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enabling these countries to get rid of epidemic cholera bywater area and water perimeter found in each region and
2030 [6-10]. included in the analysis (Additional le 1).

In the present study, we analyzed 11 years of available
cholera surveillance data between 2007 and 2017 fronData analyses
all regions of mainland Tanzania. Together with geo Identi cation of high risk clusters (hotspots) were per
graphical, climatic and socio-demographic data, hotspotsformed using SaTScan v 9.6 (httgsvww.sats@n.org/)
identi cation and risk factors analyses were performed with the Poisson-based spatial scan. e centroid coer
to describe the epidemiology of cholera in Tanzania anddinates of each region was detected from the regional
address weaknesses in the current surveillance system ishape- le using QGIS 2.18. ese coordinates were used
achieving the objectives of the global roadmap to 2030as the geographic references of the regions. In the Pois

for elimination of cholera in the country. son model, the expected cholera cases in each part of
the regions are assumed proportional to the population
Main text size of the region. e model detected clusters in a mul
Methods tidimensional point process and allowed variable window
Data collection sizes to scan for cholera cases within the region. Variable

Retrospective data of cholera cases and deaths conwindow size was used, because a prior estimation of the
piled at regional levels from 2007 to 2017 were obtainedsize of the area covered by a cluster was not known. A
from the Epidemiology and Disease Control Section ofcircular scan window was selected, which moved over
the Tanzanian Ministry of Health. Data included in this the entire region with a radius that varied from zero to
study are those reported based on the WHO standards25% of the population at risk. e clusters covered areas
for cholera case de nition and are described as follows: with lower rates outside a circular scan window cem
(i) Patient aged 5 years or more with severe dehydra-  pared with higher rates inside the circle. e likelihood
tion and acute watery diarrhea or individual who ratio for a specic window was determined as previ
died from the same symptoms in an area withouta  ously described [68]. e output les were displayed in

confirmed outbreak; Google Map.

(i) A patient aged 2 years or above having acute Poisson regression was used for the analyses of poten
watery diarrhea, with or without vomiting in an tial risk factors for cholera. In this model, the total num
area where there is an ongoing cholera epidemic; ber of cases (2007 to 2017) reported at the regional level

(i) Confirmation of Vibrio cholerae O1 isolated in the =~ was the dependent variable, exposure variables were
stool of suspected patients. obtained from the 2012 census as well as parameters

from the geographical analysis (Fida). e logarithm

Population data for the country’s 25 regions (Additional to the population was included as an o set variable and
le 1) were extracted from the latest 2012 Population andthereby the analysis represents a log-linear model of the
Housing Census report from the National Bureau of Sta incidence. We used a zero-in ated Poisson regression for
tistics [11]. Using the inter-censual growth rate of eachthe analysis of the relation between rainfall in the year
region, annual population in each region was calculatedbefore reporting and the number of reported cases. In
to estimate the population at risk per year in each region.both models, we applied robust standard errors. In the
Proportion of households with access to improved drink analysis of the relation between rainfall and number of
ing water and households with access to improved toiletsreported cases, we adjusted the standard error for the 25
were retrieved and included in the analysis. For indica regions because it was assumed that there is less variance
tors of socioeconomic status, proportion of households within a region than between regions. e log to the esti
possessing mobile phone and television during the eenmated yearly population was included as o set variable.
sus was used (Additional le 1). Stata version 14 was used for the regression models.

