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Abstract  

Back ground: Iraq's Environmental Statistics and 

Health Indicators published annual mortality rates for 

tuberculosis from 2018 to 2022. However, this publication does 

not assess whether the patterns are merely the result of chance or 

whether they accurately reflect regional variations in disease risk 

or treatment methods. To formally test for geographical clustering 

of disease, we used global spatial autocorrelation to analyze Iraq's 

annual TB mortality rates from 2018 to 2022. The spatial scan 

statistic, the Anselin Local Moran's I, and Getis-Ord Gi* were 

used to determine the spatial variations of TB mortality rates. 

Geographic clustering was statistically significant across all age 

and gender groups, according to all tests. The spatial scan statistic 

indicated that the most likely cluster of high mortality was in parts 

of Dha qar, Maysan, Basrah, Diwaniyah, Muthanna, Wasit, Babil, 

Najaf, and Karbala, (LLR= 4.71, P > 0.05). Secondary clusters 

were found in Ninawa, Dahuk, Karbala, Arbil, Tam’mim, Salah 

ad din, Sulaymaniyah, Diyala, and Anbar (LLR= 0.88, P < 0.05). 

For 25% maximum window size, the statistically significant most 

likely was found around Diwaniyah, Babil, Wasit, Karbala, Dha 

qar, and Najaf (LLR= 3.65, P > 0.05), with secondary clusters in 

Ninawa, Dahuk, Karbala, Arbil, Tam’mim, Salah ad din, 

Sulaymaniyah, Diyala, and Anbar (LLR= 0.88, P < 0.05). 

Keywords:  Iraq, Tuberculosis (TB), Moran’s I, Anselin Local 

Moran’s I and Getis-Ord Gi* 

 

1. Introduction 

Anyone can get infectious tuberculosis, or TB, which is 

one of the world's major causes of death and illness. Prior to the 

COVID-19 pandemic, tuberculosis (TB) was the leading 

infectious disease-related cause of death. The treatability and 

preventability of tuberculosis (TB) are higher than those of 

HIV/AIDS. About 85% of patients with TB disease respond well 
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to a six-month pharmaceutical therapy [1]. Despite international 

efforts to manage the disease, many people are still infected with 

tuberculosis (TB), an infectious disease caused by 

Mycobacterium tuberculosis. The World Health Organization 

(WHO) estimates that 10 million individuals worldwide suffered 

with tuberculosis (TB) in 2018, which resulted in 1.5 million 

fatalities [2]. However, according to WHO data, up until 2015, 

only 61% of TB patients have been identified [3].Each nation 

must identify high-risk locations in order to achieve the ultimate 

objective of TB elimination by 2050, which is defined as ≤1 case 

per 1 million people [4]. With Geographic Information Systems 

(GIS) techniques [5–9], which store data by two components: 

spatial and non-spatial, it is possible to identify spatial and 

spatiotemporal patterns of diseases [10–13]. While the latter 

contains additional information, such as patient data like age, 

gender, etc., the former is dependent on geography, such as the 

patient's place of residence. By performing spatio-temporal 

studies that integrate spatial and non-spatial data and take the 

time component into account, GIS makes it possible to visualize 

and track infectious diseases [14]. Data distributions and patterns 

are found in the context of both space and time using 

spatiotemporal pattern analysis [15]. Spatial scan statistics' TB 

study in Pakistan [16] found spatiotemporal clustering with high-

risk clusters throughout the nation from 2015 to 2019, especially 

in the study area's northern and western regions. Another study 

used empirical Bayesian and Moran statistics to evaluate the 

temporal and spatial patterns of tuberculosis in 75 municipalities 

in northeastern Brazil between 2001 and 2016 [7]. observed a rise 

in the prevalence of tuberculosis in patients younger than 40. 

