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CLIMATE CHANGE AND COMMUNICABLE DISEASES
Schistosomiasis and climate change

Giulio A De Leo and colleagues consider the effect of changing climates and human activity on
schistosomiasis transmission and potential solutions to contain its spread
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In 2014, a group of German and French tourists with
no history of travel to tropical or subtropical countries
were diagnosed with urogenital schistosomiasis, a
debilitating parasitic disease that affects more than
200 million people in South America, Asia, and
particularly sub-Saharan Africa. The European Centre
for Disease Prevention and Control eventually tracked
120 cases of Schistosoma infection that were acquired
in summer 2013 (and seven more, between 2015 and
2016) by people swimming in the Cavu River in
Corsica. This French Mediterranean island is a
popular summer destination for tourists from all over
Europe. Until then, Corsica had been considered
outside the geographic range of schistosomiasis
transmission because of the near freezing
temperatures of inland waters in the winter.

Genetic analyses showed that the parasites isolated
in Corsica originated in the lower basin of the Senegal
River, where schistosomiasis is hyperendemic. Its
temporary establishment on Corsica was thought to
have been caused by human movement and
subsequent contamination of the river by parasite
eggs that established locally in susceptible
intermediate host snails and circulated for several
seasons.! Interruption of disease transmission during
Corsica’s cold winters probably contributed to the
natural gradual death of the parasite, and no cases
of human schistosomiasis have been reported in the
island since 2017. However, a small and short
outbreak in this new territory raises concerns about
the potential expansion of the range of
schistosomiasis as the world becomes warmer.
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Schistosomiasis is a tropical and subtropical disease
(fig 1) caused by infection with parasitic blood flukes
of the genus Schistosoma (fig 2), which use freshwater
snails as necessary intermediate hosts. The
schistosomiasis pathology results mainly from
inflammatory processes caused by parasites’ eggs in
the human body, which may lead to several
conditions such as abdominal pain, diarrhea, chronic
anemia, cognitive impairment in children, growth
stunting, infertility, a higher risk of contracting HIV
in women, and death from liver failure or bladder
cancer in cases of intense and chronic infection.
These effects, combined with poverty and a lack of
access to clean water, improved sanitation and
hygiene make schistosomiasis one of the world’s most
important, but also most neglected, human diseases.
The intermediate host snails of schistosome parasites
are poikilotherm—that is, their body temperature
changes depending on the environment. As a result,
reproduction, survival, and dispersal are strongly
influenced by ambient temperature, as is parasite
development inside the snail. Therefore, rising water
temperatures and altered precipitation associated
with climate change could considerably alter the
distribution and abundance of the intermediate host
snail and its schistosome parasites, resulting in a
shift in disease dynamics and transmission to people.
Assessing the impact of global warming and its
compounded effect with change in land use are
important challenges that will face global health
soon.
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Fig 1| a) World distribution of schistosomiasis (data from http://www.thiswormyworld.org); b) Projected precipitation changes to the end of the 21st century, under the high
greenhouse gas emission scenario CMIP6 model BCC-CSM2-MR, ssp 585, from https://www.worldclim.org (“business as usual”); c) Built and planned dams, 2020-2028
(http://globaldamwatch.org/fhred/)
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Fig 2 | Schistosomiasis life cycle (central panel) and pathways by which climate change, land use change, agricultural expansion, and development of water management
infrastructure may affect disease transmission and human health. The red panels indicate an expected increase in transmission risk for schistosomiasis. The green panels

indicate an expected decrease in transmission risk

Predicting the effect of global climate change on schistosomiasis is
a complex task,” 3 because how the disease responds to climate

varies with the specific ecology of many different snails and parasite
species (table 1) as well as the geographic context that may respond
differently to rising temperatures and changes in precipitation (fig

1). We discuss potential effects of climate change on schistosomiasis,
its interactions with other determinants of disease transmission,
and considerations for schistosomiasis control and elimination in
a changing world.

Table 1| Geographic distribution of schistosomiasis and associated parasite and snail species

Disease Parasite species Snail species Geographic distribution
Urogenital schistosomiasis Schistosoma haematobium Bulinus spp Africa, Middle East, Corsica (France)
S mansoni Biomphalaria spp Africa, Middle East, Caribbean, and Brazil,
Suriname, and Venezuela
Intestinal schistosomiasis S mekongi Neotricula aperta Several districts of Cambodia and Laos
S guineensis; S intercalatum Bulinus spp Rainforest areas of Central Africa
S japonicum Oncomelania hupensis China, Indonesia, Philippines

