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Chapter

Fascioliasis: A Foodborne Disease
of Veterinary and Zoonotic
Importance

Tolulope Ebenezer Atalabi and Omotosho Taiye Lawal

Abstract

Fascioliasis is a food-borne neglected disease caused by digenetic trematodes in
the genus Fasciola. There is a significant increase in the global prevalence of human
fascioliasis with a strong correlation with a high infection rate among ruminant
definitive hosts. Fasciola is a liver fluke with complex life cycle. Fascioliasis
is endemic in every continent of the world with the exception of Antarctica.
Discharge of the metabolites of liver flukes into the circulatory system of hosts
has pathological consequences. Fascioliasis has been diagnosed by parasitological,
immunological, and molecular means, and it is being reliably treated chemothera-
peutically. The emerging drug-resistant strains of liver flukes have led to the need
for vaccine development. Most vaccine candidates were first isolated as native
proteins from adult worms. Several of the early antigens, including cathepsin L
proteases, Glutathione S-transferase (GST), and fatty acid binding protein (FABP),
significantly reduced worm burden, egg output, and liver pathology in cattle and
sheep. Climate change, emerging drug resistance, and the development of new
parasite strains through hybridization are the current challenges that could poten-
tially alter the epidemiology of fascioliasis soon. Therefore, researchers need to
produce promising vaccines that offer maximum protection to farm animals and
humans.

Keywords: fascioliasis, veterinary, zoonosis, epidemiology, diagnosis, pathology,
control, vaccines, Nigeria

1. Introduction

Fascioliasis is an ancient food-borne neglected zoonotic disease of medical
importance caused by some species of macroscopic and leaf-like digenetic trema-
todes in the genus Fasciola [1]. The disease came into public health limelight in 1379
when Jehan De Brie, a French scientist, described the first ever known parasite,
Fasciola hepatica [2]. In 1874, Professor James McConnell, a pathologist and resident
physician in Calcutta, discovered Clonorchis sinensis, a Chinese human liver fluke,
when he carried out autopsy on the corpse of a 20-year old carpenter [3]. Currently,
suspected hybrid species of F. hepatica and F. gigantica are being investigated to
ascertain their true taxonomic status [4].

Since every continent is infested with these trematodes, 180 million people are
at risk, while an estimated 2.4 million people living in more than 70 countries of
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the world are suffering from the scourge of fascioliasis [1, 5]. Meanwhile, it has
been estimated that F. hepatica infects over 300 million cattle and 250 million sheep
globally and in consonance with F. gigantica causes economic loss estimated at USD
3billion annually [6].

Recently, there has been a significant increase in the global prevalence of human
fascioliasis [1, 7] with a strong correlation with a high infection rate among rumi-
nant definitive hosts [8].

A broad range of cosmopolitan freshwater snails in the family Limnaeidae are
responsible for the transmission of fascioliasis. For instance, Austropeplea tomen-
tosa, Hinkleyia caperata, Stagnicola corvus, Galba truncatula, Radix rubiginosa,
and Pseudosuccinea columella, which are endemic (but not limited) to Australia,
North America, Europe, Africa, Asia, and South America, respectively, have been
reported previously [9]. Fascioliasis due to F. gigantica is predominantly endemic
in the lower altitudes of tropical and subtropical parts of the world. Consequently,
more cases of the disease are reported in larger part of sub-Saharan Africa (SSA)
where suitable snail intermediate hosts naturally inhabit [10-12].

2. Life cycle

Liver flukes have a complex life cycle with a wide range of mammalian defini-
tive hosts [9]. Humans are accidental definitive host of Fasciola species [13]. The
infective form of this parasite is the metacercariae which, upon infecting man,
temporarily settle down in the peritoneal cavity for about 24 hours after burrowing
through the wall of the small intestine. Various species of liver flukes have affinity
for intrahepatic or extrahepatic biliary tree [14]. At hepatic stage, which is assumed
to last for about 6-7 weeks in F. hepatica [15], metacercariae invade the parenchyma
mechanically through the liver capsule and eventually find their way into the biliary
duct; this is the biliary stage. They settle down there, attain maturity, and lay eggs
after sexual reproduction [5, 15]. In humans, metacercariae attain maturity within
3—4 months [5].

The number of eggs extruded by each adult worm per day varies from one
definitive host to the other. Report has shown that as much as 25,000 eggs, 12,000
eggs, and 2,150 eggs could be extruded in sheep, cow, and black rats, respectively
[16, 17]. Elsewhere, it has been reported that an individual liver fluke could extrude
about 40,000 eggs per day [9]. These unembryonated eggs are transported in the
bile medium to the small intestine, where they mix up with feces [18]. In ruminant
definitive hosts, they are passed out in the pasture and undergo a period of embryo-
nation under suitable ambient temperature and humidity.

