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Ikisiri
Kipindupindu ni tatizo la kiafya duniani linaloleta madhara kwenye familia, jamii na taifa
kiujumla. Utafiti huu ulibainisha ruwaza za kieneo za vifo vinavyotokana na ugonjwa wa
Kipindupindu Tanzania Bara. Kwa kutumia muundowa taarifa za nyuma, takwimu za vifo vya
wagonjwa wa kipindupindu za Wizara ya Afya, Maendeleo ya Jamii, Jinsia, Wazee na Watoto
kuanzia 2015 - 2018 zilitumika. Fahirisi ya kieneo ya Moran ilikokotolewa ili kubainisha aina ya
ruwaza za kieneo za vifo vinavyotokana na ugonjwa wa kipindupindu, ikifuatiwa na “spatial scan
statistic” ili kung’amua na kuonesha ruwaza za kieneo za vifo vinavyotokana na Kipindupindu.
Matokeo yanaonesha kuwa Katavi, Rukwa, Tabora, Iringa, Manyara, Mbeya, Singida na
Dodoma ni mikoa iliyo katika eneo hatarishi la vifo vinavyotokana na ugonjwa wa Kipindupindu
Tanzania Bara. Mkoa wa Dodoma umebainika kuwa katika eneo hatarishi la vifo vinavyotokana
na ugonjwa wa Kipindupindu kwa miaka yote minne (2015-2018), ikiwa ni mara 7.88 zaidi
ukilinganisha na mikoa mingine. Utafiti unapendekeza kwamba, Wizara ya Afya izingatie
viashiria vinavyofanya baadhi ya mikoa kuwa katika maeneo hatarishi ya vifo vinavyotokana na
ugonjwa wa Kipindupindu. Aidha, hatua za udhibiti na kuzuia ziendane na ukubwa wa tatizo
katika mikoa. Hii itawezesha Tanzania kufanikisha malengo ya kikosi kazi cha WHO ya
kupunguza idadi ya vifo vya wagonjwa wa Kipindupindu kwa asilimia 90 ifikapo mwaka 2030.
Abstract
Cholera is a global public health problem with ramifications on families, communities and
nations. This study examined the spatial clusters of cholera deaths in Mainland Tanzania. A
retrospective study design was employed and data about cholera deaths for the years 2015-2018
were collected from the Ministry of Health, Community Development, Gender and Children. We
calculated the Local Moran’s index to determine spatial patterns of cholera deaths, followed by
spatial scan statistics to detect and map cholera death clusters. Results show that Katavi, Rukwa,
Tabora, Iringa, Manyara, Mbeya, Singida and Dodoma are the regions within significant highrisk clusters of cholera deaths in Mainland Tanzania. Dodoma region was the most significant
high-risk region to suffer from cholera deaths in all four years studied. The risk of having cholera
death in the Dodoma region was 7.88 times higher compared to other regions. We conclude that,
the Ministry of Health should pay attention to the factors that make the region the most
significant high risk of cholera deaths in the country and measures to control cholera deaths
should vary based on the extent of the problem across the regions. This will invariably enable
Tanzania to achieve the WHO-led Global Task Force objective of reducing the number of cholera
deaths by 90 per cent by 2030.
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1.0 Introduction
Cholera is a worldwide public health problem. The disease can affect children under 5, adult
children and adults as well, resulting in high Cases of Fatality Rate (CFR) for people of all age
groups. High incidences of cholera outbreaks are rampant in Africa and Asian countries, where
water and sanitation infrastructure are suboptimal (Ali et al., 2012). According to the bulletin of
the World Health Organisation (WHO, 2012), cases of cholera are estimated to be 3 to 5 million
globally every year. Of these, about 100 000 to 120 000 are reported to die. These figures, though
alarming, are reported to be underestimated because, according to WHO, only 5 – 10 per cent of
the cases occurring annually are reported (WHO, 2014). The cholera CFR should be below 1 per
cent where access to care with proper rehydration services (oral and/or intravenous) is available,
but it may reach 5 per cent in the most vulnerable location (WHO, 2018). High cholera CFR is a
sign of impairment of public health services and can potentially constrain social development.
The first cholera incidence in Tanzania was reported in 1974. Since then, cases of cholera
outbreaks have been reported almost every year, with an approximation of 5,800 cases per year
(URT, 2014). Tanzania has also experienced several cholera outbreaks with high CFRs cases,
according to the list of several cases reported. The most remarkable one was the outbreak of 1992
which resulted in 18,526 cases and 2,173 deaths, with a CFR of 11.7 per cent. In 1997, Tanzania
had the highest CFR of 5.6 per cent in East Africa, with 2,268 deaths and 40,226 cases (Acosta et
al., 2001). During 2015 and 2018, Tanzania experienced another outbreak whereas over 250,000
cholera cases and 13,078 deaths were reported (Lessler et al., 2018), which lead to 5.2 per cent
CFR. These statistics imply Tanzania is one of the most vulnerable cholera locations given the
periodic re-emergence of cholera incidences with CFR exceeding the recommended limit of one
per cent (WHO 2018). This scenario is alarming and calls for policy and empirical measures.
This study is one of such attempts.
The identification of hotspots area is one of the measures proposed by the Africa Regional
Framework to address the cholera outbreak. This measure aligns with the Global Task Force for
Cholera Control (GTFCC) strategies. Several significant pieces of research have been done to
identify cholera hotspot cases at global, regional and national levels. For example, Davis et
al. (2018) studied cholera mapping at the global level. At the regional level, Lessler et al. (2018)
mapped cholera incidences in Sub-Saharan Africa. Some studies have determined cholera
hotspots in specific countries. For example, Xu et al. (2014) in China, Elimian et al. (2019) in
Nigeria, Hounmanou et al. (2019) in Tanzania, Mwaba et al. (2020) in Zambia, and Bwire et al.
(2017) in Uganda. However, limited studies (see, for example, Page et al. (2015) in Haiti;
Elimian et al. (2019) in Nigeria), were able to identify cholera death hotspots. In Tanzania,
studies about cholera death hotspots are none existent, to the best of our knowledge. Therefore,
the main question the study raises is what areas in mainland Tanzania are hotspots -of cholera
deaths? Hence, this study examines the spatial clusters of cholera deaths in Mainland Tanzania.
The identification of hotspot areas for cholera deaths is important to the government through
guiding the allocation of the available resource by directing them towards the most stretched
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areas to combat cholera outbreaks and deaths. At the community level, it shed light on areas
prone to the cholera outbreak to take precautionary measures well in advance.

