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Abstract
Background Foot-and-mouth disease (FMD) is a highly contagious viral infection that infects cloven-hoofed animals, 
including cattle, sheep, goats, swine, and various wildlife species. Ethiopia is found in pool four where Serotype A, 
Serotype O, SAT1 and SAT2 are endemic. A retrospective study was conducted to analyse the spatial and temporal 
patterns of FMD outbreaks in export-sourcing areas of Southeastern Ethiopia over 12 years (from January 2011 to 
December 2022), using reported FMD outbreak data. Geographically, the area extending from Borana to East Shoa, 
along the main road connecting Moyale to Adama, was identified as the primary FMD outbreak zone within the cattle 
export-sourcing areas of southeastern Ethiopia.

Results The data on Foot-and-mouth disease (FMD) outbreaks over the past twelve years (from January 2011 to 
December 2022) obtained from the Ministry of Agriculture’s, Ethiopia database were retrieved and analyzed. There 
were a total of 58,426 cases across 247 outbreaks in 11 zones and 89 districts within the cattle export-sourcing areas 
of southeastern Ethiopia. On average, there were 20.3 outbreaks per year, with a median of 18 outbreaks annually, 
corresponding to approximately 4.6 outbreaks per month. The highest incidence occurred in January. The year with 
the most reported outbreaks was 2011, which had 54 outbreaks, followed by 2020 with 39 outbreaks and 2015 with 
30 outbreaks In contrast, there were very few outbreaks recorded in 2014 and 2019. The case fatality rate was 1.02%, 
and an estimated 4,775,124 cattle were at risk of FMD infection. A time-series decomposition of the FMD outbreak 
data revealed seasonal trends. The trend analysis indicated that FMD outbreaks occurred in a cycle of two to five years, 
with peaks observed in 2011, 2012, 2015, and 2021. The incidence of FMD outbreaks varied across different zones, 
being lowest in the Afder and Gedeo zones and highest in the Arsi zone. An analysis using a space-time permutation 
probability model within the SaTScan software, with a maximum cluster size of 50%, identified five high-risk clusters 
and four low-risk clusters that were statistically significant (P < 0.05).

Conclusions These spatial and temporal cluster analyses highlighted regions and periods with significantly higher-
than-expected FMD outbreaks. The spatiotemporal and cluster analysis of FMD outbreaks provides critical insights for 
prioritizing control, prevention, and prophylactic measures in cattle export-sourcing areas of southeastern Ethiopia.
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Background
Foot-and-mouth disease (FMD) is a highly contagious 
viral infection that infects cloven-hoofed animals, includ-
ing cattle, sheep, goats, swine, and various wildlife spe-
cies [1]. The temporal and spatial dynamics of the FMD 
virus make it the most economically significant infectious 
disease of animals [2]. FMD is a prominent transbound-
ary animal disease (TAD) that severely impacts livestock 
production and disrupts regional and international trade 
in animals and animal products [3, 4]. In addition, FMD 
affects food security and the economic development of 
smallholder farmers as well as organized production 
chains that supply urban and export markets [4].

Animals infected with the FMD virus usually show 
symptoms such as fever, lameness, and vesicular lesions 
on the tongue, snout, feet, and teats [5]. In severe cases, 
the epithelial tissue may slough off, causing the vesicles to 
rupture and release significant viral load. [6]. While FMD 
rarely leads to death in adult animals, it can be much 
more severe in young animals, particularly in very young 
calves [5, 7].

The classification of FMD virus serotypes into geo-
graphical virus pools is based on genetic sequences 
encoding the variable capsid protein (VP1) [8, 9]. In 
Africa, three distinct virus pools have been identified: 
Pool 4, which covers East and North Africa and is pre-
dominantly associated with serotypes A, O, SAT1, and 
SAT2; Pool 5, which is restricted to West and North 
Africa and includes serotypes O, A, SAT1, and SAT2; and 
Pool 6, which is primarily found in Southern Africa and 
is associated with serotypes SAT1, SAT2, and SAT3 [4].

Over the past decade, multiple outbreaks of FMD in 
livestock have been reported in Africa [3]. Ethiopia is 
found in pool four where Serotype A, Serotype O, SAT1 
and SAT2 are endemic [10, 11]. The temporal patterns in 
FMD outbreaks indicate a clear seasonality of the disease, 
with the season itself considered a risk factor [12]. In big-
ger cities such as Addis Ababa and Adama outbreaks of 
FMD occur throughout the year. because of the influx 
of animals from various regions of the country [13]. The 
adaptation of pastoralists to seasonal climate and graz-
ing trends plays a crucial role in the distribution of the 
viruses and may result in livestock coming into contact 
with susceptible wildlife [14].