Since freshwater body is crucial to the development of the larval stages of liver
flukes [18], hatching takes place in response to external stimuli of light, tempera-
ture, and humidity [9, 19, 20]. The emerging free-swimming ciliated miracidia
are genetically configured to locate a suitable Limnaeid snail intermediate host
via thin films of water [21], in less than 24 hours through positive chemotactic
and phototactic movements [9]. By means of their piercing stylets and proteolytic
enzymes, they mechanically invade their snail hosts’ body wall and tissues [20, 22]
and develop into sporocysts. The sporocysts further metamorphose into mother
rediae, which develop into the daughter rediae. The metamorphosis in the snail host
culminates in the emergence of cercariae, which are capable of passively infect-
ing suitable vertebrate hosts and humans who drink infested water [18, 23-25].
Relative humidity above 65%, annual rainfall >100 mm, and ambient temperature
of between 25 and 30°C have been reported as the factors that are suitable for the
growth and shedding of cercariae [26, 27].
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Finally, the cercariae locate the wet leaves of herbaceous plants by negative
geotactic movement, encyst, and metamorphose into metacercariae. When
ingested by suitable ruminant definitive hosts during grazing, the cyst is digested
by the hosts’ enzyme and the metacercariae migrate to the duodenum where they
re-encyst [18, 28]. Figure 1 below shows a summary of the life cycle of liver flukes.

3. Epidemiology of fascioliasis
3.1 The distribution of fascioliasis

Fascioliasis is endemic in every continent of the world with the exception
of Antarctica (Figure 1). The disease is being reported from Africa, Asia, the
Caribbean, Europe, parts of Latin America, Middle East, and Oceania [29]. High
transmission rate of human fascioliasis has been reported from the Andean high-
lands of Bolivia, Peru, the Nile valley, the Caspean sea basin, East Asia, and South
East Asia [30].

In sub-Saharan Africa (SSA), fascioliasis has been reported in West Africa
[12, 31], East Africa [32], and South African countries [33, 34]. However, it has also
been reported in Egypt (outside SSA), North Africa [35, 36].

The distribution of fascioliasis in Nigeria covers every geo-political zone. There
have been reports from North West [37, 38], North Central [39, 40], North East
[41, 42], South West [43, 44], South South [45, 46] and South East [47, 48].

Metacercaria
Cercaria is shed by snail, finds leaf (infective stage)

To encyst % l
Limnaeid @ Cow

snail host

Metacercaria encysts

Miracidium finds in the duodenum

Snail host
within 24 hours

Embryonated egg
(in thin film of water)

Unembryonated egg
(passed out with faeces)

Figure 1.
Life cycle of liver flukes.
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3.2 The ecology and transmission pattern of fascioliasis

In 1939, Eugene Pavlovsky, a Russian Academician propounded the theory of disease
focality, which suggests that some disease-causing organisms (pathogens) naturally
occur in specific ecosystems [49, 50]. This implies that the population of the pathogens
is an integral part of that natural landscape [51]. Characteristically, pathogens are
transmitted in such settings irrespective of the presence of humans. Consequently,
humans become accidental definitive hosts when their ecological niche overlaps with
suitable hosts from such landscapes and they become infected after establishing contact
[52]. Researchers have found out that the epidemiology of fascioliasis has a strong link
with the ecology of the settings where the disease is transmitted [30].

Pavlovsky’s theory explains why fascioliasis is categorized as a focal infectious dis-
ease [29]. It could be transmitted independent of human presence. Drawing analogy
from Pavlovsky’s theory, there are three important elements that play key roles in the
transmission pattern of fascioliasis. These are the snail intermediate hosts, ruminant
vertebrate hosts, and humans who are the accidental hosts (see Figure 2 below).

0000
>y
Q000 0

B Countries with reported cases of Fasciola spp. infection
[ Nodata available
n
] Not applicable

Figure 2.
Global distribution of fascioliasis. Source: Reprinted from [53].

The transmission patterns of fascioliasis vary in different epidemiological set-
tings [30]. In the last 20 years, some researchers proposed that the patterns of the
disease can be classified as fascioliasis due to influx of immigrants, human endemic/
non-human (animal) endemic areas, native or isolated cases, and the three human
degrees of endemicity. The fourth classification is further grouped as hypoendemic
[prevalence rate < 1% while Arithmetic Mean Intensity of Infection (AMII) < 50
eggs/gram of feces], mesoendemic [prevalence rate of 1-10% while AMII 50-300
eggs/gram of feces], and hyper-endemic [prevalence rate > 10% while AMII
>300 eggs/gram of feces]. In mesoendemic settings, school-age children (SAC)
[5-15 years] may have higher prevalence rates while in hyper-endemic settings, SAC
usually record higher prevalence rates [54, 55].

