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Summary
The population that depend on surface water for their drinking water, comprises 159 million people worldwide.
Surface water is frequently infected with the protozoan parasite Cryptosporidium, which is known to be a
major cause of diarrhoea. People that rely on unimproved drinking water, are exposed to Cryptosporidium
and other waterborne diseases. Major sources of Cryptosporidium in surface water are human faeces and
livestock. Emissions of Cryptosporidium to and concentrations in surface water can be calculated with the
existing GloWPa-Crypto model.
This study aims to quantify the health risks of Cryptosporidium concentrations in surface water worldwide
and to analyse the effectivity of a widely used treatment method to explore how this health risks could be
reduced. To estimate and quantify health risks as a consequence of Cryptosporidium concentrations in
surface water, a Quantitative Microbial Risk Assessment was conducted This assessment consists of the
following steps: identify hazards, assess exposure and-, dose-responses assessment and characterize risks.
The exposure calculations for winter and summer conditions are calculated from the observed January and
July Cryptosporidium concentrations, which are presented in a 50 by 50km grid, and calculated through the
decay estimates from the GloWPa-Crypto model. To calculate the dose that people ingest daily, the value of
two litres of surface water was assumed. The received dose, the infection probability after one day and the
infection probability after a year (i.e. 365 days) were then calculated. To express the health impact, data on
population density, the percentage of people per country that actually consume surface water, and an
assumed Disability Adjusted Life Years (DALYs) value of 1.47 per 1000 cases were combined to calculate
the DALYs per grid cell and per country. Furthermore, the effect of a 90% decrease of Cryptosporidium
concentrations as a result of an UV treatment with the SODIS method was calculated. This water treatment
method is already widely used in developing countries, as it is a low-cost and easily applicable method.
Microbial risks after one year of consuming surface water are almost 100% in most parts of the world, except
regions where surface is unavailable and regions where population densities are very low. When DALYs are
calculated, three hotspots with 200 to 400 and >400 DALYs per grid can be identified. These hotspots involve
countries that surround Lake Victoria (Kenia, Tanzania, Uganda and Rwanda, from which Kenia has the
highest DALYs of >400 in some grid cells), Ethiopia and Cambodia. Some other countries show 100 to 200
DALYs per grid per year. These include Afghanistan, Ghana, Guatemala, Indonesia, Madagascar, Nigeria,
Papua New Guinea, Togo and Uzbekistan. All these hotspots are well explained by the many people that
depend on surface water. This is not only higher than in other countries but also higher when a country is
located closer to the equator. In general, these countries are all developing countries.
When Cryptosporidium concentrations are reduced by 90% after applying the SODIS method, the effectivity
in terms of DALYs per country varies from no effect at all till a halving of the DALYs. This is explained by the
high initial concentration. Sometimes these are so high, that a 90% reduction still leaves a toxic
Cryptosporidium concentration.
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This study provides a preliminary worldwide overview of health risks and impact related to the
Cryptosporidium concentrations. The study identified hotspots with high health risks. Results clearly show
which areas should deal with Cryptosporidium related health risks.
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1 Introduction
Pathogens are organisms that causes disease in other living organisms. The relationship of pathogens and
their hosts, and thus the occurrence of diseases can be changed through human activities (Leighton, 2002).
There are different ways to be infected by a pathogen. One is through ingestion of contaminated surface
water (e.g. by drinking surface water). Surface water includes water from rivers, dams, lakes, ponds, streams,
canals and irrigation channels. Surface waters are often polluted and of low quality (Unicef & WHO, 2011).
This makes people that rely on surface water for drinking water more prone to waterborne diseases, which
are caused by pathogenic microorganisms.
A frequently found pathogen in surface water is the protozoan parasite Cryptosporidium, which is known to
be a major cause of diarrhoea (Shirley et al., 2012). About twenty species of Cryptosporidium exist, of which
Cryptosporidium hominis and Cryptosporidium parvum are the two major species infecting humans (Chappell
et al., 2011). The parasite can be transmitted directly between humans, but worldwide parasitic disease of
cryptosporidiosis is mainly seen as drinking water related infectious disease (RIVM, 2011).
In 2008, 4.0% of the world population was dependent on surface water as main source for drinking water
(UNICEF & WHO, 2011). In 2015, this share dropped to 2.2% (Population Reference Bureau, 2015; WHO,
2015). While the percentage of people depending on the direct use of surface water almost halved, the
population still depending on surface water, comprises 159 million people worldwide. This is still substantial
(WHO, 2015). The ten countries with the highest percentage of (total) population consuming surface water
are shown in Table 1.
Table 1: Proportion of the population that consumes surface water per country (WHO & Unicef, 2015)

