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Abstract 

Background:  The economic impact of schistosomiasis and the underlying tradeoffs between water resources devel‑
opment and public health concerns have yet to be quantified. Schistosomiasis exerts large health, social and finan‑
cial burdens on infected individuals and households. While irrigation schemes are one of the most important policy 
responses designed to reduce poverty, particularly in sub-Saharan Africa, they facilitate the propagation of schistoso‑
miasis and other diseases.

Methods:  We estimate the economic impact of schistosomiasis in Burkina Faso via its effect on agricultural produc‑
tion. We create an original dataset that combines detailed household and agricultural surveys with high-resolution 
geo-statistical disease maps. We develop new methods that use the densities of the intermediate host snails of schis‑
tosomiasis as instrumental variables together with panel, spatial and machine learning techniques.

Results:  We estimate that the elimination of schistosomiasis in Burkina Faso would increase average crop yields by 
around 7%, rising to 32% for high infection clusters. Keeping schistosomiasis unchecked, in turn, would correspond to 
a loss of gross domestic product of approximately 0.8%. We identify the disease burden as a shock to the agricultural 
productivity of farmers. The poorest households engaged in subsistence agriculture bear a far heavier disease burden 
than their wealthier counterparts, experiencing an average yield loss due to schistosomiasis of between 32 and 45%. 
We show that the returns to water resources development are substantially reduced once its health effects are taken 
into account: villages in proximity of large-scale dams suffer an average yield loss of around 20%, and this burden 
decreases as distance between dams and villages increases.

Conclusions:  This study provides a rigorous estimation of how schistosomiasis affects agricultural production and 
how it is both a driver and a consequence of poverty. It further quantifies the tradeoff between the economics of 
water infrastructures and their impact on public health. Although we focus on Burkina Faso, our approach can be 
applied to any country in which schistosomiasis is endemic.

Keywords:  Schistosomiasis, Neglected Tropical Diseases, Sub-Saharan Africa, Agriculture, Water Resources 
Development, Poverty
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Background
Schistosomiasis is a water-based debilitating neglected 
tropical disease that affects an estimated 250 million peo-
ple, more than 85% of whom live in sub-Saharan Africa 
[1]. Schistosomiasis claimed between 1.5 and 2.5 million 
disability-adjusted life years per year in the past decade 
[2, 3]. Severe morbidity due to schistosomiasis results 
from the accumulation of eggs laid by flatworms of the 
genus Schistosoma that are trapped in the tissues of the 
human host, leading to a chronic inflammatory response. 
The parasite species that cause the two main forms of the 
disease, intestinal (S. mansoni) and uro-genital (S. hae-
matobium), present a complex life cycle involving two 
reproduction phases, the first asexual in specific freshwa-
ter snail species that act as intermediate hosts, followed 
by sexual in the human host. Infection occurs through 
skin penetration by water-motile schistosome larvae, 
which secrete eggs that perpetuate the parasite’s lifecy-
cle by exiting the human host through urine or feces. A 
large fraction of these eggs remains trapped in the tis-
sues surrounding the bladder or the intestine, eliciting 
the chronic inflammation that constitutes the root of 
schistosomiasis-induced morbidity [4]. When untreated, 
advanced forms of schistosomiasis lead to kidney failure, 
bladder cancer, liver fibrosis [5], as well as heightened 
risk of HIV transmission [6]. The highest parasite bur-
den is usually borne by school-age children and the dis-
ease has been linked to anemia, stunting and cognitive 
deficits, leading to poor school performance and higher 
drop-out rates [7]. Due to these life-long impacts, schis-
tosomiasis exerts large health, social and financial bur-
dens on infected individuals and households [8].

Water resources development and management aimed 
at alleviating poverty in rural schistosomiasis-endemic 

communities in sub-Saharan Africa have been shown to 
exacerbate disease transmission [9]. Dams and irriga-
tion schemes expand the suitable habitat for the fresh-
water snails that serve as the intermediate hosts of 
schistosomes, and also increase the frequency and den-
sity of human-water contacts during which infection can 
occur [10]. This effect is particularly marked in water-
constrained regions, possibly due to the concentration of 
human-water contacts in the few available water points 
[9]. One expects in all likelihood that for low- and mid-
dle-income countries the economic sector most affected 
by the disease would be agriculture, particularly in its 
subsistence form [11, 12]. This is because populations 
that rely heavily on agricultural production are the ones 
that are the most exposed to infection and ultimately suf-
fer the highest disease burden. However, its net economic 
impact and the underlying tradeoffs between water 
resources development and public health concerns have 
yet to be rigorously quantified.

