 
the protozoan Leishmania infantum (syn. chagasi) (Cunha 
& Chagas 1937, Grimaldi et al. 1989) and the main vector 
of this parasite is Lutzomyia longipalpis. Lu. longipalpis 
has been identified as the vector of L. infantum in both ur-
ban and suburban environments (Lainson & Rangel 2005) 
with dogs (Canis familiaris), serving as the main reservoir 
of infection in the urban settings (Lainson 1989). The in-
creased density and abundance of vectors, reservoirs and 
parasites in urban scenarios has contributed to the devel-
opment of epidemic outbreaks, with VL cycling between 
urban and suburban settings (Grimaldi et al. 1989). VL is 
now a serious public health problem in America because 
certain vector species have rapidly adapted to anthropic 
environments and have settled in peridomestic habitats 
(Amóra et al. 2009). Although many reports have de-
scribed the establishment of the urban/suburban cycle, the 
variables that modulate its permanence remain unknown 
(Cerbino Neto et al. 2009, Harhay et al. 2011).

The spatial structure of Lu. longipalpis abundance 
and its association with the environment are related to 

the population dynamics and temporal persistence of 
the vector, as observed in many other animal popula-
tions (Wiens et al. 1993, Ellner 2001), and all of these 
factors influence the epidemiology of the vector-borne 
disease. Werneck (2008) proposed that the study of the 
spatial structure of VL requires approaches that take 
into account the heterogeneity of the vector distribu-
tion and the structure of the variables included in the 
analysis because in urban environments, both the vector 
and the risk factors show spatial heterogeneities tempo-
ral and spatial dynamics epidemiologies. Recent studies 
have suggested that the distribution of Lu. longipalpis is 
heterogeneous and distributed in “source populations” 
(Salomón et al. 2004) scattered throughout a city in a 
pattern of high abundance areas (HAA) across a matrix 
of low abundance areas (LAA), which is consistent with 
a metapopulation structure (Fernández et al. 2010).

Many environmental variables have been suggested 
to the risk of urban VL transmission and Lu. longipal-
pis abundance, such as those associated with unplanned 
urbanisation and high population densities, as well as 
other sociodemographic factors (Grimaldi & Tesh 1993,  
Oliveira et al. 2006a, Mestre & Fontes 2007, Rangel & 
Vilela 2008, Fernández et al. 2010, Saraiva et al. 2011). 
Henhouses, chickens and other domestic animals, fruit 
trees, tree coverage, poor sanitation and a low socio-
economic level have also been associated with sandfly 
colonisation and the abundance of breeding sites (Sher-
lock 1996, Alexander et al. 2002, Costa et al. 2005, 
Oliveira et al. 2003, 2006b, Fernández et al. 2010). Al-
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The distribution of Lutzomyia longipalpis is heterogeneous with a pattern of high abundance areas (HAAs) em-
bedded in a matrix of low abundance areas (LAAs). The objective of this study was to describe the variability in the 
abundance of Lu. longipalpis at two different spatial levels and to analyse the relationship between the abundance and 
multiple environmental variables. Of the environmental variables analysed in each household, the condition that best 
explained the differences in vector abundance between HAA-LAA was the variable “land_grass”, with greater average 
values in the peridomestic environments within the LAA, and the variables “#sp tree”, “#pots” and “dist_water” that 
were higher in the HAA. Of the environmental variables analysed in the patches, the variable “unpaved_streets” was 
higher in the LAAs and the variable “prop_inf _dogs” was higher in the HAAs. An understanding of the main environ-
mental variables that influence the vector distribution could contribute to the development of strategies for the preven-
tion and control of visceral leishmaniasis (VL). This is the first work in which environmental variables are analysed 
at the micro-scale in urban areas at the southern edge of the current range of Lu. longipalpis. Our results represent a 
significant contribution to the understanding of the abundance of the vector in the peridomestic habitats of the region.
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though there has been a recent focus on urban VL in 
South America, there is little information regarding 
the influence of spatial variables at different scales to-
gether with environmental and climatic variables on the 
population of Lu. longipalpis. Thus, the objective of this 
study was to describe the variability in the abundance 
of Lu. longipalpis at two different spatial levels and to 
analyse the vector abundance relationship with the envi-
ronmental variables. An understanding of the variables 
that influence the vector distribution in this scenario 
could contribute to the development of strategies for the 
prevention and control of VL in urban and suburban ar-
eas in the study region.