Country
Papua New Guinea
Somalia
Madagascar
Solomon Islands
Angola
Tanzania
Kenya
Swaziland
Guinea
Sierra Leone

% population drinking surface water
Urban
Rural
Total
4.5
49.8
44.5
9.2
49.3
35.9
2.4
29.3
27.1
4.4
28.6
24.5
5.1
47.6
24.1
4.3
32.3
23.5
6.7
31.7
22.0
5.0
25.8
21.0
0.5
29.5
20.5
3.1
26.2
19.0

People relying on non-improved drinking water are more prone to waterborne diseases, and thus more
exposed to cryptosporidium. Even a low dose of Cryptosporidium oocysts is sufficient to cause infection in
healthy humans (DuPont et al., 1995). Major sources of Cryptosporidium in surface water are human faeces
and livestock (Hofstra et al., 2013; Vermeulen et al., 2015). Cryptosporidiosis is associated with prolonged
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diarrhoea and persistent diarrhoea, with a duration of 7-14 days or over 14 days respectively (Checkley et
al., 2015; Moore et al., 2010).
The GloWPa-Crypto H11 model calculates human emissions of Cryptosporidium to the surface water (Hofstra
& Vermeulen, 2016). The pathways exist of three components that affect human Cryptosporidium emissions
to surface water: population growth, urbanisation and changes in sanitation and wastewater treatment.
Emissions to surface water may change as a consequence of these three components. Furthermore,
livestock production and manure management have been added in the GloWPa-Crypto model (Vermeulen
et al., submitted) and preliminary concentrations have been calculated.
The aim of this study is to quantify the health risks of Cryptosporidium concentrations in surface water
worldwide, and to apply a scenario which could decrease these health risks. While former research mainly
addressed small-scale studies in specific regions, this study will provide a global overview of health risks
associated with Cryptosporidium. Combining the GloWPa-Crypto model with worldwide data of population
densities and the percentage of people drinking surface water can provide a global estimate for
Cryptosporidium health risks. This will give an overview of Cryptosporidium and provides an opportunity to
identify places with higher health risks caused by Cryptosporidium (i.e. the so-called hotspots). To estimate
and quantify health risks as a consequence of Cryptosporidium concentrations in surface water, a
Quantitative Microbial Risk Assessment (QMRA) will be conducted. Besides, the effectivity of an easy
applicable and widely used treatment method that alters Cryptosporidium infectivity in surface water was was
used to analyse the impact on DALYs. This will provide insight in the potential improvements of health
conditions of people worldwide after application of relatively easy treatment of surface water.

1

Global Waterborne Pathogen model for Human Cryptosporidium emissions version 1
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2 Methods
A QMRA was applied to determine the health risk of Cryptosporidium concentrations in surface water, used
for drinking water purposes. Subsequently, a scenario analysis was conducted, where the impact of two
different treatment methods on Cryptosporidium concentrations in surface water was determined.

2.1 QMRA
A QMRA consist of the following steps: hazard identification, exposure assessment, dose-response
assessment and risk characterization.

2.1.1 Hazard identification
The initial step in a QMRA is a formulation of the problem, or hazard identification (Hazard ID) (QMRAwiki,
2013), including a description of the pathogen causing a risk and information about possible consequences
of an infection. From the ~20 species of Cryptosporidium that exist, five species can infect humans (C.
hominis, C. parvum, C. meleagridis, C. felis and C. canis), of which the C. hominis and C. parvum are known
as the most abundant that infect humans (Xiao, 2010; Xiao & Feng, 2008).
Cryptosporidium concentrations in surface water worldwide are available from the GloWPa-Crypto model
(the Global Waterborne Pathogen model for Human Cryptosporidium emissions version 1). Cryptosporidium
concentrations in surface water are not fixed as they depend on multiple environmental and socio-economic
factors (Hofstra, 2011; Vermeulen et al., 2015). The number of cases of cryptosporidiosis are related to
climatic conditions in different seasons of the year (Jagai et al., 2009). These processes are however not
included in the GloWPa-Crypto model, but climatic conditions on Cryptosporidium decay are included.
Therefore, the Cryptosporidium concentrations in January and July, presented in a 50 by 50-km grid, were
chosen to be the input for the exposure calculations to represent differences in winter and summer conditions.