2.0 Methodology
2.1 Research Design, Study Area and Data collection
The retrospective study design was applied in this study. Data about cholera cases and deaths
from Mainland Tanzania from 2015 to 2018 were used in this study. This data was gathered from
the Ministries of Health, Community Development, Gender, and Children (MoHCDGEC). We
focused on the period between 2015 and 2018 because these are the most recent incidences of
cholera outbreaks in the country (WHO, 2018).
2.2 Analysis
In determining spatial patterns of cholera deaths, first, the local Moran’s index was used to
describe the patterns. The Local Moran’s index (Moran, 1950) is calculated as;
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Where: yi and yj are numbers of cholera deaths in regions i and j, respectively, with associated
mean, N is the total number of regions, wij is the spatial weight that shows the relationship
between region i and j, is the variance of y.The value ofIM usually ranges between -1 and 1,
positive values mean strong geographic patterns of spatial clustering, negative values mean
regular patterns and a value close to zero means complete spatial randomness.
Thereafter, we used the spatial scan statistic software, SaTScan, developed by Kulldorff (1997,
2015) to detect and map clusters of cholera deaths. In this study, purely spatial and space-time
analysis methods were applied. The purely spatial method detects and evaluates clusters of
cholera deaths across the regions, while space-time method detects and evaluates clusters of
cholera deaths across the regions and time (years). For the case of purely spatial clusters, the
maximum cluster size was set as 50 per cent of the total population to reduce negative clusters
(Kulldorff, 2015; Ma et al., 2016). The cluster with the maximum log-likelihood was defined as
the most likely cluster area and other statistically significant clusters were defined as secondary
clusters. In the detection of space-time clusters, setting of spatial cluster size of value less or
equal to 50 per cent of the population at risk was done and a maximum temporal cluster size of
50 per cent. A cluster of larger size would indicate areas of exceptionally low rates outside the
circle rather than an area of exceptionally high rate within the circle, and a cluster of lower size
would ignore areas with high rates inside the circle (Kulldorff, 2015). The clusters of 1and 2
minimum year duration were detected in the study area. A p-value less than 0.05 indicated a
significant cluster inside the scan window, which might be a potential cluster of a high risk of
cholera deaths. The p-values of the log-likelihood ratio were generated through 999 Monte Carlo
replications to make sure no loss of power at a 5 per cent significance level (Kulldorff, 1997).
The relative risk (RR) of cholera deaths in each cluster was also calculated to evaluate the risk
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(Hounmanou et al., 2019; Raoet al., 2017). The likelihood function (LR) for any given cluster is
expressed as:-

