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ABSTRACT 
 

 Spatial autocorrelation is used to describe the presence of systematic spatial variation 

in a variable and positive spatial autocorrelation, which is most often encountered in 

practical situations, is the tendency for areas or sites that are close together to have similar 

values. For the application of local and a corresponding global Geary’s C statistic, we have 

considered malaria infection cases from all over Sindh. The data was obtained from the 

Directorate of Malaria Control, Hyderabad to find the spatial patterns of different malaria 

types such as Plasmodium vivax, Plasmodium Falciparum, and Mixed Infection. Forspatial 

autocorrelation analysis, we use Geary’s C method global and local version to identify the 

clustered areas affected by malaria from 2015 to 2019 using R-language and GeoDa 

software. This cluster analysis was performed with the association between reported cases 

and spatial neighbors. From the results, global spatial autocorrelation of malaria infection 

significantly clustered in P. falciparum in year 2019 and P. vivax in years 2018 and 2019. 

While locally (district-wise) each species showed clustered with high-high cases in 

southeastern Sindh (Badin, Mirpurkhas, and Umerkot) and clustered with low-low cases in 

Karachi (Central, South, East, West) with time. Amongst all districts of Sindh, the 

incidence rate exposed Badin, Tando Muhammad Khan, Thatta, Larkana, Mirpurkhas, and 

Umerkot districts to beard a massive infective case. The health controller needs to pertain 

prevention policies strictly especially in these areas. 
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1. INTRODUCTION 
 

 Spread of mosquitoes, Malaria is one of a severe infectious disease that affects the 

human included animals. It is produced by a protozoan parasite from plasmodium genes 

(Pahrol et al. 2018). Total six species commonly give rise to malaria infections namely, 

Plasmodium vivax, Plasmodium falciparum, Plasmodium knowlesi, Plasmodium malaria, 
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Plasmodium ovale, and Plasmodium cynomolgi (Hundessa et al. 2016). In humans, this 

infection primarily causes by plasmodium vivax and plasmodium falciparum transmitted 

through the bite of female infective mosquito Anopheles (Wongbutdee et al. 2016 and 

Umer et al. 2018). According to the World Health Organization (WHO) in 2019, an 

estimated 229 million cases of malaria occurred worldwide compared with 228 million 

cases in 2018 (WHO 2019). Malaria has a huge impact on African, Latin American, and 

Asian countries (Azurin et al. 2020), including Pakistan. Despite many prevention 

programs, it is still an endemic disease in some provinces and districts of Pakistan (Khattak 

et al. 2013). Nearly 60% of the population in Pakistan, live in malaria-prevalent zones 

(Khattak et al. 2013 and Qureshi et al. 2019). 
 

 Sindh is the most populous province of Pakistan, which bearded 26.5% burden of malaria 

cases in 2017 (Qureshi et al. 2019). Very few research has been done on malaria infection in 

districts of Sindh. To identify the incidence and/or prevalence of this infection in the most 

affected areas for malaria control, it is essential to recognize the geographical distribution 

and pattern of this pandemic disease. GIS and GeoDa are very valuable applications to 

show the spatial distribution and pattern of disease. GIS software assists in editing, 

mapping, managing features, and data analysis (Perihanoglu et al. 2020). However, the 

GeoDa software provides an advantage to the user of being free and open-access software 

for spatial data analysis that highlights the spatial clustering (Perihanoglu et al., 2020). 
 

 Malaria is commonly associated with poverty, lack of knowledge to follow safety 

precautions which create immense negative consequences on economic growth (Khan  

et al. 2015). Numerous researchers applied different methods to model the spatial analysis 

of malaria according to their requirements to detect the pattern of infection which may use 

in disease epidemiology (Yoep et al. 2015). To examine the risk of malaria, statistical 

analysis is being performed in many developing countries throughout the world (Baig 

2018). Analyzing the spatial mapping develops the opportunity to identify areas that may 

be sensitive to disease and its correlated factors like environmental pollution, rainfall, etc. 