We focus on Burkina Faso, a country where schistoso-
miasis is endemic both in its intestinal and uro-genital 
forms [13, 14]. Burkina Faso is a low-income, landlocked 
Sub-Saharan country with very limited resources. Bur-
kinabé agriculture is the main component of the coun-
try’s economy, employing roughly 80% of the population, 
and is mostly of the subsistence variety, with low crop 
and livestock productivity and high levels of inefficiency 
[15, 16]. Large- and small-scale water resources develop-
ment projects have been completed in the past 30 years 
to support agricultural activities and reduce climate vul-
nerability (Fig. 1b), which have however exacerbated the 
prevalence of malaria and schistosomiasis [17]. Mass 
drug administration (MDA) campaigns, initiated by the 
Schistosomiasis Control Initiative (SCI) in 2005 [18], 
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have been successful in reducing morbidity in most 
regions with a national mean prevalence of around 5% in 
school-age children in 2010 (Fig. 1d) [19, 20].

Because of the complexity of the dynamics of schis-
tosomiasis and its interlinkages with a large set of socio-
economic and environmental variables [21], identifying 
the relationship between the disease and economic devel-
opment via its effect on productivity requires the use of 
detailed agricultural and household datasets, as well as 
precise information on disease prevalence on a large spa-
tial scale. Recent developments in disease mapping allow 
us to obtain high resolution prevalence maps which have 
been used in a variety of public health contexts [14] but 
have not hitherto been paired with data on households and 
agricultural production. The upper panel of Fig. 1 shows a 
schematic representation of the mechanisms that we esti-
mate, which are the aims of this study: the estimation of 
the economic impact of schistosomiasis via its effect on 
agricultural production, the interlinkages between the dis-
ease and poverty and the feedback effects between disease 
diffusion, water resources and economic development.

Methods
Data and context
Survey data were obtained from the National Institute 
of Statistics and Demography (INSD) in Ouagadou-
gou. The annual agricultural dataset provides detailed 
information on crops, yields, inputs and pesticides, 
plot characteristics and labor type for the 2003−2017 
period. Surveyed villages were distributed relatively 
uniformly across the country (Fig.  1a). The household 
survey data cover the 1996–2017 period and include 
detailed information on household characteristics and 
demographics. We first merge and synchronize both 
survey datasets, and geolocalize the villages using fuzzy 
string matching with administrative data. We include 
a comprehensive set of climatic remote-sensing data 
including precipitation, temperature, and vegetation 
indices such as temperature and rainfall data, land sur-
face temperature for day and night, a normalized differ-
ence vegetation index and enhanced vegetation index. 
We extrapolate a variety of covariates from the raw 

rasters, such as mean temperatures in dry and rainy 
seasons, precipitations in all seasons and mean and 
maximum dry spells. The pixel resolution of the cli-
mate data allows us to merge the rasters with the sur-
vey datasets at the village level. Panel (a) in Fig. 1 shows 
the location of our study villages. We then merge the 
dataset with two high-resolution maps of schistosomi-
asis prevalence estimates in school-aged children at a 
pixel resolution of 5× 5 km. The first map applies up 
until 2010 (Fig. 1c), the second between 2011 and 2018 
(Fig.  1d). The estimated prevalence is a joint measure 
of both uro-genital and intestinal schistosomiasis, and 
is obtained by means of Bayesian geostatistical analy-
sis [14]. We choose the years 2009 and 2011 in order 
to maximize the number of repeated households (i.e. 
observed each year) and to provide the best fit and 
model diagnostics: in the Additional file  1: Appendix 
we show our results to be robust to the choice of dif-
ferent years around the 2010 cutoff. Furthermore, these 
years cover the sharp decrease in disease burden in 
school-aged children through Burkina Faso’s schisto-
somiasis control program observed between 2008 and 
2013 [22]. Because of resolution of the disease maps, 
prevalence is constant within each village: households 
belonging to the same village will be assigned the same 
level of schistosomiasis prevalence. Given that health 
consequences of schistosomiasis are more directly 
linked to infection intensity (measured by egg-output) 
than to prevalence [23], we translate estimated preva-
lence into a joint measure of schistosomiasis infection 
intensity in terms of the average number schistosome 
egg-output per person (see Additional file  1: Appen-
dix). Model-based estimates of spatial snail density 
were derived from malacological surveys collected in 
two field sites located along the South-North climatic 
gradient between the Sudanian and Sahelian regions 
[24]. Full information on the dataset, its sources, all 
summary statistics and details concerning the covari-
ates used in the analysis can be found in the Additional 
file 1: Appendix.

