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Abstract.

We used kernel density and scan statistics to examine the spatial distribution of cases of pediatric and adult

American cutaneous leishmaniasis in an urban disease-endemic area in Salta Province, Argentina. Spatial analysis was
used for the whole population and stratified by women > 14 years of age (n = 159), men > 14 years of age (n = 667), and
children < 15 years of age (n = 213). Although kernel density for adults encompassed nearly the entire city, distribution
in children was most prevalent in the peripheral areas of the city. Scan statistic analysis for adult males, adult females,
and children found 11, 2, and 8 clusters, respectively. Clusters for children had the highest odds ratios (P < 0.05) and were
located in proximity of plantations and secondary vegetation. The data from this study provide further evidence of the
potential urban transmission of American cutaneous leishmaniasis in northern Argentina.

INTRODUCTION

The term leishmaniasis involves different nosologic entities,
which can be further grouped into the clinical forms: visceral
leishmaniasis and cutaneous leishmaniasis. American cutane-
ous leishmaniasis (ACL) includes a spectrum of clinical enti-
ties comparable to leprosy, ranging from the simple cutaneous
forms to the mucocutaneous and the anergic forms, the latter
of which includes diffuse cutaneous leishmaniasis.! American
cutaneous leishmaniasis is endemic in nine neighboring prov-
inces of northern Argentina located between 22°21'S, 64°39'W
and28°22'S,65°21'W,whichinclude the provinces of Salta, Jujuy,
Catamarca, Tucumén, Misiones, Corrientes, Chaco, Santiago
del Estero, and Formosa.? The etiologic agents are protozoan
parasites of the genus Leishmania, and the predominant spe-
cies in this area has been identified as Leishmania (Viannia)
braziliensis, although Leishmania (Leishmania) amazonensis
and Leishmania (V.) guyanensis have also been identified in a
few cases.>* The sand fly vectors of this disease belong to the
family Psychodidae and the subfamily Phlebotominae. In this
region, the species that have been previously described are
Lutzomyia neivai, Lu. migonei, Lu. cortelezzii, Lu. shannoni,
and Lu. punctigeniculata.>* Lutzomyia neivai is the unique
species of phlebotomus sand fly in the region for which infec-
tion with Leishmania sp. has been proved.’

Within the province of Salta, the Ordn and San Martin
jurisdictions have been affected by ACL outbreaks, and rural
zones of Ordn have exhibited endemic and epidemic trans-
mission levels.!®'? Furthermore, these localities are charac-
terized by the production of sugar cane, banana, citrus fruits,
and green vegetables, which are grown in plantations where
rodent plagues are common. These rodents include Akodon
sp., Rattus rattus, Olygoryzomys sp., and Oryzomys sp., which
have been incriminated as potential reservoirs of Leishmania
sp. in other Latin American countries.”*'® Dogs with lesions
and dogs that are serologically reactive but without lesions
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have been found in this area. However, these dogs are consid-
ered secondary hosts and not reservoirs.!”!

Work or recreational activities in rural areas or deforesta-
tion zones, performed mainly by adult men, have been con-
sidered the most relevant risk factor related to infection by
Leishmania sp.?° However, an important number of cases of
ACL in children and women have been observed in different
areas of South America.!"*? Particularly in Salta, domicili-
ary and peridomiciliary exposure to the vector appears to be a
common event among affected patients in these demographic
groups.’ A high rate of ACL cases among women and children
has been proposed as an indicator of domiciliary and peridom-
iciliary transmission.!

Spatial epidemiology, defined as the description and analysis
of geographic variations in health, illness, and its determinants
(demographic, environmental, behavioral, socioeconomic,
genetic, and infectious risk factors), is critical to interpreting
entomologic, clinical and epidemiologic data, identifying risk
areas, and providing efficient interventions.”> Analysis of the
distribution of cases of ACL with geographic information sys-
tems can help locate hot spots of transmission, thereby fur-
ther guiding research and surveillance activities. In the present
study, we analyzed the spatial distribution of ACL cases of
groups stratified by age and sex to identify risk areas of trans-
mission in an urban region in northern Argentina hyperen-
demic for ACL.