The temporal distribution of FMD outbreaks based on 
when they are identified or reported tends to differ both 
between and within countries [15] Analyzing these out-
breaks serves as a foundation for epidemic intelligence, 
helping to identify disease hotspots and enhancing the 
design, tailoring or implementation of timely evidence-
based surveillance and response strategies [16].

The Ethiopian government has developed a national 
strategic control plan for FMD, to enhance the trade of 
meat and live animals in the export-sourcing areas of 
the country, where the Boran breed of cattle considered 
a good source of meat originated. The targeted areas 
include Borana, Guji, Bale, West Arsi, Arsi and East Shao 
zones in the Oromia regional state, as well as Liban, 
Dawa and Afder zones in the Somali region and Sidama 
and Gedeo zones [17]. The national control plan rec-
ommends measures like control of animal movements, 
vaccination at farms and livestock markets, and strict 
biosecurity control in slaughterhouses. FMD control 
requires a comprehensive understanding of the spatio-
temporal distribution of FMD outbreaks, which involves 
analyzing the monthly, yearly, and geographical clusters 
to indicate hotspot areas. Hence this study was aimed at 
describing the FMD outbreaks in cattle export-sourcing 
areas of Ethiopia from 2011 to 2022 focusing on evaluat-
ing the spatiotemporal distribution of FMD outbreaks.

Results
The FMD outbreak data from January 2011 to December 
2022 in the cattle export-sourcing areas of southeastern 
Ethiopia revealed a total of 58,426 cases from 247 out-
breaks where cattle populations were predominantly 
affected, with limited data available for other species. On 
average, there were 20.3 outbreaks per year during this 
period, with a median of 18 and a mode of 8 outbreaks 
per year. The peak outbreak occurred in 2011 with 54 
outbreaks, followed by 39 outbreaks in 2020 and 30 in 
2015, while 2014 and 2019 had the lowest recorded num-
ber of outbreaks.

In 2015, the highest number of cases (n = 22014) 
was reported, while 2017 had the lowest number of 
cases (n = 129) with a cumulative percentage of 0.2%, as 
detailed in Table 1. The average case fatality rate among 
cattle was 1.02%., and ranges from 0.0 to 7.8%. There was 
an estimated, population of cattle at risk of 4,775,124. 
The overall morbidity rate was 1.22%, while the mortality 
rate was 0.01%.

Spatial distribution of FMD cases in export sourcing areas
Although FMD is endemic in Ethiopia, the increasing 
incidence of FMD cases in areas that supply cattle for 
export has generated significant concerns. The Arsi zone 
in Oromia recorded 80 outbreaks over the past 12 years, 
making up 32.4% of the total outbreaks in the region, 
while Borana reported 67 outbreaks, constituting 27.1% 
of the cumulative total, as highlighted in Table 2. How-
ever, Gedeo and Afder zones reported very few outbreaks 
during the study periods. The number of outbreaks 
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ranges from 1 to 6 in some outbreak areas in the same 
year.

Temporal distribution of FMD outbreaks in export-sourcing 
areas
Throughout the study period, the peak number of 
FMD outbreaks was in January, having 46 outbreaks 
(mean = 4.6), followed by December which had 38 
outbreaks (Mean = 6.3). The months with the fewest 
reported outbreaks were April, May, June and July with 
occurrences of 12, 8, 7, and 4 outbreaks, respectively. The 
monthly index of the number of outbreaks was demon-
strated in Fig. 1.

The number of FMD outbreaks was above average 
from October to December, while it was below average 
from March to August. The outbreaks showed a seasonal 
pattern, with fewer incidences occurring from June to 
August and a higher frequency from October to Febru-
ary. This pattern is typical for export-sourcing areas. The 
monthly distribution of the cumulative outbreak varied 

throughout the year, as shown in Fig. 2. The occurrence 
of FMD outbreaks over time is not random. The annual 
outbreak trend line shows that 2011, 2012, 2015, 2016, 
2019, 2020, 2021, and 2022 had a significantly above-
average trend line. An analysis of the trend component 
reveals that FMD outbreaks tend to follow a cycle of two 
to five years, with notable peaks occurring in 2011, 2012, 
2015, and 2021 (Fig. 3).

