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Human-induced environmental changes, including climate change and
pollution, significantly affect host-parasite interactions, potentially altering the
geographical spread and severity of various parasitic diseases. These changes
may particularly influence the dynamics of diseases like schistosomiasis, posing
significant public health concerns. This review explores how pollutants such as
organophosphate pesticides, antibiotics, heavy metals, cities’ landfills, and
microplastics can affect the development and transmission dynamics of
parasites, especially Schistosoma spp. Our researches highlight that pesticides
promote parasitic disease development, while pharmaceuticals have mixed
effects on the life cycles of these parasites. Similarly, heavy metals found in
water systems disrupt host-pathogen interactions, andmicroplastics are linked to
significant changes in snail stressor genes, a critical intermediate host for several
parasites. With the rising impacts of anthropogenic activity on the environment,
there is an urgent need to reassess and adjust regulatory policies to minimize
these threats. By studying the implications of pollution on host-parasite
interactions, we can develop better strategies for disease control and improve
the preservation of our ecosystem’s health.
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1 Introduction

Freshwater ecosystems, including lakes, rivers, streams, wetlands, and ponds play a
crucial role in regulating biodiversity, water quality, nutrient cycling, and mitigating the
impacts of droughts providing crucial ecosystem services to humans (Gray et al., 2022).
These ecosystems are worldwide distributed and figure among the most diverse habitats on
the planet while dealing with faster degradation than terrestrial ones (Turak et al., 2017).
Freshwater species populations have experienced a staggering decline of 84% since 1970
(McRae et al., 2020), mainly as a consequence of water contamination by human activities
(Aryal et al., 2020; Albert et al., 2021). Four main sources of chemical contamination can be
identified: Firstly, agricultural contamination via the use of pesticides to control pests, the
use of which is regulated, however, these substances can persist and run-off, contaminating
the environment for long periods (Syafrudin et al., 2021). Secondly, industrial chemicals,
including micro- and nano-plastics, heavy metals, and organic compounds used on
production lines. Thirdly, chemicals used in the health sector, such as antibiotics,
antidepressants, and endocrine disruptors, among others, are found in trace amounts in
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the environment. Finally, the full range of substances that can be
detected in cities, including organic contaminants, microplastics, or
products contained in cigarette butts. Depending on the conditions
and the substance in question, they can contaminate several links in
the trophic chain and their persistence in the environment depends
on physico-chemicals factors (Chevalier et al., 2016; Tudi
et al., 2021).

The disruption of ecosystem balance as a consequence of the
exacerbation of climate crisis intensify the situation further. Rising
temperatures associated to unbalance water cycle have serious
consequences, not only for natural ecosystems but also for
agriculture, industry and health sector, as they lead to more
frequent, severe, and prolonged extreme events
(VijayaVenkataRaman et al., 2012). Stratification, water levels,
and flow regimes are all significantly impacted with broad-
ranging impacts on biodiversity (Birk et al., 2020; Sures et al., 2023).

The emergence of freshwater zoonotic diseases, infectious maladies
transmissible between animals and humans, has witnessed a notable
increase. Approximately 60% of established infectious diseases and up
to 75% of novel or emerging infectious diseases are estimated to have
zoonotic origins, either transmitted or not transmitted by freshwater
(Salyer et al., 2017). The dynamic interactions among humans, animals,
and pathogens cohabiting the same environment align with a “One
Health” approach, emphasizing interconnections between human,
animal, and environmental health—a pivotal aspect of disease
control and prevention strategies (Kahn, 2011). This concept is
based on the sophisticated principle that protecting human health
involves protecting the health of animals and their interactions with
the environment, and is driven by three main objectives; vigilance
against infectious diseases, combat resistance to anti-infectives, and
recognize the disruptions in our environment that are likely to
encourage the emergence of new diseases (Destoumieux-Garzón
et al., 2018; Parodi, 2021). Freshwater-snail-borne parasites, such as
those causing schistosomiasis, play instrumental roles in species
biodiversity contributing to the dynamics of natural ecosystems
(Sures et al., 2023). It strives to comprehend how environmental
conditions, freshwater pollution between them, impact parasite life
cycles, and their evolution, including their effects on host behaviour,
physiology, and population dynamics, as well as their influence on food
webs and ecosystem functioning (Nachev and Sures, 2016; Sures et al.,
2017a). By unravelling the environmental factors that influence
parasites spreading, it is possible to develop strategies for disease
prevention, control, and management. However, new approaches are
needed to counter the progression of freshwater diseases, which are on
the rise in Europe (Levy et al., 2018; Semenza et al., 2022). Although
some studies have examined the impact of pollution on vector biology,
further research is required to understand its effect on the pathogens
themselves. Parasites, such as schistosomes, pose an enduring threat to
organisms across various phyla, with their virulence defined as the
impact on their host’s fitness, being shaped by host-parasite
combinations and environmental conditions. In this intricate
interplay, biological and chemical features act as drivers emerging as
a potential factor affecting parasite virulence, a still neglected aspect of
water pollution effect (Augusto et al., 2019). Systems biology
approaches, combining functional genomics, offer promising
methods to address challenges by elucidating the molecular
mechanisms underlying host-pathogen interactions in changing
environmental scenarios. A key area of research in functional