MATERIALS AND METHODS

Study area. San Ramon de la Nueva Ordn (Department
of Ordn) is located at 23°08'S, 64°20'W, 350 meters above
sea level. The city has a population of 66,915 persons, of whom
approximately 11% live in rural areas? Ordn is situated in
the tropical pedemontana Yungas rainforest, a region affected
by agricultural activity, forest exploitation, and the continued
appearance of new settlements (Figure 1).%

Study population. The study population included patients
diagnosed with ACL at the Instituto de Investigaciones en
Enfermedades Tropicales (ITET) at the Universidad Nacional
de Salta in Ordn, a regional reference center for the diagnosis
of leishmaniasis. IIET collaborates with the regional hospital
as the diagnostic center; treatment of leishmaniasis is managed
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FiGure 1. Geographic location of San Ramén de la Nueva Orén,
Province of Salta, Argentina.

through the National Program for Leishmaniasis (National
Ministry of Health of Argentina). A database including demo-
graphic, laboratory, and clinical information was generated
by using information gathered from this population during
1987-2007. Approximately 2,400 cases of ACL are archived in
this database.

Inclusion criteria for the analysis consisted of patients with
lesions clinically compatible with ACL seen at the IIET during

1995-2007, which were confirmed by visualization of amastig-
otes of Leishmania sp. in Giemsa-stained smears, a positive
Montenegro skin test result, or a positive result in an enzyme-
linked immunosorbent assay for homogenate protein of L (V.)
braziliensis. Patients’ addresses, ages at presentation, and sex
were obtained from the database (Figure 2). Exclusion criteria
included patients with residence outside Oran at the time of
illness, and those with missing address information and/or lack
of information about age and/or sex. In addition, a centroid
was assigned to each of the 45 neighborhoods comprising San
Ramon de la Nueva Ordn. Each centroid corresponds to the
center of the polygons representing these neighborhoods.

The demographic and the basic unsatisfied needs index data
for each neighborhood were obtained from the 2001 census of
Salta Province. This index is used to identify critical lacks in a
population and characterize levels of poverty; it uses variables
related to four areas of basic needs (housing, sanitary ser-
vices, basic education, and minimum wage).” The Spearman
correlation was used to study the possible association of ACL
prevalence and basic unsatisfied needs score by using a 95%
confidence interval.

The study sample was stratified by age and sex. For age,
groups were defined taking into account the strength of the
association (correlation for R Spearman range test; P < 0.05)
between the variable age and the absolute frequency of cases.
For this association, we analyzed correlations for sex with data
sets from 0 to 8,0 to 9, and 0 to 10 up to 0 to N years, where
N = the maximum age for each sex, to identify the point at
which a significant correlations appears. Sex stratification was
performed for adult cases to study the spatial tendencies of
this variable.
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Prevalence analysis. The ACL prevalence for 1995-2007
was calculated by age, sex, and geographic location by
using population data from 2001, the midpoint of the study
period.”® Two prevalence analyses were performed, one by
neighborhood and one for San Ramon de la Nueva Oran.
Prevalences were compared by using the parametric Z test
for difference between proportions and EPIDAT version
3.1 software (Xunta de Galicia, Santiago de Compostela,
Spain and Pan American Health Organization, Washington,
DC).