Africa

The past decade has seen increasing attention paid to the effects of
climate change on schistosomiasis in Africa, where an estimated
90% of all human cases are concentrated. Whereas some studies
predict that schistosomiasis infection risk may increase by up to
20% in eastern Africa,3 others present a more complex pathogenic
landscape, with decreases as well as increases in schistosomiasis
transmission risk.?# For example, a continental scale study predicted
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a14% reduction in the total geographic area suitable for Schistosoma
mansoni transmission in sub-Saharan Africa in 2061-2080 (fig 3a)
as temperatures exceed the maximum thermal tolerance for the
main intermediate host snail, Biomphalaria pfeifferi.> However, the
same study also showed that other known intermediate host snail
species tolerate increasing temperatures better, highlighting the
importance of specific snail-parasite ecologies when developing
prediction models.>

ybuAdod Aq parostoid 1senb Ag 120z |1idy £2 Uo /wod"fwg mmmy/:dny woly papeojumod "0Z0Z J8qWSAON 9T U0 yzebw fwa/9eTT 0T se paysignd 1siy :cIAg


http://www.bmj.com/

ANALYSIS

2061-2080 vbaseline
I Expanding ).
3 No change Vi e

I Contracting S mansoni

2021-2050 vbaseline
B Shrinking areas
I New emerging areas
Baseline suitability
C—10Ocean

—o0

N

]

. 3

4

. 5

N 6

S haematobium

Fig. 3| Top panel: Predicted changes in the risk area for intestinal schistosomiasis transmission in 2061-2080 compared with present baseline in Africa. Blue color indicates

predicted shrinking areas as the temperature becomes unsuitable for the intermediate host Biomphalaria pfeifferi (adapted from Stensgaard et al).5 Bottom: Predicted
changes in risk area for urogenital schistosomiasis in 2021-2050 compared with present baseline in Africa and Middle East. Suitability ranges from zero (not suitable
conditions) to 10 (most suitable). Blue color indicates shrinking areas for schistosomiasis as the temperature becomes unsuitable for the parasite to persist (modified from

Yang and Bergquist).®
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A similar modeling approach was used to map the predicted change
in risk of S. haematobium for 2021-2050.° The model highlighted
potential emerging, as well as contracting, areas in Africa, the
Middle East, and southern parts of Europe (fig 3b). A different
approach based on data from laboratory and field experiments was
used to develop a simulation model to predict the effect of rising
temperatures on S haematobium and its intermediate host snail
Bulinusglobosus.” This model predicted that snail abundance and
production of cercariae—the free living stage of the parasite shed
by infected snails—may decrease by up to 14% and 8%, respectively,
for each 1°C rise in ambient temperature. These results agree with
the findings of other studies that suitable places for S haematobium
in Africa near the equator will decrease under future climatic
conditions.?

Yet concern is growing that urogenital schistosomiasis may further
expand into areas with colder climates, such as South Africa and
the Ethiopian highlands, where the presence of the suitable snail
species, lack of access to clean water, and limited or no active
surveillance may put an immunologically naive population at risk
of infection. Given that many sub-Saharan African countries have
limited capacity to adapt to the negative effects of climate change,
increased investment in schistosomiasis surveillance and control
is a public health priority.

Asia
S japonicum occurs in China, the Philippines, and the Indonesian

island of Celebes. Unlike the schistosome parasites in the African
continent, S japonicum is transmitted through a unique amphibian
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snail intermediate host, Oncomelania hupensis. Adult parasites can
inhabit more than 40 vertebrate definitive hosts, including cattle,
goats, water buffalo, and many rodent species; this many reservoir
hosts makes control and elimination of schistosomiasis difficult.

Historical data suggest that average monthly temperatures below
0°C have prevented northward spread of O hupensis, but climate
change is already altering the geographic distribution of
schistosomiasis. A study in China found that the 0-1°C isothermal
zone moved from latitude 33°15" N to 33°41’ N between the 1960s
and 1990s, corresponding to a 48 km northward shift in just 30
years.® This shift increased the potential schistosomiasis
transmission area by over 40 000 km’ with an additional 20.7 million
people at risk of infection.

A new transmission risk index has been proposed based on growing
degree days for parasites and the snail intermediate host,® which
suggests that S japanicum transmission areas may increase by 662
373 km” by 2030 and by 783 883 km” by 2050 (fig 4). Recent analyses,
based on projections from five global circulation models and
representative concentration pathway 4.5 scenario in the fifth
assessment report of the Intergovernmental Panel on Climate
Change, confirmed future northern expansion of schistosomiasis
in China by 2100.° At the same time, these analyses also suggested
that the mountainous regions of Sichuan province, where
schistosomiasis is currently prevalent, would become unsuitable
for snail breeding, thus reducing transmission. However, the areas
of the Yangtze River from Sichuan to Hunan and Hubei provinces,
a stretch of river affected by the Three Gorges Dam, will still be
favorable for snail survival.®
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Fig 4 | Areas of potential expansion of schistosomiasis (in red) in China, where schistosomiasis is expected to emerge as a result of climate change, and areas where it is

currently endemic (in green), elaborated from Zhou et al®

Climate change is also predicted to increase the frequency of extreme
climate events, such as droughts, which might reduce the
transmission season for schistosomiasis, but also floods, which can
locally help the spread of O hupensis snails.'® To track changes in
transmission risk for schistosomiasis in China, it will be important
to establish early warning systems that report changes in the
distribution of the intermediate snail host and possible new cases
of human infection.™

The Americas

Few studies have examined the effect of climate change on
schistosomiasis in the American region. Schistosomiasis is endemic
to several territories, including Brazil, Dominican Republic,
Guadeloupe, Saint Lucia, Suriname, and Venezuela. Most current
schistosomiasis infections in the region occur in Brazil, one of the
largest tropical countries, the leading dam building nation, and
one of the largest agricultural producers in the region.

