
		
			[image: 1.png]
		

	
		
			Research Article

		

		
			Temporal Geospatial Mapping of Foot and Mouth Disease Outbreak in Aceh, Indonesia

		

		
			M. Daud AK1,2*, Mahdi Abrar2*, Teuku Reza Ferasyi3,4, Harapan Harapan5,6,7,8

		

		
			1Graduate School of Mathematics and Applied Sciences, Universitas Syiah Kuala, Banda Aceh 23311, Indonesia; 2Department of Microbiology, Faculty of Veterinary Medicine, Universitas Syiah Kuala, Banda Aceh 23311, Indonesia; 3Department of Veterinary Public Health, Faculty of Veterinary Medicine, Universitas Syiah Kuala, Banda Aceh 23311, Indonesia; 4Center for Tropical Veterinary Studies-One Health Collaboration Center, Universitas Syiah Kuala, Banda Aceh 23311, Indonesia; 5Department of Microbiology, School of Medicine, Universitas Syiah Kuala, Banda Aceh, 23111, Indonesia; 6Tropical Disease Centre, School of Medicine, Universitas Syiah Kuala, Banda Aceh, 23111, Indonesia; 7Medical Research Unit, School of Medicine, Universitas Syiah Kuala, Banda Aceh, 23111, Indonesia; 8Tsunami and Disaster Mitigation Research Center (TDMRC), Universitas Syiah Kuala, Banda Aceh, 23111, Indonesia.

		

		
			Abstract | Aceh has become an endemic for foot and mouth disease (FMD). This study used a descriptive epidemiological approach and geospatial mapping to track, analyze, and map the distribution patterns and trends of FMD outbreaks in Aceh, Indonesia using data from 23 districts between March 2022 to August 2023. The FMD case were collected from the Crisis Centre of Foot and Mouth Disease, Aceh Department of Agriculture, and Ministry of Agriculture, Indonesia. The data were analyzed using ArcGIS software to determine the spatial and clustering pattern of FMD. The hotspot and autocorrelation analysis with Moran’s I statistic were conducted to validate the spatial patterns. In 2022, the month with the greatest number of instances was July, followed by June, May, August, September, October, and December. There have been no recorded cases of FMD from January to August 2023. The Aceh Besar district was notably recognized as a prominent area with a high incidence of FMD outbreak followed by Aceh Tamiang and Aceh Utara. The data suggested that the occurrences of FMD were sporadic and randomly dispersed, as indicated by a Z-Score of -0.927 according to Moran’s I analysis. This study highlights that geospatial analysis could be employed to make informed decisions on different strategies, such as district-based isolation and implementation of general control measures in highly susceptible communities, to effectively manage the spread of FMD during outbreaks. Additionally, selecting the appropriate timing and approach for conducting control efforts and preventative measures is beneficial in addressing future outbreaks of FMD and other recurring diseases. 
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			INTRODUCTION

			The Food and Agriculture Organization (FAO) estimated that a substantial portion of the global agricultural output and the livelihoods of over a billion people depend on livestock (FAO, 2009). However, this industry has faced persistent challenges and significant threats from infectious disease outbreaks like FMD. Caused by the FMD virus (FMDV), this highly contagious disease affects cloven-hoofed animals, leading to severe economic losses due to diminished productivity and trade restrictions (Chen et al., 2022). These losses can have cascading effects on the livelihoods of farmers and the availability of affordable and nutritious food for the local population. In endemic areas, FMD causes global losses ranging from 6.5 to 21 billion USD annually, encompassing visible production losses, vaccination expenses, and treatment costs. Additionally, non-endemic regions experience an annual loss of over 1.5 billion USD due to FMD outbreaks (Knight-Jones and Rushton, 2013). A study have shown that outbreaks can disrupt livestock markets significantly, affecting production and access to international markets (Feng et al., 2017). Furthermore, FMD outbreaks can lead to the shutdown of exports from the livestock industry for an indefinite period, as access to foreign markets depends heavily on the disease status of domestic livestock populations (Pudenz et al., 2021). 