Kernel density. Spatial smoothing of the distribution of ACL
was estimated by means of the kernel density function using
the software ArcGIS 9.1 (Environmental System Research
Institute Inc., Redlands, CA). The kernel function is based
on the quadratic kernel function described by Silverman.”
This method is an interpolation and smoothing tool used
to generalize the position of a point to an area. The kernel
function generates smoothing of the magnitude of one variable
(prevalence in this study) centered on each point (centroids)
using calculations for local neighborhoods. Conceptually and
taking into account the framework of the present study, the
kernel value is highest at the location of a particular point
(centroid) and decreases at increasing distance from that point,
reaching zero at the defined search radius from the point. Only
a circular neighborhood is possible, and on the overlapping
areas among different circular neighborhood, the density at
each output raster cell is calculated by adding the values of
all the kernel surfaces overlaying on each raster cell, and a
smoothed surface of the disease prevalence is generated for the
study region.” The search radius was calculated as the average
of the distances among the centroids of each neighborhood
with respect to the centroids of the adjacent neighborhoods.®
A cell size of 8 meters? was used for the output to describe
the distribution of ACL prevalence. This cell size was selected
because it provided optimal smoothing for the purposes of this
analysis.

Scan statistics. Scan statistics were used to determine
spatial aggregation of cases, defined as clusters. Scan statistical
analysis sequentially centers circles in each location where
information is available and, using a Poisson model, compares
the proportion of cases/population for the area inside the
circle with the proportion outside the circle.** Therefore,
the spatial scan statistical analyses for this study were
performed using the data set of the cases and population
for each locality (for age and sex) with Sat Scan™ software
(http://www.satscan.org). Spatial subanalyses were also per-
formed for three shorter periods (1995-1999, 20002003, and
2004-2007).

The size of the spatial window was 30%,and none of the sec-
ondary clusters were centered to contain the center of other
clusters. A window of 50% was not used because of the short
reach of transmission based on vector characteristics; a win-
dow of 30% corresponds to approximately 1,000 meters from
the edge of town.** Those clusters with a P < 0.05 obtained
through the use of scan statistic analysis were subsequently
mapped using the software package SIGEpi 1.0 (http://www
.phao.org/Spanish/SHA/shasig.htm). For each spatial clus-
ter, odds ratios (ORs) and 95% confidence intervals were
obtained. The cartography corresponding to San Ramoén de
la Nueva Orén and a projection of the Gauss Krueger model
were obtained from the General Office of Statistics and
Census of Salta Province, Argentina.

RESULTS

During 1995-2007, 1,910 patients were diagnosed with ACL
at the IIET, 22 with unknown locality of residence and 1,274
from Oran; 1,039 fulfilled the criteria for inclusion into the
present study. Patients excluded from the analysis included
227 because of missing data on spatial location within Oran,
1 for missing sex data, and 5 for missing age data. There were
no statistically significant differences for age and sex between
the group that was included in the analysis and those excluded
because of lack of spatial location within Oran. For men, the
prevalence of ACL was significantly higher for that for per-
sons > 14 years old (P < 0.05). There was no statistically sig-
nificant difference in disease prevalence for women by age
(Figure 3).

For men 16-44 years of age, there was a statistically signifi-
cant correlation between age and prevalence (P < 0.05). No
correlation between age and prevalence was found for chil-
dren less than 15 years of age or women (P > 0.05). The strati-
fication process generated three subgroups: women > 14 years
of age old (n = 159), men > 14 years of age (n = 667), and chil-
dren < 15 years of age (n = 213). Neighborhoods with higher
basic unsatisfied needs scores were significantly associated
with increased ACL prevalence for children, women, and men
(P <0.05).

When stratified by neighborhood, the average number
of observed cases during the study period was 25 (range =
0-142). The obtained search radius was 490 meters and was
calculated as an average of the distances between the centroid
of each neighborhood and its closest neighborhoods. The prev-
alence of ACL in children and women were 6.73% and 6.44%,
respectively, and did not differ significantly (P > 0.05). In con-
trast, these groups had a significantly lower prevalence than
men (32.89%; P < 0.001). The male:female ratio in children
< 15 years of age was 1.51. Likewise, the ACL prevalence was
10.38% in boys < 15 years of age and 6.96% in girls < 15 years
of age (P <0.01).

