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ABSTRACT  

   Leishmaniasis is a genuine public health problem in the countries of the Mediterranean region 

and more recently, in Lebanon. Therefore, prediction of and early warning for epidemics remains 

a research priority for control programs all over the world for Leishmaniasis, in the absence of an 

effective vaccination in Lebanon. We study in this article the surveillance of temporal 

distributions of events; such as the emergence of a declared disease with an increased incidence. 

The principal objective of this article is to show health surveillance statistical methods that detect 

the emergence of a disease and predict its future in order to take the necessary precautions to 

prevent and eliminate the consequences of emerging diseases. 
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1. INTRODUCTION  

       There are many major health problems for which mathematical modelling in epidemiology 

provides a way of bringing rational solutions: It allows the use of all existing knowledge to 

predict the evolution of an emerging disease and identify the most effective control solutions 

(treatment, vaccinations, etc.). Various factors influence the characteristics and the spread of 

diseases such as environmental factors, regional differences, and the occurrence of local events.  

There are some new diseases that have not been detected before and into which we have limited 

insight, such as Leishmaniasis (inflammation of the skin), and cases of this disease exceed 

thousands in number. Furthermore, statistics show that 30% of transmittable diseases are 

respiratory diseases and between 7 to 10% are skin disorders. Lebanon is facing the threat of so 

many diseases, and most of these outbreaks are increasing in incidence due to Syrian migration 

[1]. The detection of any specificities at a local level allows us to understand the phenomena of 

the emerging disease and how it develops, which facilitates the production of prevention 

algorithms. In effect, prevention limits the fluctuation in the incidences of certain diseases by 

limiting exposure to certain risk factors. Spatial or temporal changes in exposure can lead to 
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fluctuations in the incidence of diseases, and these should therefore be detected as early as 

possible [2].  

      Displacement, migration, and refugees seeking asylum have provided an opportunity for a 

renewed reflection on detection strategies, as well as the analysis and control of emerging 

illnesses, and the goal is to validate public health decisions with the help of scientific experts to 

preserve and promote health within the human population [3], [4]. We study in this article the 

surveillance of temporal distributions of events such as the emergence of a declared disease with 

an increased incidence. It demonstrates the required statistical methods such as Stewart control 

chart, exponentially weighted moving average (EWMA). The objective of this article is to show 

health surveillance statistical methods that detect the emergence of a disease and predict its 

future so as to take the necessary precautions to prevent and eliminate the consequences of 

emerging diseases. A threshold of emergence was determined by the function of mean excess to 

study the emergence of  Leishmaniasis over the years 2013-2014. More specifically, this study 

aims to develop a model for predicting the Leishmaniasis disease in Lebanon for 2015 based on 

the autoregressive integrated moving average (ARIMA) process where it was found that this 

number does not exceed 10 cases per week.  

2. Information on Leishmaniasis 

      It is clear that the Middle East is at high risk of emerging infectious disease after the war in 

Syria. Therefore, at the beginning of the Syrian war, the frequency and extent of these epidemics 

increased in an alarming way; the most sudden increase since over a decade ago. The clinical 

manifestation of Leishmaniasis can take of three major forms: Cutaneous Leishmaniasis (CL), 

Mucocutaneous Leishmaniasis (ML) and Visceral Leishmaniasis (VL). This is a disease that 

generally affects the poorest populations of the world, linked to environmental changes [5]. 

      Estimates show that there will be about 1.3 million cases each year, resulting in a large 

number of deaths [14]. Cutaneous Leishmaniasis (CL) in its most common form, is simply 

characterized by skin manifestations leaving disfiguring scars. More than two thirds of these 

cases occur in the following countries: Afghanistan, Algeria, Brazil, Colombia, Syrian Arab 

Republic and the Islamic Republic of Iran [6]. 

     Mucocutaneous Leishmaniasis (ML) has a tendency not to heal spontaneously; it destroys the 

mucus membranes of the nose, mouth and throat. Visceral Leishmaniasis (VL) is the most severe 

form (fatal in the absence of treatment), and affects the internal organs, including bone marrow, 

liver and spleen, and is characterized by fever, weight loss and anaemia. An estimated 200,000 to 

400,000 new cases occur each year. The most important risk factors are associated with wars and 

the relocation of populations. Major risk factors are identified as: malnutrition from diets poor in 

protein and iron, overcrowding which is accompanied by housing being close to open sewers, 

and a lack of waste management facilities. Factors that can increase the number of cases include 

the settlement of people in the woodlands near sandflies, and climatic conditions, such as 

temperature, humidity, global warming, as these factors change the epidemiology of 

Leishmaniasis. 