MATERIALS AND METHODS

Study area - The city of Posadas (27º23’S 55º53’W, 
120 m above sea level) is the capital of the Province of 
Misiones on the northeastern border of Argentina. The 
Parana River separates Posadas from Encarnación, Par-
aguay. The city was originally part of the Paranaense 
Forest, which is a subtropical humid forest of the Ama-
zonian domain (Cabrera 1971) with a mean annual tem-
perature of 21.9ºC and a mean annual rainfall of 1.914.2 
mm (2005-2009) (INDEC 2009). Posadas is the most 
populated city within the province and has greater than 
320,000 inhabitants (INDEC 2010). 

Entomological sampling - The phlebotomine sand-
flies were captured using CDC light minitraps operating 
(Sudia & Chamberlain 1962) from 05.00 pm-09.00 am 
for two consecutive nights in each sampling site from 
November-January 2009. The sites were selected accord-
ing to the 11 HAAs and the matrix of LAAs previously 
described by Fernández et al. (2010). From each of the 11 
HAA patches and 11 LAA patches, three-10 randomly 
selected houses were sampled according to the logistic 
and demographic opportunities. Traps were placed in 
73 and 77 houses in the HAAs and LAAs, respectively. 
Each trap was located in a house that fulfils the “worst 
scenario” criteria and had a peridomestic environment 
that was most likely to have phlebotomine sandflies (Fe-
liciangeli et al. 2006, Correa Antonialli et al. 2007). 

All phlebotomine sandflies were dried and preserved 
prior to processing. The specimens were cleared with 
lacto-phenol and identified according to Galati (2003) 
with the aid of a microscope (40X magnification). The 
geoposition of each site with the city of Posadas was de-
termined. The abundance of Lu. longipalpis was esti-
mated based on the number of Lu. longipalpis that were 
captured in each trap per night. 

Environmental variables - Environmental variables 
that could potentially affect the abundance of Lu. lon-
gipalpis were measured by direct observation in the 
houses and HAA-LAA patches. A total of 14 environ-
mental characteristics were recorded at the household 
level (150 sampled houses) and five environmental 
characteristics were recorded for each of the HAA-
LAA patches (22 areas) (Table I). All of the dogs in 
each patch were tested for L. infantum infection using 
an rK39 test (KalazarDetect®, InBios, Seattle, WA) and 
the ratio of rK39+ dogs to the total number of tested 

dogs was calculated. The environmental characteristics 
were selected based on a review of the vector biology 
and VL risk literature (Table I) (Gontijo & Melo 2004, 
Costa et al. 2005, Lainson & Rangel 2005, Oliveira et 
al. 2006a, b, Mestre & Fontes 2007, Fernández et al. 
2010). The characteristics that showed low spatial vari-
ability in the analysis were discarded.

Data analysis - To compare the number of Lu. longi- 
palpis specimens in HAAs and LAAs and to estimate 
the variation between patches, houses and night studies 
(error), we performed a nested ANOVA. To determine  
the environmental variables that best explained the dif-
ferences in vector abundance between the houses and the 
HAA and LAA patches, we computed an MANOVA/
Discriminant analysis (Quinn & Keough 2002). The as-
sociation between the total abundance per trap-night and 
the abundance of males and females was computed using 

TABLE I
Environmental variables analyzed to explain 

Lutzomyia longipalpis abundance recorded in each house and 
in each high abundance areas and low abundance areas patch