Spatial smoothness by kernel density was performed for the
entire population, men, and women according to neighbor-
hood;it demonstrated a wide distribution of cases. Specifically,
71% of the neighborhoods had cases in San Ramon de la
Nueva Ordn, with high intensity areas in the periphery, extend-
ing from south to north for the entire eastern border and some
peripheral nuclei in the western border (Figure 4).
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FiGure 3. Prevalence of American cutaneous leishmaniasis in
San Ramon de la Nueva Oran, Argentina, according to age and sex,
1995-2007.
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Ficure 4. Distribution of cases of American cutaneous leishmaniasis (ATL) in San Ramén de la Nueva Oran, Argentina. Prevalence was disag-
gregated through Kernel density using A, total prevalence by neighborhood; B, prevalence of ATL in women > 14 years of age; C, prevalence by
neighborhood of men > 14 years of age; and D, prevalence by neighborhood of children < 15 years of age. Morbidity and demographic information
were assigned to the centroids of every neighborhood (45 centroids). This figure appears in color at www.ajtmh.org.
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Regarding smoothness of prevalence in children accord-
ing to neighborhood, restriction of the disease process was
detected towards the eastern border of the city. Other areas
of low intensity of ACL were detected in two locations (north-
western and southwestern areas), but disease activity was not
detected in the rest of the city for this age group (Figure 4D).

No significant clusters were found in any secondary analy-
ses of shorter periods (1995-1999, 2000-2003, and 2004-2007).
During 1995-2007, the spatial scan statistic identified 11 clus-
ters of ACL in men along the eastern border of the city that
reached the northern city limit. These clusters had ORs rang-
ing from 1.42 to 3.20, and three had a radius equal to zero
(clusters 11-21). Because each identified case uses its respec-
tive neighborhood centroid as a reference point, a cluster of
zero radius indicates that a specific neighborhood is a cluster
in itself. In addition, two clusters were found through scan sta-
tistic analysis of cases in women: one in the northeastern part
of the city (OR =2.76) and the other in the eastern part (OR =
2.26) (Figure 5; clusters 9 and 10). Scan statistic analysis of the
entire study population detected four isolated clusters, three
with a radius equal to zero, and two with ORs > 3 (southern
and northeastern areas) (Figure 5; clusters 22-25).

Analysis of the data set for children < 15 years of age dem-
onstrated seven clusters. Four of these clusters were located in
the southern part of the city, three in the northeast part and
one with a radius = 0 and an OR = 2.10 (cluster 8), at the city
limits to the northwestern part. The ORs of the northeastern

clusters ranged between 3.48 and 6.00 (clusters 4-6), and one
of these clusters had a radius = 0. The southeastern clusters
had ORs higher than those for the other areas of the city (clus-
ters 6.07-11.25) for children < 15 years of age and for all other
age and sex groups (Figure 5; clusters 1-3).

The annual variation in ACL frequency demonstrates a
similar pattern in children and adults. Increases in frequency
were observed in 1998 and 2002 in all subgroups, regardless of
whether cases generated clusters per scan statistic analysis. An
increase in incidence was observed in children in the southern
part of the city during 1996-1997 and was followed by an addi-
tional increase in incidence in 2006 in the same area of the city
(Figure 6).

DISCUSSION

The results of this spatial analysis study performed in San
Ramén de la Nueva Ordn, the city with the highest prev-
alence of cases of ACL in Argentina,® provides further
evidence for the potential occurrence of urban transmission
of this infection. In general, use of a patient’s home residence
as a marker of the place of infection acquisition is not accu-
rate because contact between patient and vector can occur
outside the home. However, when applied to children, a sub-
group that was analyzed separately in this study, our findings
suggest that home residence is an effective marker for these sub-
groups. A possible explanation for this result is that exposure
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FiGure 5. Clusters detected by scan statistic using a Poisson model on case-population data for American cutaneous leishmaniasis in San
Ramon de la Nueva Oran, Argentina. A, all cases; B, men > 14 years of age; C, women > 14 years of age; and D, children < 15 years of age. The table
on the right shows odds ratios and 95% confidence intervals. The numbers in the map correspond to the clusters included in the table. Only clusters

