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Abstract

The present study aimed to understanding some of the process un-
derling in the dynamics of American Tegumentary Leishmaniasis (ATL),
which had occurred in Department of Orán, Argentina, in the period
1985-2007. The monthly empirically estimations occurrence probabili-
ties of cases of ATL could be to help understand how epidemiological
mechanisms of enhancement during the endemic period or outbreaks of
ATL. We have estimated monthly probabilities of occurrence thereof, the
monthly empirical cumulative distribution function, the monthly proba-
bility mass function, in order to establish a partition of [0,1] and apply-
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ing Monte Carlo simulation to describe certain aspects of the complexity
of the dynamics of the ATL. The monthly patterns of probabilities of
occurrence of cases of ATL found allow us to construct surfaces to de-
scribe the dynamics of the epidemic. These elements that can be used
for a probabilistic model of the incidence rate in order understand dy-
namics of ATL disease as well as some aspects of their persistence in
the region. The probabilistic behavior described by the simulations was
tested at a significance level of 5%. The pattern of occurrence probabili-
ties obtained describes the complexity of the analyzed situation. The
simulations obtained are acceptable if the number of cases are between
14 and 24, however overestimate and underestimate the description of
the dynamics in the years in which the number of cases is less than
14 and greater than 24 respectively. Results make possible to build
a probabilistic generative process for endemic / epidemic a macroscale
level.
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1 Introduction
The leishmaniases comprise a set of clinical manifestations produced by differ-
ent Trypanosomatidae parasites of genus Leishmania, transmitted by bite of fe-
male of Phlebotominae, in America from the genus Lutzomyia. The three main
clinical forms are visceral leishmaniasis (VL), cutaneous leishmaniasis (CL),
and mucocutaneous leishmaniasis (ML), the last two are called together tegu-
mentary leishmaniasis (TL) [16]. In Argentina the TL is endemic in teen North-
ern provinces and four bioecological tropical/subtropical regions (Foothills of
Yungas Forest, Dry Chaco, Wet Chaco, and Paranaense Forest). The cases of
TL were usually isolated in time and space or related to a "common source"
like a punctual deforestation up to the decade of 1980 [21]. In this country,
28 especies of Phlebotominae (23 species of Lutzomyia, 4 of Brumptomyia,
and 1 species of Oligodontomyia) were recorded, distributed in 13 provinces,
and from those were incriminated as vectors of TL caused by Le. Braziliensis:
Lutzomyia neivai, Lu. Whitmani, Lu. Cortelezzii complex (Lu. Cortelezzii-
Lu. sallesi), Lu. Migonei, and Lu. Pessoai, the first three being reported
with natural infection of Leishmania or Le. Braziliensis [21]. The region of
study in this case is in the Department of Orán, Salta, Province of Argentina,
which corresponds an ecoregion of the Yungas subtropical forest. The knowl-
edge of the mechanisms that modulates the incidence of vector-borne diseases
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is the fundamental importance to construct mathematical models that can
help the planning of control strategies. The analysis based on human cases
have implicit the subject mechanic that experiment not only the population
dynamics of vector-borne but also the variety of factors that are involved in
the complex cycle of transmission of the ATL. Therefore the investigation and
analysis of these factors are important, even though the epidemic database
could contain errors. The present study aimed to understanding some of the
process underling in the dynamics of ATL, which had occurred in Department
of Orán, in the Salta Province, Argentina, in the period 1985-2007. The em-
pirically estimation of monthly occurrence probability of cases of ATL make
available the construction of a generator process probabilistic for the endemic
temporal situation presented at macroscale level in the region. The construc-
tion of deterministic incidence rates functions is a critical building block of
epidemiological modeling. However careful exploration of other incidence rate
functions before resorting to mathematically more complex, high-dimensional
models may bring new insights into the current understanding of function-
ing of epidemics [14]. In this sense, we found empirical elements that can be
used for probabilistic incidence rate models in order to predict and understand
ATL disease dynamics behaviors, as well as aspects regarded to their persis-
tence in the region of Orán. The historical patterns with simple simulations,
as the Monte Carlo type, allow to find better descriptions of epidemic process
of ATL studied here. We conducted computer intensive simulations availed a
statistical analysis confronting these with data sets of cases of ATL occurred
in Orán. Usually Monte Carlo Methods reduce problems to the approximate
calculation of mathematical expectations. There are two main directions in the
development and study of Monte Carlo algorithms. The first is Monte Carlo
simulation, where algorithms are used for simulation of real-life processes and
phenomena. In this case the algorithms just follow the corresponding physi-
cal, chemical or biological processes under consideration. In such simulations
Monte Carlo is used as a tool for choosing one from many different possi-
ble outcomes of particular processes. Thus, Monte Carlo simulation could be
considered as a method for solving probabilistic problems using some kind sim-
ulations of random variables or random fields. The second direction is Monte
Carlo numerical algorithms [7]. We are interested in the first direction: using
such tool we can simulate the monthly probabilities of occurrence cases of ATL
for your analysis and applications in other mathematical models. Qualitative
and quantitative analyses that take into account the cases of ATL in Orán,
Salta Argentina were conducted in order to describe the dynamics of situation.