3.3 The effects of climate change on fascioliasis transmission
The role of climate in the ecology of disease-causing organisms cannot be
overemphasized. In fact, climate is regarded as a basic concept of ecology. Climate

triggers environmental changes [56], which in turn affect the ecosystems where
parasites are transmitted, reproduced, and complete their life cycles. Because life
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cycles, transmission rates, and pattern vis a vis the biology of their intermediate
hosts are weather-sensitive, climate change has the capacity to significantly increase
the prevalence and intensity of infection with liver flukes [57]. Besides, it could
widen the geographical distribution [58] as well as determine the survival and
transmission of the infective stage (metacercariae) [56, 59].

3.4 The risk factors of fascioliasis

Factors that predispose humans and animals to infectious diseases are referred to
as risk factors. At different times and locations, many researchers have carried out
spatial regression analysis of environmental variables to determine the risk factors
of fascioliasis in humans and domestic ruminants. Consequently, significant asso-
ciations have been described between fascioliasis and streams, wetlands, pastures
[60], raising more than five sheep, dog ownership, familiarity with aquatic plants,
drinking alfalfa juice, dizzy spells, history of jaundice, peripheral eosinophilia,
presence of Ascaris lumbricoides eggs in feces [61], seasonal precipitation, tempera-
ture, elevation, and several land covers [62].

Meanwhile, gender, age, epidemiological settings (rural, urban, or rural-urban),
feeding habit, familial, and social factors have been reported as the major risk fac-
tors of fascioliasis among humans [55].

3.4.1 Gender

In areas that are hyper-endemic for human fascioliasis (e.g., Egypt and Bolivia),
females have reportedly recorded higher prevalence and intensity rates [55, 63, 64].

3.4.2 Age

All age groups have been found to be at risk of infection with fascioliasis but
school-age children (5-15 years) have the highest prevalence and intensity [30, 64].

3.4.3 Epidemiological settings (rural, urban, or rural-urban)

People from low-middle income countries are more likely to suffer from fascio-
liasis. However, inhabitants from developed countries could be infected when they
feed on imported infested plants that elude quarantine measures [30]. During field
trips, urban inhabitants could be at a high risk of infection due to fascioliasis [55].

3.4.4 Human feeding habits

Source of food and water consumed is an important epidemiological factor of
human fascioliasis. Uncontrolled markets of vegetables (like carrot, cucumber,
cabbage, onions, tomatoes, spinach, etc.) coupled with drinking infested water or
beverages/juice made from local plants could predispose humans to infection since
liver flukes have affinity for all plants. Reports have also shown that consumption of
raw liver plays a vital role in infection transmission [55, 65].

3.5 The prevalence and intensity of fascioliasis in Nigeria

Information on the prevalence of fascioliasis in Nigeria is more available com-
pared to the intensity of infection: researchers seem to report the former more than
the latter. Fasciola gigantica has a higher geographical coverage than F. hepatica and
other helminthes of veterinary importance [38].
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In a recent cross-sectional study conducted in North Central Nigeria where
686 fecal samples were collected from cattle in 11 villages, 110 were found to test
positive for the eggs of F. gigantica, implying a prevalence of 16% (95% CI: 13-19%)
[31]. However, a decade long study (2005-2014) of the prevalence of bovine fascio-
liasis in the States in that geopolitical zone shows a prevalence of 32.34% (95% CI:
30.28-34.46%) [40].

Meanwhile, a study carried out in South-South Nigeria revealed a fascioliasis
prevalence (due to F. gigantica and F. hepatica) of 44.8 and 36% in cattle and goats,
respectively. Intensity of infection showed that for every cattle infected, 8-10 liver
flukes were recovered. Conversely, 4-5 flukes were recovered from the liver of every
goat infected [45]. A similar study carried out elsewhere in the same zone reported
a low prevalence of 5.34% from a total number of 712 randomly sampled cattle [46].

Nevertheless, in the North-East, a fascioliasis (without distinction) preva-
lence of 28.2% was reported where 262 gall bladders of White Fulani cattle were
examined [42]. In a recent longitudinal study carried out in another part of North-
East, Nigeria, where 7640 samples of feces and gall bladders were collected from
slaughtered cattle, sheep, and goats in seven local government areas, 3092 were
positive for the eggs and adults of F. gigantica and F. hepatica, giving a prevalence of
40.5% [41].