(Yoep et al. 2015, Harathi et al. 2014 and Okunlola et al. 2019). Therefore, in this study, 

for the period 2015-2019 geographical patterns of malaria disease for each type are 

analyzed by spatial autocorrelation to identify clustering and incidence rate at the district 

level of Sindh province. The findings from this research may help the health authorities to 

focus on highly involved areas. 

 

2. MATERIAL AND METHODS 
 

2.1 Study Area 

 Sindh is one of the provinces in Pakistan, which contains six divisions: i.e., Hyderabad, 

Karachi, Larkana, Mirpurkhas, Rann of Kutch, and Sukkur that is located at 25.8943o north 

latitude and 68.5247o east longitude of southeastern Pakistan. It is the third-largest province 

with a total area by land is 140,914 km2. According to the Pakistan Bureau of Statistics, 

the population of Sindh is 47.8 million, and the average population growth rate is 2.4% 

annually according to the 2017 census of Pakistan. Six divisions of Sindh are divided into 

27 districts urban and rural areas, where each district is further divided into tehsils 

(talukas). Figure 1 shows the divisions and districts of Sindh that were created through 

ArcGIS (10.2.2). 
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Figure 1: Divisions and Districts of Sindh Pakistan 

 

2.2. Data Sources 
 

2.2.1 Malaria Data 

  The district-wise annual malaria patient data from 2015 to 2019 were got from the 

Directorate of Malaria Control (DoMC) Hyderabad. These data include the number of 

plasmodium vivax patients, p. falciparum patients, and mix infection patients for each 

district. Further details of prevalence time (e.g., date and month) and location (e.g., street 

and address) of malaria cases have not been available on DoMC Hyderabad. 

Approximately 80% of people in urban areas prefer private treatment whose data have no 

records. 
 

2.2.2 Population Data 

 From the Pakistan Bureau of Statistics, population data were downloaded which is 

based on the last census held in 2017 (PBS 2017). The available population of each district 

was used as a reference to calculate the population of remaining years according to an 

average growth rate of districts annually between 1998 and 2017. 
 

2.2.3 Spatial District Data 

 Geo-coordinates data of Pakistan includes longitudes and latitudes/ shape file 

downloaded from an internet source. This shape file was converted into a Sindh province 

map by GIS software. 

 

2.3. Data Analysis Techniques 
 

2.3.1. Spatial Autocorrelation 

 Spatial autocorrelation is a useful tool to examine how spatial variations change over 

time (Nakhapakorn & Jirakajohnkool 2006). Spatial autocorrelation is expressed in three 
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different ways: Positive spatial autocorrelation, Negative spatial autocorrelation, and zero 

spatial autocorrelation (PERİHANOĞLU, & KARAMAN2020). Global spatial 

autocorrelation analyzes covering the entire study area and cannot reflect on local 

clustering of the variables. Thus, for detection of each area pattern, local spatial 

autocorrelation is used for each spatial district and its relation across the area. 
 

 The commonly used statistic to measure autocorrelation is Geary’s C. It is also known 

as Geary’s Index or Geary Contiguity or simply Geary Ratio is a measure of spatial 

correlation or an attempt to determine if adjacent observations of the same phenomena are 

correlated. 
 

 The global Geary’s C statistic for spatial autocorrelation is given as: 
 

𝐶 =
(𝑛 − 1) ∑ ∑ 𝑊𝑖,𝑗(𝑥𝑖 − 𝑥𝑗)2𝑛

𝑗=1
𝑛
𝑖=1

2(∑ ∑ 𝑊𝑖,𝑗
𝑛
𝑗=1

𝑛
𝑖=1 ) ∑ (𝑥𝑖 − �̅�) 2𝑛

𝑖=1

 

 

where 𝒏 is the number of features? 
 

𝒙 is the mean of the variable 

  𝒙𝒊 is the variable value at a particular location 

  𝒙𝒋 is the variable value at another location 

  𝑾𝒊,𝒋 is the element of the spatial weight matrix. 
 