2.1.2 Exposure assessment
In an exposure assessment the magnitude and frequency of exposure to Cryptosporidium are determined.
The average dose was determined from (1) the concentration of Cryptosporidium in the exposure medium
and (2) the amount of surface water that is ingested per event (per day) (World Health Organization, 2016).
This dose was used as input in a dose-response model to predict the probability of infection.
When no country-specific information on drinking water consumption is available, it is common to assume a
reference value in QMRA. Many drinking-water QMRAs assume 2 l · d-1 as their reference value for exposure
(Gadgil, 1998). This is the generally accepted value for a person weighing 60kg (WHO, 1993-1998).
For daily surface water consumption, a value q = 2 l · d-1 was assumed. The mean dose per exposure event
(per day) was determined as follows:

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑑𝑜𝑠𝑒 = 𝐶 ∙ 𝑞

EQ1
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Where
𝐶 is the concentration of Cryptosporidium in the exposure medium (oocysts/l)
𝑞 is the amount of surface water ingested per day (l/d)

The Exposure dose was used to determine the risk of an infection when a person drinks 2 litres in one day
in the dose-response assessment.

2.1.3 Dose-response assessment
The dose-response assessment in a QMRA estimates the risk of a response (illness, infection or death) given
the dose of the pathogen. In order to calculate the probability of infection of an individual, given specific
Cryptosporidium concentrations in surface water and the dose an individual ingests, a Beta-Poisson doseresponse model was applied. The values α and β are determined to be 0.115 and 0.176 for Cryptosporidium
(Teunis, Chappell, & Okhuysen, 2002). These estimates have been widely used in QMRAs for
Cryptosporidium.

𝑃𝑖𝑛𝑓/𝑠𝑖𝑛𝑔𝑙𝑒 = 1 − (1 +

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑑𝑜𝑠𝑒 −𝛼
)
𝛽

EQ2

Where
𝑃𝑖𝑛𝑓/𝑠𝑖𝑛𝑔𝑙𝑒 is the single event (one day) probability of infection,
𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑑𝑜𝑠𝑒 is the ingested dose on one day (in oocysts per day),
α is set to 0.115 and
β is set to 0.176

The probability of infection after drinking two litres surface water during one day can be converted to an
estimation of risk during one year. This is done in the risk characterization in the next section.

2.1.4 Risk characterization
Finally, the risk characterization gives an estimation of the probability of harm (illness, infection or death).
This is done by integration of information on the received dose of Cryptosporidium and the potential risk
associated with the corresponding dose from the dose-response assessment.
To quantify the risk of multiple events over a year (365 days), the following equation was used:

𝑁

𝑃𝑖𝑛𝑓/𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑 = 1 − (1 − 𝑃𝑖𝑛𝑓/𝑠𝑖𝑛𝑔𝑙𝑒 )

EQ3
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Where
𝑃𝑖𝑛𝑓/𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑 is the probability of one or more infections over N exposure events,
𝑃𝑖𝑛𝑓/𝑠𝑖𝑛𝑔𝑙𝑒 is the single event probability of infection and
𝑁 is 365 (the days in a year) to represent daily exposure events during one year

Health outcomes are usually expressed in Disability Adjusted Life Years (DALYs). DALYs comprise the
duration and the severity of illness as a consequence of a particular disease. It is used as an indicator of the
time lived with a disability and the time lost due to premature mortality (WHO, 2016). DALY is calculated as
years life lost (YLL) added by years living with a disability (YLD):

𝐷𝐴𝐿𝑌 = 𝑌𝐿𝐿 + 𝑌𝐿𝐷

EQ4

For Cryptosporidium the values DALY, YLL and YLD are assumed to be 1.47, 1.34 and 0.13 respectively as
disease burden per 1000 cases (Havelaar & Melse, 2003).
Data on surface water consumption for all countries are available from the Joint Monitoring Program (JMP)
for Water Supply and Sanitation (WHO & UNICEF, 2015). The JMP aims to monitor worldwide access to safe
drinking water and basic sanitation facilities. The JMP data makes a distinction between rural and urban
areas, since 96% of the global urban population have access to improved drinking water sources, compared
with 84% of the rural population (WHO & UNICEF, 2015). The proportion of the population that uses surface
water as their drinking water resource was collected from these data. It was assumed that the share of the
population that consume surface water, are equally divided over the rural and urban parts of the country,
because data on cryptosporidium concentrations is available in a 50 by 50-km raster. The DALY per 50 by
50-km grid has to be calculated by multiplying the risk by the share of the population that consume surface
water. The outcome is the number of people that get infected. This must be divided by 1000 and subsequently
multiplied by 1.47 to express health outcomes of Cryptosporidium concentrations in surface water used for
consumption per country in DALY per grid.