(See figure on next page.)
Fig. 1  (Upper panel) Mechanisms studied in the paper. Our main interest lies in estimating (1), the causal effect of schistosomiasis on agriculture. 
To achieve identification we use a set of variables (instruments) that influence disease intensity without directly affecting agriculture: we use the 
densities of the different snail species that act as intermediate hosts for the Schistosoma. (2). Poverty is shown to have a reinforcing effect on the 
burden the disease exerts on agricultural production, as well as being its consequence (3). Water resources development (4) is shown to boost 
agriculture and development, but also to increase the adverse effects of schistosomiasis via both the increase of snail habitat and human-water 
contact. (Lower panel) Data overview. a Villages included in the agricultural surveys, the capital Ouagadougou (white point) and level 1 (regions, 
black lines) and level 2 (provinces, white lines) administrative subdivisions. b River network (blue lines, width proportional to upstream area) and 
water resources infrastructure in the country. c Estimated schistosomiasis prevalence up to 2010. d Estimated schistosomiasis prevalence for 
2011–2017
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Schistosomiasis and agriculture
In order to estimate the economic impact of schistosomi-
asis (relationship (1) in Fig. 1), we rely on a specification 
that fully exploits the wealth of information available in 

our dataset at both plot and household levels. We iden-
tify the burden of the disease as a shock to overall pro-
ductivity in an agricultural production function, which 
does not directly affect the amount of labor or physical 

Fig. 1  (See legend on previous page.)
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inputs needed for production but instead influences their 
effectiveness. We begin by specifying the production 
technology as

where Yihjt is the yield (output per hectare) of plot i, 
farmed by household h in village j at time t, φhjt , which is 
common to all plots cultivated by a given household, rep-
resents the direct effect of schistosomiasis on productiv-
ity, calibrated by a parameter θ . We model the impact of 
the disease as (1+ φ)−θ in order to represent the fact that 
in a disease-free state the household’s production tech-
nology is unaffected, and decreases as the disease burden 
worsens. Ajh are household time-invariant productiv-
ity shifters, some of which may be unobservable, F(.) is 
the production function and Xihjt is the matrix of overall 
inputs used for agricultural production, including plot, 
household, climate and land covariates. Lastly, the term 
αFE = {αt + αh + αc + αct + αht + αch} allows to control 
for all unobservables at a household, crop and year level 
as well as their interactions (also known as fixed effects 
in the economics literature). Lastly, the term ǫihjt as an 
idiosyncratic Gaussian disturbance. The parameter of 
interest is θ : it modulates the extent to which the disease 
affects agricultural yield, and we expect its estimate to be 
negative. Since the “real” effect φ of the disease is unob-
servable, we proxy it with the measure of infection inten-
sity in terms of mean egg-output per person discussed 
earlier, denoted by Ijt = (1+ Intjt) . Taking logarithms 
then results in the quasilinear model

where our goal is to identify the parameter θ . We esti-
mate this burden first by means of multiplicative (Cobb-
Douglas) form for the production technology. We then 
refine this estimate by absorbing all the non-linear con-
founding effects stemming from the large matrix of 
inputs by means of various machine learning methods, 
compared with a mean squared error criterion. In order 
to check for nonlinearities in the burden, we fit an instru-
mented adaptive spline for the schistosomiasis intensity 
variable using a two-stage semiparametric method on the 
log-linear model. In the Additional file  1: Appendix we 
report all details concerning the estimation framework 
and show how this interpretation of schistosomiasis as 
a productivity shock is not rejected by the data, and is 
compatible with a household optimization model. Since 
the “real” effect of the disease on household members is 
unobservable, we approximate it by the measure of infec-
tion intensity in terms of mean egg-output per person, as 
discussed earlier. This implies that plot-level estimation is 
likely to be affected by biases stemming from endogeneity 