2 Preliminary Notes / Materials and Methods
Data base and study region
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Monthly recorded number of cases of ATL occurred in the Department of
Orán, located in the west north-eastern of Salta Province, Argentina, during
the period of the years 1985-2007 are those registered in Program of Derma-
tologic Diseases, in the Orán Institute for Tropical Diseases, and Hospital Eva
Perón in Hipólito Yrigoyen. The data are those confirmed cases by trained
health workers through clinical examination of symptomatic cases of ATL.
The climate in the region under study is subtropical with a dry season en-
compassing a period of eight months. In summer, the high temperatures and
constant humidity become uncomfortable, while during winter, the climate
is comfortable due little rainfall and low temperatures. From SMN (Servicio
Meteorológico Nacional, Argentina) data [23], rainfall is around 1000 mm per
year in average, with the maximum temperatures averaging 32◦C in summer
and a minimum of 9◦C in winter. The maximum temperature recorded was
44.4◦C and the minimum, -3.6◦C, showing a very large amplitude especially
concentrated in July and September. The Figure 1 shows the region of study.

Figure 1: Department of Orán (in red), Province of Salta, Argentina, where the human
cases of American Tegumentary Leishmaniasis, during 1985-2007, were studied. Source:
IGN (Instituto Geográfico Nacional, Argentina).

Modeling Method, Simulation and Statistical Analysis
The inverse transformation method provides the most direct route for gen-

erating a random sample from a distribution. Let X be a discrete random
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variable following a probability mass function p and let F be the cumulative
probability mass distribution function for X. If p(xi) is the probability mass
function, then the cumulative probability mass distribution function is given
by FX(x) = P (X ≤ x) =

∑
(xi≤x) p(xi). From the data base of number of

cases of ATL, the monthly probabilistic frequency was estimated and the cu-
mulative probability mass distribution was obtained. So a partition interval
(0,1) could be establish, then following two steps a random number X will be
generated from probability mass function p: first generate U ∼ Un(0, 1), and
second determine the smallest positive integer I such that u ≤ F (xI), and
return X = xI [8]. In each year yi, the measure of the simulated samples was
determined by the 1-norm vector of monthly cases, i.e. ‖ yj ‖1=

∑12
i=1 | mji |

; for j = 1985, ., 2007, where mji are monthly cases, i−month, j − year. We
used the random number generator from the routine rand of Matlab (Version
7.6.0.324. 2008)[12], which returns pseudo-random value drawn from a uni-
form distribution on the unit interval. Everything was implemented in scripts
in that environment. We conducted computer intensive simulations availed a
statistical analysis confronting these with data set of cases of ATL occurred
in Orán. The obtained data were analyzed using descriptive statistics, and
Wilcoxon rank sum test for equal medians was applied to test the hypothesis
that each of the 50, 100 and 500 simulations have the same median that the
situation of human cases of ATL presented in the period 1985-2007, at the 0.05
significance level.