 The Geary’s C statistic ranges from 0 to 2. 
 

  0 ≤ 𝐶 < 1 indicates positive spatial autocorrelation/clustered. 

  1 indicates no spatial autocorrelation/random. 

  1 < 𝐶 ≤ 2 indicates negative spatial autocorrelation/dispersed. 
 

 The local Geary detects the clustering pattern among one spatial district and its 

neighboring districts. Total four spatial autocorrelation modes are: one spatial district 

having a high case enclosed by districts with high cases (High-High), one spatial district 

with a low case enclosed by districts with low cases (Low-Low), positive spatial 

autocorrelation (other positive), and dispersed (negative). 
 

 Positive spatial autocorrelation in Geary C method is defined as small values imply 

small differences means similarity, can classify as high-high or low-low. Negative spatial 

autocorrelation in Geary C method defines as large values implies large differences means 

dissimilarity. 
 

 A local version by Anselin (2019) of Geary’s C is given below, 
 

𝑐𝑖 =
1

𝑚2

∑ 𝑤𝑖𝑗(𝑥𝑖 − 𝑥𝑗)2,

𝑛

𝑗=1

  where 𝑚2 =  ∑
(𝑥𝑖 − �̅�)2

𝑛

𝑛

𝑖=1

. 

 

2.3.2. Spatial Weight Matrix 

 The first step of spatial autocorrelation analysis is to create spatial weight matrix. 

Spatial autocorrelation depends on the polygonal border (shape) or distance between the 

spatial units 𝑨𝒊 and 𝑨𝒋. This distance is presented in the form of matrix, known as weight 

matrix. The spatial weight matrix W is an 𝑛 ∗ 𝑛 non-negative matrix that specifies the 
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“neighborhood set” for each observation. Weight Matrix defines a numerical expression of 

relationship. 
 

 The most used Spatial Weight Matrices are rook contiguity, queen contiguity, nearest 

neighbor, inverse distance, fixed distance. In this study, first-order queen contiguity spatial 

weight matrix was used because this matrix describes with neighbor that shares common 

boundaries and common vertices (Mathur 2015). 
 

2.3.3. Incidence Rate of Malaria cases 

 The Incidence Rate is expressed as the observed number of new malaria cases per 

100000 residents using the total number of populations of the corresponding districts 

(Nizam ani 2006). Incidence Rate is giving as: 
 

𝐼𝑅𝑖 =
𝑂𝑖

𝑁𝑖

∗ 100000, 

 

where 𝑶𝒊 is the total number of new malaria cases and 𝑵𝒊 is the total population in the 

district per year? 

 

3. RESULTS AND DISCUSSION 
 

3.1 Overall trend of malaria 

 In Sindh during five-years, the total number of reported malaria cases is 419069. Figure 

2 describing the summary of overall positive cases of malaria infection burden at the 

district level of Sindh province during 2015-2019. The graph displays that P. vivax has the 

massive burden of malaria in the province and has become a reason for increasing 

variations in the infection annually. Moreover, the number of cases of P. falciparum is 

increasing with time, while mixed infection has potentially decreased. 

 
 

Malaria Cases in Sindh 2015-2019 

 
 

Figure 2: Graph of Annual Cases of Malaria  

by Type of Sindh Province, 2015 to 2019 

 

 To find a more apparent vision of decreasing and increasing pattern of this pandemic 

disease, we plot the graph of malaria cases by each year separately. Figure 3 explains 

Figure 2 in detail, that during the study period, the number of malaria cases increased about 
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67% in overall province. Every year number of cases of P. vivax infection in Sindh is much 

higher than mixed Plasmodium infection and P. falciparum. From 2015 to 2019, the P. 

vivax malaria cases showed increasing trend in several districts as 89% increase in Badin, 

98% in Tando Muhammad Khan, 83% in Thatta and Larkana, 77% in Mirpurkhas, and 

92% in umerkot. While the Khairpur district cases are little bit declining with the highest 

contribution was in 2015 reduced by just about 9% in 2019. 
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Figure 3: Annual Trend of Reported Cases of Each Year at the District Level 
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3.2 Spatial Clustering 