       Syria in the Middle East is known to have the highest prevalence of CL. Recently, because 

of the various factors linked to the war, neighboring countries have been affected by this disease 
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(Lebanon, Iraq, Turkey). Declaring this disease was made mandatory in Lebanon following the 

mass migration of Syrians, and this is why the country has implemented active surveillance 

methods [15]. 

     The results obtained between 2000 and 2012 showed 6 cases of Leishmaniasis in Lebanon. 

Whereas in 2013, one thousand and thirty-three (1033) cases are reported (988 Syrian, the others 

are Lebanese and Palestinian cases), and most of these are CL, which mainly affects children and 

adolescents (71% age < 20 years). Let’s add that the highest percentage of cases is reported in 

the Bekaa region (728 cases), where there are a high number of refugees, and this has facilitated 

the spread of this epidemic [7]. In addition, this region has environmental conditions similar to 

those of many Syrian regions and is also rural and less developed, with limited access to 

healthcare facilities. 

3. Statistical Methods 

The Health surveillance system allows us to detect outbreaks following the emergence of 

infectious symptoms and the effects of these symptoms on the behavior of the affected 

population. This surveillance is designed to collect and analyze data leading to interpretation that 

will support public health decisions with scientific expertise to preserve and promote the health 

within the human population. The objective of this section is to present a statistical tool which 

allows us to detect the emergence of the infection disease. In summary, knowing the type of 

disease to be detected, the type of data and the series, level of spatial aggregation. We can be 

guided to the choice of method that should be followed, and we can identify many methods in 

the previous section for the temporal surveillance of the Leishmanias disease. 

3.1. Selection of the threshold- Mean Excess Plot: 

The aim of the selection threshold method is to find the extreme values distribution which 

requires us to select the threshold u before selecting sufficiently high data extremes. As the 

emergence is declared after a remarkable and significant increase in the incidence accompanied 

by the threshold being exceeded, the choice of this threshold u is analogous to the choice of 

threshold for the analysis of the extreme values. There are graphical methods that detect extreme 

values and which specify them before the threshold of this detection. We are partly interested in 

the choice of threshold. 

The occurrence of an emerging disease declared by the selection of the threshold, which can be 

determined by empirical methods, taking into account the past events, and by mathematical 

modelling, as a function of time, space, or both [8]. One of the tools for selecting the threshold is 

the graph of the mean excess function (MEF) (ME-plot).  The Mean Excess Plot is the graph of 

the points (u, e(u)) where e (u) is the mean of the excess over the threshold u [9], defined by: 

eu   Y | X  u  

 

where  Y  X  u . 
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If  Y  (X  u / X  u0 ) ~ GPD (General Pareto Distribution) 

This is a function in u, which is estimated by: 

                                                               
              

 
   

           
 
   

   

Such that        is equal to 1 if      
and 0 otherwise. 

We choose the threshold when the mean of the excess plot is approximately linear.  

3.2. Control card 

Controls cards are a graphical tool for visualizing and demonstrating evidence of the stability of 

the data surveillance processes that step back in time. This tool is presented as a graph whose 

points represent the surveillance of a characteristic of the process over time, of which the average 

is represented by a horizontal line and the lower control limit (LCL), and the upper control limit 

(UCL), between these two limits the process is under control, and the points of succession may 

indicate the presence of related causes.  

3.2.1. Shewhart method 

This method is suitable for surveillance the incidence or for the incidence rate. The Risk α is the 

probability to suggest that the process is not under control, while in reality it is.  

The lower control limits LCL and the upper control limits UCL are given by the following 

formula: 

        
  

 
 
 
                      

  
 
 
 
                                          

Where 

   : The average historical incidence rate 

     The standard deviation 

   
 

 
   The quantile of order 1-α/2 of the standard normal distribution. 

The value of    
 

 
  is equal to 3 for the value of α fixed at 0.0027. 