Rainfall data were obtained from the Tanzanian Mete
orological Agency, where annual rainfall data in millim Results and discussion
eter was obtained per region for each of the 11 years.  From 2007 to 2017, mainland Tanzania reported 39,444

Country shape les were obtained from the National cholera cases with 600 deaths, giving a case fatality rate
Bureau of Statistics [11]. GIS data of the water areas weref 1.5% and an average annual incidence rate of 8.39 per
obtained online from diva-GIS website [12]. All shape 100,000 people. A similar analysis of 10 years data from
les were analyzed in quantum GIS version 2.18, Las-Palthe DRC revealed a higher number of cases and case
maras (https//qgis.org/en/site/) for validity. In QGIS, fatality rates of 1.9% [9]. DRC is the country report
regional and waterbodies polygons were joined usinging the most cholera cases in Africa and for many years
the Union vector to determine two new variables: total have been a devastated country because of wars and


https://qgis.org/en/site/
https://www.satscan.org/
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Variables Incidence Rate Ratio (95% Significance (p)
Confid: Interval)
Proportion of urban population (%) 1.24(0.47-3.30) 0.663
WaterArea in a region (Km?2) 1.000 (0.99-1.000) 0.927
Water Perimeter/100km 1.015(1.000-1.030) 0.042
Proportion of households with TV (%) 0.99(0.98-1.009) 0.878 10000 7.00
Proportion of households with Mobile Phone 0.98(0.96-1.011) 0.289
(%) 9000 18
Literacy rate (%) 1.008 (0.946-1.076) 0.788 6.00
Population Density (%) 0.999 (0.999-1.000) 0.721 8000
Proportion of households with improved 1.003 (0.988-1.018) 0.668
sanitation (%) 7000 2 LI
Proportion of households with improved 1.013 (0.989-1.038) 0.265 n
water (%) . 600 g
Growth rate (%) 0.913(0.754-1.106) 03% 16 400 ¥
c g
Proportion of regions having sea boarder 1.167 (0.649-2.096) 0.605 E 5800 ¥ 5
(%) . z
Proportion of regions having international 0.924 (0.464-1.836) 0.82 :: 3.00 1:'
boarder (%) bl ]
Rainfall during year of epidemic (dm) 0.897 (0.797-1.009) 0.071
Lag rainfall in year before epidemic (dm) 0.867 (0.718-1.049) 0.144 w01 3 y 00
a 2000
1n 100
1000
s 4
0 - - —o— 0.00
2007 2008 2009 2010 2011 2012 2003 2014 2018 2006 2007
Fig. 1 a Poisson regression of determinants for cholera reporting in Tanzania based on regional data. b Number of cholera cases (bars) and case
fatality rates (line) per year in mainland Tanzania. Numbers of a ected regions are shown on top of each bar

population displacement associated with higher risksincluding its neighboring regions where high magnitude
for cholera [9]. However, the relatively lower incidence outbreaks were recorded after 2015. is corroborates
in Tanzania could be attributed to the fact that report the role of urbanization and population displacements
ing cholera has negative impacts on tourism and exportsn cholera dynamics [13-15]. e increasing number of
of a ected countries, leading to underreporting [5]. In outbreaks in 2015-2017 in Dodoma coincides with the
2016, 23 of the 25 regions in Tanzania reported cholergime where the Tanzanian government moved o ces to
but most cases (8821) were reported in 2015 (Fi). Dodoma as the capital city of the country. is was asso
e highest case fatality rate was recorded in 2013 (6.3%) ciated with signi cant movement of government employ
when only 270 cases were reported countrywide. It isees and a liated business from Dar es Salaam, but also a
likely that initial cases in an outbreak experience -€le number of people working with the construction of new
vated case-fatality, whereas the o cial recognition of an government o ce buildings [16].
outbreak leads to improved management and increased Approximately 28 million people live in the regions
case- nding thereby identifying milder cases as well. found in the hotspots based on the 2012 census. ree of
At regional level, Shinyanga had the highest case fatalthe four hotspots were around major lakes in the country
ity rate in the study period (7%) while Dodoma reported mainly Lake Victoria, Tanganyika and Nyasa. Living near
the highest number of cases (5988), although 94.1% df lake was also reported in Uganda, the DRC and -else
these cases were recorded exclusively between 2015 anchere as a factor associated with increased cholera-inci
2017 where the countrywide incidence reached 14.2 pedence [8, 17, 18].
100,000 people (Figlb). Every region except Kagera, According to existing literature, Dar es Salaam is one
reported cholera at least once during the 11 years. Fifteerf the endemic cities experiencing cholera outbreaks in
regions reported cholera in at least six of the 11 years andanzania [19]. is city was however not identi ed in our
can be considered cholera endemic regions [6, 8]. analysis as part of the hotspot areas. Such a discrepancy
Spatial analyses revealed four high-risk areas of di er reveal one of the limitations of the data and weaknesses
ent sizes (Fig2a). Seventeen regions had their centroidsof the existing surveillance system in which cholera
within the identi ed hotspots. e risk of having cholera  reports were aggregated at regional level rather than at
in these regions was up to 2.89 times higher comparediistrict level. e observed clusters should therefore be
to elsewhere in the country (§0.0001, Fig2b). e hot - treated with caution. Reliable disease hotspot identica
spot with highest risk of cholera was Dodoma region,tion cannot be e ective when surveillance and risk factor