genomics is the use of CRISPR-based technology to edit vector host
or pathogen genomes, potentially leading to more effective treatment
and prevention strategies for infectious diseases. Despite the difficulties
and uncertainties associated with using CRISPR-based methods in
mosquito-borne malaria models, it is recognized that there is a need
for further technological advancements in vector hosts or their
associated parasites in the context of freshwater-related diseases
(Tajudeen et al., 2023).

This review elucidates the influence of freshwater quality and its
potential ramifications on the spread of waterborne diseases in Europe.
Concentrating on Schistosomiasis, a parasitic ailment traditionally
confined to Africa, Asia, and Central/South America, but recently
observed in France (Corsica), we explored the repercussions of
freshwater pollution on the snail-parasite relationship that
potentially impacts disease dissemination within Europe.

2 Study topic: Schistosoma and
pollutants

2.1 Schistosomiasis (importance,
consequences, and distribution)

Schistosomiasis or bilharziasis is the world’s second most common
parasitic disease. This parasitic anthropozoonosis disease is endemic to
sub-Saharan Africa, Central and South America, and Asia which
recently spread to countries in temperate zones as a result of
migratory movements, globalisation, and tourism (Tchouanguem
et al., 2016). Currently, this disease is progressing in Europe and has
already been endemic in Corsica for several years, responsible for
multiple contaminations every year (Berry et al., 2016; Kincaid-
Smith et al., 2017; Gabrielli and Garba Djirmay 2023). Several
species of parasites are responsible for this disease, two of which are
the majority in terms of infection, but they differ in their intermediate
hosts. First of all, Schistosomamansoni, (Silva, 1908), transmitted by the
snail Biomphalaria spp., (Say, 1818) is mainly studied because it is
widespread in Africa and present in Latin America. Secondly,
Schistosoma haematobium (Bilharz, 1852), having the snail Bulinus
spp. (Müller OF Geschichte der Perlen-Blasen) as a vector, which is
mainly present in sub-Saharan Africa and that tends much more to
migrate towards Europe, already present in Corsica, Spain, Portugal,
Greece, and Italy (Gabrielli and Garba Djirmay 2023). These two
parasites mainly have humans as definitive hosts but can also affect
other mammals which may also contribute to human infections
(McManus et al., 2018; Liang et al., 2022). In humans,
Schistosomiasis can cause numerous symptoms, infecting the
intestine, liver, kidneys, and genitals, causing inflammation in both
men and women and even death (McManus et al., 2018). According to
the World Health Organization (WHO), in 2021, at least 251.4 million
people needed preventive treatment against Schistosomiasis, but only a
fifth received it, demonstrating that new measures need to be put in
place to counter the advance of this disease and reduce the number of
deaths (Kokaliaris et al., 2022). Currently, the fight against
schistosomiasis aims to reduce the number of sufferers through the
development of new treatments and improved sanitary conditions,
which only serve to reduce transmission (Kokaliaris et al., 2022).

