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Abstract
Parasitic diseases, such as schistosomiasis, chikungunya fever and onchocerciasis, affect over
one billion people throughout the world, primarily in the poorest and most underdeveloped
regions. Of these diseases, Echinostomiasis is especially neglected by medical researchers, even
though it may affect many people in East and Southeast Asia. Echinostomiasis is caused by
digenean trematodes of the genus Echinostoma, and symptoms include abdominal pain, diarrhea,
and extreme fever. One species of Echinostoma, E. revolutum, has expanded its distribution to
Cambodia and has been documented in school children near Tonle Sap Lake. Previous
hypotheses focused on the molluscs sold at local seafood markets in the province as a potential
reservoir for contracting the . This study will build upon this hypothesis to identify the mollusc
species primarily infected with E. revolutum and which area, foraging locations or markets,
contain the highest density of infected species. To achieve this answer field surveys will be
performed along the shores of Pursat Province at 50 sampling sites, where all biota will be
collected, identified, and counted within the sampling area. Additionally, a seafood market
survey will be conducted were we will collect molluscs from popular sellers in Pursat Province
and inspect them for E. revolutum. If our results show either foraging areas or markets with high
infection rates, we can use these results to calculate the potential risk of individuals in Pursat
Province. Through the use of ecology to discern the second intermediate hosts of E. revolutum in
Pursat Province, this study aims to assist public health workers in creating programs that will
reduce the spread of Echinostomiasis in the region.

1

Introduction
Parasitic infections are an important worldwide health priority (Torgerson et al. 2015). A
large majority of these infections, including infections in over 1 billion people, occur in povertystricken areas in tropical and sub-tropical regions (Molyneux et al 2017). These parasitic
infections contribute to the loss of approximately 47.90 million disability-adjusted life years
annually (Murray et al 2012, Lozano et al 2012, Hotez 2014). Symptoms of parasitic infections
include lesions, diarrhea, and in some cases death (Budke et al. 2006). Collectively, these
parasitic infections, many preventable, are incorporated underneath an umbrella term called
Neglected Tropic Diseases (NTD), due to the lack of attention received by the international
scientific community (Hotez 2007).
One of the most understudied NTDs are from food-borne, intestinal, distomate digenean
trematodes of the genus Echinostoma (Belding 1964, Rim 1982, Gracyzk and Fried 1998).
Echinostoma worms cause the disease Echinostomiasis that has symptoms of eosinophilia,
anemia, edema, anorexia, and diarrhea (Ujiie 1936, Carney 1991). Globally, 10 Echinostoma
species infect over 50,000 people across a myriad of regions including Japan, South Korea,
Indonesia, India, Thailand, Laos, China, and Kenya (Poland et al, 1985; Anazawa 1929;
Radomyos et al, 1982; Grover et al, 1998; Kawahara et al, 1933; Seo et al; 1980; Ryang et al
1986; Lee et al, 1988; Jung et al; 2014; Carney et al 1980; Sayasone et al, 2011). The current
distribution of Echinostoma is spreading, most recently being reported in Cambodia, where one
province, Pursat Province, saw 7.5%-22% of school children infected with the species
Echinostoma revolutum (Sohn et al. 2014).
Due to Echinostomes life history, populations with cultural and nutritional ties to
molluscan species are at elevated risk for infection. E.revolutum has a three-host life cycle where
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during its stage as a cercarie it can infect a wide array of species from gastropods, bivalves, and
frogs as its second intermediate hosts (Figure 1). With many potentially infected species serving
as food staples in Pursat Province there is an elevated risk for individuals who collect or
consuming molluscs from the area to contract E. revolutum.
With its relative lack of second intermediate host specificity, being able to identify the
primary species that contribute to human illness may assist in reducing the spread of
Echinostomiasis. This paper will aim to meet that goal by surveying the foraging areas around
Pursat Province, a Cambodian state near Tonle Sap Lake, to identify aquatic species infected by
E. revolutum. In addition to a field survey, this study will sample local fish stands and markets to
identify the density of infected species sold for commerce in the region. Through the analysis of
these two pathways for infection, foraging and commerce, this project will provide information
for public health professionals to design solutions to reduce the spread of E. revolutum in this
province in Cambodia.