with P values < 0.05 are included.
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FiGure 6. Temporal variation (in years) of prevalence of American
cutaneous leishmaniasis during 1995-2007 in San Ramon de la Nueva
Oran, Argentina. A, Prevalence per 100 inhabitants in children
< 15 years of age; B, prevalence per 100 inhabitants in women; and C,
prevalence per 100 inhabitants in men.

during work and recreational activities is almost exclusively
limited to men > 14 years of age, thereby limiting exposure
sites for children to their domiciliary and peridomiciliary
environment. This finding is further strengthened by previ-
ous epidemiologic studies that suggested domiciliary or peri-
domiciliary vector exposure in northern Argentina.>* Based
on behavioral, socioeconomic and cultural factors, the impor-
tance of each type of exposure (domiciliary, workplace, or rec-
reational) variably affects the overall exposure risk for each
demographic group. Variations in the incubation period of
ACL present an additional difficulty in determining the trans-
mission site.*

Men are the group with greatest vector exposure risk outside
the home. In our study, they also had the highest prevalence
(32.89%), which was approximately five times higher than that
observed in women and children (P < 0.001). Higher disease

prevalence among men was also observed in the younger age
group, a group without relevant differences in exposure. This
difference could be caused by sex-related higher susceptibility
to the disease, which has been suggested in animal studies in
a hamster model.*® Additionally, a continuous increase in the
strength of association between age and prevalence for cases
in persons > 15 years of age was also observed. This increase
may be related to the inception or intensification of labor and
recreational activities (e.g., fishing and hunting) in younger
persons.

Kernel density distributions for men and women showed
that most neighborhoods in the study site had reported cases
for these subgroups. However, the distribution observed for
children showed localized distribution, with a high preva-
lence only on the eastern border (Figure 4). The presence of
Lutzomyia spp. has been recently reported in urban and peri-
urban zones in the San Ramén de la Nueva Oran.® Ecotones,
areas of transition between two or more ecosystems that have
common characteristics to both ecosystems, are in this case
represented by secondary vegetation edges adjacent to urban
and rural areas, and appear to be places with the highest poten-
tial risk of transmission.’” Moreover, these places are located
near neighborhoods with clusters of pediatric cases with high
ORs. This finding can be explained by a Lu. neivai metapopu-
lation source-sink pattern, which is characterized by a stable
population (source), a location in a favorable habitat for the
species (e.g., secondary vegetation patches), and other popu-
lations in non-favorable habitats (urban zones).® The above
mentioned vector population would have high mortality rates
and would thereby support a relative stability in population
levels because of recolonization from the source population.®

The possibility that human populations can serve as a reser-
voir of ACL is not ruled out in this setting. However, this sug-
gestion is unlikely because it would generate an independence
from and synergy with other mammals for establishment of
urban transmission. Our results strengthen the hypothesis that
in this region of Argentina the reservoir species are mainly
wild animals, and not humans or dogs. This hypothesis is based
on the absence of high incidence of urban cases with epidemic
cycles.52