(1)Yihjt = Ahj(1+ φhjt)
−θF(Xihjt)eihjt ,

(2)yihjt = Ãjh − θ Ĩjt + F̃(Xihjt)+ αFE + ǫihjt ,

issues, and we address these with the use of an instru-
mental variables (IV) strategy. This requires the choice of 
a set of variables (instruments) that are strongly related 
to the presence of schistosomiasis, and affect agricultural 
yield only via the disease burden. A natural choice is con-
stituted by the densities of the snails that act as interme-
diate hosts of the schistosomes. The presence of either 
kind of aquatic snail is directly linked to the prevalence 
of both forms of schistosomiasis, whilst not having any 
direct detrimental effect on agricultural yields. In order 
to control for any effects that might jointly determine 
the presence of snails and agricultural production, we 
include a plethora of covariates that account for climate, 
precipitations and land characteristics, and use the snail 
predictions lagged by one year in order to avoid simulta-
neous dependance on joint unobservables. Furthermore, 
snail control strategies are shown to have potential bene-
fits for morbidity control [25, 26], validating the theoreti-
cal relevance of our IVs. Snail densities are thus likely to 
constitute ideal instruments, and allow us to estimate the 
causal effect of interest. This corresponds to relationship 
(2) in the upper panel of Fig. 1. In the Additional file 1: 
Appendix we report a detailed justification of the validity 
of this specification, as well as the complete description 
of the models, the covariates and the estimation meth-
ods as well as all additional tables, results and robustness 
checks.

Schistosomiasis and poverty
In Burkina Faso, agricultural households are largely 
engaged in subsistence farming: shocks to yield there-
fore affect simultanously both income and survival 
probability. Moreover, it is likely that the productiv-
ity decrease attributable to schistosomiasis is a func-
tion of various household characteristics. To account 
for this, we examine the additional burden of the dis-
ease for households farming plots that belong to dif-
ferent quantiles of the joint distribution of plot surface 
and crop weight. We interact schistosomiasis intensity 
with an indicator representing whether a given plot 
belongs to a specific quantile of the joint plot surface/
crop weight distribution. The estimated equation is 
the following:

where � is the joint distribution of plot weight w and sur-
face s for each year t. The coefficient of interest is θpj , esti-
mated varying the indicator k on a grid ranging from the 
20th to the 70th percentile of the joint distribution.

(3)

yihjt =Ãjh + θ Ĩjt + θpj Ĩjt × 1
(wj ,sj)≤Q

j
k

+ F̃(Xihjt)+ αFE + ǫihjt

Q
j
k =min{wihjt , sihjt : k ≤ �(w, surf; t)},
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In order to characterize this mechanism in terms of 
its link to household poverty, we then carry out a similar 
procedure where the indicator function is defined at the 
household rather than at the plot level. The cutoffs in this 
case correspond to the lower 5% and 10% tails of the joint 
distribution of total harvest weight and plot surface farmed 
by each household. The interest is in the estimation of θph in

where �
(

wh, sh
)

 is the joint distribution of total crop 
weight and plot surface farmed by each household and 
Nh
t  is the number of plots farmed by each household each 

year.

Schistosomiasis and water resources development
Given that schistosomiasis is water-based, we study the 
feedback effects between the disease and water resources 
development. We begin by concentrating our attention 
on Burkina Faso’s four main dams, shown in (Fig. 1b). We 
aggregate the data up to the village level, and we compute 
the geographical distance of each village from the closest 
dams and reservoirs. By interacting the presence of a dam 
with our measure of disease intensity, we disentangle the 
direct impact of dams, which should increase yields, from 
the deleterious indirect effects that they may produce by 
facilitating the diffusion of schistosomiasis. For this esti-
mation we rely on an instrumented spatial autoregressive 
specification (SAR). The estimated equation is

where αt,r accounts for time and region unobservables, 
Wj is a matrix of spatial weights given by the between-
villages distance in coordinate degrees and ρ is the spatial 
correlation parameter, fit by maximum likelihood.

We refine the previous results by accounting for each 
village’s distance in km from the nearest dam or water 
reservoir. The full network of dams and reservoirs is illus-
trated in panel (b) of Fig. 1. We interact the presence of 
a large dam with the distance from any water infrastruc-
ture as well as with the measure of intensity. The esti-
mated equation is

(4)

yihjt =Ãjh + θ Ĩjt + θphĨjt × 1
(wh ,sh)≤Qh

k
+ F̃(Xihjt)

+ αFE + ǫihjt

Qh
k =min







Nh
t

�

j=1

wihjt ,

Nh
t

�

j=1

sihjt : k < �

�

wh
, s

h; t
�







,

(5)
yjt =(12j − ρWj)

−1[θ1Ijt + θ21dam + θint Ijt

× 1dam + X̃jtβ + αt + αr + ǫjt ],

where the main coefficients of interest are θ3int and θ2int1 . 
All details and robustness checks are again reported in 
the Additional file 1: Appendix.

Data analysis
All estimations have been obtained using the software R 
3.6.2  (https://​cran.r-​proje​ct.​org/). The dataset as well as 
the main variables of interest are described in full in the 
Additional file  1: Appendix. Inference on the estimated 
coefficients has been done by means of cluster-bootstrap-
ping standard errors at the village level in order to match 
the resolution of the disease and climate maps.