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Figure 1. A general life cycle for an Echinostoma trematode parasite. (1) Adult worms
reside in the small intestine of many vertebrates including birds, rodents, and humans; (2)
eggs are deposited with the host’s faeces; (3) miracidia hatch in the ambient freshwater
and infect a specific snail as the first intermediate host; (4) Within the snail the miricidia
goes through several intramolluscan stages, i.e., sporocysts (4a) mother rediae (4b) and
daughter rediae (4c) develop within the snail; (5) cercariae are deposited by the first
intermediate host and move to actively infect a second intermediate host (snails,
amphibians, bivalves, fishes) which they penetrate; (6) cercariae transition to become
metacercariae after encystation; (7) metacercariae are ingested by the definitive host and
become adults; (8) drinking water or eating raw bivalves may be possible pathways for
infection (Toledo and Esteban 2015).
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Motivation for Research
E. revolutum is an understudied parasite endemic to the Southeast Asia where its range
has recently expanded to a Cambodian province near Tonle Sap Lake (Sohn et al, 2011). E.
revolutum infects a wide array of molluscan species that are closely intertwined with Cambodia’s
culture. Many popular dishes throughout Pursat Province and in Cambodia contain species that
are highly vulnerable to infection by E. revolutum when eaten raw. Popular dishes like Num
Banh Chok and Kuy Teav require raw gastropods and bivalves to be used to meet traditional
standards (de Monterio 1998). The tight cultural linkage between Cambodian cuisine and
molluscs make many Cambodian’s susceptible to infection by E. revolutum. Through identifying
the molluscan species that are most commonly infected with E. revolutum in Pursat Province,
local citizens and non-governmental organizations can then begin creating public health
initiatives to reduce the intake of susceptible molluscs or to create alternative cooking methods
of certain species to eliminate E. revolutum from molluscs.
Individuals in Pursat Province and throughout Cambodia primarily source molluscs from
two main sources: local foraging areas or from seafood markets, stands, and stalls (Ngor et al.
2014). These areas create two potential reservoirs for where individuals can come in contact with
E. revolutum infected species. Foraging, the process of collecting molluscs from the wild for
personal use, is a popular method for obtaining molluscs in rural provinces such as Pursat
Province (Kyriacou 2017). This form of collection is primarily performed along the shores of
Pursat Province and nearly all of the collected molluscs stay within the province (Hortle 2007).
The smaller spatial scale for collection may elevate the risk for foragers if the molluscs in the
area are infected with the parasite. Though foraging is performed widely in Pursat Province, the
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recent economic development of Cambodia has shifted the gathering of molluscs from foraging
to being bought at seafood stalls and markets (Ngor et al. 2014).
The other collection method, commerce, has grown in recent decades due to the
expansion of the molluscan fishery in Tonle Sap Lake, that currently produces 105,467 tons of
molluscs annually (Ngor et al. 2014). The surfeit amount of molluscs has created an export
industry to markets and seafood stalls beyond the shores of Tonle Sap Lake for purchase (Peou
2016). This fishery, along with foraging, is primarily supported by six molluscan species (Table
1.) The development of Cambodia, with new roads and methods for trade, has created a
connected network for transporting molluscan species throughout the country (Peou 2016). The
stalls and stands supported by this network elevates the potential number of people that may
become infected by E. revolutum if the area where the molluscs are sourced from are infected by
the parasite. Collecting molluscs from either foraging or through buying has inherent risks of
contracting E. revolutum, but to fully calculate and know these risks the species that are most
susceptible to infection must be identified.
With Pursat Province and the rest of Cambodia developing at a rapid pace, the chance of
contracting Echinostomiasis will greatly increase as mollsucan species are shipped throughout
the country (Peou 2016) . It is imperative for species to be identified and the relative density of
those infected calculated to provide public health officials with specific knowledge to target their
resources to reducing the intake of E. revolutum infected species. Through the process of ecology
informing public health, the cases of echinostomiasis in Pursat Province can be greatly reduced.
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Table 1. The six most abundant mollusc species available in seafood markets and stalls year
round and the average price for each species (Ngor et al. 2014).
Family