3 Results
The scripts implementations developed in the software allow a large number
of simulations; in order to illustrate the outputs provided by the following
figures the same are presented. The Figure 2 shows surfaces comprising eight
simulations and the last is the reported human cases during the studied period.
These simulated surfaces described the monthly and annual patterns of ATL
cases reported in the department of Orán, in the period 1985-2007. Major
epidemic peaks have been well described by the simulations as well as the
endemic periods, showing a clear relationship between endemic and epidemic
stage phases that occurred in this subtropical region in the province of Salta.
The simulations retrieve the four groups of major peaks observed in the period
1986-1987, 1990-1991, 1996-2000 and 2002-2004. The third period contains one
sub-period (1998-1999) that presents the maximum epidemic peak registered
during the period of study. In particular, in December and January, when the
rainfall begins, few cases are observed with respect to the epidemic peaks.

The time series obtained by simulations are shown together with the time
series of cases in Figure 3, where the number of reported cases is indicated
by thicker red line. The best descriptions are obtained for the largest historic
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Figure 2: Surfaces obtained by simulation and ATL cases reported in the Department
of Oran, Province of Salta, Argentina, 1985-2007. Epidemic and endemic phases can be
observed on the surfaces simulated as qualitative descriptions of actual cases in the region.

outbreaks recorded in the studied period. One can observe good description
for the peaks observed in periods 1986-1987, 1990-1991, 1996-2000 and 2002-
2004, and also a good match for the larger historical peaks, like those that took
place in 1998-1999, 2003 and 2004. The simulations described with reasonable
accuracy the periods when no cases were reported.

Figure 4 shows the box plots of the simulated runs corresponding to the
cases presented in surfaces and time series obtained in Figures 2 and 3, respec-
tively. Clearly, the median of 5 cases describes better the situation of human
cases in Orán as a parameter of centralization. The asymmetry, which was
to right, presented in the dynamics of recorded cases of ATL is relatively well
described in the simulated distributions, although generally exhibit greater
variability. The interquartile range is also better descriptor as a measure of
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Figure 3: Output provided by implementations shows the simulated time series and the
series of reported cases of ATL (red), in the department of Orán, Salta, Argentina, 1985-
2007.

dispersion for the number of cases of ATL in the period, which was of nine
cases and 50% of the simulated distributions. The lowest permissible upper
limit for the simulated distributions had a range comprised between 24 and
31 cases, whilst the distribution of the historical cases was 23, the remaining
cases are outliers.

Developed implementations allow us to obtain the empirical Cumulative
Distribution Functions (CDF) of simulations and real human cases (red line
in Figure 5). Figure 5 shows the empirical CDF corresponding to simulations
obtained in Figures 2, 3 and 4. It can be seen that the best approximation
is obtained when the number of cases is in the range [14, 24] approximately.
For smaller number of cases to the lower end of the range, an overestimation
is obtained, and for higher top end, an underestimation of the actual situation
is observed.

We conducted computer intensive simulation runs of 50, 100 and 500, and
availed a statistical analysis confronting the results with dataset of cases of
ATL occurred in Orán. In each simulation the Wilcoxon rank sum test for
equal medians returns the result of the hypothesis test, performed at the 0.05
significance level (the null hypothesis "medians are equal" cannot be rejected
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Boxplots for Simulations and Cases of American Tegumentary Leishmaniasis.

Figure 4: Comparative boxplots obtained for simulations and human cases of ATL regis-
tered in the Department of Orán, Salta, Argentina, 1985-2007.