Results
Schistosomiasis and agriculture
In Fig.  2 we present results for households and plots 
observed in 2009 and 2011. All results use our snail den-
sity measures as IVs for schistosomiasis intensity. The 
upper panel of Fig.  2 reports the main estimates of the 
paper: the estimates for the parameter θ in Eq. (2) can be 
found on the x-axis of the Figure, which quantify the loss 
of agricultural yield due to schistosomiasis. The intensity 
measure is expressed in terms of worm eggs per person, 
and is a joint measure of eggs per gram of stool (S. man-
soni) and eggs per 10 ml of urine (S. haematobium). The 
coefficient is expected to be negative and in the order of 
10−2-10−3. The point estimate represents the marginal 
percentage impact of one additional worm egg per per-
son on yield. In order to provide a more intuitive measure 
of the economic impact of schistosomiasis, in the labels 
we present the percentage loss of agricultural yield due 
to schistosomiasis suffered by the households that expe-
rience the average infection intensity. In parenthesis we 
report the agricultural loss suffered by the households at 
the top 5% infection intensity clusters. Standard errors 
are cluster-bootstrapped at a village level, matching the 
level of measurement at which the disease intensity is 
measured.

The topmost estimate in the upper panel of Fig. 2 results 
from the log-linear specification. The point estimate of 
-0.0119 (s.e. 0.0057, P=0.035) shows that schistosomiasis 
causes an average loss of agricultural yield of 8.9% [95% 
confidence interval (CI): 1.1−16.5%], rising to 43.5% for 
the households in the top 5% quantile of disease intensity. 
The second estimate is obtained via adaptive methods for 

(6)

yjt =(12j − ρWj)
−1[θ1Ijt + θ2distj

+ θ31dam + θ3int Ijt × distj × 1dam+

+ θ2int1Ijt × distj + θ2int2Ijt × 1dam

+ θ2int3distj × 1dam+

+ X̃jtβ + αt + αr + ǫjt ].

https://cran.r-project.org/
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the production technology: by doing so, point estimates of 
the the disease intensity’s marginal effect fall, and preci-
sion improves. For our 2009−2011 sample, our preferred 
method is given by tuned random forests, and results in 
an estimate of -0.0088 (s.e. 0.0035, P = 0.013). This esti-
mate of the marginal effect of disease intensity on log 
yield implies a mean loss of agricultural yield caused by 
schistosomiasis of 6.6% (95% CI: 2.2−12%), increasing to 
32.2% for the household at the top 5% infection quantile. 
All plot-level estimates control for time, household and 
crop unobservables as well as their interactions. Non-lin-
earities in the impact of schistosomiasis are significant, as 
illustrated in the lower panel of Fig. 2. The adverse effect 
of the disease is concentrated in villages that experience 
mid- to high levels of disease intensity, with the negative 
effect on yield starting to become significant at intensities 
above 30 worm eggs/person.

Schistosomiasis and poverty
Figure  3 reports the results concerning the interaction 
between schistosomiasis and poverty. The upper panel 
presents the estimates of θpj in Eq. (3) for each grid point 
of the joint distribution of plot-level harvest weight and 

plot surface. The results show that plots that belong to the 
lowest tail of joint production and surface suffer an addi-
tional loss to yield due to schistosomiasis ranging from 
5% to 10%. These incremental effects stop being signifi-
cant at the 55th percentile, and the full set of estimates is 
presented in the Additional file  1: Appendix. The lower 
panel presents the estimates of θpj in Eq. (4). This set of 
results explores the burden stemming from the presence 
of household poverty, estimating the additional yield loss 
due to schistosomiasis suffered by households that farm 
plots at the lowest quantiles of the joint plot surface and 
harvest weight distribution. We find that for such house-
holds schistosomiasis exerts a disproportionately higher 
burden: −32.7% (95% CI: 22.2−43.2%, estimate: −0.034, 
s.e. 0.014, P = 7 × 10−3 ) for the households in the bottom 
10% and -45% (95% CI: 33.1−56.9%, estimate: −0.068, s.e. 
0.015, P = 0.01) for those in the bottom 5%.