2.2 Cryptosporidium reduction or inactivation scenario
Different treatment methods (mainly through sedimentation, filtration and disinfection) are easy applicable
and decrease Cryptosporidium concentrations or lower the infectivity through inactivation of the oocysts
(Betancourt & Rose, 2004). UV radiation of surface water (from direct sunlight) can especially be a useful
disinfection method in tropical countries, because sunlight is widely available in these lower latitudes. Clancy
et al. (1998) found Cryptosporidium parvum to be sensitive to UV light. Relatively low doses of UV light (1–9
mJ/cm2) have been found to decrease the infectivity of Cryptosporidium parvum oocysts to <10%, so >1 log
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reduction (Betancourt & Rose, 2004; Craik et al., 2001; King et al., 2008), as the oocysts are not capable to
recover their infectiousness after exposure to UV radiation (Belosevic et al., 2001; Oguma et al., 2001; Shin
et al., 2000). Cryptosporidium hominis has been found as sensitive to UV light as Cryptosporidium parvum
(Johnson et al., 2005). Studies show that exposure of water to at least 6 hours of sunlight in a washed
transparent PET bottle produce a decrease of more than 90% in both infectivity and intensity
of Cryptosporidium parvum infection (McGuigan et al., 2006; SODIS, n.d.). This water treatment method is
known as the SODIS method. This method is easily applicable and widely used in developing countries
throughout the world.
To estimate the effect on health, the concentrations of Cryptosporidium in the QMRA model were adapted,
by decreasing the concentrations equally by the assumed effect of UV treatment. It was assumed that all
consumed surface water was disinfected by exposure to sunlight for at least 6 hours with a 90% reduction of
Cryptosporidium oocysts as result. Therefore, the month with the highest concentrations was reduced by this
percentage as input.
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3 Results
The average risk of infection during one day after drinking two litres of untreated surface water in the months
January and July respectively is shown in Figure 1. The maps show that especially Chili, Bolivia, Northern
Africa and Central Asia have a high risk of infection already after one day of drinking water consumption, with
a minimum of 50% probability of a negative health impact in some grids in of 50 by 50-km in some countries.
In Figure 2 the average risk of infection per grid after one year of untreated surface water consumption is
shown, based on the concentrations of Cryptosporidium in January and July respectively. These maps show
high risks of infection (90-100%) in large parts of the world (represented by all red areas on the maps). The
few exceptions, however, show blue, green and yellow areas. The largest exception areas are the most
northern parts of the North American, European and Asian continents, the centre of Africa, the centre of
Australia and a northern Brazil. There are two explanations possible. The first is a low population density in
those areas, that results in a lower amount of human faeces that can come into surface water. The second
is that a smaller amount of livestock held in those areas. Another exception are the white spots, from which
the Sahara is the major example. This is explained by the lack of surface water available in these areas.
Figure 3 shows the DALYs after one year of exposure to surface water based on the concentrations of
Cryptosporidium in January and July respectively per grid cell (50 by 50-km). High values for DALYs are
concentrated near the equator. In this part of the world, where developing countries are located, is
consumption of surface water higher. The number of Disability Adjusted Life Years (DALYs) after one day of
exposure varies from less than 2 till 753 years per grid cell for rural areas and till 557 years per grid in urban
areas. A lower proportion of the population in urban areas use surface water as drinking water resource
compared with rural areas: 96% of the global urban population have access to improved drinking water
sources, compared with 84% of the rural population (Unicef & WHO, 2015).
The maps in Figure 3 show three hotspots with 200-400 and >600 DALYs: 1) countries surrounding Lake
Victoria (Kenia, Tanzania, Uganda and Rwanda, from which Kenia has the highest DALYs of >600), 2)
Ethiopia and 3) Cambodia. Other remarkable countries that show 100-200 DALYs per grid per year are
Afghanistan, Ghana, Guatemala, Indonesia, Madagascar, Nigeria, Papua New Guinea, Togo and
Uzbekistan. The hotspots are explained by the amount of people that drink surface water per grid in these
countries, which is higher than in other countries.
Table 2 shows the DALYs after one year of exposure (based on the concentrations of Cryptosporidium in
January) in 10 countries with the largest proportion of the population that consume surface water, both with
and without 90% reduction of Cryptosporidium concentrations as a result of UV treatment using the SODIS
method. Decreases of 0-55% were calculated after reduction of the concentration. Large differences in the
effectivity of the SODIS method, based on the assumption of a 1-log reduction, can be explained by the initial
Cryptosporidium concentrations. Initial concentrations could be so high that a 90% reduction still leaves a
toxic amount of Cryptosporidium in the surface water.
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Table 2: Differences in DALYs per country after reducing the Cryptosporidium concentrations by 90%