Figure 5: CDF exemplified simulations and associated human cases of American Tegu-
mentary Leishmaniasis registered in the Department of Orán, Salta Argentina, 1985-2007.

at the 5% level). For these 500 simulations, the best approximation is obtained
when the number of cases is in the range [12, 26]. Figure 6 shows an example
of the p-values obtained from the application of the test considering 500 sim-
ulations, where each one is compared with human cases in the Department of
Orán for the studied period. The red line represents the mean, p ≈ 0.23.
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Figure 6: p-values obtained by applying the Wilcoxon test when simulations are compared
with recorded cases of American Tegumentary Leishmaniasis in Orán, Salta, Argentina,
1985-2007. The red line represents the mean p ≈ 0.23.

4 Discussion and Conclusion

Surfaces and time series obtained in Figure 2 and 3 from historical records of
human cases of ATL allowed the estimation of monthly probabilities of occur-
rence thereof, and the empirical cumulative distribution function of monthly
probability mass. With the same methodology presented here, it is possible to
estimate the monthly probabilities for incidence. According to the statement
by Ponciano and Capistran (2011) [14], the exploring of other types of inci-
dence rates could help understanding the underlying mechanics in epidemics.
If deterministic functions for the incident rates are a critical building block in
epidemic models, the probabilistic incidence rates estimated with the method-
ology presented in this work could be more realistic. These monthly or annual
probabilistic blocks for cases of ATL obtained here or incidence of ATL, can
be inserted into SIR or SEIR type of models [14, 18, 3, 4, 5], and to analyze
the results that are provided by them. Figure 2 showed several approxima-
tions obtained to describe the situation that occurred in the period from 1985
to 2007 in Orán. The Monte Carlo simulations provided a relatively good fit
for the number of annual (or monthly) cases reported in this region of the
Province of Salta. These simulations can complement or to be compared (for
the same data) with simulations obtained by Bacaër & Gernaoui (2006)[3], and
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with other methods that simulated the real situation between January 2001
and December 2004 in the Province of Chichaoua, Morocco. Quintana et al.
(2012)[16] and Salomón et al. (2004)[20] studied spatial and temporal patterns
of abundance of sandflies in towns in the region, finding from time series peaks
in autumn (weeks 23-37 and 75-90) and a single peak in spring (weeks 1-7).
At the times where these peaks are occurred, as the simulations obtained here,
shown in Figure 2, the peaks of the abundance of sandflies preceded simu-
lated cases of ATL peaks. However, further details could be achieved if the
data regarded to ATL cases and sandflies population are working together.
The box-plots constructed performing intensive computer, as shown in Figure
4, showed greater variability than that presented by the ATL cases, as well
as the intervals of admissibility. Simulations preserved right skewness. The
medians calculated from simulations were statistically equal, which was cor-
roborated by the Wilcoxon test for the case of 500 simulations compared with
human cases. In the studied period, the dynamics of ATL presented outliers
from the 23 human cases. Chaves & Pascual (2006)[6] by analyzing the box-
plot with monthly square-root transformed CL cases in Costa Rica presented,
in average, a seasonal peak during May, though epidemic outbreaks happened
around the year, as demonstrated by the existence of outliers in February, July,
September, October, November, and December. In contrast to the issue raised
by Chaves & Pascual (2006) [6], the simulations obtained here, using the time
series data from the region of Department of Orán, can be grouped by months
and evaluate the respective boxplot, and we found that outbreaks occurred in
April, September and December with a standard deviation of one month, for
more details see Rosales et al. (2014) [19]. The empirical cumulative distri-
bution functions (CDF) obtained from simulations, exemplified in Figure 5,
allow to notice where the setting is more suitable for real human cases (red
line). Figure 6 showed the p-values obtained for a run of 500 simulations. The
p-values is the probability of observing the given result, or one more extreme,
by chance if the null hypothesis ("medians are equal") is true. Small values of
p cast doubt on the validity of the null hypothesis at the 5% level. In these
simulations, if the number of cases of ATL in the department of Orán does not
exceed 24 cases per year, the dynamics of evolution could correspond to the
endemic phase, while if it exceeds the number of 24 human cases, the disease