Hounmanou et al. BMC Res Notes (2019) 12:664 Page 4 of 6

a Olonq:ruono i '\
Nairobi nan
® gun -
® £
Karatu Arusha Magndn
v (o]
Mombasa
o
Tagga
[\ 4 Zanzibar
289 o 2
Tanzaniavpwapwa Dar es(SaIaam
Ruaha Morggoro
u
National Park @
Lindi
Kasama ‘\ = o
Chinsap 4 Sor;,geaq Lsasl  Miwara
0 ,‘ 0.14" Tunduru 0“@
} agsa o
sashi .

b = Map data ©2019 Google
Relative Risk of clusters  Regions covered Population at risk
2.89 Dodoma, Iringa, Singida, Manyara, Morogoro, Tanga 10105096
0.70 Katavi, Rukwa, Kigoma, Tabora 6006575
0.19 Geita, Mwanza, Kagera, Shinyanga, Simiyu 10116439
0.14 Ruvuma, Njombe 2081435

Fig. 2 Cholera hotspots in mainland Tanzanian and relative risks as identified by SatScan and displayed using Google map. a Mapping of the
relative risks of cholera within the identified hotspots. b Regions at risk and population size in the identified cholera hotspots

data are not available from the smallest geographicallanzania. Nevertheless, cholera is normally expected to
structures in a ected countries [68]. Reliability of data have a seasonal pattern as is the case in Zanzibar and
also includes consistency in case de nitions because onlglsewhere [720, 21]. Only water perimeter in a region
a small proportion of suspected cases are laboratory-conwas signi cantly associated with incidence of cholera
rmed and may bias identi cation of priority areas where with a 1.5% increase in incidence for 100 km increase
interventions are needed [5]. in water perimeter (IRR 1.015; 95% CI 1.001 to 1.030;
Compared to previous studies in the DRC, Uganda,p=0.042, Fig.3). is correlates ndings of the hot -
India and Zanzibar [6-9] which had cholera data and spots analyses where three signi cant clusters covered
exposure variables from districts, the available regionalregions around the Great Lakes. Living near water bod
data in Tanzania were not able to detect many risk fac ies mainly great Lakes seems therefore a signi cant risk
tors investigated against the incidence of cholera. e factor for cholera which has also been documented
rainfall pattern, both before and during the year of epi globally [22]. Recent ndings in Tanzania where V.
demics did not signi cantly a ect the cholera incidence cholerae O1 isolated from Lake Victoria were phyloge
in mainland Tanzania based on currently available datanetically identical to those causing cholera outbreaks in
(p=0.07; 0.14, respectively, Additional lel). is the African Great Lakes region further illustrates the
could mean that in reality there is no positive correla association between Lakes and cholera [23].
tion between rainfall and risk for cholera in mainland
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Fig. 3 Relationship between cholera incidence (log incidence per
100,000 population) and total water perimeter (in kilometer) in a
region. One region has been omitted, i.e. Kagera because of zero
reporting

Limitations
e principal limitation of this study is the weakness of
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