The decomposed FMD outbreak occurrence pattern 
shows a slight increase in the number of monthly out-
breaks (Fig.  2). The seasonal pattern of FMD outbreaks 
is clearly illustrated in Fig.  3. The occurrence of these 
outbreaks tends to be high at the end of the rainy season 
(June to August) in highlands and continues through the 
dry season. Notably, there is a greater frequency of FMD 
outbreaks during the dry season compared to the wet 
season.

Table 1 Annual outbreak of FMD in export-sourcing areas of Ethiopia (2011–2022)
Year Total outbreak Total case Cumulative per-

centage (%)
Total death Population at 

risk
Case fatality 
rate (%)

Morbidity rate 
(%)

Mortal-
ity rate 
(%)

2011 54 4604 7.9 116 826,686 2.52 0.56 0.01
2012 26 9665 16.5 79 545,908 0.82 1.77 0.01
2013 8 1293 2.2 38 121,542 2.94 1.06 0.03
2014 4 185 0.3 3 43,500 1.62 0.43 0.01
2015 30 22,014 37.7 41 705,418 0.19 3.12 0.01
2016 18 5758 9.9 2 472,169 0.03 1.22 0.00
2017 8 129 0.2 0 60,296 0.00 0.21 0.00
2018 10 1381 2.4 108 73,300 7.82 1.88 0.15
2019 3 311 0.5 7 35,150 2.25 0.88 0.02
2020 39 6031 10.3 112 564,869 1.86 1.07 0.02
2021 22 1867 3.2 34 920,113 1.82 0.20 0.00
2022 25 5188 8.9 56 406,173 1.08 1.28 0.01
Total 247 58,426 100.0 596 4,775,124 1.02 1.22 0.01

Table 2 Spatial distribution of FMD outbreaks in zones of export sourcing areas (2011–2022)
Region Export sourcing 

Zone
Outbreak Cumulative 

(%)
case Death PAR Case fatality 

rate (%)
Morbidity 
rate (%)

Mortal-
ity Rate 
(%)

Oromia Arsi 80 32.4 14,843 84 1,623,427 0.57 0.91 0.01
Bale 8 3.2 568 10 93,320 1.76 0.61 0.01
Borana 67 27.1 35,934 368 1,124,456 1.02 3.20 0.03
East Shoa 21 8.5 2600 27 822,207 1.04 0.32 0.00
Guji 27 10.9 1113 39 714,738 3.50 0.16 0.01
West Arsi 8 3.2 191 2 40,679 1.05 0.47 0.00

SNNPR Gedeo 1 0.4 1 0 72,000 0.00 0.00 0.00
Sidama 26 10.5 1675 10 216,967 0.60 0.76 0.00

Somali Afder 1 0.4 82 32 6090 39.02 1.35 0.53
Dawa 4 1.6 106 16 36,810 15.09 0.29 0.04
Liban 4 1.6 1313 8 24,430 0.61 5.37 0.03

Total 247 100.0 58,426 596 4,775,124 1.02 1.22 0.01
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Space-time cluster analysis of FMD outbreak from 2011 to 
2022 in export sourcing areas
Analysis of spatial and temporal dependencies revealed 9 
significant clusters during the study period (Table 3). This 
spatial and temporal cluster analysis identifies regions 
and time frames with higher FMD outbreaks than what 
would have occurred by chance. Five most likely clusters 
were observed in export-sourcing areas having a mini-
mum radius of 1.21 and a maximum radius of 238.23 km 
while four secondary clusters were also described in 
(Table  3). Five primary clusters and four secondary 
clusters are illustrated in Fig.  4 below. Combined loca-
tions are represented by a single location where disease 
cases concentrate in specific geographic regions and 
time intervals. Temporal cluster analysis in Fig. 5 below 
showed that the red line indicates a significant increase 

in FMD outbreaks over 12 years, surpassing the expected 
frequency based on historical data.

Discussion
This retrospective study reported the spatial and tem-
poral distribution of FMD outbreaks in export-sourcing 
areas of southeastern Ethiopia from January 2011 to 
December 2022. The findings indicated that FMD out-
breaks did not occur randomly; rather, they exhibited 
distinct spatial and temporal patterns. Our study iden-
tified a high frequency of FMD outbreaks in export-
sourcing regions of southeastern Ethiopia, particularly 
in the Arsi highland areas and Borana zones, which are 
predominantly pastoral. These two areas reported the 
highest number of outbreaks, with 80 in Arsi and 67 in 
Borana. The high incidence of FMD outbreaks in the 