			Indonesia, an archipelagic nation in Southeast Asia, is home to a diverse and substantial livestock industry, making it a vital contributor to the nation’s economy and food security. FMD outbreaks have been reported previously in Indonesia resulting significant losses for livestock population and leading to challenges posed by the movement of animals across the country’s vast and varied landscape (Susila et al., 2023). Between 2022–2023, the FMD outbreak occurred in Indonesia and this outbreak drew significant attention from the agricultural and veterinary public health sectors. The first cases of FMD during 2022–2023 outbreak were reported in four districts in East Java in May 2022 and two districts in Aceh province on August 2022 before they were spread other provinces in Indonesia (DREF, 2023). By July 2022, there were 233,370 FMD active cases in 246 sub-districts across 22 provinces in Indonesia (Sutawi et al., 2023). The outbreak has affected many livestock, including cattle, buffaloes, sheep, and goats. The Indonesian government then declared the status of specific emergencies for FMD and was aiming to get the outbreak under control by the end of 2022. The investigation indicated that the current outbreak of FMD in Indonesia is due to the FMDV serotype O (O/ME-SA/Ind-2001e sub lineage) (Chen et al., 2022). 

			The 2022–2023 FMD outbreak presented a unique transmission since the first cases were also in Aceh, a province located in the westernmost of Indonesian archipelago located on the tip of Sumatra Island. Aceh is a unique and possesses distinct geographical and socio-economic characteristics and features. Aceh is known for its coastal areas and substantial livestock population of which livestock farming plays a crucial role in the livelihoods of Aceh population (Handayani and Safrida, 2023). It made Aceh particularly susceptible to the impacts of an FMD outbreak, warranting a detailed examination of its effects on the province’s economy and food security. The livestock sector in Aceh contributes significantly to the provincial economy and the well-being of its people (Sutawi et al., 2023). Therefore, understanding the incidence and outcomes of the outbreak of FMD in Aceh during FMD outbreak 2022-2023 is crucial for quantifying its economic impact on the region and developing strategies to mitigate these losses. 

			The aim of this study was to investigate the spatial and temporal dynamics of the FMD outbreak in Aceh in order to identify patterns that could inform more effective containment and mitigation strategies. The study hypotheses were that geospatial mapping can reveal the details of the outbreak’s spread and uncover the epidemic pattern, which aids in developing targeted interventions on transmission and control strategies. To achieve that aim, the geospatial mapping of the FMD outbreak in Aceh was created to provide valuable insights and tools for controlling the disease, reducing its impact on livestock and public health, and preventing its spread. It involved using geographic information systems (GIS) and spatial analysis techniques to track, analyze, and map the spread and distribution of the FMD cases to be able to understand better the spatial patterns and factors associated with the outbreak. The findings and recommendations from this study are anticipated to provide valuable guidance for policymakers, veterinarians, and stakeholders in strengthening disease control and preparedness efforts, ultimately benefiting both the livestock industry and the broader community in Aceh and beyond. 

			MATERIALS AND METHODS

			 

			Study area

			Aceh is located between latitude 4.6951° N and longitude 96.7494 E on the island of Sumatra with a total area of 5.6839 km2. This province is mainly mountainous, except in the extreme north, with a reasonably broad coastal plain consisting of 23 districts. In addition, Aceh is bordered by North Sumatera in the south, the Indonesian Ocean in the west, the Malacca Strait in the east, and the Bay of Bengal in the north (Figure 1).

			Source of data

			The FMD data used in this study were compiled by the Crisis Centre of Foot and Mouth Disease, Aceh Department of Agriculture, and Ministry of Agriculture, Indonesia, every week at the district level for sixteen months (May 2022 to August 2023). This information was also available on the website https://siagapmk.crisis-center.id/index.php. The data were summarized and presented by month. 
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			Figure 1: Study area of the foot and mouth disease (FMD) outbreak in Aceh province, Indonesia.