Variables
Variables 

names

Housesa

Surface of bare soil or covered with grass in 
square metre

land_grass

Area in the courtyard covered by cement 
floor in square metre

cement

Distance from house to watercourse in metres dist_water
Surface of uncovered soil in square metre m_land
Number of plant-pots #pots
Number of dogs #dogs_houses
Number of chickens #chickens
Surface covered by vegetation in square metre veg_m
Number of tree species #sp tree
Number of shrub species #sp shurb1
Number of plant species #sp plants
Number of trees #tree
Diameter of the trunk of the largest tree in metres diam_trunk
Diameter of the tree top of largest tree in metres diam_tree top

Patches
Surface covered by vegetation, in square metresb veg_density
Number of unpaved streets by patchesb unpaved_streets
Watercource distance measured from the 
centre of the patch in metresb

ws_dist

Number of dogs in the patcha #dogs_ patches
Proportion of infected dogs (rK39+)a prop_inf_dogs

a: field records surveyed simultaneously with the trapping ses-
sions; b: data computed on a Google Earth™ satellite image 
(13 September 2009) (altitude 1.62 km).
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Spearman’s correlation coefficient for all of the positive 
traps. A p value of < 0.05 was considered indicative of a 
significant difference.

RESULTS

A total of 1,321 phlebotomine sandflies were cap-
tured; all flies were of the species Lu. longipalpis (range 
0-478 individuals) and the male:female ratio was 5:35. 
The total abundance showed a positive correlation with 
the abundance of males (rs  = 0.93 p < 0.05) and females 
and (rs  = 0.80 p < 0.05) (n = 36) correlation of  total 
abundance. The HHA patches (range 0-512) showed a 
greater abundance of Lu. longipalpis than the LAA 
patches (range 0-75) with a p = 0,0009; the average Lu. 
longipalpis abundance and it standard derivation in  
HAA and the average Lu. longipalpis abundance and SD 
in LAA were 8.32;42.3 and 0.65;5.25, respectively. The 
variation in the average abundance of Lu. longipalpis 
was recorded for households within the same square (p 
< 0.05; 72% of the total specified variability) and for dif-
ferent sampling nights within the same household (25% 
of the total specified variability). Patches in the HAA 
and LAA did not contribute significantly to the Lu. lon-
gipalpis abundance variability (p > 0.05).

Recorded for each household, the scenario that best 
explained the differences between HAA-LAA vector 
abundance was the scenario that included the variable 
“land_grass”, with greater average values in peridomes-
tic environments for LAAs and the variables “#sp tree”, 
“#pots” and “dist_water” (Table I), which were higher in 
HAAs (MANOVA p < 0.0001) (Table II).

When considering the variables recorded within each 
patch, we found that the analysed environmental vari-
able “unpaved_streets” was higher in the LAAs, where-
as the variable “prop_inf_dogs” was higher in the HAAs  
(p = 0.01) (Table II). 

DISCUSSION

Fernández et al. (2010) found that the abundance 
of Lu. longipalpis was not homogeneously distributed 
throughout the city of Posadas and patches of high and 

low abundance were identified. Here, we analysed these 
areas of high and low abundance that were defined by 
Fernández et al. (2010) and found that the presence of 
vectors in these areas was mainly determined by the en-
vironmental factors of the studied households and not by 
the spatial scale of the patches or the variation between 
samples collected during different nights. We also con-
firmed that the differences in vector abundance in these 
areas were persistent over time during 2007-2009.

The analytical approach used here allowed us to study 
the environmental variables that best explained the dif-
ferences between HAAs-LAAs at two different scales 
(patches and houses) and to study the contributions of 
patches, houses and sampling nights to the variations in 
the abundance of Lu. longipalpis. These results provide 
information that explains the heterogeneous distribution 
observed for this vector in urban areas (Fernández et al. 
2010). Salomón and Quintana (2011) defined the differ-
ent spatial scales for eco-epidemiological studies of vec-
tor-borne diseases as micro and meso-scales. The small-
est scale, the micro-scale, focuses on the main sampling 
area with a range dependent on the object of study and 
examines variables that include the autonomous flight of 
the vector, mean exposed surface of available reservoirs 
and sites of human activity. The meso-scale involves the 
study of variations that are associated with changes in 
the vector population, although its consequences are also 
registered in the micro-scale. According to these defini-
tions, the results of this work show that at a micro-scale, 
soil and/or grass surfaces that are exposed to sunlight 
and no shade and therefore less humid are associated 
with peridomestic environments with a low abundance 
of Lu. longipalpis. In contrast, environments with heavy, 
diverse vegetation that provides shaded, moist soil and 
a source of carbohydrates for the vectors show an in-
creased abundance of Lu. longipalpis. An increase in 
vector abundance also occurs in peridomestic environ-
ments with a high number of pots that may be humid, 
provides a source of carbohydrates for the vectors and 
may also be buffered from high variations in tempera-
ture. Pots might also serve as alternative breeding sites 