Schistosomiasis and water resources development
Figure  4 reports the findings concerning the feedback 
effects of water resources development and disease 

Fig. 2  (Upper panel) Estimates of the yield loss (in %) due 
to schistosomiasis. Each label reports the average loss and in 
parentheses the loss at the top 5% infection intensity clusters. 95% 
error bands are cluster-bootstrapped at the village level. (Lower 
panel) Nonlinear effect of the disease intensity. Dotted lines represent 
the 95% confidence interval in function fitting

Fig. 3  (Upper panel) Added schistosomiasis-induced yield loss due 
to poverty. Each point on the middle surface represents the extra 
loss due to the disease for plots below the respective crop weight 
and surface quantiles. The upper and lower transparent surfaces are 
cluster-bootstrapped 95% confidence intervals. (Lower panel) Losses 
to yield suffered by households above and below threshold levels of 
poverty, defined by the left tail of the joint harvest weight and plot 
surface distribution
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diffusion. The explicit inclusion of the presence of a dam 
induces spatial effects in the data that do not vanish even 
after controlling for a larger-scale set of unobservables, 
contrary to our earlier results. This is confirmed by how 
the Moran’s I statistic for the village-level model, even 
after controlling for region-specific effects, is still sig-
nificantly positive (0.10, highly significant). Indeed, it is 
only when a SAR framework is adopted that the separate 
effects of intensity and dams are estimated with sufficient 
precision to make them statistically significant. The full 
set of results and robustness checks can be found in the 
Additional file  1: Appendix. The top left panel of Fig.  4 
presents the results of the estimation of θ1, θ2 and θint in 
(5). These results show that whilst the presence of a dam 
( θ2)increases yield by 23.9% (95% CI: 21.7−26.2%), the 
average burden due to schistosomiasis for villages within 
a radius of 30 km around each of the five large-scale dams 
of Burkina Faso ( θint ) is a yield loss of 13.6% (95% CI: 
2.3−25.2%. Estimate: −0.01, s.e. 0.0036, P = 0.004). Vil-
lages outside this radius do not benefit significantly from 
the direct effect of the dams, but incur average losses due 
to the disease ( θ1 ) of only 3.7% (95% CI: 2.9–4.5%. Esti-
mate: −0.004, s.e. 0.002, P = 0.01). The bottom left panel 
of Fig.  4 presents the results that separate the distance 
effect between large dams and smaller scale infrastruc-
tures, represented by Eq. (6). For villages located within 
1 km from a large dam, the average estimated loss due to 
schistosomiasis is 20.7% ( θ2int2 : estimate -0.021, s.e. 0.005, 
P=1.3× 10−5 ). An increase of 1 km in distance from the 
dam generates an average 1.5% reduction of the additional 
burden of schistosomiasis on agricultural yield ( θ3int : esti-
mate 0.0013, s.e. 0.0005, P =  0.005): being further away 
from large dams is therefore beneficial. The distance effect 

for villages not in proximity of large dams ( θ2int1 ), how-
ever, is insignificant at any level of confidence (P = 0.46): 
such dams seem indeed to be the main culprits of the 
feedback effects. The right-hand panel of Fig.  4 shows 
how the deleterious marginal effect of schistosomiasis 
intensity on yield is mitigated as one moves further away 
from a dam or a reservoir, as well as how areas with high 
schistosomiasis intensity are concentrated within 20−30 
km of a dam or reservoir. Aggregating at the village level 
also allows us to study the impact of spatial correlation, 
with the key issue being whether controlling for higher 
(commune) level unobservables is sufficient to control for 
spatial correlation. We begin by estimating Moran’s I for 
the models with only time fixed effects as opposed to time 
and commune fixed effects: spatial correlation falls from 
0.13 - low, but statistically significant at all conventional 
levels of confidence (P = 2×10−5 ) to a statistically insig-
nificant -0.07 (P = 0.970). Commune level unobservables 
therefore seem to lie at the root of any spatial correlation 
present in the data.

Discussion
Beyond general results concerning the relationship 
between diseases and economic development [27–30], 
there is  a relatively limited amount of research  that 
focuses on the economic impact of endemic diseases. This 
is particularly true of parasitic diseases such as schistoso-
miasis. Attempts have been sparse and either focused on 
specific mechanisms of small scale, albeit of great impor-
tance, or lacked results of significant strength. St. Lucia 
was one of the first countries studied in an effort to ascer-
tain the impact of schistosomiasis on labour productiv-
ity and agricultural production [31–33]: very little was 

Fig. 4  (Top left) Added effect of schistosomiasis on yields caused by the presence of a large dam. (Bottom left) Joint effect of schistosomiasis, 
distance from water resources networks and dam size. Estimations account for spatial correlation. (Right) Joint effect of schistosomiasis and 
distance (in km) from dams and water networks. Each point in the fitted surface represents the effect of schistosomiasis on yield for a village at the 
corresponding distance from a dam or a water reservoir: the darker the color, the more negative is the effect
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detected, but mismeasured variables and lack of data hin-
dered the effort. A quasi-experiment carried out in Mali 
found no direct effects on rice production, but did find 
effects of the disease incidence on the use of labour and 
other resources within households [34]. Conversely, nega-
tive effects of schistosomiasis on rice production have 
been detected for infected households in the Cameroon 
[35]. A deworming project in Kenya that included schis-
tosomiasis, in which school-based mass treatment with 
deworming drugs were randomly allocated in schools, 
obtained evidence of large health benefits and increased 
school participation, although without establishing sig-
nificant treatment effects on academic performance [36].