			Geographic information system procedure

			The spatial analyst tools available in ArcGIS software, version 10.1 (ESRI; Redlands, USA), which were used to analyze the spatial pattern of the disease. Prior to conducting the analysis, ethical considerations and approvals were obtained in accordance with protocols for research involving disease outbreaks and animal populations (Approval number: 291/KEPH/I/2024). The dataset on FMD cases was processed using ArcMap to visualize potential clustering in different districts in Aceh. The classification of the FMD dataset into three classes based on the number of reported cases per district and month was crucial for the analysis. The classes were defined as low (<3 cases), moderate (>9000 cases), and high (>12000 cases) (Samphutthanon et al., 2014). To identify clustering patterns, spatial join and autocorrelation analysis were conducted using ArcGIS tools. The Density-Based Spatial Clustering of Applications with Noise (DBSCAN) algorithm was employed to group spatial locations close to each other with a minimum number of FMD cases within a specified radius (Ester et al., 1996). This algorithm is effective in identifying clusters of disease incidence based on spatial proximity. Furthermore, spatial autocorrelation techniques like Moran’s I were utilized to assess the clustering of FMD cases in Aceh. Moran’s I statistic helps in determining whether there is clustering, dispersion, or randomness in the spatial distribution of the disease cases. To identify hot spots of FMD incidence, the Getis-Ord Gi* statistic was applied (Getis and Ord, 2010). This technique evaluates whether high or low values of a variable cluster spatially, highlighting areas with significantly high disease occurrence surrounded by neighboring districts with similarly high values. 

			Hotspot and autocorrelation analysis

			To determine data that exhibits significant or insignificant spatial patterns, hotspot and autocorrelation analysis, commonly known as the Getis-Ord Gi* statistical analysis, was conducted. An analysis was conducted on the highest and lowest data values, known as hot and cold spots. This analysis was based on statistical spatial groups, considering correlations within a specific distance from the detected location. The distance was measured using the inverse distance squared method. Furthermore, hotspot analysis was conducted to investigate the spatial connection in developing particular clusters. The method used in this analysis followed to the methodology developed by (Ord and Getis, 1992).

			The Moran’s I statistic was commonly used to estimate global spatial autocorrelation, which evaluates the extent of spatial dispersion or clustering of a variable across geographical areas. Moran’s I method measures the degree of similarity in values between adjacent regions in a spatial dataset. A positive Moran’s I coefficient indicates the presence of positive spatial autocorrelation, which means that similar values tend to be clustered together. On the other hand, a negative coefficient reveals the existence of negative spatial autocorrelation, showing that dissimilar values are close to each other. The analysis facilitates a more profound understanding of the fundamental spatial mechanisms and identifying regions where spatial clustering or dispersion may occur (Ma et al., 2017; Ord and Getis, 1995).

			In ArcGIS, spatial autocorrelation was used to compute Moran’s I values, which are then represented as Z and P values. These values serve as indicators of importance, with 1.0 indicating positive spatial autocorrelation and -1.0 indicating negative spatial autocorrelation. Index values approaching 1.0 signify a high degree of clustering or random dispersion. According to Mitchell (1999), the formula for spatial autocorrelation, known as Moran’s I, is expressed:

			[image: ]

			With Zi representing the deviation of i from the mean (xi - X-), Zj representing the deviation of the variable j from the mean (xj - X-), Wi, j represents the spatial weights between i and j, n represent the total number of districts, and S0 represent the sum of all spatial weights.
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			and Z score formula: 
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			Where E[I]= -1/(n-1) and V[I] = E[I2] – E [I]2

			Table 1: Reported cases of foot and mouth disease (FMD) in Aceh 2022 to 2023.
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							0

						
							
							0
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			RESULTS AND DISCUSSION 

			Based on the reported cases, FMD outbreaks started in May 2022 and peaked in July 2022 before disappeared in December 2022. In retrospect, July 2022 had the highest reported cases, followed by June, May, August, September, October, December, and November of the same year (Table 1). The number of reported cases showed fluctuations over the study period, with a first increase in May 2022, a decrease at the end of May, and an increase sharply in the middle of June to July then decreased from August to December 2022 (Figure 2). No cases were reported in early January to August 2023. A similar pattern was also identified in other regions like Ethiopia where the trend of FMD outbreaks significantly decreased from August to December in the period 1999 to 2016 (Aman et al., 2020) and a seasonal pattern from 2010 to 2019 (Woldemariyam et al., 2022). Both studies implied that seasonal trend in FMD outbreak in Ethiopia have potential link to environment condition in that country. Punyapornwithaya et al. (2022) also noted that a rising trend of FMD episodes in Thailand, particularly in areas bordering FMD-endemic countries, indicating the influence of socio-economic factors such as trade and animal movements. These findings suggest that certain environmental and ecological factors may contribute to the spatial distribution of FMD outbreaks in the regions (Guerrini et al., 2019). 
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			Figure 2: Weekly report cases of foot and mouth disease (FMD) during the outbreak in Aceh Province, Indonesia (May 2022 to August 2023).