3.2.2. Control charts to   attributes 
 

The control in    attributes takes into account the number of non-conformities or defects, where 

the sample corresponds to a subset of units. It resembles the Shewhart method but by following 

the number of events and not an incidence rate [10]. 
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This tool is presented as  a graph whose points represent following of a characteristic of the 

process over time. 

 

If n groups are monitored one is interested in the average number of cases per group: 

 

      

The upper control limit is: 

                                                       
   

   : Average of   for historical data. 

 

3.2.3. Exponentially weighted moving average (EWMA)  
 

This is a mathematical analysis of the average value of an observation over a given period, 

generally used to indicate the trends of the times series. The smoothing method applies to a 

chronical non-seasonal variations and to locally constant trends. The value smoothed by EWMA 

is [11]: 

                   

With : smoothing parameter (     ); 

    
     : smoothed value at time    ; 

 

    The observation at time t. 

The choice of  is made according to methods, and the more objective choice is to select the 

constant that minimizes the mean square error. 

We assume     is estimated by the historical data and;  

           
 

   
            

 : positive number linked to the level of the upper control limit.  

4. Time-series and prediction model: 

A time series is the result of an observation obtained at a specific time t, or at the best identical 

time intervals (as in the weekly surveillance of cases of Leishmaniasis in Lebanon). The 

frequency of these observations can be daily, weekly, monthly, annual or any other regular 
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period. The objective of the analysis of a time series is to be able to determine a statistical model 

for describing these series. 

These three steps are necessary for the study of a time series: 

• Description and analysis: the study of digital data that constitute the time series, and the 

explanation of these components. 

• Modeling: constructing and validating the model. 

• Prediction: using the constructed model to estimate future values of the time series. 

In order to start modelling it is necessary to know if the series is considered to be stationary: 

1.                 , 

2.         , 

3.                     . 

The stationarity test Kwiatkowski, Phillips, Schmidt, Shin (KPSS) when the null hypothesis of 

this test is stationarity and the statistic of test is as follows [13]: 

  

 
      

    

 

    
  

 

With: 

                          

         

 

   

  

    
              

 

   
 

 

   

        

       
 

 
    

 

     

        

The null hypothesis is accepted when the value obtained from  is less than the corresponding 

critical value, and this means the series is stationary. 
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There exists other test as the augmented Dickey-Fuller test to detect the non-stationary of the 

time series.  

5. Application using statistical methods 

We apply the previous statistical method to the Lashmenia disease in Lebanon observed weekly 

between 2013 and 2014. We present some descriptive statistics such as the table of frequency for 

each year’s grouping by age: 

Table 1: Number of patients grouping by age  

Age Number of Cases in 

2013 

Number of Cases in 

2014 

Frequency Percentage 

0-4 years 250 166 416 24.53 

5-9 years 248 156 404 23.82 

10-19 years 222 131 353 20.81 

20-39 years 191 126 317 18.7 

40-59 years 66 64 130 7.66 

60+ years 20 17 37 2.18 

Unknown age 36 3 39 2.3 

Total 1033 663 1696 100 

Based on the number of cases given in the table 1, we apply the selection threshold method to 

study the evaluation of the disease and to detect any alert emergence, so it is necessary that the 

determination of a threshold is not too low or too high to enable sufficient observations to be 

made. After applying the Mean Excess Plot method to determine the threshold we have the 

following results: 

 

Fig 1: The average access function 
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We can see a linear stability when the threshold equal to u=37 (Fig 1), also to make our decision 

on the threshold we used another graphic tool, with the help of the tcplot function (threshold 

choice plot) on the R software. To better observe the linear pattern, we have shown the 

thresholds between 10 and 80. 

Fig 2: Choice of the threshold according to the tcplot function.A: modified scale, B:shape 

Therefore, the combined linear pattern in the two graphs allows us to take the threshold equal to 

u=37 (Fig 2).  When the observations exceed this threshold that indicate the presence of an 

emergence. 

 

Fig 3: Number of patients Leshmania in Lebanon per week between 2013-2014 

The red line represents the threshold u=37, an observation number exceeding this threshold 

indicates an emergence. Therefore, the incidence of Leishmaniasis in Lebanon in 2013-2014 has 

increased rapidly and in a significant way exceeding the u threshold, which implies that 

Leishmaniasis is an emerging illness throughout this period. Secondly we apply the control card 

method (EWMA) to our data between 2013 and 2014, we obtain the following result: 
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Fig 4: Control card EWMA 

After the smoothing of the series through EWMA we note that there are eleven values of 

observations out of the range, the points 49 and 58 values are outside the upper control limit. 