n
LR   
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Where: n is the number of cholera deaths inside a cluster, N is the total number of cholera deaths
in a country and µ is the expected number of cholera deaths inside the cluster. In addition, I( )
depends on the comparison between the number of deaths observed and the number of deaths
expected, I( ) is 1 if more observed deaths than expected deaths and 0 otherwise.
3.0 Results and Discussion
The results of Moran’s index in Figure 1 showed that there is a significant positive spatial
autocorrelation of cholera deaths (IM= 1.987, p=0.046). This indicates that cholera deaths are
spatially clustered.

Figure 1: Moran’s index statistic for cholera deaths
3.1 Purely Spatial Clusters of Cholera Deaths
Spatial analysis revealed three significant high-risk clusters of cholera deaths of different sizes in
2015. The most likely cluster consisted of 10 regions, namely, Katavi, Rukwa, Kigoma, Tabora,
Mbeya, Geita, Singida, Mwanza, Dodoma and Mara (RR= 3.87, p<0.001) whereby the risk of
having cholera deaths was up to 3.87 times higher than other regions in the country. The other
20
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significant secondary cluster of cholera deaths was in the Coast region (RR= 1.39, p<0.01). This
means the risk of having cholera death was 1.39 times higher compared to other regions. In 2016,
one significant high-risk cluster of cholera deaths was detected, which included the Dodoma
region (RR= 7.88, p<0.001). The risk of having cholera death in the region was 7.88 times higher
compared to other regions (Table 1 and Figure 2). One significant high-risk cluster was also
noted in 2017, which consisted of 5 regions. Singida, Dodoma, Tabora, Iringa and Manyara (RR=
3.37, p<0.001) were the most likely regions of having cholera deaths with a risk of 3.37 times
higher than the other regions. In 2018, Dodoma was the only region within the significant highrisk cluster of cholera deaths (RR= 2.28, p<0.05). This means the risk of having cholera deaths in
the region was 2.28 times higher than in other regions in the country (Table 1 and Figure 3).
Dodoma region is the only region found within the significant high-risk clusters for four
consecutive years (2015 to 2018) compared to other regions in the country. This could be because
most parts of the Dodoma region are in rural areas. This is a piece of significant evidence that
people who live in rural areas are at a higher risk of dying from cholera than those in urban areas
(Page et al., 2015). This may be attributed to the long distances from the households to the health
facilities given the poor transport system in the rural areas of the Dodoma region (Laddunuri,
2013). The long distances lead cholera patients to delay or not seek health care in available health
facilities, which results in deaths (Page et al., 2015; Mccrickard et al., 2017). Lack of water in
health facilities also influences cholera deaths in a society (Ofori-Kuma and Gebreyesus, 2019;
Ateudjieu et al., 2019). In the Dodoma region, 50 per cent of the 342 primary health facilities had
no water services at all and only 33 per cent had access to tap water (NIMR, 2016). Lack of water
can greatly hinder the capacity of health facilities to manage cholera cases. It can also lead to the
ease of spread of the disease to other patients as well as health staff (Ofori-Kuma and
Gebreyesus, 2019; Ateudjieu et al., 2019; NIMR, 2016). Consequently, this may increase the
death rate in a community (Djouma et al., 2016; Ofori-Kuma and Gebreyesus, 2019; Ateudjieu et
al., 2019).
Table 1: Purely Spatial Clustering of Cholera Deaths in Mainland Tanzania,
2015 - 2018.
Time