According to Masabarakiza et al. [17], who using GIS to analyze 

the distribution of TB incidence in Burundi from 2009 to 2017, 

the country's eastern regions showed comparatively low TB 

incidence rates when compared to other regions. According to a 

Western Kenyan retrospective study [9], which examined the 

spatial distribution of 23,374 TB cases from 2012 to 2015, the 

small-area TB incidence ranged from 638.0 to 121.4 individuals 

per 100,000. They were able to identify 16 districts with a high 

incidence of tuberculosis by using geographic clustering analysis 

based on the Moran and Getis-Ord Gi* statistic [18]. When 

someone coughs or talks, the majority of the droplets that are 

discharged from their mouth, nose, and throat spread the 

respiratory illness TB. Other parts of the body, including the 

lymph nodes, pleura, belly and urogenital tract [19, 20], skin and 

joints [21, 22], bones [23, 24], and meninges, can also get infected 

with tuberculosis. This later form of the disease is called 

extrapulmonary tuberculosis. The World Health Organization 

(WHO) defines an LTBI as an ongoing immunological response 

to Mycobacterium tuberculosis (M. tb) antigens, even in the 

absence of tuberculosis signs or symptoms. The World Health 

Organization (WHO) estimates that by 2020, there will be 27 

cases of tuberculosis per 100,000 people in Iraq [25]. To the best 

of our knowledge, the present study would be the first 

epidemiological exploration on solely geographic TB death 

clusters in the country of Iraq. 

2. Data and methods 

The Department of Health and Life Statistics Iraq 

provided the 18 provinces' statistics on            tuberculosis (TB) 

mortality for the years 2018–2022. The Central Bureau of 

Statistics Iraq    provided population estimates for each of the 18 

provinces for each of the years 2018–2022. By connecting and 

matching the TB mortality data with the shape file vector map 

that we acquired from the Directorate of Water Resources in 

Najaf, we were able to generate an extensive geographical 

analysis database. 

 Spatial autocorrelation analysis  

The global pattern of TB mortality occurrence was examined 

using the Global Mora's I approach. The degree of resemblance 

between a particular site and its surrounding units was evaluated 

using spatial autocorrelation [26]. In this regard, the indicator was 

Moran's I coefficient. The spatial linkages of the study units were 

specified using a weight matrix, which meant that units that were 

adjacent to one another in space were given more weight in the 

computation than those that were farther apart [27]. Pearson's 

correlation coefficient is extended to geographical neighbors by 

Moran's I. It provides a score in the range of -1 and 1. The null 

hypothesis—that there is no clustering—is represented by a score 

of zero. While a negative score suggests that nearby locations 

typically have differing attribute values, a positive score shows 

that places with comparable attribute values are clustered 

together [26]. Monte Carlo randomization was used to evaluate 

Moran's I significance. Statistical significance computation 

evaluates the Moran's I statistic's significance in relation to the 

null hypothesis [26, 29]. 

Hot spot analysis 

The hot spot analysis (Getis-Ord Gi*) tool in ArcGIS 10.8 

software was used to determine the Getis-Ord Gi* statistic for 

features. By comparing the local sum of the values for the feature 

in question and its neighbors to the sum of all feature values, the 

Getis-Ord Gi* statistic is computed [28]. Z-score was obtained 

from Gi*statistic for positive Z-scores; the larger Z-score reflects 

the more intensity of the clustering high values. For negative Z-

scores, the smaller Z-score represents the more intense and the 

clustering of low values (i.e., a cold spot is obtained) [29]. 
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  Anselin local Moran’s I analysis 

Local Moran's in Anselin I was utilized to give information about 

high-risk and low-risk areas. High-high, low-low (showing a 

clustering pattern), low-high, high-low (indicating an outlier 

pattern), and not significant are the five categories into which this 

index separates polygons. High-high (HH) indicates high-risk 

clusters or hotspots by highlighting regions with high death rates 

combined with their environs. Low-low (LL) patches, on the 

other hand, show low-risk clusters of death or cold spots and areas 

with low mortality [29]. In ArcGIS 10.8, we produced spatial 

weights using polygon contiguity edges and corners weight. 