Fig. 2 Monthly FMD outbreak trends and moving average from 2011 to 2022 in export sourcing areas of southeastern Ethiopia

 

Fig. 1 Monthly distribution of FMD outbreaks in export-sourcing areas (2011–2022)
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Arsi and Borana Zones varied by geographical location; 
whereas Arsi is in the highland, Borana is pastoral and 
lowland. The higher FMD outbreaks in Arsi, as observed 
in our study, align with a prior report indicating that a 
higher prevalence of FMD in central Ethiopia [16], where 
Arsi, is situated, serves as a location that verifies this 
trend. High FMD occurrence is associated with the dry 

season extending from October to March. The dry season 
might be considered the ideal time for the occurrence 
of an FMD outbreak in pastoral [18]. High numbers of 
livestock are mixing at water points, grazing areas, and 
markets, which increases the occurrence of FMD [19]. 
Overall, there were 247 FMD outbreaks documented 
during the study period. During this period, an average 

Table 3 Space-Time clusters of FMD outbreak identified using SaTScan analysis
Cluster Type Radius (km) Location Time frame Observed Expected RR/LLR P-value
Cluster 1 SC 238.23 km 7.702200 N, 39.799860 E 2015/1/1 to 2020/12/31 186 9269.7 0.0 0.001
Cluster 2 SC 113.66 km 3.471610 N, 39.502030 E 2011/1/1 to 2014/12/31 0 5637.0 0.0 0.001
Cluster 3 MLC 129.65 km 7.832120 N, 40.004340 E 2011/1/1 to 2012/12/31 8257 2147.5 3.9 0.001
Cluster 4 MLC 103.59 km 3.951260 N, 38.100540 E 2019/1/1 to 2020/12/31 2815 345.9 8.1 0.001
Cluster 5 SC 1.21 km 3.738040 N, 38.573740 E 2017/1/1 to 2020/12/31 0 2760.4 0.0 0.001
Cluster 6 SC 126.91 km 4.195730 N, 37.815240 E 2013/1/1 to 2016/12/31 7 2186.8 0.0 0.001
Cluster 7 MLC 138.01 km 3.897780 N, 39.586290 E 2017/1/1 to 2020/12/31 1947 280.1 7.0 0.001
Cluster 8 MLC 218.98 km 5.762300 N, 38.841820 E 2011/1/1 to 2014/12/31 3766 1275.4 3.0 0.001
Cluster 9 MLC 0 5.033960 N, 37.395367 E 2013/1/1 to 2014/12/31 500 12.7 39.5 0.001
MLC (Most Likely Cluster), SC (Secondary Cluster), Radius (distance between the center of the cluster and its borders)

Location (Geographic coordinates of the center of the cluster). RR (Relative risk inside the cluster, compared to the rest of the study area), LLR (Log likelihood ratio)

Fig. 3 Decomposed time series of the observed temporal pattern of FMD outbreaks from 2011 to 2022 into three components: seasonality, trend, and 
remainder
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of 20.3 outbreaks of FMD were reported annually from 
cattle export sourcing areas. The highest number of out-
breaks occurred in 2011, with 54 cases, while the lowest 
was in 2019, with only 3 occurrences. Our study identi-
fied cyclical, seasonal, and long-term trends in FMD 

outbreaks within these export-sourcing areas, which is 
consistent with findings from Lina et al. [15]. In contrast 
to our study, a low report of 4.5 outbreaks per year was 
documented in the west Hararghe zone, Ethiopia [20].

Fig. 4 Map showing Space-Time clusters of FMD outbreaks identified using SaTScan analysis. A: High cluster areas and B: Low Cluster areas
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Outbreaks of FMD exhibit a distinct seasonal pattern, 
with variations in the timing of the epidemics throughout 
the year. The peak periods for FMD outbreaks occurred 
in October, November, and January, while lower in June, 
July, and August, correspond, respectively, to the dry and 
wet seasons in export-sourcing areas. A similar study of 
the seasonality of FMD outbreaks was reported from the 
Amhara Region [21] and the West Hararghe zone [20] 
Study in Kenya from passive report data indicated sea-
sonal variation in FMD outbreaks [22]. The seasonality 
of an FMD outbreak may result from the introduction, 
transmission, and dynamics of the at-risk population, 
including environmental factors that influence the virus’s 
survival [23, 24]. Factors such as religious festivals and 
cultural practices may influence the seasonal mobility 
of livestock in export-sourcing areas [16, 21]. The circu-
lation of the FMD virus across cattle markets, densely 
populated cities, and slaughterhouses showed an epide-
miological linkage [23, 25, 26]. Many studies have shown 
that temporal trends of outbreak clusters and hotspot 
detection reveal hidden causes of excess disease inci-
dence, which contributes to its endemicity [15, 16, 21].

