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Risk maps for the presence and absence of
Phlebotomus perniciosus in an endemic area of leishmaniasis
in southern Spain: implications for the control of the disease
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SUMMARY

The aim of this study was to construct risk maps for the presence of the dominant Leishmania infantum vector, P. perniciosus,
and check its usefulness (a) to predict the risk of canine leishmaniasis and (b) to define effective leishmaniasis control
measures. We obtained data for the presence/absence of P. perniciosus at 167 sampling sites in southern Spain, from which
we also took a series of ecological and climate-related data. The probability of P. perniciosus presence was estimated as
a function of these environmental variables and generated spatial risk maps. Altitude, land use and drainage hole features
(with or without PVC piping) were retained as the only predictors for the distribution of this vector species. Drainage hole
features in retaining walls, with or without PVC piping, produce significant variations in the probability of P. perniciosus
presence, varying from 2-3 to 91:8% if PVC piping is absent and from 0-4 to 66-5% if all holes have PVC piping. It was
concluded that the use of PVC piping in drainage holes could help to reduce leishmaniasis transmission.

Key words: Phlebotomus perniciosus, Leishmania infantum, environmental variables, spatial risk maps, control of

leishmaniasis.

INTRODUCTION

In Spain, Leishmania infantum is the only species res-
ponsible for human cutaneous and visceral leishma-
niasis and also for canine leishmaniasis. Although
cases of infection have been reported in foxes (Fisa
et al. 1999), rats (Morillas-Marquez et al. 1985),
equines (Solano-Gallego et al. 2003), cats (Martin-
Sanchez et al. 2007) and some wild animals (Sobrino
et al. 2008), the role of reservoir is basically played by
the dog (Acedo-Sanchez et al. 1996; Alvar et al.
2004). Species of the Leishmania genus are trans-
mitted by nematocerous dipterans of the Phleboto-
midae family, from the Phlebotomus genus in the
Old World and the Lutzomyia genus in the
New World, displaying certain specificity between
the species of Leishmania and the subgenus of
sandflies which transmit it (Killick-Kendrick,
1990). In Spain, eleven different species of sandflies
have been identified (Gil Collado et al. 1989; Gallego
Berenguer et al. 1992; Conesa Gallego et al. 1999) and
2 proven Leishmania infantum vectors, Phlebotomus
perniciosus and Phlebotomus ariasi, which can act in
the same focus in sympatric conditions (Rioux et al.
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1986; Martin-Sanchez et al. 1994). They are found,
to a greater or lesser extent, almost throughout the
country, and their relative significance as vectors
depends on their abundance and density (Guevara-
Benitez et al. 1978; Morillas-Marquez et al. 1983; Gil
Collado et al. 1989). Transmission of the disease is
linked to the presence of the vector, whose distri-
bution is in turn closely related to ecological and
bioclimatic factors, thus being sensitive to environ-
mental changes related to human behaviour includ-
ing climate change (Rispail et al. 2002; Semenza and
Menne, 2009).

Leishmaniasis caused by L. infantum is endemic in
the province of Granada, with canine seroprevalence
values varying from 1:1-20-1% according to the bio-
climatic characteristics of the area (Martin-Sanchez
et al. 2009) and the existence of sporadic cases
of human leishmaniasis (Mufioz Hoyos et al. 1983).
P. perniciosus is the most abundant species of the
Phlebotomus genus and therefore the main vector
in this area (Guevara-Benitez et al. 1978; Morillas-
Marquez et al. 2010).

Nowadays, Geographical Position Systems (GPS)
and Remote Sensing (RS) are being used to obtain
geographical data for epidemiological purposes,
whilst Geographical Information Systems (GIS) are
employed in order to visualize and analyse these
spatial data. These tools are enabling us to study
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environmental relationships and generate maps pre-
dicting the behaviour and distribution of certain
vector-borne diseases (Eisen and Lozano-Fuentes,
2009; Srivastava et al. 2009; Chamaillé et al. 2010;
Galvez et al. 2010). Our objective was to study the
environmental factors associated with P. perniciosus
presence in southern Granada in order to construct
risk maps for the presence and absence of the vector
in this province. The results obtained may help to
broaden our knowledge of the epidemiology of
leishmaniasis by determining the ecological patterns
followed by its main vector and provide us with a base
upon which to model and predict its distribution.
This could help us both to determine the focus of new
studies, and to design possible control programmes
for this disease, as it allows us to define in a more
rational way the most effective measures to be taken in
each area.

MATERIALS AND METHODS
Study area

The south of the province of Granada is an area
which spans altitudes ranging from 0 to 3480 m in
the space of a few kilometres, thus enabling various
bioclimatic levels with different environmental and
vegetation features to exist within a narrow geo-
graphical range: Thermomediterranean, Mesomedi-
terranean, Supramediterranean, Oromediterranean
and Criomediterranean (Rivas Martinez et al.
1987). The Thermomediterranean level is defined
by an altitude of 0 to 700 m above sea level, with
warm temperatures in winter and an average annual
temperature of 17-19 °C, and rainfall of 200—-300 mm
a year. T’he Mesomediterranean level sits at altitudes
of 600-900 m, with rainfall of 600-1000 mm a
year, and an average temperature of 13—17 °C. The
Supramediterranean covers altitudes of 900—-1800 m
and an average annual temperature of 8—13 °C, with
an annual rainfall of 1000-1600 mm. The Oromedi-
terranean and Criomediterranean levels have average
annual temperatures of 4-8 °C and <4°C respect-
ively, both with annual rainfall of >1600 mm. The
lower limits of the Oromediterranean level fall at
altitudes of between 1600 and 2000 m, depending on
the region, whilst the Criomediterranean level tends
to be at above 2700 m in this part of the Iberian
Peninsula.