Spatial Scan Statistic 

Martin Kulldorff created the spatial scan statistic and put it into a 

software application called SaTScan. To determine the 

approximate locations of statistically significant geographical 

clusters of tuberculosis (TB) mortality and to look into their 

existence, SaTScan v10.1 was utilized [30]. Statistics analysis 

[31] were conducted for all age groups in order to identify clusters 

in the population's TB mortality. The Poisson probability model 

assumption, which states that the number of events in a region is 

Poisson distributed based on a known underlying population at 

risk, was used to identify spatial high clusters. To identify the TB 

death clusters in the research area, a purely spatial analysis was 

conducted, ignoring the time dimension of the cases. A circular 

window was imposed on the map by the spatial scan statistic, 

which allowed the circle to traverse over the region. As a result, 

the window had various sets of nearby TB mortality at various 

places. If the window contained the centroid of the TB mortality, 

then that TB mortality was included in the window. The TB 

mortality was included in the window if it included the centroid 

of the TB mortality. Every circle's radius was gradually expanded 

from 0 to its maximum. As a result, the window never included 

more than half of the whole population that was at risk. The most 

likely cluster was the one with the highest likelihood, which was 

maximized across all window sizes and positions. The Monte 

Carlo hypothesis testing technique was used to determine its 

relevance. 999 random Monte Carlo repetitions of the data set 

were created with the null hypothesis that there were no notable 

clusters, assuming that the relative risk (RR) of TB mortality was 

the same inside the window as it was outside, in order to 

determine the distribution of the test statistic. Each replica's test 

statistic was determined. Because the analysis at a reduced 

threshold could identify smaller and more defined areas, the 

maximum size of the spatial window in this study was established 

at 50% and 25% of the population [32, 33]. 

3. Results and Discussion 

The Iraq annual mortality rates for TB are shown in 

Table 1. for all age gender categories, rates varied from 0 to 1.75 

per 100,000, The geographic variation of country-level mortality 

rates for all age gender are shown in Fig. 1. The value of Moran’s 

indices was positive (p-value < 0.05, z-score <1.96) in year of 

2019 during the study period indicating clustered characteristic 

of the TB mortality rates. While it was randomly spatial in other 

years. Annual values of the Moran’s I are presented in Table 2.  

The Getis-Ord Gi* statistic for TB mortality rates identified 

eastern and middle Iraq as shown (Fig. 2). The analysis confirmed 

that the province of Baghdad, Babil, Karbala, Diwaniyah, Wasit 

and the province of Maysan had statistically significant higher 

rates of TB mortality rates than the rest of the country. Figure 3 

shows the areas for TB mortality rates clustering identified by 

Anselin’s Local Moran’s I. The analysis identified 

Ninawa,Dahuk,Arbil and Tam'mim provinces in northern Iraq, as 

a low-low cluster and insignificant  throughout the 5 years 

covered by the study. The province of Maysan, Karbala, Babil, 

Diwaniyah, Baghdad and Wasit were identified as a High- High 

cluster of TB mortality rates for 2018-2020 years, while the 

province of Tam'mim was category high- low outlier for 2022 

year. 

Based on the 50% maximum window size, the spatial scan 

statistic detected 1 statistically significant cluster located in 

Southeastern of Iraq (Table 3, Fig. 4(A, B)). The most likely 

cluster was found around Dha qar, Maysan, Basrah, Diwaniyah, 

Muthanna, Wasit, Babil, Najaf, and Karbala, where 23 cases were 

observed, whereas 13.49 were expected (LLR= 4.71, P > 0.05). 

Secondary clusters were found in Ninawa, Dahuk, Karbala, Arbil, 

Tam’mim, Salah ad din, Sulaymaniyah, Diyala, and Anbar 

(LLR= 0.88, P < 0.05); located in the Northeastern of country. 

The statistically significant most likely and secondary of TB 

mortality rates clusters were mainly distributed from center to 

Northeast in Iraq (Table 4, Fig. 4(C, D)); for 25% maximum 

window size. The statistically significant most likely was found 

around Diwaniyah, Babil, Wasit, Karbala, Dha qar, and Najaf 

where 15 cases were observed, whereas 7.65 were expected 

(LLR= 3.65, P > 0.05), with secondary clusters in Northeast, 

Ninawa, Dahuk, Karbala, Arbil, Tam’mim, Salah ad din, 

Sulaymaniyah, Diyala, and Anbar (LLR= 0.88, P < 0.05). 

An overview of Iraq's most recent TB spatiotemporal 

epidemiological state is given in this report. The findings showed 

that TB rates were declining between 2018 and 2022.  Even 

though Iran's TB prevalence is declining, screening, preventive, 

control, and therapeutic measures are still necessary, particularly 

in high-risk regions like eastern and middle Iraq. The lowering of 

tuberculosis in Iraq has been greatly aided by free treatment, 
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greater public knowledge, better hygiene, the opening of new TB 

research institutes, and easier and faster access to TB testing.  