TABLE II
Variables that best explain the differences between high abundance areas (HAA) and low abundance areas (LAA)  

at houses and patches (multivariate analysis of variance and discriminant analysis)

Level Variable

HAA LAA

Average Rank/SD Average Rank/SD

Houses land_grass 164.07 (10:535)/115.23 222.59 (0:1.400)/202.97
#pots 6.50 (0:50)/12.37 1.81 (0:30)/5.32

#sp tree 3.33 (0:7)/1.99 2.33 (0:9)/1.88
dist_water 1.386.48 (0:3.320)/142.64 557.96 (10:3900)/1.008.46

Patches unpaved_streets 1.64 (0:4)/1.91 2.36 (0:4)/1.80
prop_inf_dogs 4.73 (1:8)/2.20 3.00 (0:9)/2.79

SD: standard derivation.
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for Lu. longipalpis, as reported for other insects (Mestre 
et al. 2001) in medium to highly populated urban areas. 

When considering the “dist_water” variable, it would 
be expected that areas closer to a body of water would 
have more moisture and, as a result, a higher abundance 
of vectors. However, this effect was not observed at the 
micro-scale. This finding could be because at this level, 
the moisture necessary for the breeding of the vector is 
provided by small water bodies or dark and protected 
micro-habitats closer to the breeding area, such as the 
damp areas found in pots (Mestre et al. 2001) or near 
leaking faucets or rain discharge tubes, rather than larg-
er water bodies, such as rivers or creeks. Accordingly, 
the proximity to water also did not affect the abundance 
of Lu. longipalpis at the meso-scale, which is in contrast 
to the effect reported by Salomón and Quintana (2011). 

However the results of this present study were not 
conclusive at the meso-scale, for several possible reasons: 
the small sample size was limited by the total number of 
HAA patches present in the city (Fernández et al. 2010), 
the variables studied at the meso-scale were not shown 
to influence the phlebotomine population and the abun-
dance of vectors is determined at micro-scale rather than 
the meso-scale. However, it was possible to analyse the 
spatial dynamics of the transmission of VL at the meso-
scale based on the greater proportion of rK39+ dogs in 
areas with a higher abundance of Lu. longipalpis. 

This is the first study in which environmental vari-
ables are analysed at the micro-scale in urban areas 
along the southern margin of the current distribution of 
Lu. longipalpis. Our results represent a significant con-
tribution to the understanding the abundance of the vec-
tor in the peridomestic habitats of the region. 

Because the application of insecticides has not yet 
shown a long-term effect on vector abundance (Santini 
et al. 2010), there is a need to broaden our knowledge 
of the natural breeding sites of Lu. longipalpis (Lain-
son & Rangel 2005). In addition, although permanent 
monitoring at the micro-scale may appear to be less 
pragmatic than a remote meso-scale monitoring, the 
results of this work support the concept that environ-
mental management at the micro-scale can be effective. 
Given that this scale best defines the variability of the 
vector abundance, micro-scale prevention and control 
strategies could be designed and utilised in conjunction 
with environmental management. The consideration of 
the variables of “surface of bare soil or covered with 
grass”, “#sp tree” and “#pots” as possible contributors 
to vector abundance in these areas could also lower the 
risk of transmission in dogs and humans in the urban or 
suburban areas of the region.
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