Capture and morphological identification of the
sandflies

This study was carried out in the years 2004, 2006
and 2007. Adult sandflies were captured in the month
of July, which in our area is characterized by maxi-
mum richness of species and high densities of
P. perniciosus (Morillas Marquez et al. 1983). Sticky
traps ((A4 sized paper: 29-7 cm X 21 cm) impregnated
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with castor oil) were placed for 4 days in typical
sandfly resting spots, such as the drainage holes in the
retaining walls of roads and houses. This capture
method and trap maintenance period minimizes false
negatives for P. perniciosus presence.

In total, 1694 sticky traps were placed in 167
sampling sites situated at various points in the south
of Granada province, such as the Granada coastline,
the Alpujarra, the Lecrin valley, and an altitudinal
transect from Motril, at sea level, to the University
Mountain Refuge in the Sierra Nevada, at an altitude
of 2500 metres (Fig. 1). The number of sticky traps
placed at each site varied from 5 to 14 per site, de-
pending on the availability of drainage holes in each
retaining wall.

Captured specimens were removed from the sticky
traps using 96% alcohol and were then conserved in
70% alcohol. After eliminating any remaining traces
of oil in a 5% detergent solution, they were placed
in Marc André solution and heated to boiling point
to clear the external cuticle of the sandfly, after
which they were kept at 37 °C for 2 days. Following
this they were mounted on slides under a cover-slip
using Berlese solution. Morphological classification
was carried out in accordance with Gil Collado et al.
(1989), and Gallego Berenguer et al. (1992) via exam-
ination under an optical microscope, paying particu-
lar attention to the spermatheca in females and the
external genitalia in males.

Variables studied

Data were collected from each of the sampling sites
via GIS and notes made on-site with a Personal
Digital Assistant (PDA) for use as independent
variables. Abundance/density data for P. perniciosus
at the 167 sampling sites was reduced down to data
for the presence or absence of this vector, thus gen-
erating the dependent variable. Given that this can
only have values of 0 or 1, the multivariate statistical
technique chosen to estimate the probability of
occurrence of the event was logistic regression.

To standardize data collection in our fieldwork
with the PDA, we used the program Pendragon Form
v.5.0.7, through which a database was constructed for
use by the leishmaniasis group (EDEN-LEI) of the
EDEN project (Emerging Diseases in a changing
European environment, GOCE-2003-010284). The
following data were collected by this method:
location of sampling site (geographical coordinates),
number of traps placed and collected, meteorological
data (rain, wind) and ecological and environmental
factors (site relative to settlement, situation of site,
site category, aspect, shelter, water course, drainage
hole wall features, drainage hole features, hole
interior, wetness of holes, vegetation on wall, well
present, refuse bin present, bioclimatic level, pre-
dominant natural vegetation adjacent zone 0—100 m,
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Fig. 1. Map showing the 167 locations where traps were set with white and black dots for drainage hole with or without
PVC piping, respectively.

predominant natural vegetation nearby zone 100—
1000 m, second predominant natural vegetation
nearby zone 100-1000m; predominant adjacent
land cover, second predominant adjacent land
cover; presence of different animals in the immediate
surroundings). Through GIS we obtained data for
altitude, land use (CORINE), slope, Normalized
Difference Vegetation Index (NDVI) and Land
Surface Temperature (LLST), provided by the Junta
de Andalucia [Regional Government of Andalusia]
(http://www.juntadeandalucia.es/medioambiente/
site/web/...) or the European EDEN network within
which this study was carried out.

Spatial statistical analysis and maps

Using the SPSS 15.0 software for Windows, uni-
variate logistic regression studies were carried out
with all the independent variables plotted against the
presence/absence of P. perniciosus as the dependent
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variable. Particular attention was paid to the detec-
tion of collinearity and also interaction or confusion
between the independent variables through the
construction and comparison of different logistic
regression models. In the case of closely correlated
variables, we retained the one which was easiest to
represent on a map or the most significant one.
Continuous variables such as altitude or LST were
categorized, and categorical variables were re-cate-
gorized in the search for association with the
dependent variable. To construct the multivariate
model we used all the variables with P < 0-100 in the
univariate study.

In the final model, variables with P<0-05 were
retained. The variables which could not be rep-
resented in the map were included in the constant
of the predictive model. The maps for exposure to
P. perniciosus were generated with the software
package ArcGis 9.2, through the Raster Calculator
option, with which we were able to enter the
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Table 1. General data on capture and abundance/density of the two vector species, Phlebotomus perniciosus

and P. ariasi organized by bioclimatic level

(Pp, Phlebotomus perniciosus; Pa, Phlebotomus ariasi; other sp., other species of sandflies captured; Dens. PP, density of
P. perniciosus (no. P. perniciosus/m2); Dens. Pa, density of P. ariasi (no. P. ariasi/m2.)

Bioclimatic level Pp Pa Other sp. % Pp % Pa Dens. Pp Dens. Pa
Thermo-mediterranean 759 73 13199 5-41 0-52 11-00 1-06
Meso-mediterranean 1381 130 12688 9:73 0-92 15-82 1-49
Supra-mediterranean 116 22 1641 6-52 1-24 3-87 0-73
Oro-mediterranean 0 0 10 0 0-00 0-00 0-00
TOTAL 2256 225 27538 7-51 0-75 11-03 1-10

multivariate statistical model obtained into the pro-
gram. This enabled us to interpolate precise data to
surfaces of risk and extrapolate it to a wider area,
which in our case is represented by the province of
Granada.

In order to check the usefulness of the spatial risk
model for the presence and absence of P. perniciosus
to predict the risk of leishmaniasis in the area, we
applied linear regression with the seroprevalence
of canine leishmaniasis in 14 localities in southern
Granada as the dependent variable and the estimated
average risk of presence and absence of P. perniciosus
in these localities as the independent variable.