Our study revealed that pastoral areas such as Afder, 
Liban, and Dawa zones had fewer FMD outbreaks. This 
variation could impact the accurate understanding 
of disease patterns due to the common underreport-
ing in pastoral settings. Disease notification through 
passive surveillance systems in pastoral areas is infre-
quently done. This was supported by a report by Wold-
mariam et al. [16], which indicated that report levels did 
not exceed 40% in pastoral areas, especially in remote 
regions. A study in Cambodia demonstrated a connec-
tion between spatial accessibility and reporting especially 
in remote areas [27]. Abattoirs and feedlots for livestock 
export are primarily located in the East Shoa zone of our 

study areas, which may contribute to FMD outbreaks 
due to significant cattle movements for slaughter. Many 
researchers have reported that FMD outbreaks are asso-
ciated with regions where livestock markets are located 
or near areas of high human consumption, as indicated 
by their proximity to abattoirs and densely populated cit-
ies [15, 21, 23]. FMD is endemic in Ethiopia and reported 
throughout the year from all regions [28].

The study identified a primary cluster of outbreaks in 
export-sourcing areas. Through spatial and temporal 
cluster analysis, nine clusters were identified, along with 
periods that experienced higher-than-expected FMD 
outbreaks. The scanning window with the highest value 
of the likelihood ratio test statistic was defined, and sec-
ondary clusters with significant test statistic values were 
also reported from January 1, 2011, to December 31, 
2022, involving 230 locations and 58,426 cases.

Cluster analysis showed 9 cluster periods with six high 
clusters and three low clusters. The high clusters were 
(2011/01/01 to 2014/12/31, 2019/01/01 to 2020/12/31, 
2017/01/01 to 2020/12/31, 2011/01/01 to 2014/12/31, 
and 2013/01/01 to 2014/12/31). These most likely clus-
ters showed different temporal span sizes (129.65  km, 
103.59  km, 138.01  km, 218.98  km and 0  km) for clus-
ters 3, 4, 7, 8, and 9, respectively. In our study, cluster 9 
had a log-likelihood ratio (LLR) of 39.53, with clusters 
4, 7, 3, and 8 having LLR of 8.14, 6.95, 3.85, and 2.95, 
respectively.

The analysis revealed several low clusters spanning 
different periods: Cluster 1 (from January 1, 2015, to 
December 31, 2020), Cluster 2 (from January 1, 2011 to 
December 31, 2014), Cluster 5 (from January 1, 2017 to 
December 31, 2020), and Cluster 6 (from January 1, 2013 
to December 31, 2016). Among these, Cluster 1 exhib-
ited the largest area coverage at 238.23  km², followed 

Fig. 5 Temporal cluster analysis showing higher FMD outbreaks than expected by chance
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by Cluster 6 at 126.91 km² and Cluster 2 at 113.66 km². 
In contrast, the smallest cluster was Cluster 5, measur-
ing just 1.21  km². The largest cluster covered the Arsi 
zone which had the most FMD outbreaks in our study. 
Woldemariyam and colleagues [17] similarly found seven 
clusters of FMD outbreaks in their studies in the central 
highlands of Ethiopia.

Most of these outbreaks were not confirmed using 
laboratory tests. The report focused on cattle; other spe-
cies such as sheep, goats, and wildlife affected by FMD 
were not captured in the monthly report. Cross-border 
movements of animals are significant for FMD circula-
tion, particularly along the border between Kenya and 
Somalia, where our study areas, (Boran, Dawa, Liban, 
and Afder zones), reported FMD outbreaks. There was a 
relatively low number of outbreak reports coming from 
the pastoral areas in our study, which has a vague situa-
tion there.

Conclusion
The spatial and temporal distribution of FMD outbreaks 
in our study showed that FMD is an important disease in 
the cattle export-sourcing areas of southeastern Ethio-
pia. Timely information on the spread of cases in space 
and time can facilitate action to be taken. Early detec-
tion and immediate responses to active investigations 
and surveillance have paramount importance for FMD 
control. The temporal distribution in the export-sourcing 
areas revealed higher FMD incidences from October to 
February, with lower incidences occurring from June to 
August. There will be a need to enhance surveillance sys-
tems by expanding coverage and utilizing cutting-edge 
technologies, which facilitate real-time reporting, early 
detection and response. The existing national FMD pre-
vention and control strategies in export sourcing areas 
should be revised with the current situation.