Crucially, it was discovered that the decrease in TB was 

especially noteworthy. Since tuberculosis is contagious, prompt 

detection and treatment can lower its incidence because it can 

spread to other people. 

 

 

Fig. 1. Geographic distribution of TB mortality rates for all age gender in the Iraq, 2018–2022. 
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Table 1. Total annual mortality rates from TB in the Iraq, 2018 to 2022. 

ID Province 

Annual 2018 

 Mortality 

Rate/100,000 

Annual 2019 

 Mortality 

Rate/100,000 

Annual 2020 

 Mortality 

Rate/100,000 

Annual 2021 

 Mortality 

Rate/100,000 

Annual 2022 

 Mortality 

Rate/100,000 

1 Ninawa 0.255 0.305 0.229 0.382 0.305 

2 Dahuk 0.000 0.000 0.000 0.000 0.000 

3 Najaf 0.452 0.452 0.065 0.129 0.129 

4 Karbala 0.545 0.857 0.234 0.390 0.156 

5 Tam'mim 0.594 0.416 0.178 0.475 0.297 

6 Baghdad 1.063 1.659 0.993 1.753 1.168 

7 Muthanna 0.117 0.466 0.117 0.000 0.117 

8 Babil 0.414 0.644 0.552 0.644 0.552 

9 Diwaniyah 1.250 0.588 1.103 0.147 0.441 

10 Dha qar 0.136 0.544 0.363 0.408 0.181 

11 Basrah 1.600 0.686 0.979 0.849 0.555 

12 Salah ad din 0.060 0.119 0.119 0.060 0.000 

13 Anbar 0.268 0.322 0.429 0.322 0.429 

14 Arbil 0.000 0.000 0.000 0.000 0.000 

15 Diyala 1.160 0.638 0.638 0.754 0.174 

16 Sulaymaniyah 0.000 0.000 0.000 0.000 0.000 

17 Wasit 0.551 0.207 0.413 0.275 0.069 

18 Maysan 0.683 0.512 0.000 0.000 0.085 

Table 2. The global spatial autocorrelation for Moran’s I from 2018 to 2022. 

Year Moran’s I Expected I Variance z-score P-value Pattern 

2018 0.0043 -0.0588 0.0142 0.5288 0.5970 random 

2019 0.1804 -0.0588 0.0112 2.2574 0.0240 clustered 

2020 0.0485 -0.0588 0.0144 0.8952 0.3707 random 

2021 0.0128 -0.0588 0.0106 0.6944 0.4874 random 

2022 -0.0388 -0.0588 0.0110 0.1905 0.8489 random 
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Table 3.  Clusters of TB mortality among Iraq Province from 2018 to 2022 for 50 % SaTScan. 

Approximate Location Radius(km) Observed Excepted RR LLR P-value 

A- Dha qar,  Maysan,  Basrah , 

Diwaniyah , Muthanna, Wasit, 

Babil,  Najaf, and Karbala. 

287.31 23 13.49 2.66 4.71 0.034 

B- Ninawa , Dahuk , Karbala, 

Arbil, Tam'mim,  Salah ad din 

,Sulaymaniyah, Diyala ,and  

Anbar. 

348.07 10 6.68 1.66 0.88 0.802 

 

 

Table 4.  Clusters of TB mortality among Iraq Province from 2018 to 2022 for 25 % SaTScan. 

Approximate Location Radius(km) Observed Excepted RR LLR P-value 

C- Diwaniyah , Babil , Wasit, 

Karbala, Dha qar,  and  Najaf. 
144.26 15 7.65 2.54 3.65 0.042 

D- Ninawa , Dahuk , Karbala, 

Arbil, Tam'mim,  Salah ad din. 

,Sulaymaniyah, Diyala ,and  

Anbar. 

348.07 10 6.68 1.66 0.88 0.744 
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Fig. 2. Hot spot analysis of TB mortality rates for all age  gender in the Iraq, 2018–2022. 

 

 

Fig. 3. Clustering analysis of TB mortality rates for all age  gender in the Iraq, 2018–2022. 
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Fig. 4. Geographical clusters of TB mortality rates for all age gender (50% SaTScan-A, B, top) and (25% 

SaTScan-C, D, bottom) in the Iraq, 2018–2022. 
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