 Various cases of malaria infection by each species were reported among the Sindh 

province during the study period 2015 to 2019. We tested the spatial autocorrelation of 

Malaria infection P. vivax, P. falciparum, and mix infection for each clustered area using 

the statistical Geary’s C method (Table 1). A global Geary’s C of P. vivax malaria infection 

indicated dispersed malaria cases in Sindh during 2015-2017 and period 2018 and 2019 

indicating the most clustered pattern (positive spatial autocorrelation). The distribution of 

P. falciparum malaria infection also indicated a random pattern in the year 2015, 2016, 

2017, 2018 and indicated clustered pattern in 2019. All the observed Geary’s C values of 

mix infection were very close to expected values, indicating no spatial autocorrelation 

during the study period. All these results are based on Z-values (-1.96 < Z < +1.96) and P-

values (P < 0.05) thus we failed to reject the null hypothesis that there is no spatial 

autocorrelation among the districts of Sindh. 

 

Table 1 

Summary of Spatial Clustering of Malaria Infection from 2015 to 2019 

Diseases 2015 2016 2017 2018 2019 

Plasmodium vivax 0.815 0.887 0.841 0.672 0.643 

Z-value 1.53 0.93 1.31 2.73 2.97 

P-value 0.06 0.1 0.09 0.003 0.001 

Plasmodium falciparum 1.075 0.967 0.951 0.917 0.757 

Z-value -0.63 0.27 0.4 0.68 2.02 

P-value 0.7 0.3 0.3 0.2 0.02 

Mix Plasmodium 1.116 1.07 0.985 0.943 0.835 

Z-value -0.97 -0.58 0.12 0.47 1.37 

P-value 0.8 0.7 0.4 0.3 0.08 

 

 In Pakistan, Malaria is the second most common disease, which bears 16.5% load of 

disease throughout the country (Ullah 2018). We attempted to analyze local spatial 

autocorrelation in a univariate context using local Geary’s C method (Anselin, L.J.G.A., 

2019). As shown in Figure 4, the indicators of local Geary are high-high, low-low, other 

positive (positive spatial autocorrelation), and negation (random pattern). These indicators 

illustrate that P. vivax has 1 high-high location and 4 low-low locations in 2015 and 2017 

and 3 low-low locations in 2016, while in 2018 and 2019 malaria prevalence increase with 

3 high-high locations (Badin, Mirpurkhas, and umerkot), 5 low-low and 2 negatives 

(dispersed) locations. 
 

 According to DoMC data, when districts are examined one by one, spatial clustering of 

P. falciparum malaria infection indicating low-low pattern from 2015 to 2017. In 2018, 2 

high-high, 4 low-low and 1 negative location. In 2019, 3 high-high and 2 negative 

locations. It is obvious from graphs that the rising risk of P. falciparum malaria cases in 

those areas where P. vivax was prevalent. 
 

 Mix infection was indicating no positive spatial autocorrelation from 2015 to 2017. In 

2018, indicating 2 high-high and 1 dispersed location. In 2019, indicating 3 high-high 

locations, 1 low-low and 1 dispersed location. 
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Figure 4: Local Indicators of Plasmodium Vivax  

Malaria Infection at the District Level 
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Figure 5: Local Indicators of Plasmodium Falciparum  

Malaria Infection at the District Level 
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Figure 6: Local Indicators of Mix Malaria Infection at the District Level 
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 The present study displayed considerable differences appears in malaria spread 

annually with respect to geographical distribution in Sindh. The P.v malaria cases showed 

a substantially increasing pattern every year and P.f cases also displayed an increasing 

pattern annually but in 2019 it came slightly down. For prevention of this disease, new and 

effective control tools have been introduced and worked such as rapid diagnostic tests 

(RPT), long-lasting insecticide-treated nets, and artemisinin-based combination therapy 

(Kakar Q 2010). From these 5 years study period it is clear Khairpur has a declining pattern 

while Badin, Mirpurkhas, and Umerkot have a growing pattern. The main cause of this 

fluctuation in the cases that the Sindh government has made great efforts in the execution 

of malaria control resources such as home to home lady health workers vaccinated and 

treated etc. But the lack of knowledge and safety precautions deficiencies were 

predominant in the rural areas of Sindh (Khan et al. 2015). 