RESULTS
Capture and species identification data

Of the 1694 sticky traps placed, a total of 1633 were
collected, representing a loss of 3-6%. We captured
30019 sandflies belonging to 6 different species: 5
of the Phlebotomus genus (P. perniciosus, P. ariasi,
P. papatasi, P. sergenti and P. alexandri) and 1 of the
Sergentomyia genus (S. minuta). At least 1 species was
captured in 154 of the 167 sites sampled (92:22%).
The most abundant species was S. minuta (89-90%),
which was found in 151 of the 167 sites sampled
(90-42%), whilst P. alexandri is the least abundant
(0-003%) and least common, having been found
in only 1 site (0-:60%) at the Thermomediterranean
bioclimatic level. A total of 2256 specimens were
classified morphologically as P. perniciosus, repre-
senting 7-51% of the total number captured. This
species has an average density of 11-03 sandflies/m?
and was present in 112 of the 167 sites sampled
(67-:07%). Both males with typical bifurcated aedea-
gus and males with an incurved aedeagal tip were
classified as P. perniciosus (Pesson et al. 2004),
although the latter category only made up 0:13%
of the total number of cases. We identified 225
specimens (0-75%) of the species P. ariasi, which we
found in 55 of the 167 sites sampled (32:93%), with
an average density of 1-10 sandflies/m> (Table 1).
With regard to altitude, we captured S. minuta in this
study at 60—-2490 m, P. perniciosus at 76—1534 m and
P. ariasi at 85-1694 m. P. perniciosus abundance is
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highest in the Mesomediterranean (P < 0-005) with
9-70%. P. ariasi abundance is also greater in the
Mesomediterranean than in the Thermomediterra-
nean (P<0-001) but does not show statistically
significant differences with the Supramediterranean
(P=0-187). At the Oromediterranean level no speci-
mens of any vector species were captured.

Statistical study and construction of predictive models

Univariate logistic regression models were construc-
ted between the dependent variable (P. perniciosus
presence/absence) and each of the independent
variables, finding a notable number of associations
(Table 2). Some of the independent variables are
closely correlated and cannot be in the same multi-
variate model.

The multivariate logistic regression analysis shows
that the best predictors for P. perniciosus presence/
absence are altitude (a. 0-384 m, b. 385-768 m and
1154-1537 m, c¢. 769-1153 m, d. 1538-2691 m), land
use (a. other uses, b. urban area) and presence/
absence of PVC piping in the drainage holes of
retaining walls (a. plastic pipe, b. other holes). The
category of ‘other holes’ includes the following types
of holes: unlined, which was the most frequent,
having been found at 123 sites, and was initially used
as reference, brick lined (8 sites), cement pipe (5),
plaster lined (4) and other (2). As there was no
statistically significant difference in P. perniciosus
presence between each of the above types and the
unlined holes, they were all included within the
reference category.

The altitude and land use variables were obtained
via GIS and therefore could be used in the construc-
tion of the risk map, whilst the PVC piping variable
was recorded with the PDA and had to be included in
the constant of the model in order to be represented,
for which reason 2 different models were constructed,
one with and the other without this variable. In
Table 3 and Fig. 2 respectively, we can see the model
and the risk map for exposure to P. perniciosus
depending on the variables of altitude and land use,
without taking the type of drainage hole into account.
This map shows us the probability of finding this
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Table 2. Possible factors associated with the presence of Phlebotomus perniciosus in the Granada province,
southeast Spain: univariate analysis by logistic regression

('The elevation classification was based on the altitude ranges of the different bioclimatic levels and sublevels.)

Trapping Relative
Variable sites likelihood P
Bioclimatic level 167 — 0-132
Thermo-mediterranean 62 Ref —
Meso-mediterranean 73 2-407 0-022
Supra-mediterranean 24 2:027 0-189
Oro-mediterranean 8 0-000 0-999
Elevation 167 — 0-001
0-384m 39 Ref —
385-768 m 52 2-579 0-034
769-1153 m 41 5-542 0-002
1154-1537 m 24 2-850 0-066
1538-2691 m 11 0-095 0-032
Site relative to settlement 167 — 0-009
Within and edge of settlement 76 Ref —
Between settlement 91 2-407 —
Slope 167 0-044
0-15% 113 Ref —
16-33% 54 2-150 —
Slope (continous variable) 167 1-061 0-020
Corine 167 0-002
Other land use 150 Ref. —
Urban zone 17 0-202 —
Land Surface Temperature (LLST) 152 — 0-005
< 236 41 Ref —
23-7-24-4 37 4197 0-005
24-5-25 37 4197 0-005
> 251 37 3:602 0-01
LST (continous variable) 152 1-751 0-000
Situation of site 167 — 0-02
Public road 133 Ref —
Other categories 34 0-400 —
Site category 167 — 0-005
Embankment drain holes above road 107 Ref —
Embankment drain holes below road 34 5-926 0-005
Other locations 26 0-574 0-207
Cats 167 — 0-085
Not seen 159 Ref —
Seen 8 0-275 —
Pigeon presence 167 — 0-056
Not seen 162 Ref —
Seen 5 0-574 —
Farm animals 167 — 0-081
Other animals 136 Ref —
Equines, cattle, sheep, pigs, goats and rabbits 31 2-347 —
Domestic birds 167 — 0-073
Other animals 157 Ref —
Chicken, duck, pigeon 10 0-302 —
All animals 167 — 0-070
Absence 102 Ref —
Presence 65 1-896 —
Refuse bin 167 — 0-008
No 135 Ref —
Yes 32 0-346 —
Shelter 167 — 0-017
Not sheltered 136 Ref —
Sheltered 23 0-332 —
Drainage hole features 167 — 0-000
PVC pipe 25 Ref —
Other hole 142 5-816 —