Cluster Type

2015

Most
cluster

2016
2017

2018

Circle
Radius
(km)
626.70

N

Cluster regions

Observed
Cases

Expected
Cases

RR

LLR

Pvalue

10

59

27.56

3.87

21.85

<0.001

Secondary cluster
1
Most
likely
cluster
Most
likely
cluster

0

1

Katavi, Rukwa,
Kigoma, Tabora,
Mbeya, Singida,
Geita, Dodoma,
Mwanza, Mara
Coast

3

2.18

1.39

0.14

<0.01

0

1

Dodoma,

15

2.74

7.88

15.34

<0.001

253.30

5

20

7.01

3.37

9.04

<0.001

Secondary cluster
1
Most
likely
cluster

0

1

Singida,
Dodoma,
Tabora, Iringa,
Manyara
Rukwa

8

3.29

2.57

2.53

0.25

0

1

Dodoma

21

10.70

2.28

4.61

<0.05

likely
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Figure 2: The Purely Spatial Clustering of Cholera Deaths in Mainland Tanzania, 2015- 2016
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Figure 3: The Purely Spatial Clustering of Cholera Deaths in Mainland Tanzania, 2017- 2018

3.2 Space-Time Cluster of Cholera Deaths
Space-time analysis was done to verify whether or not the most significant purely spatial clusters
of cholera deaths varied with time. For the 1year minimum length, three significant high-risk
clusters were detected. Manyara, Kilimanjaro, Dodoma and Arusha were the regions within the
most likely significant cluster of high cholera deaths (RR= 4.22, p<0.001). This means the risk of
having cholera death was 4.22 times higher than in other regions of the country. Two significant
high-risk clusters were detected for 2 years’ minimum length and thus, the most likely
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statistically significant cluster was from 2017 to 2018 (RR= 2.88, p<0.001). Mbeya, Njombe,
Iringa, Rukwa, Singida, Katavi, Tabora, Dodoma and Ruvuma were the regions within the cluster
with a risk of 2.88 times higher than other regions in the country. Dodoma region as in purely
spatial analysis was also within the most likely statistically significant clusters in spatial-time
analysis (Table 2 and Figure 4). This is possible whereby factors associated with cholera deaths
in the region may have been still present for all four consecutive years. The high-risk region of
cholera deaths differs with results from those in the study by Hounmanou et al. (2019) who found
out that Shinyanga had the highest case fatality rate compared to other regions in the country.
This dissimilarity was probably due to different data sets used in the studies. Hounmanou et
al. (2019) used cholera data between 2007 and 2017, while this study used data for cholera deaths
from the year 2015 to 2018.
Table 2: Space Time Clustering of Cholera Deaths in Mainland Tanzania, 2015- 2018
Minimum
Temporal
Year
Length
1 year

2 years

Cluster
Type

Cluster
Time
Frame

Circle
Radius
(km)

Most Likely
Cluster

1/1/201831/12/2018

188.07

Secondary
cluster 1

1/1/201531/12/2015

275.60

Secondary
Cluster 2

1/1/201731/12/2017

329.59

Secondary
cluster 3

1/1/201531/12/2015

51.38

Most Likely
Cluster

1/1/201731/12/2018

392.59

Secondary
cluster 1

1/1/201731/12/2018

188.07

N

Cluster
regions

4 Manyara,
Kilimanjaro,
Dodoma,
Arusha
7 Tabora,
Shinyanga,
Singida,
Katavi, Geita,
Kigoma,
Mwanza
5 Ruvuma,
Njombe,
Lindi,
Mtwara,
Iringa
2 Dar
es
salaam,
Pwani
9 Mbeya,
Njombe,
Iringa,
Rukwa,
Singida,
Katavi,
Tabora,
Dodoma,
Ruvuma
3 Arusha,
Simiyu,
Manyara

24

Observed
Cases

Expected
Cases

RR

LLR

P
value

56

15.34

4.22

34.74

<0.001

42

12.89

3.60

21.94

<0.001

15

3.30

4.73

11.25

<0.001

29

19.70

1.52

2.06

0.972

102

44.83

2.88

33.16

<0.001

38

20.68

1.95

6.32

<0.05
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Figure 4: Space-Time Clustering of Cholera Deaths in Mainland Tanzania, 2015- 2018
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4.0 Conclusions
The findings in this study indicated that cholera deaths are inconsistent throughout the country;
they vary between the regions. Therefore, measures to control cholera deaths also should vary
based on the extent of the problem across the regions. This will invariably enable Tanzania to
achieve the WHO-led Global Task Force objective of reducing the number of cholera deaths by
90 percent by 2030.
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