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Figure 1. Tanzania’s location in Africa in red on ArcGlobe (left).
Maps of elevation with survey districts (A), and Maxent’s
Anopheles habitat suitability (B), were made in ArcMap.
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the ArcMap layers
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around each
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Figure 3. A) The original buffer location where
zones around survey locations,
people were
B) the district boundaries, C)
surveyed about their use of
where buffers were clipped
along district lines, and D) the ITNs and IRS. These buffer
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final buffer layer for analyses. zones were created due to the
No (0)
randomly-shifted locations of the survey points for
Figure 4. ArcMap view of buffer zones for A) the
privacy reasons (Fig. 3). Survey locations were shifted
randomly by up to 1 km in urban areas and up to 5 km number of children who used a mosquito net and
B) the proportion of children who used a
in rural areas but could not be shifted across district
mosquito net the night before the survey, and
locations (shown by the white lines in Fig. 3). I therefore C) whether the house was sprayed or not within
12 months prior to the survey, with zoomed-in
clipped the buffer zones to these districts (Fig. 4) and
views of northern Tanzania (left inset) and islands
correlated the resulting buffer areas of ITN and IRS use (right inset). The value given to each buffer is the
to the underlying mosquito habitat suitability (Fig. 1B). mean of ~18 households surveyed at that location.
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Similar to a previous analysis of ITN ownership across households
in Tanzania,7 the current analysis revealed that the average number
(Fig. 5A) and proportion of children (Fig. 5B) under the age of five
using ITNs across Tanzania had weak but significant (p<0.05) negative
correlations with mosquito habitat suitability (R2 = 0.079 and
R2 = 0.087, respectively) (Fig. 5A and 5B, respectively). Unlike ITN
ownership and use, which have a generally widespread coverage
across the country, IRS applications only target certain regions of
Tanzania (Fig. 4C). This may explain why IRS applications showed a
relatively strong significant positive correlation with mosquito habitat
suitability at the countrywide scale (R2 = 0.319) (Fig. 5C).
Analyses were done using Ordinary Least Squares (OLS) regression
(green line in Fig. 5) as well as in the 0.1 and 0.9 quantiles (the red and
purple lines, respectively, in Fig. 5) to explore possible trends in the
populations within the
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2.0
10% highest and lowest
OLS line
0.1 quantile coverages. ITN use in
1.5
children therefore
appears to decrease as
1.0
mosquito habitat
0.5
suitability, and thus
malaria risk, increases.
0.0
IRS, however, showed an
B
opposite, more
1.00
promising trend, with
0.75
increasing coverage
towards higher risk areas
0.50
in the OLS and 0.9
quantile. Considering
0.25
the widespread use of
ITNs across Tanzania
0.00
relative to IRS, these
C
1.00
results are unexpected
and suggest that IRS
0.75
better targets areas
0.50
most at risk of malaria.
Number of children
who used a mosquito
net last night

Low

The study area consists of
Tanzania and its islands in the
0°0’0”
Indian Ocean (Fig. 1A), located on
the east coast of Africa and
occupying 886,100 km2.4 Malaria
is the leading cause of morbidity
and mortality in the country,
5
5°0’0” particularly in children under five.
In 2014, nearly 100% of Tanzanians
were at risk of malaria.6 The
relationship between ITN
ownership and Anopheles habitat
suitability in Tanzania has been
recently assessed using
10°0’0”
Geographic Information Systems
(GIS), remote sensing and
ecological niche modelling.7 Yet,
IRS coverage has not been
explored using similar techniques.
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I used the Maxent program (Version 3.3.3k),8 a species
habitat modelling software, to create the Anopheles
habitat suitability output (Fig. 1B). Environmental inputs
(Fig. 2) were projected, resampled, clipped, and snapped
2 children
to the same spatial extent in ArcMap 10.3.1 for input into
0 children
Maxent. Maxent then correlated georeferenced locations
B Did at least one child sleep under a
where the mosquitoes were sampled with the
mosquito net last night?
environmental characteristics of that area to present a
relative habitat suitability map (i.e. pixels were measured
for suitability relative to other pixels on the map).
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Figure 2. An ArcScene view of A) temperature, B) Normalized Difference
Vegetation Index (NDVI), C) human population density, D) land cover,
and E) elevation layers prepared in ArcMap and used for input in Maxent.
Mosquito occurrence records (purple spheres) are superimposed.
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Has the house been
sprayed for mosquitoes
in the last 12 months?

Insecticide-treated nets (ITNs) and indoor residual spraying
(IRS) remain the two major intervention strategies1 that target
Anopheles mosquitoes, the exclusive vectors
of malaria parasites.2 Yet, insufficient
funding for these vital control
methods hinders many
countries’ abilities to meet
publicly-endorsed
deadlines for malaria
elimination.3 With a
critical need to
allocate limited
resources to most atrisk areas, how do
ITN and IRS coverages
compare when
targeting Anopheles
mosquito distributions
across Tanzania?

Figure 5. Scatterplots of ITN and
IRS use as a function of mosquito
habitat suitability. Scatterplots
0.00
show the OLS regression line
0.00
0.25 0.50
0.75
(green) and corresponding 0.1
Mosquito habitat suitability
(red) and 0.9 (purple) quantile
regression lines for A) the average number of children under the age of five who slept
under an ITN and B) the average proportion of children (i.e. at least one child = 1,
otherwise 0) who slept under an ITN the night before the survey, as well as C) the
proportion of dwellings sprayed for mosquitoes in the last 12 months.
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The combined spatial analysis of ITN and IRS coverages in relation to
Anopheles habitat suitability in Tanzania presents a different picture of
how well malaria controls are targetting mosquitoes than analyzing
either method separately. For future analyses, important questions
include the following: Within the targetted local areas of IRS coverage,
does IRS still target mosquito hot spots? How do ITN coverages
compare at similar scales? These analyses are critical to informing
malaria control programs allocating limited resources to highest-risk
areas as well as helping countries meet malaria elimination deadlines.