Orén is surrounded by large areas dedicated to agricultural
activity (with residual secondary vegetation), which serve as
potential foci for rodent plagues, previously reported in other
countries as potential reservoirs of Leishmania spp.'>!51
Different environmental disturbances caused by humans can
be associated with increases in ACL incidence.* In northern
Salta, the environmental change and degradation of the ecosys-
tem are secondary to intensification of agricultural practices,
and their impact on native forests affects biological diversity
and could favor proliferation of species that act as reservoirs
or vectors of Leishmania spp.>'*° Likewise, this loss of diversity
can increase the incidence of ACL in secondary hosts such as
dogs and humans, and can be attributed to the loss of the dilu-
tion effect.®44 This hypothesis states that in environments
with high diversity, there may be several secondary hosts that
can become infected (either symptomatic or asymptomatic)
but are not reservoirs. These secondary hosts decrease vec-
tor-effective contact with the true reservoir, thus reducing the
rate of infection of vectors and humans. When environmen-
tal alterations occur, the loss of diversity with maintenance of
the reservoir hosts can trigger increased human exposure and
infection prevalence.
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The high OR values for the clusters corresponding to pedi-
atric cases located in the southern and eastern areas of the
city might be related to increases in periurban reservoirs as a
source of parasites and their overlap with vector distribution in
borders having transitional landscape of urban—rural or urban—
residual vegetation (Figure 5).2% The association between
ACL prevalence and the basic unstatisfied needs index could
be related to peripheral location of settlements with impov-
erished populations, in which geographic proximity to vector
exposure is higher. Among those neighborhoods with clusters
with radius = 0, these results indicate that those neighborhoods
are entities with particular physical, cultural, and/or socioeco-
nomic characteristics that pose a significant risk for infection.

The ACL frequency in all age and sex groups during the
study period, including areas with and without clusters, showed
a similar pattern (Figure 6). This finding could be secondary
to a local increase of risk in urban areas caused by occasional
vector and reservoir urbanization, and/or a risk increase in
wildnerness, rural, periurban, or urban areas caused by large-
scale environmental changes such as deforestation, agricul-
tural and climatic cycles, or other events that influence vector
and reservoir dynamic population.?'334# Tt has been previ-
ously described that the abundance of Lu. neivai in this region
is associated with rainfall in the previous year, and that con-
ditions of temperature and relative humidity have an impact
on the population densities observed 20 weeks later.” In Costa
Rica, research has shown that cycles of change in the incidence
of ACL of three-year periods are associated with changes in
temperature. In accordance with these observations, temporal
changes in the prevalence of ACL in Oran could be correlated
with climatic changes.*

The lack of clusters in the spatial analysis using shorter
periods suggests that there is a low level and slow accumu-
lation of cases of an endemic nature in certain areas of the
city, which may represent a small but active urban transmis-
sion. The median number of annual cases in San Ramoén de
la Nueva Ordn is 53, a fact that would not enable finding sig-
nificant clusters in scan statistic analysis when shorter periods
are considered. Other potential limitations of this study are
underreporting and selective referral of patients from particu-
lar areas of the city, which would be a potential source of bias.
However, this limitation is probably of low magnitude and not
significant in the study area because of the centralized and
government-based nature of the management of leishmaniasis
in Salta Province and the lack of other large specialized labo-
ratories in the area. Conversely, missing data caused by omis-
sions in data capture are randomly distributed across age and
sex groups and geographic region.

The population size used for the analysis corresponds to
the 2001 census data, the midpoint of the study period, and it
was assumed that the birth, mortality, and migration rates var-
ied in the same direction and magnitude in the whole locality
and that this variation was not significant. This assumption, a
potential limitation of the study, was based on knowledge that
no significant political, socioeconomic, or natural events that
could affect those rates occurred during the study period in
this region.

Besides the uncertainty that can confound the true determi-
nants for establishment of ACL, the compiled evidence shows
the need for generation of an entomologic surveillance system
in this region and to further study the dynamics of populations
of reservoir or potential reservoir species.* Also, control strat-

egies need to be directed to peridomestic and sylvatic trans-
mission and integrated into surveillance systems that include
most of the variables that participate in the transmission cycle
of ACL. This information, coupled with geographic informa-
tion systems, could provide reliable correlations that explain
the endemic and/or epidemic patterns of this disease.

In summary, our analysis suggests that urban transmission of
ACL occurs in San Ramoén de la Nueva Oran. This suggestion
is based on areas with an increase ORs in children, a group
with exposure restricted to their domiciliary or peridomicili-
ary environment.
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