This conjuncture will only intensify in the years to come, with the
amplification of climate change which promotes the transmission and
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spatio-temporal distribution of parasites by affecting their reproduction,
their duration of maturation, and the incubation period of which they
need to become their preferred vector (Semenza et al., 2022). The
increase in migratory flows contribute also to extending the
geographical distribution of schistosomiasis (Aagaard-Hansen et al.,
2010) underlining the need to find solutions to curb this parasitic
disease. Moreover, warmer climates are also associated with faster
disease transmission as well as the persistence of more virulent
parasitic strains (Altizer et al., 2013; Cable et al., 2017). In addition,
genetic mixtures between species of schistosomiasis can also take place,
producing hybrids like those found in Corsica (Noël et al., 2018). These
hybridization phenomena promote contamination or extend the range
of hosts that can be affected, which further complicates the
determination of sources and the methods of action to fight against
epidemics (Gabrielli andGarbaDjirmay 2023). All of these factorsmake
this disease, no longer tropical but global, a major public and veterinary
health problem (Berger et al., 2022).

The situation is all the more alarming from the point of view of
aquatic ecosystems, which represent important poles of biodiversity
(Gray et al., 2022). As the life cycle of these parasites is closely linked to
aquatic environments, their state under the effect of climate change is
central to understanding the evolution of this disease and finding
solutions. By their very nature, freshwater ecosystems are subject to
many fluctuations in physico-chemical parameters (water availability,
temperature, salinity, and pH), which affect both the parasite and its host
population dynamics (Woodward et al., 2010). Anthropogenic
modifications to these ecosystems add a new level of complexity,
affecting these populations in deleterious or healthy ways, mainly
through the expansion of agriculture, which leads to the
contamination of these environments (Prajapati et al., 2022). Indeed,
under the effect of higher temperatures, the parasitic life cycle could be
affected at different layers, the populations of snails or cercariae can thus
increase in numbers but the lifespan of the snails can be found reduced,
also reducing the period of release of the cercariae. In addition, the
presence of fertilisers and pesticides facilitates the development of food
resources, such as algae (periphyton) as well as the development of
intermediate hosts (Douchet et al., 2023) and could also increase
parasites’ virulence (Mennerat et al., 2010). Other factors are more
deleterious in the overall dynamics of transmission, such as predation or
competition (Douchet et al., 2023). Faced with all these factors, the host’s
metabolism and immune system are decisive in the response to infection:
tolerance, resistance, or susceptibility (Downs et al., 2019). Despite these
numerous findings, it is necessary to consider the net effects on the entire
life cycle of the parasite as well as the entire ecosystem to glimpse the
links between climate change and the development of parasitic diseases
within aquatic ecosystems (Marcogliese et al., 2015).

2.2 Effects of the different pollutants on
host-parasite interactions

Numerous studies have shown that the presence of chemical
compounds in the environment can also have synergistic or
antagonistic effects on parasite development (Table 1).
Organophosphate pesticides have an impact on the development
of parasitic diseases, either by promoting or hindering their
development cycle, as in the case of schistosomiasis (Sures et al.,
2017b). Indeed, it has been shown that Esfenvalerate, authorised in

Europe, can promote the disease by reducing snail predators, thus
favouring their biomass, or can negatively impact snail-susceptible
competitors such as Macrobrachium shrimp species, thus increasing
their abundance and the rate of trematode transmission (Haggerty
et al., 2023). There is also evidence that Glyphosate, also authorised
in Europe, reduces transmission by affecting snail reproduction
(Hoover et al., 2020). On the other hand, the pesticides Atrazine,
Chlorpyrifos and Profenofos, present in ecosystems even though
they are not authorised in Europe, have demonstrated an impact on
the dynamics of algae, affected by these substances, thus favouring
snail populations and amplifying transmission. At the same time,
predator mortality is increased, which also favours transmission
(Hoover et al., 2020). Snail hosts have also been shown to have a high
tolerance to even high concentrations of pesticides, which,
combined with the effects of these substances on predators and
the food reservoir of this intermediate host, further increases the risk
of disease transmission (Ganatra et al., 2023).