			FMD outbreak pattern trend occurred in Aceh was also similar with FMD outbreak reported from other countries. For instance, in Colombia, the cyclical and seasonal patterns of FMD outbreaks observed over two decades showed (Gallego et al., 2007). These can be driven by various factors, including the natural immunity cycle in livestock populations, the evolution of the virus, and changes in herd immunity (Bachanek-Bankowska et al., 2018; Di Nardo et al., 2021). India and Bangladesh, both countries, also had cyclical and seasonal patterns over ten years post-monsoon (Rahman et al., 2020; Sharma and Singh, 1993). Other South American countries, like Brazil and Argentina, have also experienced cyclical and seasonal patterns of FMD outbreaks despite significant improvements in disease control through vaccine campaigns and stringent biosecurity measures (Brito et al., 2016; Rivera et al., 2023). These findings indicate that although government efforts can lessen the impact of FMD, the fundamental ecological and biological factors still enable repeated and cyclical trends in outbreaks (Rweyemamu et al., 2008).

			Environmental variables such as climate, vegetation cover, and geographical features can also influence the spread and persistence of the FMD virus. For instance, seasonal changes in temperature and humidity can create favorable conditions for the survival of the virus in the environment and increase the likelihood of transmission among livestock populations. Socio-economic factors such as livestock management practices, trade networks, and vaccination coverage can also play a significant role in shaping the dynamics of FMD outbreaks (Nazari et al., 2023). Therefore, a multifaceted approach that combines effective disease control strategies with a comprehensive understanding of environmental and biological influences is essential (Blacksell et al., 2019; Tesfaye, 2020). 

			Factors such as animal movements and their product, importation policies, and transportation also significantly impact FMD spread (Rohma, 2022). For instance, the outbreak scenario in Aceh Tamiang district in Indonesia, reaching a peak of 3.878 cases on May 8, 2022 as seen in Figure 2, underscores the impact of importation policies on disease spread. These factors contribute to the rapid dissemination of FMD among livestock populations, resulting in economic implications such as reduced productivity and trade restrictions (Chen et al., 2022).

			The spatial analysis of FMD outbreaks using the ArcMap tool, within ArcGIS software suite is essential for understanding the disease’s patterns and dynamics. It has been instrumental in analyzing the spatial distribution of FMD outbreaks at the district level (Souley et al., 2018). Previous studies by Guerrini et al. (2019) and Woldemariyam et al. (2022) have contributed insights into the temporal and spatial patterns of FMD outbreaks, aiding in the identification of high-risk areas for outbreaks and exhibit seasonal pattern, indicating non-random distribution and clustering in specific region. Moreover, retrospective spatial analysis, as demonstrated by Chen et al. (2020), has revealed clustered patterns in FMD outbreaks in China, mainly concentrated in the first half of each year, providing valuable information for decision-making and control strategies. Perry and Rich (2007) suggest that understanding the spatial distribution of FMD can aid in forecasting outbreak patterns, evaluating trade policies’ impact, and making informed decisions in public health to address the disease’s economic impact.

			Furthermore, It is also employed to identify the origin of the virus in outbreak sources by overlaying spatial data and accurately locating the initial reported cases of FMD (Arjkumpa et al., 2020). According to Yang et al. (2022), FMDV prevalence is significantly influenced by spatiotemporal analysis, animal movements, and vaccine efficacy. Keeling et al. (2001) have proved that identifying the FMDV transmission mechanisms can be done with the help of spatial data and prevention strategies. Despite challenges related to data availability, data quality, and the complexity of FMD transmission mechanisms, spatial analysis remains a valuable tool in FMD research. Studies by González-Gordon et al. (2022) and have highlighted these limitations. Nevertheless, spatial analysis continues to play a crucial role in identifying outbreak sources, assessing disease clusters, and understanding transmission dynamics (Yang et al., 2022).