 

3.3 Incidence Rate 

 The Incidence rate of malaria in Sindh has an increasing trend mostly in all districts as 

shown in Table 2. In this study period, the highest burden of malaria incidence rate was in 

the Badin, Tando Muhammad Khan, Thatta, Larkana, Mirpurkhas, and Umerkot districts. 

In districts Karachi, Ghotki, and Khairpur indicated a decreasing trend. 

 

Table 2 

The Incidence Rate of Malaria Cases by Each Year 

(Per 100,000 Population) of Districts of Sindh 

Districts/Years 2015 2016 2017 2018 2019 

Badin 89.71 124.14 180.83 559.4 795.71 

Dadu 81.62 82.4 87.59 82.99 80.52 

Hyderabad 10.22 18.28 44.68 72.63 89.79 

Jamshoro 54.74 67.39 63.38 55.93 167.64 

Matiari 121.7 143.2 98.17 94.23 121.89 

Tando Allah Yar 58.92 194.79 324.13 255.88 379.74 

Tando Muhammad Khan 35.41 33.09 305.42 1540.57 2139.57 

Thatta 486.9 684.26 1582.26 2417.8 2128.9 

Central Karachi 6.46 8.35 17.73 15.79 0.13 

Karachi East 8.27 16.7 18.78 17.26 1.001 

Karachi South 31.58 48.23 41.99 38.59 138.99 

Karachi West 12.42 15.09 16.66 15.6 3.02 

Malir 14.4 8.22 22.29 24.96 4.89 

Jacobabad 173.28 253.67 330.38 339.97 327.55 

Kashmore 129.08 120.12 104.73 122.33 140.72 

Larkana 208.9 243.35 205.08 417.3 687.35 

Shikarpur 130.46 108.75 101.07 115.91 159.68 

Mirpurkhas 223.83 521.68 702.12 743.34 672.07 

Mithi 87.73 299.78 411.83 315.9 378.72 
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Districts/Years 2015 2016 2017 2018 2019 

Sanghar 42.68 52.43 50.44 46.51 52.27 

Umerkot 116.16 124.23 321.29 855.79 1322.37 

Ghotki 118.87 117.3 80.48 67.51 53.01 

Khairpur 398.65 449.1 370.82 302.74 264.99 

Noushero Feroz 158.08 175.84 145.34 243.36 175.8 

Nawabshah 155.71 132.42 132.44 100.82 151.3 

Sukkur 74.36 68.05 65.17 170.98 96.58 

 

4. CONCLUSION 
 

 In this study, the spatial autocorrelation of malaria infection with neighboring districts 

of Sindh was efficiently described from 2015 to 2019 by using R-language and local spatial 

analysis by GeoDa. As a result, the spatial autocorrelation concluded globally that malaria 

infection significantly clustered in P. falciparum and P. vivax. While locally (district-wise) 

each species showed clustered with high-high cases in southeastern Sindh (Badin, 

Mirpurkhas, and Umerkot) and clustered with low-low cases in Karachi (Central, South, 

east, west). According to the malaria cases graph from 2015 to 2019, malaria infection 

increases with the passage of time. This study confirmed the presence of three species of 

malaria P. vivax, P. falciparum and mixed Plasmodium infection in the Sindh province. 

These findings displayed that P. vivax infection needs to control seriously as this infection 

is spreading at a high rate than other two species. The results are validated and observed 

with good agreement with the data collected from Directorate of Malaria Control (DoMC) 

Hyderabad. More studies are required to pursue future investigations of malaria infection 

and highlight the pervasive areas for controlling the malaria disease. 
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