These effects are likely to be amplified by the eutrophication of
environments due to the migration of nutrients from crops to water
(increase in population densities, land occupation), which is constantly
growing and leading to increased exposure to trematode cercariae
(larval forms that infect the definitive host). However, these
observations remain highly context-dependent (type and
concentration of pesticide, distance from agriculture, population
status, predation, climatic factors, etc.). Besides the effect of
pesticides on the host-parasite relationship, there are other chemical
contaminants due to anthropogenic activity, such as pollution from
health facilities, cities and industry that could also impact it. Pollution
related to human health is commonly linked to pharmaceuticals and
personal care products (PPCPs), hormones, and endocrine disruptors
released into the environment. One of the components of PPCPs easily
found in freshwater is antibiotic residues (Danner et al., 2019). A recent
study showed the influence of antibiotics on parasite dynamics. This
study explored the effect of tetracycline, a common broad-spectrum
antibiotic, on the host-parasite life cycle of the parasite S. mansoni and
its intermediate host, Bi. glabrata. They studied the impact of an
ecologically relevant low-dose concentration on the host and
parasite. Hosts affected by tetracycline contamination showed an
increase in parasite production as the infection developed.
Subsequently, the presence of antibiotics increased egg-laying in
snails, potentially making new hosts for the parasite (Melchiorre
et al., 2023). Another study showed the impact of
polyhexamethylene biguanide hydrochloride (PHMB) used as a
disinfectant and antiseptic, capable of inhibiting the embryonic
hatching of Bi. glabrata (de Oliveira Melo et al., 2019; de Oliveira
Melo et al., 2019). Another study demonstrates the harmful effects of
antiviral drugs that are often released into the environment. Lamivudine
and stavudine were found to have a stimulatory effect on Bu. tropicus
embryonic development, producing mean embryo lengths greater than
controls. In contrast, efavirenz and nevirapine showed an overall
inhibitory effect on embryonic growth. Antiretroviral exposure to
Bu. tropicus affected embryo length, hatching and mortality. The
influence of these antiretrovirals on the development and growth of
the snail vector confirms the need for further studies into the ecological
impact of these pharmaceutical compounds (Bouwman et al., 2020).

Meanwhile, cities represent a substantial part of global pollution
with residential and industrial processes. First, polycyclic aromatic
hydrocarbons (PAHs) from organic material combustion or
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discarded cigarette butts have been detected in elevated levels in snails,
including Bu. globosus (Dobaradaran et al., 2020; Ediagbonya et al.,
2022). In addition, terrestrial snails Eobania vermiculata (Müller OF
1774) demonstrated the profound effects of high concentrations of
pollutants such as PAHs; their findings revealed a statistically significant
rise in reactive oxygen species (ROS) production, protein carbonylation,
and DNA damage (Itziou et al., 2011). However, no studies about the
impact of these contaminants have been performed on aquatic snails
such as Bi. glabrata or Bu. truncatus so far.

Moreover, microplastics, found in an average abundance of
28.13 ± 4.18 particles across all snail populations (An et al.,
2022), have been linked to notable changes in the behaviour of
the aquatic snail, Potamopyrgus antipodarum (Gray, 1843)
(Romero-Blanco et al., 2021). Furthermore, studies have
demonstrated that the build-up of nanoplastics within Bi.
glabrata can trigger changes in the expression of numerous stress
response genes. These include heat shock protein-70 (HSP70),
cytochrome P450 (CYP450), and macrophage migration

inhibitory factor (MIF) (Merrill, 2022). These potentially
hazardous compounds, by influencing snails physiology, may also
adversely affect the virulence of Schistosoma, thereby posing further
ecological risks, further research is needed.

Finally, heavy metals found in polluted water such as cadmium,
lead, and mercury are responsible of disbalanced in host-pathogens
interaction. It has been shown that cadmium concentration in Bi.
alexandrina snails is positively correlated to their infection rate by S.
mansoni (El-Gohary et al., 2003; El-Din et al., 2010). Table 1 have also
shown that chronic lead exposure of S. mansoni and S. haematobium
infected hamsters showed significant reductions in worm burden, tissue
egg load, and ova excretion in stool, liver, and intestine while increasing
the oxidative stress compared to the non-infected group.