			Based on the distribution and clustering cases of FMD, the highest number of cases was reported in Aceh Besar district, with 12.228 cases of which the first case was in May 2022. Furthermore, a clear pattern emerged regarding the distribution of FMD cases when analyzing spatial statistics through hotspot analysis (Figure 3). Aceh Besar district stands out prominently as a red hotspot, indicating a high concentration of FMD outbreaks with a 99% confidence level (p=0.001; Z-score= 3.196), notably concentrated around prominent cattle markets such as Seulimum, Sibreh, and Ulee Kareng (Negara, 2016). These markets, known for facilitating cattle mobility and trade, have been identified as significant contributors to FMD outbreaks, aligning with previous research on the transmission of FMD through livestock trade and religious festivals (Brusa et al., 2023; Parajuli et al., 2020; Silas, 2022; Toyyibi, 2022). Sansamur et al. (2020) also highlighted that the movement of manure transport vehicles and the circulation of manure bags among cattle farms were identified as potential risk factors for FMD outbreaks.

			Aceh Tamiang with a 95% confidence level (p= 0.028; Z-score= 2.192) and Aceh Utara with a 95% confidence level (p= 0.028; Z-score= 2.192) districts also exhibit clustering of FMD cases, albeit to a lesser extent, indicating localized transmission dynamics. Conversely, Aceh Tengah and Simeulue districts report no cases, while Bener Meriah district registers only a few cases, likely due to their geographical isolation and potentially effective government policies such as vaccination programs, animal traffic restrictions, and three-zone biosecurity program (Sari and Abdullah, 2020; Tekleghiorghis et al., 2016) (Figure 3). However, Moran’s I analysis reveals unexpected negative spatial autocorrelation among FMD cases, suggesting a dispersed and random distribution rather than clustering (Z-score= -0.927; p= 0.353). This finding implies that FMD outbreaks occur sporadically and unpredictably across the region, challenging conventional assumptions about localized hotspots (Ma et al., 2017; Nazari et al., 2023). These finding challenges traditional assumptions about disease clustering and suggests that factors influencing FMD transmission may be more complex and varied than previously thought. While localized outbreaks around cattle markets and transportation hubs are evident, the absence of significant spatial clustering implies that FMD can also spread sporadically through other means, such as wildlife reservoirs or human-mediated transport.

			[image: ]

			Figure 3: Distribution and clustering cases of foot and mouth disease (FMD) during the outbreak in Aceh Province, Indonesia.

			Several factors may contribute to this dispersed pattern of FMD transmission. Environmental variables such as temperature, humidity, and landscape features can influence the survival and transmission of the FMD virus, potentially leading to diverse patterns of disease spread across different ecological niches (Colenutt et al., 2020; Klous et al., 2016). Additionally, human behavior, including movement patterns and trading practices, can facilitate the long-distance spread of FMD, particularly in regions with extensive livestock trade networks (Nazari et al., 2023). The interplay of these factors may result in a complex mosaic of FMD transmission dynamics, characterized by both localized outbreaks and sporadic cases dispersed across the landscape.

			Understanding the implications of negative spatial autocorrelation is crucial for designing effective disease management strategies and allocating resources appropriately (Osbjer et al., 2015). While hotspot analysis can identify areas of high disease prevalence and prioritize intervention efforts, the absence of spatial clustering highlights the need for broader surveillance measures and targeted control strategies (Tsai et al., 2009). Additionally, public awareness campaigns and education initiatives such as biosecurity campaigns aimed at promoting responsible livestock management practices can contribute to reducing the risk of FMD transmission and enhancing community resilience to disease outbreaks (Paton et al., 2009). By focusing on high-risk areas identified through hotspot analysis and complementing it with spatially explicit surveillance methods, such as geostatistical modeling or remote sensing, authorities can enhance their ability to detect and respond to FMD outbreaks promptly (van Seventer and Hochberg, 2016). The combination of hotspot analysis and Moran’s I provides valuable insights into the spatial dynamics of FMD in Aceh province, informing strategic decision-making and guiding proactive measures to combat the spread of this economically significant livestock disease (González-Gordon et al., 2022).