Country

DALYs

before DALYs 90% reduction

% reduction

SODIS method

Cryptosporidium

DALYs

Papua New Guinea

3717

2994

19.45

Somalia

5115

4998

2.29

Madagascar

6616

6468

2.24

Solomon Islands

225

102

54.67

Angola

4565

3932

13.87

Tanzania

15037

14154

5.88

Kenya

15372

15340

0.21

Swaziland

360

360

0.00

Guinea

2903

2537

12.61

Sierra Leone

1366

1356

0.73
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Figure 1: Risk of infection after one day of exposure to surface water per grid (50 km x 50 km) in January (above) and July (below)
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Figure 2: Risk of infection after one year of exposure to surface water per grid (50 x 50 km) in January (above) and July (below)
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Figure 3: DALYs after one year of exposure to surface water based on the month January (above) and July (below)
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4 Discussion
A QMRA was applied on Cryptosporidium concentrations in surface water worldwide used for consumption.
For the analysis, concentrations provided by the GloWPa-Crypto model were used in the QMRA model. The
QMRA model is based on the best possible assumptions on concentrations of Cryptosporidium, population
distribution and surface water consumption per day. The model provided a first worldwide indication on health
risk for people consuming surface water as a consequence of the pathogen Cryptosporidium, expressed in
DALYs.
The Cryptosporidium concentrations used in the QMRA model were assumed to be fixed for a specific month
or during a year. However, Cryptosporidium concentrations in surface water are not fixed as they depend on
multiple environmental and socio-economic factors (Hofstra, 2011; Vermeulen et al., 2015). There are
differences between months, but also within a single month. Climate change affect the concentration of
Cryptosporidium in different ways as extreme precipitation increases concentrations whereas increased
water temperature lowers concentrations (Hofstra, 2011). Besides, socio-economic factors such as
population growth, urbanization and sanitation practices affect Cryptosporidium concentrations in surface
water (Vermeulen et al., 2015). These factors result in variable concentrations and risk of infection, and thus
variable DALYs for each month, season etc. However, comparing the results based on concentrations in the
months January and July a first indication of health risks as a consequence of Cryptosporidium
concentrations was provided. The global overview of DALYs related to Cryptosporidium can identify the areas
that are associated with a high risk of infection. Since concentrations vary over the year, adding a stochastic
approach in the QMRA model might give more realistic assumptions. Using static concentrations made it
possible in this exploratory analysis to identify areas that deserve more interest with respect to health risks
caused by Cryptosporidium concentrations in surface water.
As exposure to surface water, a daily water consumption of two litres surface water per day was assumed.
However, actual intake varies depending on the individual, climate, culture and physical activity (Gadgil,
1998). Drinking water consumption increases substantially when temperatures exceeds 25 ºC and children
consume substantially more per kg bodyweight and a younger age is associated with a higher risk of infection,
as they lack protective immunity induced by prior exposure (Chappell et al., 1999; Checkley et al., 2015).
However, a daily water consumption of two litres is the generally accepted value for a person weighing 60 kg
(Gadgil, 1998; Unicef & WHO, 2015) and therefore the possible value to use in the QMRA.
Surface-water consumption gives a high number of DALYs in tropical countries. Tropical countries are often
characterized by a demographic structure of a relative young population and a lower bodyweight (Walpole &
Prieto-Merino, 2012). These countries also have higher average temperatures, and thus probably a higher
surface water consumption. When the value of daily surface water consumption is optimized per country by
taking into account data of age, body weight and climatic conditions related to latitude, the number of DALYs
is likely to increase and gives probably more realistic outcomes. Also few people directly consume two litres
of surface water. In many cases it will be used for cooking or is boiled for another reason. This reduces the
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infectivity of Cryptosporidium. Given these variabilities in drinking water consumption, a stochastic approach
might be a solution to represent them.
Only possible illness as a consequence of consumption of surface water was included in the analysis. Other
non-improved drinking water sources were ignored, so the real DALYs as a result of Cryptosporidium
concentrations might be a lot higher, since not drinking water related contact with surface water might also
cause health risk. Calculated DALYs are only based on people that actually consume the surface water as
reported in the Joint Monitoring Program (WHO & Unicef, 2015). However, these assumptions helped to
estimate the hotspot areas on the world where Cryptosporidium causes serious risks.
The share of the population in the rural areas that consumes surface water, is equally divided over the country
(which means that in every grid cell the same percentage of population drinks surface water). This
assumption was necessary because data on surface water consumption were only available on country level.
This might have as a consequence that some areas are underestimated, while others are overestimated.
However, nationally the resulting patterns will indicate the relevant country-level situation with respect to
health risks associated with Cryptosporidium concentrations in surface water.
Furthermore, the effect on DALYs as a result of a 90% reduction caused by sunlight were presented. This
treatment method was chosen because of its relatively easy application (McGuigan et al., 2012): plastic
bottles are cheap and sunlight is often abundant in developing countries. The aim of the assessing the
effectiveness of this method was to show the effect of a simple treatment method on DALYs as a
consequence of decreased Cryptosporidium concentrations. This method is already in use in more than fifty
developing countries in Asia, Latin America and Africa by more than five million people (McGuigan et al.,
2012). The effectivity of this method in terms of DALYs strongly depend on initial Cryptosporidium
concentrations. For example in Kenya, concentrations are that high that a 90% reduction still leaves a toxic
concentration.
That DALYs in Africa are higher than elsewhere is not a surprise. Water quality, sanitation and hygiene lag
behind other countries. Diarrhoeal diseases represent 72.8 million DALYs worldwide (4.8% of the total DALYs
worldwide) and are the second in row of leading causes of disease burden worldwide (WHO, 2004). Table 3
shows that the number of DALYs attributable to Cryptosporidium as calculated in this study is only
approximately 0.03% of the total DALYs attributable to inadequate water. Also DALYs attributable to ambient
air pollution are reported to be a lot higher.
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Table 3: Cryptosporidium attributable DALYs compared to other burden of disease in DALYs