Moreover, a cross-sectional study on bovine fascioliasis in southwestern Nigeria
where 905 samples of feces were screened for the eggs and adult of both species
shows the predominance of F. gigantica (84.38%) over E. hepatica (1.56%) with an
overall prevalence of 7.07% [44]. Conversely, the report of a longitudinal study
conducted between 1994 and 2004 in another part of the zone revealed a prevalence
of 2.31% after a total of 1,640,095 cattle were screened [66].

Furthermore, a cross-sectional survey carried out in North-West Nigeria
reported a prevalence of 27.68% after fecal and bile samples were examined from
224 cattle [37]. Another cross-sectional survey of slaughtered cattle, sheep, and
goats carried out in similar zone reported a prevalence of 29.6% for F. hepatica [67].

Finally, a longitudinal study carried out in South-East 8 years ago reported a
prevalence of 17.2% after fecal and liver samples from 367 slaughtered sheep were
examined for the presence of F. gigantica [47]. Interestingly, in a more recent study
carried out 2 years ago in the same geo-political zone, a prevalence of 16.4% was
reported for F. hepatica after the liver of 128 slaughtered cattle were examined [48].

The pattern of the prevalence rate of fascioliasis in Nigeria has proven the focal
nature of the disease irrespective of the class of ruminant animals examined.

4. Pathology of fascioliasis

Oriental forms of liver flukes cause cholangiocarcinoma, a type of liver cancer
that is peculiar to areas where Opisthorchis felineus, O. viverrini, and Clonorchis
sinensis are endemic [68]. Bile ducts and gall bladders become enlarged when liver
flukes establish themselves in these locations in large numbers. Discharge of the
metabolites of liver flukes into the circulatory system of hosts has reportedly led
to anemia, increased level of serum enzyme concentration, and dysfunction of the

thyroid and adrenal glands [69].

5. Diagnosis of fascioliasis

The parasitological means of examining fecal samples for the presence of liver
flukes’ eggs is the use of microscope [68]. Eggs become visible after 8-10 weeks post
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infection. This, however, varies from one host species to another. The limitation of
this method is that the sensitivity of the Fecal Egg Count (FEC) may be undermined
by factors like the age of the host, quantity of water in each fecal sample, and how rep-
resentative the number of aliquots is per fecal sample examined [70]. Furthermore, a
report has shown that in definitive hosts suffering from the acute phase of the disease,
adverse effects of fascioliasis become evident much earlier before the pre-patent
period [71]. Consequently, at necropsy, quantitative fecal examination and finding
the hepatic fluke load will grossly downplay the severity of the disease [69, 72].

Quite a number of relatively cheap antibody detection indirect enzyme-linked
immunosorbent assays (ELISA) with high sensitivity and specificity have been
developed. Most of these techniques are based on excretory-secretory products and
cathepsin L proteases [70, 73].

Increase in parasite-specific IgG (which becomes detectable after 4 weeks post
infection) is peculiar to infection with fascioliasis [74]. The limitation of this tech-
nique is that after many months of successful treatment, antibodies could remain in
serum, giving a false impression that the infection status is positive [70].

Excellent specificity and sensitivity has been reported for a serodiagnostic tech-
nique developed in 2011 for human fascioliasis. SeroFluke, as it is called, is a lateral
flow test which has fared better compared with ELISA test (MM3-SERO) [70, 75].

Nonetheless, report has shown the superiority of antigen detection to that of
antibody in the diagnosis of human fascioliasis. Coproantigens (antigens in fecal
samples) are preferred to antigenemia (the presence of antigens in blood) because in
the latter, circulating antigens disappear soon in the serum of patients. Besides, most
of them appear in form of immune complex which are not freely detectable [76].

Less than a decade ago, a nested-PCR was developed to boost the sensitivity and
specificity of current diagnostic techniques with the view that the fascioliasis could
be detected in the feces of sheep 2 weeks post infection. This method entails the
amplification of a 423 bp fragment of the Cytochrome C Oxidase 1 gene [70, 77].
Interestingly, similar result was achieved a year later in lesser time by amplifying
a292 bp fragment of ITS2 gene [70, 78]. Because molecular diagnosis using PCR
is not readily available everywhere and as well undermined by irreproducibility
of published methods, loop-mediated isothermal amplification (LAMP) has been
introduced as an alternative. LAMP has proven to be more specific and sensitive by
detecting fascioliasis 1 week post infection in sheep within a much shorter time—
about 2V4 times faster than PCR [70, 79].