Species Name

Common Name

Average Market Price
(USD)

Ampullariidae

Pila polita

Sharp-tail snail or conic

0.15-0.30

snail
Ampullariidae

Pila ampullacea

Blunt-tail snail

0.15-0.30

Ampullariidae

Pila scutata

Ricefield snail

0.15-0.30

Viviparidae

Filopaludina martensi

Crow snail

.08-0.23

cambodjensis
Viviparidae

Mekongia swainsoni

Coconut snail

.08-0.23

Corbiculidae

Corbicula moreletiana

Asian clam

.04-.08

Research Questions
The research I am proposing to conduct will aim to answer the following questions:
(1) What are the second intermediate hosts of E. revolutum in molluscs from foraging areas and
in the markets near Pursat Province?
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(2) What is the density of E. revolutum infected molluscan species in the market and wild in
Pursat Province?

Hypotheses
H1.0: No molluscan species are infected in the market or wild with E. revolutum in Pursat
Province.
H1.1: The species infected with E. revolutum will be concentrated in Ampullariidae and
Corbiculidae species due to their large abundance in the wild.

H2.0: The density of infected organisms with E. revolutum in Pursat Province will be zero.
H2.1: The density of infected species in the market will be similar to the rates in the wild due to
being sourced from a similar location

Methods
Study Site
This study will take place in Pursat Province, Cambodia along the shores of Tonle Sap
Lake (Figure 2). Pursat Province was selected as the sampling location due to the prevalence of
E. revolutum in the region, as established by Sohn et al. (2014).
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Figure 2. Location of surveyed area near Tonle Sap Lake
in Pursat Province, Cambodia. Source Sohn et al. (2014)

Field Survey
A simple random sample design will be employed along the coastline of the province to
investigate which species in the wild are infected by E. revolutum. Fifty sampling locations will
be randomly selected, using a GIS random point generator, along the 53-mile coastline to sample
for aquatic biota (Figure 3). A 0.5 m x 0.5 m square quadrat will be laid down at the specified
latitudinal and longitudinal location and an intensive survey will follow. The survey will include
counting, identifying, and collecting all biota contained in the quadrat. The collected biota will
be transferred to the Royal University of Phnom Penh to be processed in a lab for species
identification, dissection, and parasite identification.
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Figure 3. Sampling location sites in Pursat Province to be used for the
wild survey
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Market Survey
I will collect molluscs from popular shellfish markets and stalls in the province to assess
which commerce species are infected with E. revolutum. Following a similar collection method
as Chiesa et al. (2018), this study will use a random sample design to select molluscs by using a
decision tree that mimics the choice of a Cambodian consumer. At each market or stand, a
minimum of 15 specimens from each species will be collected for parasite identification. If fewer
than 15 are available, the next largest amount will be collected.

Laboratory Identification
All species collected will be processed in a laboratory at the Royal University of Phnom
Penh, where each collected species will be identified, dissected, and if infected with parasites
they will be identified to lowest taxonomic level available.

Anticipated Results
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H1.0: Should there be no species found infected with E. revolutum in the wild or market,
we would expect a large abundance of species present with no infections of E. revolutum (see
Fig 4.0).
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Fig 4.0 Projected results if wild collected species were not infected with E. revolutum.

H1.1: Should there be an E. revolutum infection of species in the wild, we would expect to see
varying rates of incidence across the species sampled, with higher abundance species more likely
to be infected due to their prevalence throughout Pursat Province (see Fig 4.1).
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Fig 4.1: Projected results if the infection rates of E. revolutum is present in wild species in
individuals collected from Pursat Province, Cambodia.

H2.1: Should there be a concentration of market species affected, we would expect to see that
species infected with E. revolutum, would be of similar density rates to the wild from a similar
area (see Fig 4.2).
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Fig 3.2: Projected results if there was a concentration of market species infected by E. revolutum
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Fig 4.2. Projected density of market species infected with E. revolutum if collected from similar
foraging areas as the wild species collected.

H2.2: Should the market species not be collected from the same location as the wild species, we
would expect to find different rates of infection that do not align with the wild surveyed molluscs
from Pursat Province (see Fig 4.3)
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Discussion
Were my hypothesis to be unsupported by our findings, where there were no species
infected in the market or wild, then another pathway is responsible for the incidence of
Echinostomiasis in the region, be it through infected fish or a currently unknown source.
Contrastingly, if my hypothesis was supported then our study would identify mollusc species that
act as the second intermediate host for E.revolutum, with the most abundant species,
Ampullariidae and Corbiculidae, infected at higher densities due to their large prevalence in the
15
Fig 4.3. Projected densities if market species were not from foraging areas in Pursat Province

foraging areas. Identifying the species infected with E. revolutum and the relative densities of
infection will assist in understanding which species are most likely to be a reservoir for human
infection.
Were this study to find larger rates of infection in wild species than in market species
then Cambodians who forage in Tonle Sap lake for molluscs are at a greater chance of
contracting Echinostomiasis than from Cambodians who primarily gather molluscs from seafood
stalls. This disparity in risk between forage and market may be due to market molluscs being
sourced from different sections of Tonle Sap lake that have a lower infection density than in
Pursat Province. To mitigate the risk of Echinostomiasis in Pursat Province, public health
officials should consult with citizens of Pursat Province to encourage the gathering of molluscs
from markets, who source from area other than Pursat Province, rather than the shores of Pursat
Province to reduce their chance of infection until the outbreak can be contained. Conversely, if
the opposite were true, where the market species had a higher infection density than in the wild,
than a potential public health solution would be to advise local citizens to collect molluscs from
Tonle Sap Lake rather than to buy from the market. The public health solution should also
involve education on alternative cooking methods to boil or heat the molluscs to an acceptable
temperature to kill E. revolutum individuals.
Another potential result this study may find is a difference in the availability of species
in the market versus the infection rate in the wild. For example, a molluscan species that has a
low abundance and density of infection may be found to have a high abundance and density of
infection in a market setting. This result would mean that the mollusc species collected from the
market carry a greater risk of infection for E. revolutum than the same species collected from the
wild. Equally, the converse could be true where the most available market species carries a lower
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risk of infection than the same species with a smaller abundance collected from the wild. This
difference in availability versus infection rate would show that the market could be a potential
reservoir for E. revolutum for a less abundant species in the wild. To reduce the chance for
infection of E. revolutum infected species, public health solutions should involve increased
education on the species available at markets most likely to be infected by E. revolutum.
Additionally, the public health solution should also involve working alongside villagers to create
alternative cooking methods that can be incorporated to reduce the risk of being infected by E.
revolutum. Discerning the species infected by E. revolutum and the relative densities found in the
wild and market is essential information for reducing the spread of Echinostomiasis caused by E.
revolutum in Pursat Province, Cambodia.
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