situation in the region could be described as epidemic phase. Chaves & Her-
nandez (2004) [4] derived, for their proposed model, the threshold condition for
the establishment of disease which can be calculated from expression (5) relat-
ing the population size of vector, the population size of reservoir host, the rate
of infection, per individual, in the vector-incidental host encounters, per unit
time, the recovery rate of reservoir host for unit time and the mortality rate of
vector per unit time. While it is true, all of these parameters for the region are
not known for making comparisons, however, in our work, simulations indicate
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that the parameters should be related such that for the case of incidental reser-
voirs, the threshold belongs to the open interval (1, 24) of cases of ATL. As
stated in the work of Tennenbaum (2009)[24], contact rates and transmission
probabilities are based on complicated environmental conditions, and biologi-
cal and social dynamics. There are many types of models that capture different
aspects of these dynamics, and for ATL in Orán is not an exception. However
to make things easy, one simple description of contagion employs the mass ac-
tion assumption that assumes a well mixed population [24, 22, 2, 13, 17]. For
example, the model for human incidental is of the form dS/dt = −βSIv , and
dI/dt = βSIv , where S, I, Iv, β are the number of susceptible individuals, the
number of infected individuals, the number of infected vectors and the trans-
mission rate, respectively. In most cases the approaches to the transmission
rates are derived from a specific form based broadly on a hypothesized math-
ematical relationship. There are many modifications on this basic infection
mechanism, for example, the effect of seasonal variations in transmission can
be modeled by using a sinusoidal forcing function β(t) = β0(1 + β1 cos 2πt)
[14, 24] where β0 is the baseline level of transmission and β1 determines the
amplitude of the seasonal variation. The unknown parameters are almost al-
ways determined by inverse methods that find values that best fit the model
to data, and for this reason, we think that the probabilistic behavior described
by the cases of ATL and simulations can be used for a model with proba-
bilistic transmission rate or incidence rate, which, when incorporated into the
proposed models, for example, Chaves and Hernandez 2004, Rosales and Yang
2007, Chaves et al. 2008 [4, 18, 6], could provide more realistic results. We
believe that the empirically estimated monthly occurrence probability of cases
of ATL from historical data make available the construction of a generator
process probabilistic for the endemic or epidemic temporal situation presented
at macroscale level in the region. Moreover, this class of descriptions would
allow approximate the seasonal pattern that follows CL in humans in regions
where adult sandflie’s growth is seasonal, such as the case of Isfahan, Irán [11]
or the situation presented in the work of Gontijo and Ribeiro, specifically in
Figure 1, illustrating the distribution of cases of ATL in Brazil 1980-1999 [9].
One of the recommendations of the IV Meeting of the National Programme of
Leishmaniasis, 2009 [1] and the work of OPS (Organización Panamericana de
Salud, 2011) [15] provide for the provision of therapeutic drugs and humans
diagnostic reagents for jurisdictions according to their epidemiological back-
ground. Taking this in mind, the simulations shown here could help optimize
this issue to generate different scenarios of the distribution of 5, 10, 15, 20 and
25 cases in the year in different months for the department and their locali-
ties based on their historical background of ATL. In conclusion, the monthly
patterns of probabilities of occurrences of cases of ATL found allowed the con-
struction of time series and surfaces to describe the dynamics of the epidemic.
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We find elements that can be used for a probabilistic model of the incidence
rate in order to predict and understand dynamics of ATL disease. The simu-
lations obtained are acceptable statistically if the number of cases is between
14 and 24, however overestimation and underestimation of the description of
the dynamics in the years can occur when the number of cases is less than
14 and greater than 24, respectively. Results made possible the building of
a probabilistic generator process for endemic / epidemic temporary situation
presented to a macro-scale level in the region. Also, these simulations could
help optimize the provision of therapeutic drugs and diagnostic reagents for
humans by generating different scenarios of the distribution of cases in the
year, in the different months for the department and their localities based on
their historical background of ATL.
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