Methods
Study area
This study was conducted in export-sourcing regions in 
the southeastern part of the country. These areas primar-
ily include areas identified in the national FMD control 
strategy, as illustrated in Fig.  6 below [17]. The areas 
encompass Borana, Guji, Bale, East Shoa, West Arsi, Arsi, 
Liban, Dawa and Afder, Sidama and Gedeo Zone. Each 
district in these zones is mandated to report FMD out-
breaks to either regional veterinary laboratories or the 
Ministry of Agriculture monthly [17]. These monthly 
reports of the district in the country for the period of 
study time were obtained from the Ministry of Agri-
culture. These national data contain information on 
the number of cases, animal species (cattle, goats, and 
sheep), estimated outbreaks, and geographical locations. 
Seasons were defined as follows: the rainy season occurs 

from June to August in highland areas; the short rainy 
season lasts from October to November in pastoral (Bor-
ana, Guji, Liban, Afder and east Bale areas), and the dry 
season spans from December to March. Most cases were 
diagnosed based on clinical observations made by local 
animal health professionals, while some were confirmed 
through laboratory tests conducted at the Animal Health 
Institute.

Study design
This study was retrospective, where FMD data were col-
lected from previous outbreak reports spanning 12 years 
(January 2011 to December 2022). The data were ana-
lyzed for the spatiotemporal patterns of FMD outbreaks, 
identifying long-term, cyclical, and seasonal trends.

Data collection
The information extracted from the FMD outbreak 
report contained variables like the district location, spe-
cies affected, index date, number of cases, number of 
outbreaks, number of deaths, number of animals vac-
cinated, number of animals treated, and number of ani-
mals at risk. An outbreak is defined as one or more cattle, 
sheep, or goats exhibiting signs of FMD in a district and 
reported to the Ministry of Agriculture or regional vet-
erinary laboratories. Consequently, the incidence of FMD 
outbreaks was assessed at both the zonal and district lev-
els using data spanning 12 years, from January 2011 to 
December 2022. Given the socioeconomic status of cattle 
and less susceptibility of sheep and goats, FMD in cattle 
was of primary interest.

Data analysis
The FMD outbreak report data were organized based 
on importance and validity. Long-term trends, season-
ality, and irregularities were examined by decomposing 
the FMD outbreak time series. To assess the seasonal-
ity of FMD outbreaks, 12-month moving averages were 
estimated and plotted using the outbreak numbers over 
the 12-year study period. The moving averages helped to 
minimize random fluctuations and more effectively iden-
tify underlying trends. A randomness test was conducted 
to verify the pattern of monthly FMD outbreak occur-
rences in the study area [29].

The morbidity rate was calculated by dividing the num-
ber of reported FMD cases in each district during an 
outbreak by the total population of susceptible cattle at 
risk. The mortality rate was calculated by dividing the 
total number of deaths from FMD in each district dur-
ing a specific outbreak by the total number of suscep-
tible cattle reported in that period, which represents the 
population at risk. The case fatality rate was calculated as 
the total number of reported deaths from FMD in each 
district during a specific outbreak, divided by the total 
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number of reported cattle cases in the population at risk 
during that period.

The clustering of FMD outbreaks in export-sourcing 
areas was evaluated through a retrospective space-time 
analysis that scanned for clusters with high/low rates 
using SaTScan version 10.2.5 (https://www.satscan.org/) 
assessed on 20/12/24 [30, 31]. The maximum spatial 
cluster size was set to be 50% of the outbreaks, and the 
maximum temporal cluster size was set to be 50% of the 
study period of 12 years from (2011/1/1 to 2022/12/31). 
The observed/expected cases were calculated in the cir-
cular window, which is movable across each centroid 
of locations, assuming they are randomly distributed 
in space. The clusters were identified by dividing the 
observed cases in the outbreak by the population-at-
risk as expected cases, assuming no clustering of the 
null hypothesis. The optimal temporal aggregate period 
was set as 3 years. The likelihood ratio’s sampling distri-
bution was assessed using a Monte Carlo test with 999 
repetitions. A spatial coordinate system was utilized for 

geo-referencing the cases based on the available outbreak 
events. A p-value of less than 0.05 was considered sta-
tistically significant to reject the null hypothesis, which 
stated that the cases were randomly distributed in space 
[30]. The relative risk (RR) compared risk inside and out-
side these areas [32].
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