Unlined (123) + Brick lined (8) + cement pipe (5) + Plaster lined (4) + Other (2)
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Table 2. (Cont.)
Trapping Relative

Variable sites likelihood P

Principal vegetation (0-100 m) 167 — 0-026
Garrige shrubs 130 Ref —
Grove 22 1-101 0-851
None 8 0-248 0-065
Valley alder 7 0-069 0-015

Land cover 167 — 0-000
Garrigue shrubs, forest 49 Ref —
Arable 80 1-765 0-174
Gardens 31 0-243 0-004
Other 7 0-331 0-180

Aspect 165 — 0-100
S 42 Ref —
N 9 0-284 0-096
NE 4 1-:065 0-959
E 27 1-014 0-981
SE 23 1-277 0-691
NW 18 0-284 0-033
SW 16 1-538 0-556
W 26 0-414 0-094

Table 3. Multivariate model in which the variable
drainage hole features have been excluded due to
not being a GIS variable

('This model was used to generate the risk map in Fig. 2.
R square of Nagelkerke: 0-322.)

Relative
Variable Trapping sites likelihood P
Altitude 167 — 0-000
0-384 39 Ref —
385-768 and 76 2-631 0-026
1154-1537
769-1153 41 6-477 0-002
1538-2691 11 0-091 0-031
Land use (Corine) 167 — —
Other 150 Ref —
Urban zone 17 0-099 0-000

vector in the province of Granada without the type of
drainage hole affecting the model. Using the model in
Table 4, we then generated 2 risk maps in which the
influence of PVC piping on the presence/absence of
P. perniciosus is established. The first of these maps
shows the risk of exposure to P. perniciosus in the
hypothetical case that PVC piping was used for
drainage holes in all retaining walls (Fig. 3), whilst
the second shows the risk of exposure in the absence
of PVC piping (Fig. 4). These maps show that, all
other variables in the model being equal, the prob-
ability of encountering P. perniciosus in Granada
province varies from 2-3% to 91:8% when PVC piping
is absent whilst in the opposite scenario (only PVC
piping is present), the probability varies from 0-4% to
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66-5%. Furthermore, the highest risk of exposure
to P. perniciosus occurs at altitudes of 769-1153 m,
which means that all other variables in the model
being equal, the risk is 7-8 times higher than at
altitudes of 0-384 m. Altitudes of 1538-2691 m and
the use of land as an urban area are both factors that
serve to protect against exposure to P. perniciosus.
Altitude and land use being equal, the lack of PVC
piping in drainage holes entails a risk of exposure to
P. perniciosus which is 5-7 times higher than if the
drainage holes had PVC piping in them.

With respect to the validation of the predictive
model, the linear regression analysis between the
seroprevalence of canine leishmaniasis and the risk
of presence/absence of P. perniciosus indicates a posi-
tive linear association between the two parameters
(P=0-032), so that an increase in risk of 0-1 would
entail an increase in seroprevalence in the area of 2:6%
(R?=0-272). The risk among affected localities varies
from 0-137 to 0-855 whilst seroprevalence varies from

0 to 40%.

DISCUSSION

Using sticky traps as our capture method, we found
that the most common species in the south of
Granada province is S. minuta, followed by
P. perniciosus, P. papatasi, P. sergenti, P. ariasi and
P. alexandri. We are aware that the capture method
can influence the number and relative abundance
of the species captured, so if light traps are used,
the number of S. minuta captured is considerably
lower (Gallego et al. 1992). However, the herpeto-
philic nature of this species means that it is of no
importance in the epidemiology of leishmaniasis due
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Value

- High : 0,896042
- Low : 0,011926

Fig. 2. Risk map for presence and absence of Phlebotomus perniciosus according to altitude and land use (corine), without
taking type of drainage hole into account. Black represents lack of data.

to L. infantum. We can confirm that P. perniciosus
is dominant in its role as vector in comparison with
P. ariasi, on showing higher figures in density,
abundance and distribution (67-07% of sites sampled
as opposed to 32:93% for P. arias?), thus justifying the
central role it plays in this study.

We obtained data for the presence and absence of
P. perniciosus at 167 sampling sites distributed across
the southern part of Granada province, from which
we also took a series of ecological and climate-related
data. Through logistic regression we estimated the
probability of P. perniciosus presence at each sam-
pling site as a function of these environmental vari-
ables. Although in the initial univariate analyses, the
probability of P. perniciosus presence at a particular
sampling site appeared to be associated with a large
variety of factors, in the multivariate logistic re-
gression model only altitude, land use and drainage
hole features (with/without PVC piping) were re-
tained as predictors for the distribution of this vector
species. Among the variables which lose their
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Table 4. Factors associated with the presence of
Phlebotomus perniciosus in Granada province,
southeast Spain

("This multivariate model was used to generate the maps in
Figs 3 and 4. R square of Nagelkerke: 0-384.)