However, the effect of freshwater contamination on parasites
has not been well studied. Previous work has revealed that the use
of pesticides could not just affect the snail host but also exerts a
long-lasting impact on parasite virulence (Mello-Silva et al.,
2011; Augusto et al., 2017; 2021). Therefore, the intricate

TABLE 1 Summary of the main chemical substances from four main areas.

Source of
the pollutant

Chemicals Type of pollutant Biological impact on
host-parasite interaction

References Legislation in
Europe

Agriculture Glyphosate Herbicides
(Glycine derivatives)

Affect snail reproduction Hoover et al. (2020) Authorised

Atrazine Herbicides (Triazine) Affect the algal community Unauthorised

Chlorpyrifos, profenofos Insecticides
(Organophosphorus - OPPs)

Esfenvalerate Insecticides (Pyrethroid) Reduce snail predators
and

Negative effect on Macrobrachium
shrimp species (predators)

Haggerty et al. (2023) Authorised

Λ-cyhalothrin,
permethrin

Unauthorised

Chlorpyrifos, terbufos Insecticides (OPPs) Unauthorised

Malathion Authorised

Industries Cadmium Metal ions Increasing Biomphalaria alexandrina
snails infection rate by Schistosoma

mansoni

El-Din et al. (2010) Unauthorised

Lead Metal ions Reduction in Schistosoma worm
burden, tissue egg load and ova

excretion/Increase oxidative stress of
Schistosoma infected host

El-Gohary, Yassin, et
Shalabya (2003)

Unauthorised

Health Tetracycline Antibiotic Increase, Schistosoma parasite
production and increased B. glabrata

egg-laying in snails

(Melchiorre et al., 2023) Authorised

Polyhexamethylene
biguanide hydrochloride

disinfectant and antiseptic Inhibit the embryonic hatching of B.
glabrata

de Oliveira Melo et al.
(2019)

Authorised

Lamivudine and
stavudin

antiviral drugs Increases the average size of embryos
of B.tropicus

Bouwman et al. (2020) Authorised

Cities, Industries Microplastics,
macroplastics,
Nanoplastics

Cigarette butts, bottles, food
packagings

Alteration in the expression stress
response genes in B. glabarata.
(HSP70, CYP450, and MIF)

Merrill (2022) Authorised

Cities, Industries,
Agriculture

Polycyclic aromatic
hydrocarbons (PAHs)

Cigarette butts, wood
combustion, vehicular
emissions, gas flaring

Increase in ROS production, protein
carbonylation and DNA damage of
land snails, presence detected in B.

bulinus

Ediagbonya et al. (2022)
Dobaradaran et al. (2020)

Itziou et al. (2011);
Kaloyianni et al (2011);
Dimitriadis et al. (2011)

Authorised

Agriculture, industry, health and cities - authorised in Europe, which may have a biological impact on Schistosoma spp. or its vector. Pesticides use authorizations determined by the European

Commission’s, and European Union’s official website.
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relationship of the abovementioned pollutants on host and
parasite outcomes contributes to the need to study the effects
of schistosomiasis in different environmental conditions, such as
in Europe. At the same time, however, it is imperative to note that
in real life, these contaminants do not normally present
themselves as pure, as evidenced by laboratory experiments. In
natural settings, an acute or latent concentration of a dangerous
substance mixture is present in the environment; however,
freshwater snails and parasites are also present. Therefore,
more research is needed to determine the impact of
environmental pollution on the prevalence of schistosomiasis.
This type of crosscutting may contain crucial data and optimal
solutions for parasitic illnesses due to pollution.

3Conclusion and future perspectives of
concerns and improvement

Here, we reviewed how freshwater pollution modifies the host-
parasite relationship, significantly impacting snail hosts and the
transmission risk of schistosomiasis. However, an often overlooked
aspect is the potential effect of pollution on parasite virulence. The
virulence of metazoan parasites isn’t solely determined by their
genetics; environmental factors play a crucial role in controlling
virulence gene expression. Specifically, pollution may enhance the
expression of these genes, thus influencing the spread of
schistosomiasis in Europe. Additionally, studies in realistic
environmental settings associated to functional genomic approach
are essential to better understand and control the spread of
freshwater-borne diseases like schistosomiasis.
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