6. Control of fascioliasis in Nigeria
6.1 Chemotherapeutic control

Chemotherapeutic approach has been in practice in fascioliasis control for
20 years. Based on its effectiveness, it has been predicted that the status quo shall
be maintained in the future [80, 81]. Epidemiological and meteorological data-
based treatment with drugs of choice is important for the control of fascioliasis
[82]. Such drug categories include: “halogenated phenol (niclofolan, bithionol,
hexachlorophene, and nitroxynil); salicylanides (rafoxanide, oxyclozanide, and
closantel), benzimidazoles (triclabendazole and albendazole); sulphonamides
(clorsulon), and phenoxyalkanes (diamphenethides)” [82, 83]. These drugs
differ in their effectiveness against adults and immature liver flukes. However,
Triclabendazole (TCZ) has been the preferred drug for treating fascioliasis since
1983 as a result of its high efficacy against the adult and all larval stages of liver
flukes [82, 84-86].
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The single dose of 10 mg/kg body weight is effective against the adult in the
bile ducts and on immature flukes migrating through the liver [80, 85]. However,
TCZ resistance has been reported in animals [87, 88] and in humans [89]. Reports
have shown that drug resistance could frustrate fascioliasis control programmes
[18]. Besides, TCZ is not commercially available because it is solely distributed by
Novartis Pharma. Inc. (Basel, Switzerland). Consequently, it is not recommended
for mass administration of medicines (MAM) [80, 90]. The unavailability of the
drug, specifically to treat fascioliasis, has been reported to result in outbreaks of the
disease more than a decade ago [91].

Periodic antihelmintic use at 12-13 week intervals is effective against both mature
and immature flukes. By this strategic control measure, intensity of infection with liver
flukes significantly reduces over time. In the tropics where incidence of fascioliasis
occurs all year round, annual treatment of up to four times is recommended [82, 92].

In Nigeria, some parts have reported seasonal trends in fascioliasis while some
Southern parts of the country have reported an all-year-round occurrence [93].

A recent 46- year meta-analysis of the prevalence and distribution of helminthes
of veterinary and zoonotic importance in Nigeria has identified failure of control
programmes in the area of strategic deworming, snail host control, and adequate
sanitation as the reason for the highest pooled prevalence in southwestern Nigeria
[38]. Some authorities recommend that cattle be dewormed regularly [94], while
others recommend treatment upon onset of clinical fascioliasis. Meanwhile, two or
three annual treatments have been proposed: at the start of the rainy season, mid
rainy season, and at the start of the dry season [95]. Currently, the anthelminthic
drugs in use in Nigeria include: albendazole, nitroxynil, clorsulon and levamisole.
However, a report has shown that the drug of choice against fascioliasis (triclaben-
dazole) is not available for use in Nigeria [82].

6.2 Vaccination against fascioliasis

The emerging drug-resistant strains of liver flukes have led to the need for vaccine
development. Despite the immense effort of researchers in this regard, no commercial
vaccine is available yet [96]. Cysteine proteases produced by every stage in the life
cycle of the liver flukes are common virulence mediators [97], which mediate biologi-
cal functions like excystment, tissue invasion, and immune evasion [98].

Adult fluke cathepsin L and newly excysted juvenile (NEJ) cathepsin B are
the prominent proteolytic enzymes of their respective excretory secretory (ES)
materials [97]. Cathepsin L5 and cathepsin B synthesized by F. hepatica as well as
cathepsin L1 synthesized by F. gigantica are promising targets for vaccines against
fascioliasis [99-101].

Recombinant protein expression is critical to the assessment of cysteine protein
vaccine potential [97]. The yeast expression system has been a useful tool for the func-
tional expression of cathepsin L1 and L2 [102], cathepsin L5, and cathepsin B [101].

A larger part of these vaccine candidates was first isolated as native proteins
from adult worm ES products. Several of these early antigens, including cathepsin L
proteases, glutathione S-transferase (GST), and fatty acid binding protein (FABP)
significantly reduced worm burden, egg output, and liver pathology in cattle and
sheep [96, 103].

7. Conclusion

Fascioliasis has been established as an important foodborne disease of veteri-
nary and zoonotic importance. Climate change, emerging drug resistance, and
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the development of new parasite strains through hybridization are the current
challenges that could potentially alter the epidemiology of the disease in the
nearest future [70]. To this end, researchers need to step up their effort to produce
promising vaccines that offer maximum protection to farm animals and humans
and as well contribute immensely to global elimination of the disease by reducing
its prevalence and intensity. Government of countries in the tropics and subtropics
should endeavor to provide more funds for researchers.
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