Trapping  Relative
Variable sites likelihood P
Altitude 167 — 0-000
0-384 39 Ref —
385-768 and 76 3-377 0-008
1154-1537
769-1153 41 7-782 0-001
1538-2691 11 0-120 0-060
Land use (Corine) 167 — —
Other 150 Ref —
Urban zone 17 0-139 0-004
Drainage hole 167 — —
features
PVC pipe 25 Ref —
Other hole 142 5:652 0-002
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Value

. High : 0,665076
- Low : 0,004215

Fig. 3. Risk map in the hypothetical scenario that all retaining walls have PVC piping in their drainage holes. Black

represents lack of data.

significance we have bioclimatic level, which is
justifiable given that this variable comprises the
influence of other factors such as altitude, relative
humidity and vegetation (Rivas Martinez et al. 1987).
The risk of P. perniciosus presence was found to be 2-4
times higher in the Mesomediterranean than in the
Thermomediterranean, which is in accordance with
the higher prevalence of canine leishmaniasis at
this bioclimatic level (Martin-Sanchez et al. 2009).
However, we must take into account that capture data
may not be the same when annual sampling is carried
out. Variation in altitude is one of the strongest
determinants for variation in temperature and bears a
heavy influence on rainfall, which would justify the
loss of significance of the variable IL.and Surface
Temperature (LLST). In the univariate analysis, the
range 23-7-25 °C shows a risk of P. perniciosus pres-
ence 4-2 times greater than at lower temperatures.
Thomson et al. (1999) found that temperature,
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alongside land type, is an important ecological
determinant for the distribution of P. orientalis in
Sudan. Lland cover is partially determined by altitude
and is closely correlated with other variables such as
land use and main vegetation, which also showed
association with P. perniciosus presence. We found
that these dipterans prefer areas where there is some
kind of scrub vegetation, especially if alongside olive
groves and not located in the proximities of certain
vegetation types—riverside, garden or deciduous
trees together with chestnut trees. Areas with this
type of vegetation tend to be wetter than those
occupied only by scrub, and this humidity would not
be well tolerated by this species which is typical of
semi-arid areas (Rioux et al. 1997). In the sampling
sites facing north and west there were fewer
P. perniciosus present. Conversely, the presence of
any animal near the sampling site increases the risk of
encountering the vector by 89-6%, although not all
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Value

- High : 0,918190
L Low: 0023362

Fig. 4. Risk map in the hypothetical scenario in which none of the retaining walls have PVC piping in their drainage

holes. Black represents lack of data.

animals have the same effect. Thus equines, sheep,
cattle, goats and rabbits increase the probability of
encountering this dipteran. Various authors have
noted the preferences of P. perniciosus and P. ariasi
for cattle (Rioux et al. 1986; De Colmenares et al.
1995; Rossi et al. 2008). The presence of dogs in the
immediate vicinity of the sampling site turned out
not to be statistically significant, just as happened in a
study carried out in central Spain (Galvez et al. 2010).
The loss of significance of these and other variables in
the multivariate model is a response to reasons which
are difficult to determine.

It is common knowledge that the distribution
of sandflies, including P. perniciosus, is heavily influ-
enced by altitude (Guernaoui et al. 2006; Maroli
et al. 2008). In this study, the altitudinal range that
reveals the greatest presence of P. perniciosus is 769—
1153 m, covering part of the Mesomediterranean and
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Supramediterranean, which agrees along general
lines with the data provided by Guevara-Benitez
et al. (1978). The range in which one is least likely
to encounter this vector species is 1538-2691 m,
which corresponds to the Oromediterranean.
Changes in land use will bring about alterations to
the microhabitat surrounding the sampling sites,
affecting sandfly populations, one of the most notable
changes being the urbanization of land. The results
indicate that P. perniciosus shows less affinity for these
urban environments, the opposite phenomenon to
that which occurs in the case of P. papatasi and
P. alexandri in the Middle East (Colacicco-Mayhugh
et al. 2010). Several studies have highlighted the
influence of land use on the distribution of sandflies
or other vectors (King et al. 2004; Cecchi et al. 2008;
Claborn et al. 2008). One important limitation detec-
ted in the use of this variable, and which in general
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can be extrapolated to other GIS variables, concerns
the resolution of the data, which affects the classifi-
cation of the land and determines the introduction
of a significant bias. This limitation has also been
pointed out by other authors (King et al. 2004;
Cecchi et al. 2008). This can make it much more
difficult to create risk maps to predict the behaviour
of the event in wide areas. Another limiting factor,
also pointed out by other authors, is the difficulty
of including variables in the study which do not
represent spatial data but which are nevertheless
of great epidemiological interest (Cecchi et al. 2008;
King et al. 2004). This is the case with the presence/
absence of PVC piping in drainage holes, which is
presented in this study as a feasible control measure
against P. perniciosus, the dominant L. infantum
vector in the area. The walls which have PVC in their
drainage holes are generally more recently built than
the typical terrain retaining walls, and they generally
retain less soil. Also, fewer animals are found inside
(reptiles, micromammals, arthropods, etc...). The
absence of these animals not only limits potential
food sources for adult females, but also reduces the
presence of organic matter produced by the waste of
these animals. This, together with the scarce soil
retention which makes it impossible for plants
to grow, means that the holes containing PVC
offer unfavourable conditions for the proliferation
of sandfly larvae, which need this organic matter in
order to develop. All in all, this makes these holes less
apt for sandfly resting and breeding sites. It has been
demonstrated how the drainage hole features produce
significant variations in the probability of P. perni-
ciosus presence, oscillating from 2-3 to 91-8% if PVC
piping is absent and from 0-4 to 66-5% if all holes have
PVC piping. Altitude and land use being equal, the
use of PVC piping in the construction of drainage
systems for walls would reduce the probability of
encountering P. perniciosus in them by up to 25:3%,
thus demonstrating its potential usefulness as a pro-
tection factor against the presence of this vector and
therefore against leishmaniasis. As already pointed
out, there is a positive linear association between the
risk of P. perniciosus presence and the seroprevalence
of canine leishmaniasis, although according to the
model, the variability in the risk only explains 27-2%
of the variability in the prevalence. Among the other
factors involved, the age and weight of the animal, its
activity and its location at night have been pinpointed
(Martin-Sanchez et al. 2009).