Climate change is predicted to be particularly severe in some parts
of Brazil, including desertification and warming in the northeast of
the country,’ where schistosomiasis is endemic. Brazil’s most
populous areas, in the south east, are on the edge of the climate
suitability range for the main intermediate host snails, so it is
unclear whether more warming in this region could expand the
habitat suitable for schistosomiasis transmission.">

Finally, schistosomiasis is traditionally considered a rural disease,
but Brazil has many pockets of “urban schistosomiasis,”*% where
population growth has outpaced the ability of development to
supply safe water and sanitation. This situation has created a
complicated situation where poverty, development, land use, and
climate change act together to influence transmission.

Ecological and socioeconomic determinants

The development and management of the infrastructure for water
resources, such as dams and canals for hydropower generation,
agricultural irrigation, and drinking water, will be important
components of society’s response to fight climate change and the
associated potential water scarcity. Yet, these changes in land use
can also increase the risk for schistosomiasis transmission. For
instance, to lessen increasingly recurrent droughts in the northern
part of China, the South North Water Transfer project has diverted
water from the Yangtze River, the current schistosomiasis endemic
region, to northern regions, thus increasing the risk of spread of O
hupensis northward.®

Dams affect schistosomiasis transmission in many ways (fig 1). More
stable water reservoirs inevitably lead to an increase in suitable
snail habitat.'> These reservoirs also support growing human
settlements and foster expansion of irrigated agriculture and use
of fertilizers and herbicides, which have also been shown to increase
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snail proliferation.'® Dams not only change the habitat for the snails,
but also have been shown to block migratory predators'’ that have
historically kept snail populations in check. The history of the Diama
dam in Senegal is a typical example. The dam was built in response
to a climatic stress, a severe drought in the western Sahel region in
the 1970s. In response, the countries of the region constructed a
dam near the mouth of the Senegal River to stabilize flow, prevent
saltwater intrusion, support agricultural development, and protect
the availability of freshwater for communities. Within a few years
of completion of the dam in 1986, and as a result of its construction,
the landscape had changed substantially, the African river
prawn—an effective predator of aquatic snails—had been wiped
out, and schistosomiasis transmission had increased so that the
lower basin of the Senegal river has become one of the most
important regions of the world for schistosomiasis transmission.

Recommendations

In summary, schistosomiasis transmission is expected to decrease
in central areas of its current climatic location (that is, tropical
Africa), because temperatures will exceed the critical thermal
maximum of snails as a result of climate change. Transmission is
expected to increase at the margins of the cooler range, where
temperatures are currently too low for transmission. Climate change
is also expected to affect risk of transmission indirectly through
interactions with poverty and rural subsistence livelihoods,® lack
of sewage systems, lack of access to clean water and improved
sanitation, lack of affordable healthcare, increasing human
movement, dam development, and agricultural expansion.

Therefore, the effect of climate change on schistosomiasis can
combine with the effects from land use changes, growing human
population, and subsistence livelihoods in unexpected ways. We
need new research to reduce the uncertainty associated with
potential shifts in the range of schistosomiasis with climate change.
While addressing key research questions on climate change and
schistosomiasis, decision makers, public health agencies,
non-governmental organizations, and communities have several
options to prepare for expected shifts in distribution of
schistosomiasis caused by the compounded effect of climate and
changes in land use.

Integrated surveillance and response systems need to be established
in areas where models predict a high likelihood of schistosomiasis
becoming endemic. Control strategies, including medical treatment
and environmental interventions,'® should be improved in endemic
regions where transmission is expected to increase because of
climate change, construction of new dams, or agricultural
expansion.

Dams built in the historical range of distribution of migratory
freshwater prawns, predating the snails involved in schistosomiasis
transmission, should now be retrofitted with passages that allow
prawns to move upstream and downstream. New dams should be
designed with prawn ladders.'” Excessive use of fertilizers should
be avoided in endemic regions, and pesticides with minimum effect
on natural snail predators should be used instead.?° Although these
interventions will not be enough to eliminate schistosomiasis, they
may help limit the negative effects of climate change on
schistosomiasis transmission.

Key recommendations

® Investin research to better understand the likely spread of
schistosomiasis with climate change

® Establish integrated surveillance-response systems in areas at risk
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Increase control strategies, medical treatment, and environmental
interventions in endemic regions

Ensure dams allow prawns to move along the river

Control fertilizer and pesticide use in endemic areas
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