These are the critical points from which we can see that the disease is emerging.  

Finally, we apply the time series for the prediction of the Leishmanias disease in Lebanon. 

We work with a series showing weekly data throughout the years 2013 and 2014. The following 

figure on the left shows the changes in the number of cases of the disease over this two-year 

period, and the other on the right shows the trend of this temporal series: 
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Fig 5: The distribution of data and the trend of the time series  

 

Based on the Fig 5 we can conclude the trend of the series is nonlinear and is decreasing. The 

Ljung and Box test shows that the residuals of our series are not white noise when eliminating 

some observations. Therefore, we can see that there are peaks but the causes of acquiring illness 

which are not whit noise are linked to external influences such as the arrival and sudden increase 

in the number of Syrian refugees. Also the stationarity KPSS test is carried out to find out if our 

data is stationary. We acquired from this test, a p-value = 0.01 <0.05. Then the null hypothesis is 

not accepted and the series is not stationary. To make it stationary a variation will be 

made. Ndiffs which is a function of R software uses a unitary root test to determine the number of 

differentiations needed for the time series to make it stationary. After the series has become 

stationary, we smoothed it to get the moving average. 

 

Fig 6: Series  after differentiation series (black) and series smoothed moving average order of 4 

(red) 

This smoothing makes a week fluctuations on the series. So, we can relate it to a simple model to 

enable us to make predictions. 
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Choice and validation of the model: 

 

The auto.arima function selects the best arima model. It automatically returns the 

model that has the smallest AIC, with the corresponding coefficients. The validation of this 

model is to take some of the smoothed series (15 values) to evaluate the behavior of the model 

and compare the values that it adjusts with the values of the smoothed series. 

                                
 

Fig 8: The ARIMA (2,0,0) in blue, the smoothed series in black. 

 

Note that the values adjusted by the model obtained by auto.arima are very close to the 

smoothed values. The expected behavior of this method makes sense in view of the old data. 

The best model is ARIMA (2,0,0), the AIC = 446.9085 and the BIC = 454,408, and the 

coefficients are equals to 0.6327181; -0.2950613. This is the autoregressive model of order 2. It 

takes the following form: 

                                  

This model helps us predict the data in 2015 and 2016. But to get values closer to the true 

observations, we need to take some backward steps, such as: Remove the smoothing; Remove 

the differentiation and then we arrive at the predicted values. 

 To take out the smoothing, we apply the following formula: 

                      

 To take out the differentiation, we apply the following formula: 
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Finally, we find the data without smoothing and without variation which are the closest to the 

real data. 

 

 Graph 9: Prediction of the number of Leishmanias for 2015 according to AR(2). 

Graph 9 gives the prediction of the number of Leishmanias cases disease in Lebanon by weekly 

period for the year 2015. We remark the predicted values did not exceed 10 cases per week. 

These values may be due to early diagnosis and treatment, or to a decrease in the number of 

Syrian refugees entering Lebanon. 

6. Conclusion 

In order to detect the emergence of a disease, in particular Leishmaniasis, it is essential to 

determine the threshold at which this disease is considered emerging. This threshold is 

determined following a change in the linearity of the average excess function, u = 37, so any 

value above this threshold contributes to the classification of an emergence of Leishmaniasis, 

especially the peak at the 49th week, when the number of detected cases is 91. In order to 

surveillance the series of weekly observations of Leishmaniasis we have applied the statistical 

cards methods such as EWMA, also to predict the future observed cases of this disease we chose 

the model that corresponds to it, based on the AIC criterion which was the AR (2). Predicted 

values did not exceed 10 cases per week. These values may be due to early diagnosis and 

treatment, or to a decrease in the number of Syrian refugees entering Lebanon. 

We were able to consider Leishmaniasis as an emerging disease in a specified period, this period 

is in the last weeks of 2013 and the first weeks of 2014. 

To obtain results earlier, it is preferable that the data is more informative with all the information 

needed for our study, such as information about the variables that directly confirm the 

phenomenon of emergence. Similarly, the data are enriched with explanatory variables over the 

study which will also be important. 
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