The control of sandflies is perceived as a measure to
reduce the transmission of L. infantum which is more
efficient and more readily accepted by society than
that of putting down infected dogs (Alexander and
Maroli, 2003). Among the methods employed, the
use of insecticides plays an important role, both in
houses, animal shelters and surrounding vegetation
and in common sandfly resting and feeding places.
However, for environmental reasons its prolonged
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use would not be allowed. It is precisely in this
aspect where measures such as the use of PVC piping
begin to acquire importance, because it is a simple
non-toxic way to significantly reduce the presence
of P. perniciosus. Given that this type of retaining wall
may be located near inhabited areas or passing places,
it would be an effective control method which, in
conjunction with other methods, could help to
reduce the transmission of this disease.

ACKNOWLEDGEMENTS

To the E.U. for EDEN (GOCE-2003-010284-2).

FINANCIAL SUPPORT

Regional Government of Andalusia [Junta de Andalucia]
subsidize the group CIV-176; the Spanish Ministry of
Education and Science [Ministerio de Educaciéon y Ciencia]
the projects AGL2004-06909-CO2-O2/GAN and
CGL2007-66943-C0O2-02/BOS; EDEN provided S.D.B.
with a Ph.D. Student grant.

REFERENCES

Acedo-Sanchez, C., Martin-Sanchez, J., Vélez-Bernal, I.D.,
Sanchis-Marin, M.C., Louassini, M., Maldonado, J.A. and
Morillas-Marquez, F. (1996). Leishmaniasis Eco-epidemiology in the
Alpujarra Region (Granada province, southern Spain). International Journal
for Parasitology 25, 303-10.

Alexander, B. and Maroli, M. (2003). Control of phlebotomine sandflies.
Medical and Veterinary Entomology 17, 1-18.

Alvar, J., Canavate, C., Molina, R., Moreno, J. and Nieto, J. (2004).
Canine leishmaniasis. Advances in Parasitology 57, 1-88.

Cecchi, G., Mattioli, R. C., Slingenbergh, J. and de la Rocque, S.
(2008). Land cover and tsetse fly distributions in sub-Saharan Africa.
Medical and Veterinary Entomology 22, 364=73. doi: 10.1111/7.1365-2915.
2008.00747.x

Chamaillé, L., Tran, A., Meunier, A., Bourdoiseau, G., Ready, P.
and Dedet, J.P. (2010). Environmental risk mapping of canine leishma-
niasis in France. Parasites & Vectors 3, 31. doi: 10.1186/1756-3305-3-31.
Claborn, D., Masuoka, P., Morrow, M. and Keep, L. (2008). Habitat
analysis of North American sandflies near veterans returning from
leishmania-endemic war zones. International Journal of Health
Geographics 7, 65. doi: 10.1186/1476-072X-7-65

Colacicco-Mayhugh, M. G., Masuoka, P. M. and Grieco, J.P. (2010).
Ecological niche model of Phlebotomus alexandri and P. papatasi (Diptera:
Psychodidae) in the Middle East. International JFournal of Health
Geographics 9, 2. doi: 10.1186/1476-072X-9-2

Conesa Gallego, E., Romera Lozano, E. and Martinez Ortega, E.
(1999). Estudio de las poblaciones de flebotomos (Diptera, Psychodidae)
de la comunidad de Madrid (Espafia). Anales de Biologia 22, 43-50.

De Colmenares, M., Portas, M., Botet, J., Dobaio, C., Gallego, M.,
Wolff, M. and Segui, G. (1995). Identification of blood meals of
Phlebotomus perniciosus (Diptera: Psychodidae) in Spain by a competitive
enzyme-linked immunosorbent assay biotin/avidin method. Yournal of
Medical Entomology 32, 229-233.

Eisen, L. and Lozano-Fuentes, S. (2009). Use of mapping and spatial and
space-time modeling approaches in operational control of Aedes aegypti and
Dengue. PLOS Neglected Tropical Diseases 3, e411. doi: 10.1371/journal.
pntd.0000411

Fisa, R., Gallego, M., Castillejo, S., Aisa, M.]J., Serra, T., Riera, C.,
Carrio, J., Gallego, J. and Portas, M. (1999). Epidemiology of canine
leishmaniosis in Catalonia (Spain). The example of Priorat focus. Veterinary
Parasitology 83, 87-97.

Gallego Berenguer, J., Botet Fregola, J., Gallego Culleré, M.,
Portas, M. and Vinyeta, M. (1992). Los flebotomos de la Espaia
peninsular e Islas Baleares. Identificacion y corologia. Comentarios sobre
métodos de captura. “In memoriam” al Prof. D. F. de P. Martinez Gomez.

581-600.


https://doi.org/10.1017/S0031182011000953

S.D. Baron and others

Galvez, R., Descalzo, M. A., Mir0, G., Jiménez, M., Martin, O., Dos
Santos-Brandao, F., Guerrero, I. and Molina, R. (2010). Seasonal trends
and spatial relations between environmental/meteorological factors and
leishmaniosis sand fly vector abundances in Central Spain. Acta Tropica
115, 95-102.

Gil Collado, J., Morillas Marquez, F. and Sanchis Marin, M. C.
(1989). Los flebotomos en Espafia. Revista de Sanidad e Higiene Publica 68,
15-34.

Guernaoui, S., Boumezzough, A. and Laamrani, A. (2006). Altitudinal
structuring of sand flies (Diptera: Psychodidae) in the High-Atlas
mountains (Morocco) and its relation to the risk of leishmaniasis
transmission. Acta Tropica 97, 346-351.

Guevara-Benitez, D., Ubeda-Ontiveros, J.M. and Morillas-
Marquez, F. (1978). Phlebotominae de la provincia de Granada: estudio
de poblaciones. Revista Ibérica de Parasitologia 38, 813-839.
Killick-Kendrick, R. (1990). Phlebotomine vectors of the leishmaniases:
a review. Medical and Veterinary Entomology 4, 1-24.