			CONCLUSIONs and Recommendations

			The FMD outbreak in our data indicates that the FMD outbreak from 2022 to 2023 in Aceh started in May 2022 and subsided in December 2022 with a total number of 51.396 cases. Our analysis reveals a fluctuating trend in reported cases, with notable peaks in July, June, and May, correlating with a spatial concentration in certain districts, particularly Aceh Besar and Aceh Tamiang, offering new perspectives on its transmission patterns and underscores the critical importance of timely interventions and collaborative efforts in disease management. Analysis of the outbreak timeline and spatial distribution have revealed significant findings regarding the efficacy of various government policies, notably vaccination programs and biosecurity measures, in containing the spread of FMD in certain districts such as in remote or isolated areas such as Aceh Tengah, Simeulue, and Bener Meriah as low case district of FMD outbreak. However, challenges persist, as evidenced by the fluctuating trend and spatial concentration of reported cases in specific regions. Moran’s analysis indicates a degree of dispersion and random distribution, suggesting the need for targeted interventions to address localized outbreaks. The findings provide a couple of practical suggestions for policymakers and stakeholders. Firstly, we encourage the implementation of specific interventions designed especially for regions with a high risk, which were identified by spatial analysis. To effectively control the outbreak of FMD, it is necessary to implement a comprehensive strategy that includes vaccination campaigns, improvements in biosecurity, and surveillance approaches. Second, we emphasize the significance of continuous collaboration among government agencies, academic institutions, veterinary services, and local communities. Collaborative efforts are essential for effectively coordinating responses, sharing resources, and providing critical information to frontline responders. Finally, we stress the importance of isolating the virus at the district level and implementing strong control measures in locations vulnerable to FMD outbreaks. This proactive approach aims to handle future outbreaks before they occur. By implementing such recommendations, policymakers can effectively predict and reduce the effects of FMD outbreaks, protecting the livestock sector and public health. This study advances the current understanding of FMD management and provides actionable insights for policymakers to navigate future disease control and prevention challenges.
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Abstract | Aceh hasbecome an endemic for foot and mouth disease (FMD). This study used a descriptive epidemiological
approach and geospatial mapping to track, analyze, and map the distribution patterns and trends of FMD outbreaks
in Aceh, Indonesia using data from 23 districts between March 2022 to August 2023. The FMD case were collected
from the Crisis Centre of Foot and Mouth Disease, Aceh Department of Agriculture, and Ministry of Agriculture,
Indonesia. The data were analyzed using ArcGIS software to determine the spatial and clustering pattern of FMD.
The hotspot and autocorrelation analysis with Moran's I statistic were conducted to validate the spatial patterns. In
2022, the month with the greatest number of instances was July, followed by June, May, August, September, October,
and December. There have been no recorded cases of FMD from January to August 2023. The Aceh Besar district
was notably recognized as a prominent area with a high incidence of FMD outbreak followed by Aceh Tamiang and
Aceh Utara. The data suggested that the occurrences of FMD were sporadic and randomly dispersed, as indicated by a
Z-Score of -0.927 according to Moran’s I analysis. This study highlights that geospatial analysis could be employed to
make informed decisions on different strategies, such as district-based isolation and implementation of general control
measures in highly susceptible communities, to effectively manage the spread of FMD during outbreaks. Additionally,
selecting the appropriate timing and approach for conducting control efforts and preventative measures is beneficial in
addressing future outbreaks of FMD and other recurring diseases.
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INTRODUCTION agricultural output and the livelihoods of over a billion
people depend on livestock (FAO, 2009). However, this

he Food and Agriculture Organization (FAO) industry has faced persistent challenges and significant
estimated that a substantial portion of the global threatsfrom infectious disease outbreaks like FMD. Caused

June 2024 | Volume 12 | Issue 6 | Page 1148 2% Resca ks





OEBPS/image/BY_CC.png





OEBPS/image/Image36753114.jpg





OEBPS/image/Image36753068.png