In this paper we have studied the impact of schisto-
somiasis on agricultural yields in Burkina Faso by char-
acterizing it as an adverse shock to the productivity of 
farming households. By merging rich agricultural and 
household datasets with high-resolution disease maps, 
we created a combined dataset which is one of the major 
contributions of this paper. We have shown how schis-
tosomiasis has a large, negative and nonlinear effect on 
agricultural productivity. All estimates include a measure 
of malaria prevalence in order to account for co-morbid-
ity which, interestingly, does not significantly affect yield 
at conventional levels of confidence. In no way does this 
imply that malaria has no adverse effect on households: 
this simply reflects the fact that malaria exerts a bur-
den of an entirely different nature and more compatible 
with a shock to labor supply [37, 38]. Losses attributable 
to the disease range from a mean value of 6.6% to 32% 
for households and villages located in areas in the top 
5% infection clusters: furthermore, such losses are con-
centrated on the areas that suffer the upper two terciles 
of disease intensity. Given that grain output represents 
roughly 12% of Burkina Faso’s gross domestic product 
(GDP), our preferred mean estimate implies that schisto-
somiasis is associated with economic losses which corre-
spond to around 0.8% of GDP. The upshot from the policy 
perspective is that the adverse impact of schistosomiasis 
on economic development is substantial, and control 
efforts aiming at reducing disease morbidity would pro-
duce substantial gains in agricultural productivity. The 
non-linearity of the economic burden of schistosomiasis, 
as shown in the lower panel of Fig. 2, further highlights 
the potential benefits of morbidity and transmission con-
trol in the areas where infection is highly endemic.

Having identified the nature of the economic bur-
den of schistosomiasis as a productivity shock, we then 
study the role of two of its potential drivers: cropping 
patterns and poverty. We first focus on plots that pro-
duce the main cash crop farmed by Burkinabé house-
holds, cotton. In the Additional file  1: Appendix we 
show that such plots are significantly larger and seem 

to avoid any significant deleterious effects of schistoso-
miasis. A potential reason for this could be that house-
holds farming cash crops such as cotton on large plots 
are on average much richer: they are therefore more 
likely to have readier access to clean running water, 
enjoy better sanitary conditions and have an improved 
access to healthcare, including the antischistosomial 
drug praziquantel. In contrast, households that rely 
on food crops for subsistence agriculture farm smaller 
plots and suffer the majority of the burden. However, 
cash crops, particularly genetically modified (GMO) 
insect-resistant varieties of cotton, are also farmed 
by poorer households in order to reduce the risk of 
adverse shocks. For this reason, we focus on the added 
burden of schistosomiasis linked with the underlying 
plot characteristics such as surface and output per hec-
tare, which are likely to be correlated with poverty at 
the household level. Fig. 3 shows how smaller and less 
productive plots tend to suffer a higher burden, and 
how this phenomenon is further amplified for house-
holds that farm plots that jointly have the smallest 
surface and yield. Households in the lower reaches of 
this distribution correspond to those who are the most 
affected by poverty, almost entirely dependent on sub-
sistence agriculture, and we see how such households 
experience a disproportionately higher burden than do 
richer ones. Our findings thus provide evidence that 
schistosomiasis is effectively a disease of poverty, act-
ing both as its cause and consequence, as indicated in 
relationship (3) in Fig.  1. Poverty strongly reinforces 
the negative economic impact of schistosomiasis, with 
this feedback loop potentially generating a “poverty 
trap” phenomenon in which the debilitating nature of 
the disease locks households in a vicious cycle of lower 
agricultural productivity and consequent greater indi-
gence. Conversely, development interventions that 
increase agricultural productivity and allow peasants to 
diversify into cash crops will both improve living stand-
ards and reduce the economic burden of the disease.