King, R.]., Campbell-Lendrum, D.H. and Davies, C.R. (2004).
Predicting geographic variation in cutaneous leishmaniasis, Colombia.
Emerging Infectious Diseases 10, 598—607.

Maroli, M., Rossi, L., Baldelli, R., Capelli, G., Ferroglio, E.,
Genchi, C., Gramiccia, M., Mortarino, M., Pietrobelli, M. and
Gradoni, L. (2008). The northward spread of leishmaniasis in Italy:
evidence from retrospective and ongoing studies on the canine reservoir
and phlebotomine vectors. Tropical Medicine & International Health 13,
256-264.

Martin-Sanchez, J., Acedo, C., Mufioz Pérez, M., Pesson, B.,
Marchal, O. and Morillas-Marquez, F. (2007). Infection by
Leishmania infantum in cats: epidemiological study in Spain. Veterinary
Parasitology 145, 267-273.

Martin-Sanchez, J., Guilvard, E., Acedo-Sanchez, C., Wolf-
Echiverri, M., Sanchis-Marin, M.C. and Morillas-Marquez, F.
(1994). Phlebotomus perniciosus Newstead 1911, infection by various
zymodemes of the Leishmania infantum complex in the Granada province
(Southern Spain). International Journal for Parasitology 24, 405-408.
Martin-Sanchez, J., Morales-Yuste, M., Acedo-Sanchez, C.,
Baron, S., Diaz, V. and Morillas-Marquez, F. (2009). Canine leishma-
niasis in southeastern Spain. Emerging Infectious Diseases 15, 795-798.
Morillas-Marquez, F., Benavides Delgado, I., Gozalez Castro, J.,
Reyes Magana, A. and Valero Lopez, A. (1985). Découverte de
Leishmania sp. dans les Rattus rattus de la province de Grenade
(Espagne). Annales de Parasitologie Humaine et Comparée 60, 768-770.
Morillas-Marquez, F., Guevara  Benitez, D.C., Ubeda
Ontiveros, J. M. and Gonzalez Castro, J. (1983). Fluctuations annuelles
des populations de phlébotomes (Diptera, Phlebotomidae) dans la province
de Grenade (Espagne). Annales de Parasitologie Humaine et Comparée 58,
625-632.

Morillas-Marquez, F., Martin-Sanchez, J., Diaz-Saez, V.,
Baron-Lopez, S., Morales-Yuste, M., Alves de Lima Franco, F.
and Sanchis-Marin, M.C. (2010). Climate change and infectious
diseases in Europe: leishmaniosis and its vectors in Spain. The Lancet 10,
216-217.

Muiioz Hoyos, A., Morillas Marquez, F., Duque Alcuiia, G., Bayes
Garcia, R., Rivas Moreno, F.]J., Loscertales Abril and Girén Caro, F.
(1983). Epidemiologic aspects of visceral leishmaniosis in the Province of

Granada. Anales Espaiioles de Pediatria 18, 189-95.

https://doi.org/10.1017/50031182011000953 Published online by Cambridge University Press

1244

Pesson, B., Ready, ].S., Benabdennbi, I., Martin-Sanchez, J.,
Esseghir, S., Cadi-Soussi, M., Morillas-Marquez, F. and
Ready, P.D. (2004). Sandflies of the Phlebotomus perniciosus complex:
mitochondrial introgression and a new sibling species of P. longicuspis in the
Moroccan Rif. Medical and Veterinary Entomology 18, 25-37.

Rioux, J.A., Akalay, O., Prereires, J., Dereure, J., Mahjour, J.,
Le Houerou, H. N., Leger, N., Desjeux, P., Gallego, M., Saddiki, A.,
Barkia, A. and Nachi, H. (1997). L’évaluation écoépidemiologique
du «risque leishmanien» au Sahara atlantique marocain. Intérét heuristique
de la relation “Phlébotomes-bioclimats”. Ecologia Mediterrdnea 23, 73-92.
Rioux, J.A., Guilvard, E., Gallego, J., Moreno, G., Pratlong, F.,
Portuas, M., Rispail, P., Gallego, M. and Bastien, P. (1986). Phlebotomus
ariasi Tonnoir, 1921 et Phlebotomus perniciosus Newstead, 1911 vecteurs du
complexe Leishmania infantum dans un meme foyer. Leishmania. Taxonomie
et Phylogenése. Applications éco-épidémioligiques (Coll. Int. CNRS/
INSERM, 1984) IMEEE. 439-444.

Rispail, P., Dereure, J. and Jarry, D. (2002). Risk zones of human
leishmaniases in the Western Mediterranean Basin. Correlations between
vector sand flies, bioclimatology and phytosociology. Memdrias do Instituto
Oswaldo Cruz 97, 477-483.

Rivas Martinez, S., Bandullo, J. M., Serrada, R., Allue Andrade,J. L.,
Moreno del Burgo, J. L. and Gonzalez Rebollar, J. L. (1987). Memoria
del Mapa de series de vegetacion de Espaiia (Edit. ICONA). Ministerio de
Agricultura, Pesca y Alimentacion, Madrid.

Rossi, E., Bongiorno, G., Ciolli, E., Di Muccio, T., Scalone, A.,
Gramiccia, M., Gradoni, L. and Maroli, M. (2008). Seasonal phenology,
host-blood feeding preferences and natural Leishmania infection of
Phlebotomus perniciosus (Diptera, Psychodidae) in a high-endemic focus of
canine leishmaniasis in Rome province, Italy. Acta Tropica 105, 158-165.
Semenza, J.C. and Menne, B. (2009). Climate change and infectious
diseases in Europe. The Lancet Infectious Diseases 9, 365-375.

