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Goals

Provide fine scale maps of cholera incidence
identify hotspots

Combine datasets across spatial scales

“Share strength” between places with more precise
information with coarse or missing data.

Correct for under reporting

Map other aspects of cholera epidemiology (e.g., CFR)

Make tools to translate all of the above to timely and
policy relevant conclusions
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Our goal...

Not “Forgoing...shoe leather epidemiology in favour of big
data...”

...but using statistics to combine the results of shoe leather
epidemiology and local information to get more out of our
collective knowledge.

3/13



Our goal...

Not “Forgoing...shoe leather epidemiology in favour of big
data...”

...but using statistics to combine the results of shoe leather
epidemiology and local information to get more out of our
collective knowledge.

3/13



 
 

3 
 

 
 

Fig. S2. Map of data on reported cholera cases from 2010-2016 included in generating 
the maps of cholera incidence. Color represents the lowest administrative level available 
for a given area. 
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Data 2010-2016



Approach

CountrySub-district DistrictPoints

1 observation2 observations24 observations3 observations

NA ∼ Poisson

(∑
i∈A

ratei · populationi

)
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Maps of Reported Incidence
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Fig. S3. (A) Standard deviation (log-scale), and (B) coefficient of variation of mean 
annual incidence from 2010-2016. Coefficient of variation is σ/μ. 
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Uncertainty
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Who is at risk?



Articles
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of 156 536 cases (121 094–194 640) over a 3-year period. 
Extending vaccination to eligible individuals living in 
both moderate-risk and high-risk districts could directly 
prevent an estimated 239 518 cases (173 581–379 223), but 
511·6 million (396·4 million to 635·8 million) doses of 
vaccine would be needed, which is more than 30 times 
the estimated global production in 2017.7 Indirect effects 
of vaccination campaigns (ie, herd protection) could 
protect more individuals, even with imperfect coverage, 
although there is conflicting evidence as to the nature 
and spatial scale of indirect effects.16,17

Substantial strides could be made towards cholera 
elimination with a fraction of the resources by prioritising 
those areas at highest risk. For example, consider the 
number of people who would need to be effectively 
targeted by an integrated cholera control programme to 
prevent 50% of the cholera cases in sub-Saharan Africa. If 
we focus interventions at the resolution of our maps 
(20 km × 20 km grid cells), targeting the areas in order of 
their number of cases from 2010 to 2016 from highest to 
lowest, incidence could be reduced by 50% by targeting 
areas containing 11·9 million people (95% CrI 5·6 million 
to 21·1 million), which is 1·2% of the study population 
(figure 3). If the same strategy was used to target districts, 
areas containing 35·3 million people (26·3 million to 
62·0 million; figure 3), which consitutue 3·6% (95% CrI 
2·7–6·3) of our study population, would be targeted. An 
alternative strategy ranking by incidence rather than the 
number of cases led to similar reductions (appendix). A 
similar approach could be used to make optimum use of 
existing resources. For example, if 20 million OCV doses 
were used in the highest incidence districts, 121 637 (29%) of 
425 754 cholera cases (83 620–182 694) could be prevented 
over 3 years from direct effects of the vaccine.

In practice, targeting the high-incidence areas irre
spective of geography, population size, accessibility, or 
other factors is probably not feasible because of logistical 

challenges. A more practical strategy might be to prioritise 
countries on the basis of the number of cases that could 
be averted if all high-incidence districts in the country 
were targeted, then launch country-specific programmes 
aimed at those districts. Using this approach, 38·4% of 
cholera cases could be prevented by covering 50·8 million 
people (95% CrI 39·7 million to 62·8 million) in five 
countries: Somalia, Nigeria, Democratic Republic of the 
Congo, Sierra Leone, and Ghana (figure 3).

Figure 2: Districts with mean annual cholera incidence above certain thresholds
(A) Districts with mean annual cholera incidence of more than one case per 1000 people, (B) more than one case per 10 000 people, and (C) more than one case per 
100 000 people. Districts with a mean of fewer than five cases annually are excluded. The colour scale represents the percentage of model iterations (ie, posterior 
draws) for which incidence exceeds the threshold, with darker shaded districts being over the threshold in a higher percentage of Markov chain Monte Carlo iterations.

A Annual incidence >1 case per 1000 people B Annual incidence >1 case per 10 000 people C Annual incidence >1 case per 100 000 people
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Figure 3: Annual cholera cases in sub-Saharan Africa averted as a function of the number of people targeted 
with an ideal intervention or mix of interventions
The optimum grid cell targeting curve (blue) represents a strategy targeting all 20 km × 20 km grid cells in rank 
order by number of cases. The optimum district targeting curve (red) represents a strategy targeting all districts in 
rank order by number of cases regardless of country. The green curve represents a more realistic and practical 
strategy that targets all high-risk districts in each country at once, with countries ranked by the number of cases 
prevented. Lines are the mean values and shading shows the 95% credible intervals. Strategies targeting grid cells 
or districts by ranked incidence instead of number of cases are presented in the appendix.
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Why does it matter?



Angola

Burundi

Benin

Burkina Faso

Botswana

CAR

Ivory Coast

Cameroon

DR Congo

Congo

Djibouti

Eritrea

Ethiopia

Gabon

Ghana

Guinea

Gambia

Guinea−Bissau

Equatorial Guinea

Kenya

Liberia

Madagascar

Mali

Mozambique

Mauritania
Malawi

Namibia

Niger Nigeria
Rwanda

Sudan

Senegal

Sierra Leone

Somalia

South Sudan
Swaziland

Chad

Togo
Tanzania

Uganda

South Africa

Zambia

Zimbabwe

1

10

50

100

250

0 1 2 3 4
coefficient of variation in annual incidence

m
ea

n 
an

nu
al

 in
ci

de
nc

e 
(p

er
 1

00
k)

1

10

50

0 1 2 3 4
coefficient of variation in annual incidence

m
ea

n 
an

nu
al

 in
ci

de
nc

e 
(p

er
 1

00
k)

1

10

50

0 1 2 3 4
coefficient of variation in annual incidence

m
ea

n 
an

nu
al

 in
ci

de
nc

e 
(p

er
 1

00
k)

A B

C

Years 
 reporting

5

10

15

20

25

40
1

250

10/13

Beyond incidence...



Tools and Accessibility

Availability of data layers for use in GIS software
iddynamics.jhsph.edu/cholera

Availability of data from a standardized interface
improved web interface for access and entering data in
process

Pipeline “real time” update of maps
regular updates
maps at a variety of spatial scales
on demand maps

R package for access, manipulation and analysis of data
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iddynamics.jhsph.edu/cholera


Next Steps

Increased focus on tools and access

Going global

Going beyond reported incidence
CFR
over/under reporting

incorporate lab data (need negatives!)

endemic/epidemic spectrum
seasonality and timing

’Forecasting’ and integrated analysis
OCV investment case
climatic change
“cholera sensitivity”
more tomorrow...
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