Having established the reinforcing effects of schis-
tosomiasis on poverty, it is of considerable impor-
tance to examine whether economic policies aimed 
at lifting people out of poverty can indirectly increase 
poverty itself by means of their impact on the spatial 
distribution of the disease, as indicated by mechanism 
(4) in Fig.  1. A recent hypothesis on the origin of this 
mechanism has been made on the dams affecting the 
reproduction of the river prawns feeding on the snail 
hosts [39]. Our results indicate that while Burkina 
Faso’s main dams, all else constant, increase agricul-
tural yields, they can also induce substantial negative 
feedback effects upon the economic burden of schis-
tosomiasis, roughly doubling it for villages located 
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within a 30 km radius. It is therefore important from 
a global health perspective to investigate whether it 
is only large-scale dams that are the culprits when it 
comes to the transmission of the disease, or whether 
smaller scale projects built for livestock and irrigation 
can potentially generate as much of an adverse effect. 
We find that households located in areas surrounding 
Burkina Faso’s four main dams suffer from large nega-
tive feedback effects between schistosomiasis and water 
resources development, whilst this effect is not signifi-
cant for smaller-scale infrastructures. This implies that 
real returns on large-scale water resources are substan-
tially reduced. The consequences of this result from the 
standpoint of poverty and inequality can be substantial: 
populations that gain the most from such large irriga-
tion projects often do not correspond to those most 
exposed to their deleterious consequences in terms of 
health, productivity and general well-being. Such large-
scale infrastructures account for a significant portion of 
development finance [40], and thus smaller-scale in loco 
water networks and reservoirs should be incentivized.

The potential limitations of this study lie mostly in two 
aspects: the first is the exclusive focus on Burkina Faso, 
thus restricting the generalizability of our results to a 
wider range of countries and populations. The second 
is the absence in our analysis of the aspects of human 
mobility and migration, both of which are important 
factors in the transmission of schistosomiasis. The first 
aspect, which we believe to be more of a benchmark than 
a limitation, is discussed in the conclusions. The second 
aspect, however, still remains an exciting open question 
which we leave to future research, particularly aimed 
towards the creation of a theoretical framework that 
includes the decision-making process of the affected pop-
ulations coupled with the spatial dynamics of the disease.

Conclusions
Economic systems are vulnerable to widespread and per-
sistent diseases, particularly in low- and middle-income 
countries. Despite extensive evidence concerning the 
long-term health effects of parasitic diseases in developing 
countries, so far there have been few attempts to quantify 
their economic impact. There is an extensive literature on 
both the epidemiology and the ecology of schistosomiasis 
which shows how its diffusion patterns are closely related 
to anthropic factors. Another substantial literature studied 
the feedback between water resources development and 
disease prevalence and considers the disease to be both 
labor-impairing and poverty-reinforcing. Furthermore, 
recent developments in schistosomiasis mapping allow one 
to obtain reliable prevalence measures at a small geographi-
cal scale, which can be used to exploit the wealth of disag-
gregated socioeconomic characteristics in the estimation of 

the human cost of the disease. We bridge the gap between 
the epidemiological, ecological and economic literature: we 
present rigorous estimates of the economic impact of schis-
tosomiasis, obtained by creating a new dataset that joins 
detailed agricultural and household survey datasets with 
high-resolution disease maps, and by using new methods. 
We show how schistosomiasis imposes a large adverse eco-
nomic burden, causing an average 6.6% loss of agricultural 
production, a loss that increases to 32% for households in 
high-intensity disease clusters. We therefore estimate inter-
vention and control efforts to have a potential impact of 
fundamental importance in alleviating both the economic 
and health consequences of schistosomiasis. We show the 
disease to be both a cause and a consequence of poverty 
and obtain a measure of returns to water infrastructures 
that considers their broader effects on public health.

This study focuses exclusively on Burkina Faso, which 
could be seen as a limitation of its scope. The reason 
behind this particular choice is in part because the 
country is likely to be a worst-case scenario due to the 
country’s joint economic and epidemiological profile. 
However, similar conditions apply to many other coun-
tries in the sub-Saharan region, where agriculture is the 
main economic activity and is mostly of the subsistence 
type, and schistosomiasis thus affects both livelihood 
and survival probability of the affected population. 
Our work highlights how the study of the interactions 
between disease diffusion and economic development 
can benefit from the use of high-resolution data, which 
allows one to control for the numerous confounding fac-
tors that data at higher levels of aggregation necessarily 
miss. Extending our framework to other regions would 
therefore require a data resolution at least equivalent to 
the one used in this paper. Conditional on this availabil-
ity, our approach is general and can be applied to any 
other country in which schistosomiasis is endemic and 
indeed, to the economic impact of many other diseases.
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