Sobrino, R., Ferroglio, E., Oleaga, A., Romano, A., Millan, ]J.,
Revilla, M., Arnal, M. C., Trisciouglio, A. and Cortazar, C. (2008).
Characterization of widespread canine leishmaniasis among wild carnivores
from Spain. Veterinary Parasitology 155, 198-203.

Solano-Gallego, L., Fernandez-Bellon, H., Serra, P., Gallego, M.,
Ramis, A., Fondevila, D. and Ferrer, L. (2003). Cutaneous leishmaniosis
in three horses in Spain. Equine Veterinary Journal 35, 320-323.
Srivastava, A., Nagpal, B. N, Joshi, P. L., Paliwal, J. C. and Dash, A. P.
(2009). Identification of malaria hot spots for focused intervention in tribal
state of India: a GIS based approach. International Journal of Health
Geographics 8, 30. doi: 10.1186/1476-072X-8-30

Thomson, M. C., Elnaiem, D. A., Ashford, R. W. and Connor, S.]J.
(1999). Towards a kala azar risk map for Sudan: mapping the potential
distribution of Phlebotomus orientalis using digital data of environmental
variables. Tropical Medicine & International Health 4, 105-113.

Modelo Digital del Terreno de Andalucia: Relieve y Orografia
(http://www.juntadeandalucia.es/medioambiente/site/web/menuitem.
a56064a214{73c3df81d8899661525ea0/?vgnextoid=0849f1ea90891110Vgn
VCM1000000624e50aRCRD&vgnextchannel=3259b19¢7acf2010VgnVCM
1000001625e50aRCRD&lr=lang_es)

Usos y Coberturas Vegetales del Suelo de Andalucia (‘corine’)
(http://www.juntadeandalucia.es/medioambiente/site/web/menuitem.
d57ba3a565d2db10e849d04650525¢ea0/?vgnextoid=0ad67e3e2cdf0110Vgn
VCM1000000624e50aRCRD&vgnextchannel=8bf5e1d14ab74210VgnVCM
1000001325e50aRCRD&vgnextfmt=rediam&Ilr=lang_es)


http://www.juntadeandalucia.es/medioambiente/site/web/menuitem.a5664a214f73c3df81d8899661525ea0/?vgnextoid=0849f1ea90891110VgnVCM1000000624e50aRCRD&vgnextchannel=3259b19c7acf2010VgnVCM1000001625e50aRCRD&lr=lang_es
http://www.juntadeandalucia.es/medioambiente/site/web/menuitem.a5664a214f73c3df81d8899661525ea0/?vgnextoid=0849f1ea90891110VgnVCM1000000624e50aRCRD&vgnextchannel=3259b19c7acf2010VgnVCM1000001625e50aRCRD&lr=lang_es
http://www.juntadeandalucia.es/medioambiente/site/web/menuitem.a5664a214f73c3df81d8899661525ea0/?vgnextoid=0849f1ea90891110VgnVCM1000000624e50aRCRD&vgnextchannel=3259b19c7acf2010VgnVCM1000001625e50aRCRD&lr=lang_es
http://www.juntadeandalucia.es/medioambiente/site/web/menuitem.a5664a214f73c3df81d8899661525ea0/?vgnextoid=0849f1ea90891110VgnVCM1000000624e50aRCRD&vgnextchannel=3259b19c7acf2010VgnVCM1000001625e50aRCRD&lr=lang_es
http://www.juntadeandalucia.es/medioambiente/site/web/menuitem.a5664a214f73c3df81d8899661525ea0/?vgnextoid=0849f1ea90891110VgnVCM1000000624e50aRCRD&vgnextchannel=3259b19c7acf2010VgnVCM1000001625e50aRCRD&lr=lang_es
http://www.juntadeandalucia.es/medioambiente/site/web/menuitem.d57ba3a565d2db10e849d04650525ea0/?vgnextoid=0ad67e3e2cdf0110VgnVCM1000000624e50aRCRD&vgnextchannel=8bf5e1d14ab74210VgnVCM1000001325e50aRCRD&vgnextfmt=rediam&lr=lang_es
http://www.juntadeandalucia.es/medioambiente/site/web/menuitem.d57ba3a565d2db10e849d04650525ea0/?vgnextoid=0ad67e3e2cdf0110VgnVCM1000000624e50aRCRD&vgnextchannel=8bf5e1d14ab74210VgnVCM1000001325e50aRCRD&vgnextfmt=rediam&lr=lang_es
http://www.juntadeandalucia.es/medioambiente/site/web/menuitem.d57ba3a565d2db10e849d04650525ea0/?vgnextoid=0ad67e3e2cdf0110VgnVCM1000000624e50aRCRD&vgnextchannel=8bf5e1d14ab74210VgnVCM1000001325e50aRCRD&vgnextfmt=rediam&lr=lang_es
http://www.juntadeandalucia.es/medioambiente/site/web/menuitem.d57ba3a565d2db10e849d04650525ea0/?vgnextoid=0ad67e3e2cdf0110VgnVCM1000000624e50aRCRD&vgnextchannel=8bf5e1d14ab74210VgnVCM1000001325e50aRCRD&vgnextfmt=rediam&lr=lang_es
http://www.juntadeandalucia.es/medioambiente/site/web/menuitem.d57ba3a565d2db10e849d04650525ea0/?vgnextoid=0ad67e3e2cdf0110VgnVCM1000000624e50aRCRD&vgnextchannel=8bf5e1d14ab74210VgnVCM1000001325e50aRCRD&vgnextfmt=rediam&lr=lang_es
https://doi.org/10.1017/S0031182011000953