Country

2
3

DALYs attributable to DALYs attributable to DALYs attributable to
Cryptosporidium

ambient air pollution2

inadequate water3

Kenya

15.372

276.428

575.100

Tanzania

15.037

286.193

496.300

Madagascar

6.616

179.853

217.800

Data from WHO 2012 (Global Health Observatory data repository)
Data from WHO 2012 (Global Health Observatory data repository)

17

5 Conclusion
The average risk of infection after drinking two litres of untreated surface water on one single day already
causes health risks, with a >50% risk of infection with Cryptosporidium in Chili, Bolivia, Northern Africa and
Central Asia. When two litres of surface water is consumed on a daily basis during a year, risks are 90-100%
everywhere on the world map, except some parts where surface water is not available, or with a very low
population density.
The number of Disability Adjusted Life Years (DALYs) after one day of exposure varies from less than 2 till
more than 800 years per 50 x 50 km grid for rural areas and till more than 550 years per grid in urban areas.
Especially Kenia, Tanzania, Uganda and Rwanda suffer from a high number of DALYs. Also Ethiopia and
Cambodia have values of >400.
When surface water is treated by applying the SODIS method, the concentration Cryptosporidium in the
consumed water is reduced by 90%. With only 10% Cryptosporidium left, the surface water is still of poor
quality in all countries where people consume surface water, showing only a small decrease in the number
of DALYs after one year of consumption.
The aim of this study is was to quantify the health risks of Cryptosporidium concentrations in surface water
worldwide, and to estimate the effectivity of an easy applicable and widely used treatment method which
could decrease these health risks.
Cryptosporidium does not represent one of the major disease burdens in DALYs. However, as seen in the
results, the DALYs attributable to Cryptosporidium can in some cases be reduced by over 50% by simple
water treatment methods such as the SODIS method. In this case, awareness might be the largest problem
to deal with to improve health conditions related to consumption of polluted surface water.
This study was explorative, as it was the first study that provided a global overview of health risks and impact
(DALYs) related to the pathogen Cryptosporidium. This study provides a preliminary worldwide overview of
health risks and impact related to the Cryptosporidium concentrations. The study identified hotspots with high
health risks. Results clearly show which areas should deal with Cryptosporidium related health risks.
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